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Religion that God our Father accepts as

pure and faultless is this:

To look after orphans and widows in their distress

And to keep oneself from being polluted by the world.

James 1:27

THE STORM

INTRODUCTION
DISASTER, TRAGEDY, FAILURE—AND HOPE

By eight o’clock Monday night, August 29—almost fourteen hours after the landfall of Hurricane Katrina—even I was tempted to join in the back slapping at the state’s Emergency Operations Center (EOC) in Baton Rouge. Using every available megaphone, I’d been warning for years about the inevitable catastrophe that would befall New Orleans and southeastern Louisiana: a total drowning. So had all of my colleagues and many other scientists who had studied the lay of the land. It was bound to happen, sooner or later. It could have happened with Katrina, if she had tracked just twenty miles to the west and on a northwesterly course. Earlier studies using our now famous storm-surge computer model at LSU had showed that hypothetical catastrophe clearly. On Katrina’s actual course, our model still predicted the flooding in New Orleans and in the parishes to the east and south, but most of these areas had flooded before, never disastrously. They could be drained quickly, with minimal permanent damage. On Monday night, this is what we thought.
Communications were suspect. After the National Weather Service office in Slidell, across Lake Pontchartrain from New Orleans, issued its warning at 8:14 A.M. Monday morning of a breach in the levee along the Industrial Canal, that office lost power. The office in Mobile, Alabama, then took over, but apparently the warning got lost. At the EOC, we knew that the Mississippi coastline to the east would have been essentially wiped out, but here’s the blunt truth: Our attention was focused on New Orleans, and not simply because we lived and worked in Louisiana. Most—I would hope all—of the professionals in the center were aware of New Orleans’s particular peril, and some had devoted a fair portion of their careers to studying the city’s vulnerability, partly because it is a fascinating subject with life-and-death consequences. And now the Crescent City had apparently managed to keep its head above water once again; it would live to sweat out the next big storm. So it seemed at eight o’ clock Monday night, and I was packing up to leave when a young staffer walked into our cubicle at the EOC and said he’d just picked up a call from a nursing home that had taken in two feet of water, and it had risen half a foot in just the last hour.
Fresh or saline? That was my first thought, because it’s always the question about unwanted water in New Orleans. If it’s fresh, it’s rainwater—a normal flood; if salty, Lake Pontchartrain (which is actually brackish), and this might mean a serious breach of the lakefront levee system on the northern side of the city. We didn’t have the results of the taste test in the nursing home, we didn’t even know where that home was, but surely the Army Corps of Engineers, which had built the levees and whose cubicle in the EOC was right next to ours, would have known about a lakeside breach and somehow been able to spread the word. On the other hand, Katrina and the heavy rain were long gone. Why the rapidly rising water now? The tiniest little chill ran up my spine. But I had nothing to pin it on and no good way to find out much more, so at 9:30 P.M. I hit the road to join my family at our home twenty miles east of Baton Rouge. I had no idea what had happened out there in New Orleans.
But then, I did know. Driving home. Thinking again about that suddenly rising water. How could rainfall runoff possibly cause that flooding? It couldn’t. There must have been a new breach in a levee. But surely the Corps would know about it! Surely their people and the local levee boards were monitoring every foot of the 350 miles of levees that protected the city from the Mississippi River and Lake Pontchartrain. But then, why had the Corps’s staffers said nothing?
When the worst had been expected in New Orleans over the weekend, numerous officials had warned people who weren’t leaving town to be sure they had an ax handy, because they were going to need it to chop their way out of the attic. They were trying to scare folks. Now their warning scared me. If there had been a major levee breach anywhere, thousands and thousands of people were going to bed in the dark, thinking the worst was over, and they would wake up in the middle of the night to a horrible discovery and be forced into those attics.
At my home, all was relatively secure—a few trees down, one close call, but no roof damage. With no electricity, land phone, cable, or Internet, with only spotty cell coverage, the isolation was almost complete—and welcome. I’d finally be able to sleep. But I couldn’t sleep. I was thinking about those people scrambling out of the rising water—if they could scramble. The call had come from a nursing home. How were those folks going to scramble anywhere? Did the able-bodied have axes? Could they wield them? And would the attic be high enough? Would the roof be high enough? In the Lower Ninth Ward and parts of St. Bernard Parish, maybe not. Lying in bed, I envisioned the deaths of thousands.
I did finally fall asleep, and it was almost noon when I got in the trusty Xterra to drive back to the EOC. The sun was shining, the air was calm. Maybe I was wrong. Maybe the nursing home report was some kind of fluke. I turned on the radio for the latest—and my heart sank for good. Something terrible had happened with the levees on Monday, and no one had told us. Water was pouring into the city. Should I have turned around the night before and returned to the EOC? I’ll ask myself that question for the rest of my life and reconcile my failure to do so with the knowledge that Monday night was much too late to spread the alarm—because there was no way to spread the alarm. Battery-powered radios could pick up a few channels, including locally famous WWL, but otherwise the city had been in the dark. With no electricity, everyone would have gone to bed.
As I drove to Baton Rouge, I began getting angry. As the days advanced, I got angrier. New Orleans had not even been the bull’s-eye for this storm, which also had turned out to be less powerful than expected. Nevertheless, much of the city was going under, with the whole world watching in disbelief. How could the United States of America have left one of its crown jewel cities so vulnerable to a preventable disaster that I and many others had been warning about for years? How could this nation have been so unprepared for the aftermath? Hurricane Katrina was both a natural disaster and a systemic failure on the part of our society. Together, they produced tragedy.
This book is about both the storm and the failure—and the tragedy. I am a disaster science specialist and hurricane researcher who tends to wear his heart on his sleeve. I rarely hold my tongue. I rarely see any good reason to, and certainly not in this case. As a scientist, I champion a reality-based view of the world, old-fashioned as that may be, and marshy, swampy coastal Louisiana is the very definition of an inherently vulnerable landscape. It has always been susceptible to the ravages of hurricane winds, storm surges, and the invasive activities of a certain species of mammal (and I don’t mean nutria). Large neighborhoods in New Orleans had flooded during Hurricane Betsy in 1965, and eighty-one folks had drowned. But then the Army Corps of Engineers beefed up the levees and there had been no other major flooding from storm surges in forty years—just the fairly regular flooding from the torrential rain the city expects several times a year. People had let down their guard. After all, New Orleans is—or was—the city that care had forgotten anyway. On the other hand, some of the local geographers and oceanographers and engineers and the like—you know, the pocket-protector crowd, as we were known before computers—started to suspect that Louisiana was not only more vulnerable to devastation than its citizens wanted to admit, but far more vulnerable than it had been, because the wetlands that buffer the inland zones, including New Orleans, were disappearing at an alarming rate. Restoring these coastal wetlands was one key to long-term alleviation of surge flooding, but could the state pull off such a complex endeavor requiring billions of dollars and the total commitment of the citizens.
In 1994, when I took over as head of the state’s coastal restoration program, I decided to find out. My abiding faith was simple (and it still is): The catalyst to compromise is a thorough understanding of the science. Within eighteen months, however, I was gone and our new, comprehensive initiative was dead—details forthcoming, but which I can summarize here as the petty politics of junior bureaucrats who had the ear of the official decision makers and of politicians bearing grudges. Our plans for the vital coastal restoration fell apart, but we had to keep trying.
In 1998, Hurricane Mitch hit Honduras with the torrential rains and flooding that killed more than ten thousand people, left one million homeless, and caused massive damage to that country’s fragile infrastructure. As it happens, then-president Carlos Flores is an alumnus of LSU; his wife a native of Louisiana. Prompted by some Honduran expatriates and Bruce Sharkey of LSU’s landscape architecture department, Dr. Lynn Jelinski, the university’s vice chancellor for research at the time, asked an ad hoc group of researchers to fly down to assess the situation. I was on that team, working for the Louisiana Geological Survey. Also on the trip was Marc Levitan, professor of civil engineering, premier “dynamic wind” expert, and a complete prince of a fellow. The Hondurans had great ideas but lacked the governmental support structure to make things happen. Traveling around the country, we found many ways that LSU could help, but we also found out, then and subsequently, that the “Beltway Bandits” with the good connections to the U.S. Agency for International Development were going to get all the work. Once again, a lot of American aid would mainly help certain corporations get on their feet, rather than help sort out some of the real issues in Honduras, where the poorest people of necessity live in the most flood-prone areas.
Marc Levitan and I had never met before this trip, but it turned out that we had a lot in common besides hurricanes. We are both turned on by applied research, stuff that’s applicable to real-world problems. We both enjoy working with local and state governments as well as the chase for funding from some of the more “serious” sources. It also turned out that each of us had recently approached Lynn Jelinski with different but related ideas, Marc for a center to research hurricanes, me for one for applied sciences that would cover hurricanes, coastal restoration, and environmental issues. Over beers one night in Honduras, we decided to join forces. Jelinski represented a wonderful window of opportunity in the upper administration at LSU. Very early in her tenure, Jelinski, who had come to Louisiana from Cornell, could tell that the state had many challenging problems. She had great vision, and she understood the potential of applied science—an exception to the rule on campus. (In its quixotic attempt to become the Harvard of the Bayous, LSU does not give much respect to “applied” research. And there is almost a disdain for working with and for local agencies and governments.)
One year later the LSU Hurricane Center was a reality, with Marc the director and myself the deputy director. Marc has always stood by me when I’ve had my tiffs with LSU. He has never lost sight of the goals we set for our work. During every emergency he has always been a barrel of energy and an inspiration.
Shortly before the original hurricane center got rolling, Louisiana’s Board of Regents was given tobacco settlement monies to set up a public health research trust fund. Along with many other suitors, of course, I and a multidisciplinary team of scientists from three different universities applied for funding to set up a sister institution to the Hurricane Center, one that would focus on public health issues related to the big storms. We were passed over in the first round because, we were told, our scope was too broad. I refined our proposal, focusing just on New Orleans, and the following year we received $3.65 million for five years. The Center for the Study of Public Health Impact, commonly known as the Hurricane Public Health Center, opened in 2002.
Each center is a “virtual” organization. We don’t have a building. We don’t even have a coherent suite of offices. We have only a group of dedicated scientists from many fields working to understand all aspects of a major hurricane strike on southeast Louisiana. What, exactly, would be the effects? What could we do to prepare for and mitigate them? For all of the alarms raised over the preceding years about the dire vulnerability of New Orleans, no group had analyzed the threat in all its complexity. This became our job. We are now known for the computer models that predict with astonishing accuracy the storm surge that can be expected from a hurricane of a given strength approaching any section of the Gulf Coast, but we have also studied problems with evacuation, public information, contamination (air, water, and soil), housing, stray animals, infectious diseases, the famous levees, and much more. We set out to demonstrate the incredible challenge of both preparing for the most dangerous storms and dealing with their aftermath. We always believed that both tasks would be exponentially more difficult than the emergency management establishment seemed to grasp. Our research supported this belief. Then Katrina proved the point.
As our work continued and our research was published and disseminated by all possible means, some people and organizations were willing to listen, some weren’t. Among the latter was FEMA, the Federal Emergency Management Agency. In July 2004, the agency paid in excess of five hundred thousand dollars for an exercise in which numerous agencies at all levels of government worked for eight days on their response to a hypothetical hurricane that had catastrophically flooded New Orleans. The sorry story of “Hurricane Pam” has received some press coverage already, and it will receive more—in this book, if nowhere else. As much as we at LSU tried to get the latest and best science into the picture during this exercise, we were never really given an opening. I, specifically, was the foreign geek, the guy from South Africa with the odd first name and the odd last name and the odd accent. Such was my impression, fixed forever by the woman from FEMA I was trying to convince of the need to plan for short-term housing for hundreds of thousands of evacuees—tent cities, I called them. She sarcastically answered, “Americans don’t live in tents.” Okay, then, McMansions, but these people are going to need a roof over their heads! And so they did.
Immediately after the storm, I received permission to shift some of our funding from research about catastrophic hurricanes to an operational response to this particular one. Our new job was to provide services and expertise for the recovery effort. Our Geographic Information Systems (GIS) database—seventy categories of information, any combination of which can be layered on a map—was used by FEMA and other agencies as they scrambled to accomplish what they should have been well prepared to accomplish years earlier.
Landfall for Katrina was Monday morning. As the flooding in New Orleans spread on Tuesday and the pathetically inadequate response became more evident by the hour, my mood lowered. Along with some of my colleagues, I wanted to scream in frustration and, yes, in a bit of self-vindication, “We told you so!” On one of my first tours of the submerged neighborhoods I waded past a house in the Lower Ninth Ward in which the only possessions still above water level were the family photographs on a high mantelpiece. The water was fetid, the air was rancid, I had seen a floating body not a block away, and there, right in the middle of this apocalyptic disaster, was a surreal vision through the open window of gowned graduates, smiling brides and grooms, proud parents and grandparents, happy babies. For some reason, this was the scene in the stricken city that put me over the edge and broke my heart. Where were these people now? If even alive, what future did they have? How had they been served by their government? I felt I could and should speak for them, and I did.
As the director of the Hurricane Public Health Center and, more to the point, as one of the more notorious Cassandras of recent years, I was a pretty obvious target for the hundreds of reporters soon on the scene—print, radio, television, local, regional, national, international—who were also asking these questions on behalf of their audiences. In retrospect, I think I became a popular interview because I was (and remain) a straight-ahead guy who calls it the way I see it, and in this instance my call coincided with the conclusions the reporters were rapidly drawing for themselves. As the “natural disaster” story evolved into the “national disgrace” story, the reporters lost patience with the politicians and bureaucrats who spent the first five minutes of each press conference thanking all the other politicians and bureaucrats arrayed left and right for their great work. The reporters welcomed me as someone willing to state bluntly that some of those officials had failed in their responsibilities, that assorted government agencies had ignored years of excellent science, failed to heed warning after warning, failed to plan for the disaster, failed to act when it did happen, and, if the past is indeed prologue, would probably now fail to rebuild New Orleans properly and assure its safety from another catastrophe.
Suddenly I found myself on television all the time. On Larry King Live the first Friday night after the storm—my third night in a row on the show—I answered Larry’s question about the failed response so far and then said, “We in Louisiana can only trust that our governor, and especially the president, are putting all the resources of the federal government and our mighty military to bear on this problem.” I laid on the sarcasm in that final phrase, and, naturally, I like to believe that the arrival of the first large contingent of military helicopters the following morning was not coincidental. When I watched the scenes of white cops confronting at gunpoint groups of mostly black residents, I flashed back to startlingly similar scenes of apartheid South Africa, where I grew up and went to school. Don’t get me wrong. I’m not drawing a straight analogy between apartheid in the 1980s and racial attitudes in my adopted state of Louisiana in 2005. I say only that some of the ugly scenes in New Orleans had undeniably racial overtones, and I got angry, and the anger helped me find fresh energy to press ahead and continue communicating the whole story.
Subsequently, as producers and reporters started to investigate the specific causes of the levee breaches that were responsible for 87 percent of the flooding, by volume, in New Orleans proper, I didn’t hesitate to point their efforts in what I was pretty sure was the right direction—that is, not the direction in which the Army Corps of Engineers was trying to lead everyone. Various Corps officials insisted for weeks that the storm surge from Katrina had overtopped and overwhelmed their Grade-A levees. Our team thought the levees had failed, plain and simple—buckled—for reasons we had to determine. Over the following months five groups conducted research into the issue: the University of California—Berkeley team funded by the National Science Foundation; the American Society of Civil Engineers (ASCE); the Senate Homeland Security and Governmental Affairs Committee; the Corps; and the state of Louisiana (led by our team at the LSU Hurricane Center). A consensus developed. Our team was correct. The truth did get out. I honestly didn’t care whether making sure that it did cost me my job, and for a while it looked as if it might.
Over thirteen hundred citizens in Louisiana and Mississippi died due to Hurricane Katrina—the number as of February 2006, and certain to go up, perhaps dramatically, as the missing are reclassified. Six months after the storm, one hundred thousand families were still homeless. Some of those deaths and some of those dislocations were inevitable, because Katrina was a natural disaster. Others—the majority—were man-made. I don’t see how we can avoid that conclusion. The levee systems failed inexcusably. We now thoroughly understand the need for coastal restoration as a buffer against the big storms, but land loss continues at an alarming rate. So what next? Should we clean up and rebuild New Orleans—to the extent even possible—if we then repeat the mistakes of the past? No, because the point overlooked in much of the Katrina media coverage is the fact that this hurricane was not the big one. I’ve learned that people don’t want to hear this, because it makes them angry. But there it is. As Katrina should have affected New Orleans proper, she was decidedly a medium hurricane. Sometime in the foreseeable future a bigger storm will not take that last-minute jog to the east and every square foot of New Orleans—all of it, not just 80 percent—will be underwater, and deeper underwater than this time. Unless, that is, the right measures are authorized and funded immediately, then executed promptly and properly.
I don’t like to see good science pushed to the sidelines just because it conflicts with narrow interests pushing their self-serving agendas. Such politics as usual helped to inundate New Orleans in 2005. If science and engineering had been allowed to play their proper role in the development of policies for the wetlands and the levees, we wouldn’t be in this situation today. If nothing changes in the future, one fifth of the state of Louisiana—everything south of Interstate 10, including the city of New Orleans in its entirety—will disappear beneath the waves, gone for good, and we will have no one to blame but ourselves. Future historians will be writing books about the “Cajun Atlantis.”
Hard as it is to believe, nature has actually given us a bit of a second chance. There’s something left to work with in New Orleans. We must put aside the politics, egos, turf wars, and profit agendas if we’re going to reconstruct this city effectively, engineer proper levees, and restore the buffering coastline.
This wedge of the continent has been changed forever, physically, economically, culturally. What will the new city be like? Will it become Nuevo Orleans (undocumented Mexican laborers are already the dominant cleanup force throughout the city, living ten to a room, conceivably to stay around and replace blacks as the dominant “minority”), or Six Flags Over New Orleans, or something else? And the former residents who can’t afford a ticket to the new city, or just don’t want one—where do they end up, and in what circumstances? These questions I can’t answer. From my vantage pretty near the center of the story, I’ll stick to those I can.
I am not a reporter. In this context, I am not even objective. What follows is not a diary or a recapitulation of events during the Katrina emergency. It is my assessment of how we got to this truly tragic moment—the story I have come to think of as the nearly perfect folly—and how we must proceed from here.


ONE
STORM CLOUDS

Despite their incredible power—Katrina generated energy equivalent to one hundred thousand atomic bombs on her journey across the Gulf of Mexico—hurricanes are actually quite fragile. For that matter, so are the bombs. The design and machining tolerances required to produce a blast instead of a squib are minuscule. Both the storm and the bomb are therefore living proof of the main tenet of chaos theory: Small changes in a system may have large consequences down the line. (Did a butterfly just flutter past my window?) We expect about ninety or so tropical storms to develop worldwide every year. In 2005, the Atlantic Basin alone produced a record twenty-seven tropical storms, with a record fifteen developing into hurricanes. The public asks why so many. Researchers wonder why so few.
Each system begins as a thunderstorm or group of thunderstorms, which are more or less ubiquitous in the tropical summer and common enough in what passes for winter. The reason is simple: The warm air rises, and as it rises it cools, and as it cools it can hold less water vapor, which therefore condenses into droplets of water, which then fall as rain. The condensation releases latent energy in the form of heat, which then reinforces the dynamics of the storm. The visible evidence is the cumulus and cumulonimbus clouds that presage or confirm the presence of thunderstorms. They are a daily affair—but then they’re gone, because the storm has a built-in limiting factor: Downdrafts of cool, dry air from the heights block the system from drawing in enough warm, moist air from the surface to sustain the action. Thus the “heat engine” utilizes most of the available resources of heat and humidity within half an hour, perhaps an hour, and quickly fades into unwritten history, with the tourists immediately returning to the beach or the homeowner to the porch to enjoy the sunset. All of us who live along the Gulf or Atlantic coasts can loll away many a pleasant summer afternoon watching this physics lesson unfold (but not those who live on the West Coast, where summer is the dry season, because this region is dominated by cool maritime polar air masses that suppress the necessary convectional uplift over land).
In the late summer of 1989 I also lolled away some of those afternoons in the U.S. Virgin Islands, where I was studying the suffering coral reefs of the Buck Island National Reef Monument off the northeast coast of St. Croix, an environment about as tropical as tropical can get, as I learned on the very day I sailed into the port at Christenstead after the six thousand–mile voyage from South Africa. I’d left home with my sailing partner, Nan, six months before, and that’s exactly how long I had—six months—to get the official U.S. port of entry stamp that would activate my green card, that wonderful document that is the initial step to acquiring U.S. citizenship. So the whole trip east across the South Atlantic and then north across the equator was a slow race against time (remember, a sailboat averages maybe 8 mph to 10 mph; a bicycle is faster—except on water). On September 19, 1989, a few days before we arrived in Christenstead and a few more days before I had to obtain my documents, St. Croix was hit hard by Hurricane Hugo, a Cat 4 storm (lingo for Category 4 on the famous Saffir-Simpson scale, on which Cat 5 is the strongest storm). I had no idea. South Africans rarely experience cyclones, as tropical storms that form over the Indian Ocean are called. (The exception was Cyclone Demoina, which struck the Zululand coast in October 1984. The winds were minimal but the rains were not; forty inches in twenty-four hours cost four hundred people their lives.) At Christenstead on St. Croix, what an unbelievable sight as we sailed in, with boats tossed everywhere and buildings destroyed. The Maggie seemed to be the only sailboat afloat in the whole harbor. Welcome to the United States!
Destruction or no destruction, I had my paperwork problem and had to find the immigration lady. I eventually did, and she was very helpful after I dragged a couple of chairs from the wrecked office and set them up on the wharf on a bright sunny day—as they usually are in the wake of a storm. The necessary forms were water-stained, but they worked. I was home free. The next day I took up temporary residence at the St. Croix Yacht Club, or what was left of it, which was very little besides lots and lots of stunned snowbirds. Soon I was living aboard the Maggie, a couple of hundred yards off the pier of the West Indies Marine Lab. I dived all day with some great folks, did good work, I believe, sipped Cruzan rum cocktails in the evenings, and shared potluck dinners with other cruisers. I had loved growing up in South Africa, but this life in the tropics was an unexpected dream come true. Still, all of us always had an eye on the weather and had checked out the available hurricane holes in which to stash our boats.
In order for a group of thunderstorms to organize into an official low-pressure zone—a “tropical depression”—some trigger must serve to alleviate the drying influence of the downdrafts. One such trigger can be an easterly wave floating westward across the Atlantic from the hot waters off the African coast. As many as one hundred of these can form every season, each a freestanding aberration in barometric pressure, a disturbance that can induce a group of thunderstorms to, in effect, wrap around themselves and thereby get something bigger going. The odds that any given cluster of thunderstorms will get organized are very low, but with two thousand clusters breaking out around the world every single day, why only ninety tropical storms in an entire year worldwide? As I said, these things are fragile.
The easterly wave floats along…still floating…one thousand miles…nothing happening, smooth sailing…but then, when conditions are just right—when the chaos is just right—this wave or maybe the tip end of a low-pressure trough or some other mechanism we don’t fully understand (there are numerous candidates) gently pulls the trigger on the rapidly rising column of air at the center of the disturbance, which has a lower pressure than the surrounding air, and this low-pressure action sucks in more air, and this rapidly moving air evaporates seawater from the ocean, bringing still more moisture and heat into the system—the heat as a result of friction, both from the action of the wind on the water and from the molecules in the atmosphere rubbing against each other—and the planet below spinning toward the east induces a cyclonic, counterclockwise rotation to the whole thing.
That’s when the National Hurricane Center (NHC) in Miami takes official notice, and thus was a certain disturbance over the eastern Bahamas christened as the twelfth tropical depression of the 2005 Atlantic season, on Tuesday, August 23, 2005. Advisory #1 pinpointed the center near latitude 23.2 north, longitude 75.5 west—about 175 miles southeast of Nassau in the Bahamas. The depression was moving toward the northwest, with some strengthening likely. All interests in the Bahamas and southern Florida were advised to pay close attention, because further watches and warnings would probably be posted soon.
 
The NHC forecasters had very little doubt about the general direction this new depression would take. What a change from one hundred years ago—1900, specifically, when a hurricane with no name (these were not utilized until 1950) entered the Gulf of Mexico headed toward the northwest. The renowned Cuban hurricane researchers, whose tradition of excellence had been fostered in the local Jesuit community, had tracked this hurricane as it stormed along the length of their island and had predicted its track into the Gulf, but the American forecasters insisted it was 150 miles northeast of Key West and threatening the Atlantic Seaboard. Four days after these forecasters warned fishermen in New Jersey to stay in port, the storm struck Galveston 1,500 miles to the southwest, flattening that Texas beach resort and port, killing at least eight thousand people—the deadliest storm tragedy in U.S. history, and the subject of Isaac’s Storm, by Eric Larsen, the most popular hurricane book ever published.
We can fault the American forecasters for their xenophobia about the Cuban team (even before Castro), but otherwise their ignorance just reflected the state of the art at the time. If a storm didn’t leave a trail of firsthand reports as well as actual destruction while crossing the islands of the Caribbean or the Bahamas, forecasters had no way of even knowing where it was, or even if it was. This shortage of reliable information improved dramatically in 1909, with the introduction of the maritime radio, which allowed ship captains to alert forecasters to deteriorating local conditions. Given enough of these reports, forecasters might get a good idea about present location but still have no clue about destination. In 1944, the first reconnaissance aircraft flew into storms to take measurements, and at about the same time, radar, newly invented by the British in World War II, was able to pick up storms as they approached the coastline. In the 1960s, satellite images revealed storms in remote areas of the tropics, storms whose very existence might have escaped detection otherwise, and by the midseventies the geostationary satellites were beaming back tropical images every thirty minutes. Today satellites and reconnaissance aircraft measure (or estimate, in some cases) air pressure, temperature, humidity, and wind speed throughout a storm and the surrounding atmosphere. Forecasters do have a clue about a storm’s destination—a very good clue.
Benjamin Franklin, of all people, may have been the first of us weather watchers to figure out that the big storms are independent phenomena with somewhere to go. I read the story in Hurricane Watch, by Bob Sheets, a former director of the National Hurricane Center, and Jack Williams, founding editor of the famous USA Today weather page, which single-handedly changed the way weather is reported in the United States. On October 22, 1743, stormy skies over Philadelphia blocked Franklin’s disappointed view of a lunar eclipse. Weeks later, he was quite surprised to read in the newspapers that Bostonians had enjoyed a fine view of the phenomenon before that city had been socked in by the storm. How strange, Franklin thought, because the wind in Philadelphia on the fateful night had been from the northeast—the direction of Boston. How could the storm from the direction of Boston have hit that city later than it had hit Philadelphia? As Sheets and Williams tell us, it was seven years before this wise man revealed, in a letter, his theory of independent movement. He called it right. The storms do move independently, but they are embedded in the atmosphere and track in conjunction with the overall movement of that atmosphere, which in turn is often guided by powerful steering currents.
A key controlling factor for storms is the jet stream, a current of fast-moving air in the upper level of the atmosphere, usually between six and nine miles above the surface. It is typically thousands of miles long and a few hundred miles wide, but only a few miles thick, and as it shifts now to the south, now back to the north, it denotes the strongest contrast in temperatures at the surface—a cold front, classically. In the northern hemisphere, another major steering force is the overall east-to-west flow at the surface in the tropical latitudes, over both the Atlantic and the Pacific oceans. We know this flow as the trade winds, which sweep from the east and northeast across all of the islands of the Bahamas and the Caribbean. Therefore it is essentially impossible for an Atlantic storm in the lower latitudes to move from west to east for any considerable distance or period of time.
[image: ]
The Bermuda high and its effect on the path of a hurricane.
The most important single steering factor in the North Atlantic is often the notorious Bermuda High, a zone or ridge of high pressure often parked—that’s always the verb—over Bermuda, about seven hundred miles east of North Carolina. This midlevel subtropical ridge can shift east or west, north or south, and it can be larger or smaller than normal, stronger or weaker, but a high pressure of some sort is almost always parked somewhere off the Eastern Seaboard. By definition, such a high-pressure zone repels any low-pressure zone. Tropical storms forming off the coast of Africa may move almost directly north, passing harmlessly to the east of the Bermuda High, or they may head toward the west below it. What they will not and cannot do is plow right into that high-pressure zone. Often enough they track to the west, strike the U.S. coastline, then swing north and east in the higher latitudes and out over the North Atlantic. Or they may execute this sweeping loop around the high before reaching the seaboard. Or, if the high is situated relatively close to the U.S. mainland, the storm might be shoved into the Gulf of Mexico.
As it happened in 2005, three British friends of mine had started out in late June to cross the North Atlantic from Florida to the Azores in their thirty-five-foot sloop. I pitched in with remote weather routing. Using a marine Internet service that connects to ships via marine high-frequency radio signals, they e-mailed me each day with their latitude, longitude, and course. Each morning, I gathered all the relevant maps and satellite imagery and plotted a suggested course to maximize wind conditions. I also sent them a short weather summary and forecast. Specifically, they wanted to stay out of the Bermuda High, because there is very little wind in the center of that high, which is not much fun on a sailboat. Nor did they want to sail too far north and get caught in one of the low-pressure systems that spin off the Canadian landmass every week or so—definitely not much fun on a sailboat.
It’s amazing how great communications at sea have become in recent years. On my cruise across the South Atlantic in ’89, there was no Internet, and I couldn’t afford any of the rather expensive and bulky marine shortwave radio systems, much less the satellite gear. So all we had was marine VHF radios, and even though the antenna was fifty feet high its effective range was about thirty miles, occasionally fifty miles. One day, however, that was good enough, as a massive supertanker heading for the LOOP oil facility just off the Louisiana coast overtook the little sailboat at 10 degrees west, 10 degrees south, as I recall. The skipper called us up on the VHF, wanting to know how we were doing and if we needed anything. He even offered us some steaks, but we’d just caught a nice mahimahi and said no thanks. He also offered to make some calls on his satellite telephone. What a surprise for our families to get this call from a rather British-sounding Captain Robertson of the SS Leonia, assuring them that the Maggie was within sight and all two aboard were doing well. This good captain took some photographs as his supertanker plowed past and kindly forwarded them months later. I still prize the picture of my well-trimmed little honey sailing along in the middle of the Atlantic Ocean.
As the Hurricane Katrina emergency unfolded, due in good measure to the lack of interoperability across the communications net—simply put, the first responders couldn’t talk to each other—I thought about the ease with which I’d routed my friends across the North Atlantic, the ease with which Captain Robertson had made those satellite calls sixteen years earlier. But in 2005, in Louisiana and Mississippi, in the United States of America…
 
My friends’ safe crossing to the Azores in June took about six weeks. For those same six weeks I watched the Bermuda High and everything else going on in the North Atlantic. The weather was great for the sailors, generally speaking, but what I saw was alarming as it related to hurricanes. The year before, four had hit Florida in a matter of weeks. The Bermuda High was pretty stable during that period—a big reason all of these storms tracked up and over the Florida Peninsula. Now, in 2005, the high seemed to be mostly west of its parking space the year before, suggesting that storms taking the southern route around this high would not—could not—start the turn to the north until they were deeper into the Gulf of Mexico. And so it had happened. On July 4, Hurricane Dennis formed up in the eastern Caribbean, tracked to the northwest, hit Cuba as a powerful Cat 4 storm, weakened but then reintensified shortly after entering the Gulf on July 6, then hit the Florida panhandle as a Cat 3. On the day that Dennis entered the Gulf, Hurricane Cindy hit southeastern Louisiana with 70 mph winds and a lot of rain. This storm had popped up in the northwestern Caribbean, crossed the Yucatán peninsula, and then moved straight north. (Initially categorized as a tropical storm at landfall, Cindy was upgraded to a minimal Cat 1 six months later. Ironically, Michael Brown, the soon-to-be-infamous head of FEMA, chose August 23, the day tropical depression 12 was born, to announce southeastern Louisiana’s eligibility for federal disaster funds arising out of Cindy’s floods.) And then came Arlene, Bret, Emily, Gert, and Jose—storms that had already crossed the Gulf of Mexico that summer, heading one way or another.
The NHC forecasters expected the new depression to move slowly northwestward toward a weakness in the Bermuda High. However, all of the computer models forecast that the high would fill the weakness and repair itself, in effect, within thirty-six to forty-eight hours. This action should drive the new depression westward across southern Florida and then into the eastern Gulf of Mexico within ninety-six hours—four days. It was a relatively easy call, and even with the first bulletin I thought, here we go again. The summer of ’05 seemed to be our turn along the Gulf Coast. Hurricane activity tends to be cyclical anyway. The 1950s and 1960s were relatively active in the Atlantic Basin; the 1970s and 1980s a little less active; then business began to pick up again in 1995. Since that year, forty-two major hurricanes (Cat 3 or stronger) have developed over the Atlantic Ocean. To find a period remotely as active we have to go back almost fifty years, and there are reasons to believe this current active era could last awhile longer.
On Wednesday, depression number 12 could boast of sustained surface winds of 39 mph, and it had therefore earned official tropical storm status. The previous one had been Jose, so this name would begin with K. That’s all I knew (the lists are posted years in advance, but I don’t study them) until 11:00 A.M., when advisory # 4 christened her Katrina. I know a French TV documentary producer (also a sailor) with that name, and she’s pretty feisty. This was the image that came to mind when I saw the new name—a storm with lots of wild spirit. But I guess that’s always the case with a storm. South Florida could expect landfall on Thursday, with an almost certain track across the state and then into the Gulf of Mexico.
At home, this nervous sailor started to check out the anchors, rodes, and shackles stored in the attic. I warned my wife, Lorie, that the track of this new one looked ominous. Let’s start to get ready. Our well-rehearsed plan calls for loading the emergency gear on our small motorboat, then taking it and the Maggie from the marina just off Lake Pontchartrain up to my chosen hurricane hole on the Tchefuncte River, close to a cypress swamp. This plan also requires trips to the gas station, because we’d need lots of fuel for the cars, the motorboat, and the generator. (In Livingston Parish, with its wealth of forests—I say “wealth,” although the urban sprawl is quickly decimating these wonderful stands of trees—we lose power with any kind of wind storm. The small generator has been a good investment.)
As an outdoors-type person who isn’t outdoors often enough, I don’t need much of an excuse to check out the weather and the weather maps, and during hurricane season, none at all. After putting a cup of English tea in the microwave, the first thing I do every dawn is to open any e-mail alerts from the National Hurricane Center. Then I go to the NHC Web page and review the five-day track forecast and the discussion paragraphs. I’m not a meteorologist, but I follow their technical talk easily. Next I go to HurricaneAlley.net, a private-subscription provider with excellent graphics, including the “spaghetti plot,” which shows all of the predictions of the dozen different computer models, including some from overseas, superimposed on one map. This graphic can give me or anyone else an idea of how much confidence to place in the official five-day track forecast. General agreement among the models gives me some confidence in the forecast track, but if the spaghetti plot lives up to its name, with the various forecasts showing a lot of spread, I may go to other Web pages, especially a site supplied by the Navy, and to the marine weather charts that are transmitted through the marine WeatherFax service from Coast Guard stations, also available on the Web.
In this way I formulate my own opinion about a storm, because I like to give our storm-surge modeling team at the Hurricane Public Health Center a few days lead time before we go operational. There are six of us on this team: a computer modeler, an oceanographer, a GIS expert, myself, and two graduate students. The computer whizzes needed two years to set up our computer model specifically for Louisiana and to adapt it to the requirements of LSU’s SuperMike supercomputer (named after either LSU’s mascot Bengal tiger or former governor Mike Foster, who got the funding for the blazingly fast machine). I wouldn’t want to say these storm-surge models are the most important work we do, but they are certainly the most visible to the public. They have put us on the map, that’s for sure. In the case of Katrina, on Wednesday I advised the team and some people with various agencies that we would probably go fully operational either late Sunday or early Monday. This would be the signal to the handlers who groom SuperMike to alert other users they could be bumped from the queue. Our models need a lot of computing horsepower.
Katrina was expected to strengthen modestly, and that’s just what happened. She was a Cat 1 storm with sustained winds of 80 mph when she hit Florida between Miami and Ft. Lauderdale at 6:30 P.M. Thursday and swept quickly across the peninsula. That same afternoon I had been on a conference call with EPA officials and some folks from the state concerning the bill introduced in Congress by Louisiana senator David Vitter that would allow—no, encourage—the mining of cypress trees. These cypress resources have been logged one time—the early 1900s—with predictably bad results. But cypress mulch is in great demand these days—for gardens—so the squeeze is on from folks who know—every one of them—that the cypress swamps are some of the best defense against storm surge we have in Louisiana. At the state level we wanted to make sure the EPA understood this value and therefore why this bill was so patently ridiculous. I couldn’t believe we were even discussing this plan for desecrating the cypress swamps just as another hurricane was apparently on its way into the Gulf of Mexico, and I said so during that conference call.
But what now for Katrina? Thursday night is when it got really interesting for the forecasters and the rest of us, because the meteorological certainties that had propelled the storm across Florida fell apart; the Bermuda High now had competition for influence. At all times across the entire globe, areas of high and low pressure are scattered throughout the atmosphere, and all of them within hundreds of miles will play some role in the track of a hurricane—the butterfly effect, the chaos effect. Nor are these pressures and steering winds uniform at every altitude. Experience and computer simulations have taught us that the strongest steering currents of all, in most cases, are those between thirteen thousand and sixteen thousand feet, but others have an impact as well. Nor are the large storms entirely passive regarding the influences from the surrounding atmosphere. They influence the air mass in which they’re embedded. Sometimes parsing the net effect of the numerous influences is pretty straightforward, and most or all of the computer models are in general agreement. Sometimes, though, they disagree wildly and the spaghetti plot is just that. Just one particularly large and powerful cluster of thunderstorms on one edge of the storm can apparently cause significant jogs in the track. How can any computer program account for such uncertainty? It can’t.
Steering currents can also be so weak overall, or in such well-balanced conflict, that the storm dawdles, loops this way and that, doubles back, meanders. This was the case in 1960, with the very powerful Hurricane Carla in the Gulf of Mexico before she finally came ashore with ferocity in South Texas. (Carla is well known in broadcasting circles as the storm that gave us Dan Rather, who made his name on the national scene while reporting live from the seawall in Galveston for the local CBS affiliate.) In June 2001, the track of tropical storm Allison provided devastating evidence of what can happen with even a modest storm when no single steering influence dominates. Some researchers argue that Allison wasn’t even a tropical storm, technically speaking. Regardless, this rainmaker caused many billions of dollars in damage from flooding—by far the most costly tropical storm in this nation’s history—as it made landfall on the Texas coastline south of Houston, floated northward for about two hundred miles, stalled, floated back to the Southwest and returned to the Gulf at almost exactly the same spot it had come ashore four nights before. Then it made a hard left, hugged the coast toward the east before coming ashore again in central Louisiana, proceeded east-northeast directly across Lake Pontchartrain, across the southern states and up the East Coast—with bad flooding all along the way. By and large, the forecasters saw the problem shaping up, because the storm was tugged this way and that by competing subtropical ridges, one east of Florida, one west of Texas.
In Allison, a measuring station northwest of Houston recorded twenty-six inches of rain in ten hours; the Bayou City’s bayous filled to record levels, then overflowed. One small section of the Louisiana coast received over twenty inches of rain. These are monsoon-type numbers. My neighborhood in Livingston Parish took on twenty inches of rain, and all the local creeks flooded—predictably, I should add, because the urban sprawl swallows the cheaper parcels of land—the upland wetlands—and the “concrete effect” becomes more pronounced. This term, I believe, is almost self-explanatory. As the sponge and water-soaking values of wetlands are replaced by the 100 percent runoff, antivalue of concrete, the flooding impact of any amount of rain necessarily gets worse. In some parts of Louisiana, the hundred-year flood level has been redefined more than once and is now more than two feet higher than it was just twenty years ago. My home is on a mountain, relatively speaking—forty-one feet above sea level—and it was almost flooded by Allison’s rains. Without four-wheel-drive we would have been utterly marooned for three days. I have tried my best to inform the local drainage board about these perils, but it is obvious to me that developers have a stronger voice in these matters. Now that the Katrina tragedy may get the government to rethink its coastal wetland options in Louisiana, why not also take a lesson from Allison and rethink the destruction of upland and river basin wetlands? But I doubt this will happen. The mighty greenback drives a lot of bad decisions. (Here’s a tip to all prospective home buyers in Louisiana: If the road on which you drive to reach the subdivision is elevated on its own seemingly innocuous little earthen levee above the surrounding terrain, the highway department may know something you need to know. Ask the developer some hard questions about the flood plain in this vicinity. Regardless of what you’re told, you might think about building your house on stilts.)
 
On Thursday night some of the NHC computer models had Katrina turning quickly to the north and hitting the Florida panhandle with a tolerable blow, but others were scarier. They had it proceeding west into the Gulf, strengthening, and only then swinging to the northwest and threatening the coastlines of Alabama…Mississippi…perhaps even Louisiana. The main source of their disagreement was a low-pressure center over the Midwest, which would try to pull this powerful low pressure in the Gulf of Mexico toward itself. But pull how hard and how fast? Those were the questions, and I had more than a hunch about the answers. Earlier in the year weak Cindy had moved over New Orleans, Dennis off to the east, Emily to the west, Franklin, Harvey, and Irene north into the Atlantic, and Gert and Jose into southern Mexico with little punch. But now the Bermuda High looked strong
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