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      A map of New Orleans drawn in 1878 by civil engineer and surveyor Thomas S. Hardee shows the city occupying a crescent of

         high ground along the bank of the Mississippi River. Streets trailed off into a cypress swamp, crisscrossed by low ridges,

         that stretched north to the shore of Lake Pontchartrain. Over the next hundred years, developers gradually filled in the swamp

         and built the neighborhoods of modern New Orleans on top of it. But those newer areas were mostly below sea level, and they

         all flooded when Hurricane Katrina’s storm surge struck the city in August 2005. Only the older settled areas along the river

         in Hardee’s map remained dry and intact. More than a century of progress and development was undone in a day. Courtesy of

         the Louisiana State Museum.

      


   

      TO THE PEOPLE OF NEW ORLEANS, AND TO THE MANY FRIENDS AND STRANGERS WHO HELPED THEM THROUGH KATRINA AND ITS AFTERMATH


   

      INTRODUCTION


      IN 2002, WE WROTE a series for the Times-Picayune that explored New Orleans’s unique vulnerability to hurricanes, especially the enormous storm surge waves they generate.

         Our reporting explored an obvious but little-acknowledged fact: here was a city that, for the six months of every hurricane

         season, lived with a substantial risk of utter annihilation. New Orleans’s predicament seemed to fly in the face of sound

         government policy, not to mention basic common sense: much of the city was built on top of a swamp, below sea level and gradually

         sinking. The hurricane levees around it formed a shallow bowl that, if breached or overtopped by a storm surge, would fill

         with water. Anyone there would be trapped by quickly rising floodwaters, their escape routes cut off. As streets became rivers

         and neighborhoods lakes, hundreds, maybe thousands, would drown.

      


      Such horrors seemed unimaginable to most Americans, and remote even to New Orleans residents who had heard scientists and

         emergency managers describe them each summer. Hadn’t the city already survived for almost three hundred years? Didn’t it have

         a full guarantee of protection from the U.S. government, in the form of levees designed by the Army Corps of Engineers, with

         its two centuries of experience and gold-plated reputation?

      


      The fine print acknowledged the danger. The Corps of Engineers claimed its levees could protect the city only from the storm

         surge waves produced by relatively weak hurricanes, those in Categories 1 and 2, and some of those in Category 3 (on the Saffir-Simpson

         scale, used to measure hurricane strength). If a more powerful storm struck the city, the levees would fail—end of story.

         That dark fate was the result of decisions made long ago by Congress that no one seemed interested in revisiting. In Washington,

         those in power had other constituencies requiring immediate attention, and in Louisiana the salvation of New Orleans was surprisingly

         low on the to-do list. After all, New Orleans had thus far avoided the Big One. And its citizens and the nation thus essentially

         agreed to gamble that, as hurricanes roared over the Gulf of Mexico each year, it would keep lucking out again and again.

      


      There was no rescue strategy for the city itself. If New Orleans got hit, the plan was simply to let it be destroyed, then

         clean up the mess.

      


      So, when Hurricane Katrina struck and submerged most of New Orleans on August 29, 2005, we were stunned and horrified, but

         not surprised. Afterward, as we—along with hundreds of others of journalists, congressional investigators, and forensic engineers—began

         to examine what had gone wrong, the outlines of an even greater tragedy emerged. The levee system had been much weaker than

         originally advertised. In some places, the Corps had made serious design errors, engineering screwups of historic dimensions.

         The levees were not the only problem; the city of New Orleans had essentially given up trying to figure out how to evacuate

         residents with no transportation, and the federal government reorganization that followed the terrorist attacks of September

         11, 2001, had, somehow, actually weakened the nation’s ability to respond to a catastrophe. Initially it had been easy to

         blame the destruction of this great American city on Mother Nature. But the more we investigated, the more obvious it was

         that man had set the stage.

      


      There has always been an element of folly in mankind’s attempts to control or outsmart nature. The self-important activities

         of human society are brief flickers of a candle flame compared to the mighty forces driving the rise of mountains, the shifting

         of river courses, and the fury of hurricanes. Occasionally, nature erupts in some entirely predictable way—a hurricane thrashes

         the coast, a river overflows into towns on its banks, a mudslide carries off a neighborhood—and stunned citizens and their

         leaders collectively remark, “What the hell just happened?” Yet after a few years, the disaster is forgotten, and people fall

         back into the patterns of living that tempt another, even worse catastrophe.

      


      Of course, life requires some risk-taking, and there is no such thing as perfect security. But this cycle of disaster is so

         obvious, and so stubbornly repetitive, that the pattern suggests it may be hardwired into the human brain. Humans tend to

         be optimists even when facts tell them otherwise, like the title character in John Irving’s The World According to Garp, who buys a house after watching a plane crash into the upper story, figuring the property has used up its quota of bad luck.

      


      Americans are especially stubborn this way, and indeed, America would not exist if countless explorers, patriots, and homesteaders

         had not taken on grave risks. But today, technology and the trappings of modern life mislead us; they can create the appearance

         of security, making still-dangerous places feel positively cozy. And as the twenty-first century has dawned, new perils have

         arisen, among them a disturbing increase in the number of powerful hurricanes around the globe, possibly spawned by man-made

         global warming.

      


      A loose-knit group of scientists and emergency managers was the only thing standing between New Orleans and its eventual fate.

         They devoted entire careers to studying hurricanes and storm surges, and raced desperately against the doomsday clock, hitting

         countless bureaucratic walls along the way, doing their best to push New Orleans’s predicament into the public eye. But they

         were small voices calling attention to ingrained, systemic problems. That their heroic efforts ultimately failed is the result

         of ignorance, bad decisions, and a sorry lack of leadership. It is too late to save the New Orleans that once was. But it

         may not be too late to do something about the storms to come.
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      Chapter 1


      CITY ON THE DELTA


      ELEVEN HUNDRED YEARS AGO, several small bands of Indians had settled in the vast muddy delta where the Mississippi River flows out into the Gulf of

         Mexico. Day to day, it was a decent, if not always comfortable, place to live. Molded by the river and the sea, the delta

         wetlands sprawled for hundreds of miles. Fields of yellow green, reedy grass rustled under hazy sunshine, stirred by gentle

         summer breezes and beaten flat by evening thunderstorms. The Indians hunted deer and fished clams, crab, spot, and drum from

         lakes and bayous, nursing frequent bites from swarms of mosquitoes and taking care to avoid snakes and alligators. Their mud-and-bark

         cabins, roofed with cypress bark and palmetto leaves, sat on the delta’s only high ground—an intricate lace pattern of ridges

         and the banks of rivers and bayous (from the Choctaw bayuk, for the area’s slow, meandering streams). Near their settlements they left middens made of discarded clamshells and other

         debris. Groups of Indians had expanded their settlements and built more robust trade routes, part of a cultural emergence

         that stretched as far as a thousand miles to the north, up and down the river valley. They worshipped at temples and burial

         mounds that sat near open plazas. They built low earthen walls to protect their homes from flooding. The peaty soil was ideal

         for planting corn and potatoes.

      


      One day the sky turned gray. Puffy clouds hung low, and the wind gusted hard out of the east. Rain began to pelt the Indians’

         cabins. The wind soon turned into a steady, howling gale. It tore roofs off, then began shredding walls and toppling trees.

         Stores of food and clothing scattered and blew away. Snapped branches and driftwood smashed into obstacles with loud cracks.

      


      Then, though the Indians were far inland, water from the Gulf began to rise around them. Nearby bayous flowed backward and

         spilled over their banks.

      


      Suddenly, the river itself began to flow backward.


      One minute the flood was ankle deep, the next, up to a man’s neck. The churning waters swallowed villages and carried the

         Indians away. People gasped for air, reaching for stray branches or anything that might keep them afloat. The salt water stung

         their eyes, nostrils, and throats. Many were pulled under or struck by debris and drowned. Bodies and debris floated in silty

         water, shoved to and fro by the wind. Soon an eerie quiet settled over the marshes. The wind stopped and the sun came out

         and dappled a new sea that stretched for miles in every direction, with only the boldest of treetops reaching out of the water.

         Then the rain and wind began again, before finally dying down. The water began to recede.

      


      Only settlements built on the highest ground remained. As dazed survivors surveyed the damage, the vistas were unrecognizable:

         they saw a broken landscape of fallen trees and ragged marshes, everything covered with a layer of fine gray sand swept miles

         inland from the floor of the Gulf. Bayous had shifted course. Some banks and ridges were higher. Others had completely disappeared.

      


      The remaining Indians set about rebuilding their settlements, never so sure again of their own security.


      A few hundred years later, the giant hurricane was nothing more than a fading legend among the Indians when the delta then

         turned upside down again.

      


      Every spring for as long as the Indians had known, the Mississippi—from an Ojibwe Indian phrase for “gathering of great waters”—had

         welled up and overflowed its banks, depositing silt and muck for miles on either side, building land mile by mile out into

         the Gulf. The river seeks the Gulf by the shortest, steepest path. As its course grew out into a longer and gentler incline

         and silt built up along the riverbed, every thousand years or so the Mississippi would find that shorter and faster way to

         the Gulf. Such was the case about six hundred years ago. For years, more and more flow had been diverting into a modest tributary

         about thirty miles northeast of the river, less and less through the river itself. As the delta spread, the flows reached

         a tipping point, divided more or less equally. Then came a swift reaction, over a blink of geological time: the Mississippi

         changed course. All of its forty thousand tons of water per second began coursing down the shorter route out into the Gulf.

         At the point where the two channels previously split, the old river outlet was sealed off with muck.

      


      Villages along the river’s new course flooded, while those Indians living along its old course suddenly found themselves sipping

         salt water. Those who viewed the river as a constantly changing yet permanent fixture may have interpreted the change as a

         sign of wrath from their spirits. Once again, they would bury the dead and rebuild.

      


      Today, civilization enfolds us like a great security blanket. Homes, offices, roadways, and bridges are engineered to exacting

         standards. Cars have air bags, alarms, and satellite links to keep people from getting lost. Every child’s toy has a warning

         label. But in many ways we’re no safer than were the Indians of the Mississippi delta centuries ago—and in some ways we’re

         even less secure.

      


      New Orleans, which straddles the riverbanks those Indians once occupied, sits atop a lower Mississippi delta that stretches

         out past the edge of the North American continent, fading from hard ground to a distinctive Rorschach blot of mud, grass,

         and water. It’s a malleable, changeable place without clear boundaries, “a land between earth and sea—belonging to neither

         and alternately claimed by both,” Army Corps of Engineers geologists wrote in a seminal 1958 study. Most of the time, earth

         and sea exist in a state of low-level flux. Waves pound, earth sinks, marshes and dunes change shape. But every so often,

         the water erupts: a hurricane pushes the sea far inland, or the river brings a whole winter’s worth of cold rain and melting

         snow coursing down from the north. Wherever it comes from, the flow sweeps away obstacles. It drowns, soaks, and rots. Some

         things it merely ruins. Some it vanishes.

      


      Despite that constant danger, the river and the delta’s proximity to the sea have long lured waves of settlers—first Indians,

         then Europeans from France, Spain, and England, and, later, people from around the world. Many prospered, picking up a dogged

         affection for the place as they faced down floods, drenching rains, searing heat, mosquitoes, and palmetto bugs. Each generation

         of settlers engineered defenses against high water, only to see them washed away and their homes wrecked. Then—whether because

         they wanted to defy nature, or prove their ingenuity, or because they simply forgot about the risks after a few years—they

         started over.

      


      By the start of the twenty-first century, those fixes had morphed the delta into a strange hybrid of the man-made and natural.

         Levees had locked the river into its course. The water-and-mud landscape was carved up and channelized like a huge jigsaw

         puzzle, embedded with concrete, steel, pipes, and electronics. Suburbs and outlying towns stretched for miles, south to the

         point where the river split into three channels resembling a bird’s foot, upriver past open marshes, and along the shores

         of Lake Pontchartrain. Around this urban blotch sat hundreds of miles of towering earthen levees, concrete-and-steel floodwalls,

         gates, and locks—their heights carefully calculated to repel all but the highest floods. The walls worked in tandem with an

         intricate web of canals, pipelines, and pumps built to expel any water that got in.

      


      None of this destroyed the ancient dance between the delta and the sea—it just distorted it. Underneath homes, skyscrapers,

         streets, and the flood defenses that protected them, the marshes were sinking. Closer to the Gulf, where reeds and grass still

         grew, they were dissolving. With fewer natural obstacles, hurricane floods moved farther and farther inland. Levees had turned

         the city and suburbs into a set of giant soup bowls—low-lying, sinking areas rimmed by walls. Centuries earlier, a hurricane

         washed a flood over a place and the water would be gone in a day. Now it would be trapped.

      


      Still, New Orleans residents had other perks of civilization backstopping them. If disaster did strike, the most powerful

         nation on earth was poised to intervene, rescue, and rebuild. Emergency management pros working for dozens of government agencies

         had trained precisely for just such a catastrophe. The whole nation knew the president as a man of decisive action thanks

         to his response to a terrorist attack—a disaster of a different kind, but a disaster nevertheless. He’d spent four years overseeing

         the biggest government reorganization ever. Its goal was protecting citizens. Its bottom line: be ready.

      


      But on August 29, 2005, those systems—flood defenses, government agencies, plans, and preparations—all failed. Hurricane Katrina

         sent another huge wave washing over the delta. Though much smaller than the one that hit 1,100 years ago, it rose over marshes

         and into lakes abutting the city. It flowed into canals next to homes and streets. It poured over levees. It pressed against

         floodwalls and they fell like dominoes. Water flowed through the streets, submerging homes, schools, convenience stores, gas

         stations, and cars. A thousand people drowned. Tens of thousands more were caught by surprise, suddenly trapped in attics

         and on rooftops. Battered survivors struggled through a week of hell awaiting rescue, and government officials from the president

         on down seemed indifferent or clueless. Many residents surveyed the wreckage and wondered if their beloved city could ever

         be rebuilt, its color and spirit restored. For now, it was little more than a ruined shell. The flood wrecked not only homes

         and lives but all the systems that make modern society hum—freshwater pipelines and pumps, electric and phone lines, cell

         phone towers, and Internet servers.

      


      In the space of a few hours, the storm stripped away the security blanket. Twenty-first-century America’s awesome computational

         power, its accumulated knowledge of science and history, its engineering wizardry, its love of gadgetry and instantaneous

         communications, its military’s proven ability to move people and materiel anywhere in the blink of an eye—none of these could

         save New Orleans, or even rally to save trapped flood victims afterward. Instead, chaos and stupidity ruled the day. The Indians

         were living in the dark and got swept away. But America knew all about hurricanes and New Orleans was swept away anyway. In

         the aftermath, only a narrow rim along the natural high ground of the riverbank was still inhabited and functioning—the approximate

         boundaries of New Orleans in the mid-1800s. Refugees dispersed around the United States in the largest diaspora since the

         Dust Bowl of the 1930s.

      


      In 1999, a computer scientist at MIT named Alan Wexelblat posted a message to the Listserv of the Viridian movement—a virtual

         community devoted to a futuristic melding of ecology, technology, and design. “I don’t have a word for this form of disaster,

         but I bet we see a lot of them in the ’00s,” he wrote, adding a link to an article headlined “Fecal Explosion Threatens City.”

         It recounted how, in 1998, Hurricane Mitch had damaged the sewage system of Tegucigalpa, Honduras, causing cracks in culverts

         and buildups of shit and gas. Sewage was bubbling up into the streets in spots. Nobody knew what to do—except maybe junk the

         system and start from scratch.

      


      This type of breakdown was distinct from an old-fashioned natural disaster, Wexelblat wrote. “These Viridian Disaster events

         will be infrastructural in nature, rather than merely external. They’ll be collapse, implosion, failure type events, rather

         than explosive, razing type events. The technical system will tie itself in knots, because the planet really is much bigger/more powerful than these systems were designed to accept.”

      


      Wexelblat’s thesis was that our decades-long back-and-forth between nature and modern technology would create weird feedbacks

         that would explode in our faces. We’re shortsighted in engineering our technological systems, and stupid when it comes to

         taking the measure of nature. Now the two are engaged in a destructive, possibly apocalyptic dance. “Humans have a very hard

         time thinking and operating on geological time scales,” Wexelblat said. “If you think about ways we treat some of our systems,

         we think only about short term effects: The Mississippi is flooding—let’s build some concrete along it.” Wexelblat disasters,

         as they came to be known, happen in slow motion, without anyone noticing for years. When they do, it’s too late.

      


      A hurricane is a heat engine packing unimaginable energy. At the height of its strength, it can release the equivalent of

         a ten-megaton nuclear bomb exploding every twenty minutes. That’s a concentrated energy output five times greater than the

         world’s power plants generate in a day. (This means that stopping a hurricane is probably beyond mankind’s technological reach.)

         It takes just a fraction of the storm’s power to drive the winds that shriek at racecar speeds around the eye and can toss

         a man like a rag doll.

      


      Hurricanes have pummeled the Mississippi delta regularly over its more than five-thousand-year lifespan. The delta sits at

         the end of the one of the world’s biggest hurricane alleys, exposed on three sides to shallow sea warmed all summer by the

         tropical sun, a cauldron for brewing storms. In most places, where beaches fringe higher, harder ground, a storm surge—a massive

         energy pulse moving through the water—is brutal but brief: the wave rises as it comes ashore and washes inland, obliterating

         most everything in its path before quickly receding. But a surge striking the flat, open Mississippi delta can inundate thousands

         of square miles. As annual river floods built up the delta over thousands of years, repeated hurricane strikes helped mold

         that land, reworking the soft superstructure of marsh fringes, ridges, and natural levees in violent, at times strangely beautiful

         ways.

      


      The study of these ancient storms is called paleotempestology. Louisiana State University geologist Kam-biu Liu is one of

         the field’s pioneers. Liu had an interesting insight when he began studying the geological evidence of ancient hurricanes

         in the 1980s. Storm surges picked up sand from the floor of the Gulf and carried it over dunes and coastal ridges, then dumped

         it miles inland, spread out in the pattern of a giant fan. Hurricanes thus left sand where it otherwise would never be found.

         If scientists dug deep enough in the right inland spots, they might find anomalous sand layers sandwiched between other soils.

         Since only a powerful hurricane with a high storm surge could wash sand past the coastline, those ancient sand layers would

         be the fingerprints of the biggest hurricanes of the past, Category 4 or 5 storms as measured by today’s Saffir-Simpson scale.

      


      Liu and a group of colleagues staked out five sites along the Gulf Coast, including the Pearl River basin just northeast of

         New Orleans. Some were lakebeds—ideal for getting a read on the past because they tended to be stable, unaffected by tides

         or floods. Others were marshes, which contain a tree-ring-type pattern showing annual layers of deposits, including silt and

         clays from the river. Taking soil borings extending down fifty feet or more, Liu’s teams tested the samples to discern squishy

         organic soils from dense, granular sand. When imaged and graphed, sand layers leaped out in a clear light band.

      


      Those patterns of light and dark that Liu observed helped him piece together a history of superstorms over the past five thousand

         years. It was necessarily incomplete—there aren’t that many sites where telltale sand layers can still be found—but it was

         revealing. Liu’s research showed the Gulf Coast to be a violent place: giant storms hit regularly over the centuries. The

         results also indicated that the past thousand years or so had been pretty quiet, with only a handful of big hurricane strikes.

         During the three thousand years before that, giant storms had barreled ashore three times as often. This history suggests

         that the settlement of the Gulf Coast over the past millennium by Indians and then Europeans had come about thanks in part

         to dumb luck: people arrived during a lull in the action.

      


      The night of September 12, 1722, a hurricane nearly destroyed the French colonial outpost of La Nouvelle Orleans, then just

         over four years old. The storm swept across marshlands, French ships sheltering in bayous, and remote Indian settlements before

         it reached the colony’s distinctive crescent bend in the Mississippi. The camp sat on the riverbank, surrounded by wooden

         palisades built to repel enemies, drainage ditches, and a four-foot earthen levee fronting the river. Once there, the storm

         pounded the fragile settlement of about a hundred barracks, including one housing a hospital and another where the St. Louis

         chapel shared space with a warehouse. The wind grew steadily stronger as morning approached, blowing many crude shacks away.

      


      “Towards ten o’clock in the evening there sprang up the most terrible hurricane which has been seen in these quarters,” Diron

         d’Artaguette, the inspector general for the Company of the West, which ran the colony for the French Crown, wrote in his diary.

         “At New Orleans thirty-four houses were destroyed as well as sheds, including the church, the parsonage and the hospital.

         In the hospital were some people sick with wounds. All the other houses were damaged about the roofs or the walls.” The storm

         surge pushed the river eight feet above normal. Colonists watched in amazement and thanked God that it was late summer, so

         the river was low. It didn’t overflow.

      


      Fortunately, the hurricane had delivered a glancing blow—wind did more damage than water—though it made many of the 250 colonists

         think about heading back to France. The next afternoon, as settlers and traders straggled back to the camp, d’Artaguette received

         reports of crops destroyed, houses knocked down, and many pirogues—canoelike boats that were the principal form of transportation—disappeared.

         One enterprising trader, a man named Poussin on his way to New Orleans to sell fowl, Indian corn, and other goods, had been

         swept away in his pirogue. It was assumed he had met an unfortunate end.

      


      Stunned at the hurricane’s fury and frustrated at the hardships they now faced, some colonists began talking of desertion,

         d’Artaguette wrote. They planned to head downriver and seize the Kerliazou, a passenger ship anchored there, but an informer tipped off Governor Jean-Baptiste Le Moyne de Bienville, who alerted French

         soldiers to be on the lookout. The plan was aborted, but disquiet continued. Workers complained a couple of days later that

         they were being forced to rebuild the home of one of the colony’s leaders “when they did not have there a church in which

         to put God under cover . . . nor a hospital in which to put the sick.”

      


      Europeans had come to the Mississippi delta, and if it hadn’t been before, it was now clear that they were in for a rough

         time.

      


      As the Indians before them had discovered, even without the storms, the delta was a harsh place, a dicey spot to make a life.

         Huts and fortifications sank in the mud. Navigation was treacherous. The alligators that plied the bayous could suddenly rise

         from slumber and snatch a man below in a single violent spasm. Some Indians were hostile to outsiders. Pirate ships prowled

         the Gulf Coast, preying on ships foolish enough to hug the shore or get stuck in the sand. The climate was unbearably hot

         in the summer and prone to freezes in the winter, limiting the crops that could be cultivated for profit.

      


      The biggest challenge was staying dry. The Mississippi delta was a damp place surrounded by bodies of water that regularly

         overflowed. Each spring, the river would rise over its banks at various spots, temporarily turning dry areas into lakes, leaving

         puddles as it receded. Without levees, the river gently unfurled over the land, then withdrew—expanding and contracting like

         pulses of blood through an artery. Hurricane flooding tended to be mild, too. La Nouvelle Orleans was ringed by miles of robust

         marshlands and cypress forests. At the outermost edges sat barrier islands with dunes at least ten feet high. They couldn’t

         stop a storm surge, but they could cut it down to size, and as a wave pushed over the marshes and trees, it would lose momentum

         and dissipate. There were serious dangers, to be sure. A storm surge pushing Gulf water up the river could easily overflow

         the banks, washing away homes and crops. Storm surges could also flow into Lake Pontchartrain through two channels, but five

         miles of swampland and forest stood between the lake and the high ground on which the outpost could be found.

      


      The English and Spanish had established thriving colonies along the Atlantic and Gulf coasts and down in Mexico and in Central

         and South America, but the Mississippi delta remained mostly unexplored, a mystery, the hostile conditions there delaying

         settlement there a full two hundred years past Europeans’ arrival in the New World.

      


      Yet the Mississippi beckoned. It was—potentially—an economic and strategic asset without peer, providing access to the vast,

         unexplored American interior. The French had already set up forts and some trading posts along the river up to its territories

         in Canada. The outlet into the Gulf was a prize in the contest for continental dominance, neatly interposed between Spanish

         colonies to the west and in Florida, and English ones to the northeast. It provided refuge for ships and places to dig in

         and repel enemies. The short-term economic picture was less promising, but manageable. The land had little of value—no precious

         metals to mine—but the soil was fertile, if soggy. (It also sat over resources that would later prove even more important

         than any eighteenth-century colonist could imagine—oil and natural gas.) The emerging Enlightenment view stated that with

         reason, science, and determination, mankind could understand nature and control it. Those who built New Orleans set out to

         prove this faith true and abiding, to claim the delta not just for France, but for the future.

      


      Forty years before the 1722 hurricane, nobleman and explorer René Robert Cavelier de la Salle had claimed all land around

         the Mississippi for France. After exploring the Great Lakes and canoeing downriver from an Illinois fort, de la Salle erected

         a cross and a plaque near the mouth of the Mississippi, somewhere southeast of present-day New Orleans. He christened the

         territory Louisiana for King Louis XIV. Two years later, he returned with four ships and three hundred would-be colonists

         via the Gulf of Mexico to build the first European settlement along the lower Mississippi. The mission went awry when his

         navigators could not distinguish the river’s mouth among the confounding delta tidal flats. De la Salle ended up far to the

         west in Matagorda Bay, Texas, and after three failed marches east to find the correct river outlet, his own men murdered him

         and left his body behind.

      


      More than a decade later, two young brothers, Jean-Baptiste Le Moyne de Bienville and Pierre Le Moyne d’Iberville, set out

         on a mission to explore Louisiana and set up colonies if they could. They sailed upriver as far as Baton Rouge and eventually

         set up a provisional capital on Mobile Bay. Iberville died of yellow fever while on a military mission in Havana in 1706,

         and Bienville continued as governor.

      


      During the first years of the eighteenth century, the British controlled the seas, and Louisiana—then just a handful of settlements

         along the Gulf—was all but cut off from France. As a result, settlers eked out an existence by trading with local Indians.

         Later, with a tenuous peace established and France looking to make some money, Bienville decided the capital should best be

         sited inland along the river—a logical way station for shipping. An earlier settlement to the south was vulnerable to flooding,

         so in 1717 Bienville sent a letter to the company describing a crescent bend in the river that he believed would be safe from

         tidal flux and hurricane flooding. The following February, he set out from Dauphin Island on Mobile Bay with a convoy of small

         boats and made his way upriver to the bend he had described, which lay due south of Lake Pontchartrain. A thick forest covered

         it, home to alligators, muskrats, and mosquitoes. A well-worn Indian portage ran across a cypress swamp to the north, and

         the remains of an Indian village sat nearby.

      


      New Orleans was founded in 1718 at a high spot on the riverbank in the current location of the French Quarter; the settlement

         was named for the French regent Philip II, the Duke of Orleans. The first official settlers arrived early in the year. Bienville’s

         party reached the site in June with six heavily provisioned vessels. “There were thirty workmen, all convicts; six carpenters

         and four Canadians,” wrote Jonathan Darby, an Englishman sent to manage one French concession along the river. “M. de Bienville

         cut the first cane. Mssers Pradel and Dreux the second . . . to open a passage through the dense canebrake from the river

         to the place where the barracks were to be. . . . The whole locality was a dense canebrake with only a small pathway leading

         from the Mississippi to the Bayou [now St. John] communicating with Lake Pontchartrain.” One man stuck his knife into the

         soil underfoot and rousted an alligator. It rose, thrashing, out of the muck and terrified the party.

      


      In 1721, French military engineer Adrien de Pauger laid out the settlement in a distinctive grid pattern built around a central

         square, the Place d’Armes—an attempt to impose some order on the chaotic surroundings.

      


      It’s not too harsh to say that the history of New Orleans and the delta region is a story of one kind of raw economic exploitation—often

         by distant powers—followed by another, interrupted by war and natural disasters, with only Mardi Gras to take the edge off.

         Humans develop complex relationships with the land. They shape and exploit it. More often than not they trash it. When the

         Europeans brought their rapacious economic empires to the lower Mississippi, they began a troubled and abusive relationship—one

         intertwined with New Orleans’s long flirtation with disaster. Hurricanes and floods forced history, the economy, and the culture

         in new directions.

      


      John Law, a notorious rake and gambler, was the first of a parade of speculators, businessmen, and corporate entities with

         designs on Louisiana’s resources. In 1694, Law, a brilliant though dissolute twenty-two-year-old heir to a Scottish banking

         family, shot and killed a romantic rival in a duel in London’s Bloomsbury Square. He was convicted of murder, imprisoned,

         and sentenced to death, but the authorities let him off, deciding to fine him instead. When the dead man’s brother set about

         getting that decision overturned, Law fled to Amsterdam, and from there ambled about Europe for two decades, gambling and

         womanizing and ginning up financial schemes. But Law truly came into his own after moving to Paris in 1715. Thanks to his

         close friendship with the Duke of Orleans, Law embarked on a remarkable career.

      


      First, Law devised a way to liquidate the heavy debts incurred by the late, free-spending Louis XIV via a bank, the Banque

         Generale, which he established to sell shares and issue credit. The duke was so pleased at the result that he put Law in charge

         of Louisiana. In 1717, Law bought out the firm overseeing trade in the colony and founded the Company of the West. In exchange

         for the monopoly, Law agreed to maintain French troops and to, essentially, summon from thin air a fully manned, smooth-running

         colony, transporting six thousand colonists and three thousand African slaves over the next twenty-five years.

      


      Embarking on a feverish campaign to raise money and recruit colonists, Law painted the delta as a land of plenty in international

         advertising campaigns well ahead of their time. Thousands came, including groups of Germans from the Rhineland, tired of war

         with the French. When the flow diminished, authorities in France resorted to another, more efficient recruiting technique:

         they conscripted criminals, reprobates, military deserters, prostitutes, and the poor and shipped them off to a place where

         they would likely never be heard from again—if they weren’t killed by disease or drowned in a storm or a shipwreck. “By 1719,

         deportation to Louisiana had become a convenient way to get rid of troublesome neighbors or family members,” historian Gwendolyn

         Midlo Hall wrote in the book Africans in Colonial Louisiana. “Some families asked for the deportation of incorrigible sons, daughters, and nephews. Persons from all social milieux were

         denounced for their conduct, and police inquiries were held. Comments found in police files included, ‘Here is a true subject

         for Louisiana.’ ”

      


      Law’s so-called Mississippi Scheme created a speculative bubble—one of the modern world’s first. Law sold shares in the company

         for cash—and to the government in exchange for low-interest bonds. In the space of two years, the price of company shares

         shot from five hundred to fifteen thousand livres. Law took the capital inflows and expanded: he bought up rival trading companies,

         forming a new venture, the Company of the Indies. But later in the year, with results lacking, the shares’ value plummeted,

         then collapsed. The Duke of Orleans dismissed Law and kicked him out of the country in 1721. He died penniless in Venice in

         1729.

      


      Hurricanes struck and flooded the settlement in 1719, 1721, and 1722. Following the last of these, New Orleans and its surrounding

         communities—some dozens of miles away, a difficult journey by pirogue through swamps and cypress stands—were a mess. Huts

         could be rebuilt easily enough, but crops were destroyed during a time when the colonists were mightily struggling to make

         anything grow—let alone turn the profit that the company was demanding. Colonists in other Gulf Coast settlements grumbled

         that it had been a mistake to relocate the capital to such a dangerous spot.

      


      Upriver along what was nicknamed the “German coast” because of its concentration of Rhinelanders, settlers were plowing up

         muck to plant vegetables to be sold downriver in New Orleans. The company had given them only a few crude tools and they could

         barely grow enough to feed themselves. But Louisiana’s administrators had a solution. “The soil is so unrelenting in the lower

         portion of the colony that one must always have a hoe ready. The weeds grow so fast and so thick that, after a short time,

         it looks as if no work has been accomplished. The land is covered with tree trunks and stumps, and these people have no draft

         animals,” read a 1724 census. “If these German families, the survivors of a much greater number, are not helped by Negroes

         in their work gradually they will perish.”

      


      Slaves from Africa and later Haiti and other Caribbean islands were the dominant presence in New Orleans from its earliest

         days, thanks to the desperate need for labor. The Company of the Indies had been reconstituted after Law’s departure, and

         from 1721 to 1732, Louisiana’s slave population increased from 533 to about 3,600, while the population of Europeans grew

         much more slowly, from 1,082 to 1,720. The French stopped the slave trade in 1730, but the Spanish revived it when they took

         over the colony in 1763. By 1788, a census showed there were 21,465 slaves in the region—half the population.

      


      Meanwhile, after a decades-long lull in storm activity, hurricanes thrashed the Mississippi delta six times in ten years—1772,

         1778, twice in 1779, 1780, and 1781. The first storm drove ships at the mouth of the river aground in the marshes and cut

         new channels through eastern barrier islands protecting the city. The second wrecked small settlements south of the city along

         the river. The third, in June 1779, ripped off roofs and damaged most standing structures.

      


      The fourth, on the morning of August 18, 1779, had, in its way, an international impact. The British—looking for any toehold

         they could find in North America to help put down the Revolution—had established a fort at Baton Rouge. Spain was determined

         to push them out. Governor Bernardo de Galvez had assembled a small armada and planned to sail upriver and attack on the twenty-second.

         But as the hurricane storm surge moved up the river, it picked up de Galvez’s ships and smashed them against the riverbanks.

         Some floated clear into the marshes and cypress forests. Only one survived.

      


      “Although the wind and the rain began on the night of the 17th, it was not until three o’clock in the morning that it attained

         its full violence, keeping its strength continually until ten o’clock in the morning, then it began to lose its force a little,

         but not until all the houses, barges, boats and pirogues were demolished, some with many people from these settlements,” de

         Galvez wrote the day after the storm in a letter to a colleague.

      


      Others have gone aground, half destroyed and useless, stranded in the woods and finally, there are others of whose fate we

         are still ignorant. To aggravate the situation, the schooners and gunboats have also sunk. The village presents the most pitiful

         sight. There are but few houses which have not been destroyed, and there are so many wrecked to pieces; the fields have been

         leveled; the houses of the near villages, which are the only ones from which I have heard to this time, are all on the ground,

         in one word, crops, stock, provisions are all lost.

      


      Though New Orleans was a wreck, de Galvez decided to move forward with his military plans. The colonists were unaware that

         de Galvez had just received confirmation that his provisional appointment as governor was to be made permanent. De Galvez

         went to the Place d’Armes and stood in front of the St. Louis Cathedral. According to one account, he announced this to a

         hastily assembled crowd: “I shall defend the province; but, although I am disposed to shed the last drop of my blood for Louisiana

         and for my king, I cannot take an oath which I may be expected to violate, because I do not know whether you will help me

         in resisting the ambitious designs of the English. What do you say? Shall I take the oath of governor? Shall I swear to defend

         Louisiana? Will you stand by me, and conquer or die with your governor and for your king?” He pulled out his new royal commission

         with a flourish and hoisted his sword—to thunderous cheers. De Galvez had his support, and ordered boats raised from the bottom

         of the lake and river, repaired, and restocked.

      


      The Spanish mission launched only a week late and, drawing on farmer-soldiers from the German and Acadian coasts, drove the

         British from Baton Rouge a few weeks later. Nevertheless, de Galvez and his bosses were discouraged. The 1779 storm and those

         of the next two years were a familiar story: acres upon acres of tilled fields drowned, no structure left undamaged, a dazed

         population wondering if it was worth it. There was the usual second-guessing in customs houses, trading firms, and royal courts

         around the world. During the city’s colonial period, levees (from the French word lever, to raise) were a local matter. Among the first things settlers did after the city’s founding was to build a three-foot river

         levee. The colony later took on the responsibility of upkeep and raising the levee as needed. But outside New Orleans, the

         region’s flood defenses were a patchwork. Colonial administrators assigned the task to private property owners, many of whom

         didn’t do a good job. Still, by this time, many settlers had invested decades of their lives and weren’t going easily.

      


      In 1795, two events occurred that would conspire to turn the land around New Orleans into an agro-industrial zone—and make

         remolding the landscape to control floods essential.

      


      That spring, a group of slaves on a sugar plantation in Pointe Coupee, upriver from Baton Rouge, spent months plotting a rebellion

         in the woods that surrounded the cane, rice, and indigo fields. Louisiana’s slaves had developed a hidden culture in the area’s

         woodlands and swamps. Sometimes with the leave of their owners, sometimes without, many traveled freely along backwoods paths

         and bayous, trading with the Indians, pirates, trappers, and freedmen who lived beyond the fringes of settlements. On this

         robust black market, slaves could get food, animals, and tools for their gardens, and find fellowship outside strict plantation

         rules. They could also trade news and information. The biggest news of the day was the French Revolution, begun in 1789. A

         slave revolt in Haiti was also underway. To someone living under the double yoke of slavery and colonial rule, revolution

         was a thrilling idea. Along with a small group of white supporters, the Pointe Coupee plotters aimed to abolish slavery in

         Spanish-ruled Louisiana.

      


      Unfortunately for them, the rebellion was a bust. They torched some small buildings, but the plan was quickly foiled and all

         would-be revolutionaries arrested. Twenty-three slaves were hanged. Governor Francisco Luis Hector de Carondelet ordered their

         heads cut off and displayed on pikes at intervals downriver to New Orleans. After that, the governor cracked down, forbidding

         slaves to travel without permission from their masters. The revolt, along with several others around the same time, gave Louisiana’s

         white leaders and their foreign overseers pause. Slaves, after all, outnumbered freemen.

      


      Sixteen years later, a Haitian slave named Charles Deslondes led another rebellion just upriver from New Orleans. It was the

         biggest slave revolt in American history, involving about 140 men, most of them Haitians—and it was also crushed. As slaves

         marched along the River Road, setting sugarcane fields and plantation buildings on fire, planters called out their militia,

         who were joined by vigilantes. (A militia of black freemen also volunteered to help put down the revolt.) The two sides clashed

         outside New Orleans. With few guns, the slaves got the worst of it—sixty-six were killed, compared to only two whites. The

         heads of the captured rebels again ended up on pikes.

      


      The Louisiana slave revolts became part of the mythos of the Old South. White parents used the stories of them to strike fear

         into the hearts of their children. Plantation owners used them as a tool and an excuse for tightening the grip on slaves and

         expanding the harsh proto-industrial plantation system.

      


      The same year as the failed Pointe Coupee revolt, a New Orleans gentleman planter named Jean Etienne de Bore reached the end

         of his patience—and his considerable fortune. For two years, de Bore had watched as insects devoured the indigo crop he was

         growing in neat rows in the reclaimed swamp outside New Orleans. Indigo was profitable but unreliable, and for de Bore this

         was the last straw. His response was an even bolder gamble: plant sugarcane on every square inch of his land.

      


      It was a crazy scheme, and de Bore’s wife, friends, and business associates told him so. Once cane was harvested and crushed,

         yielding a sweet, opaque juice, there was no quick and easy way to granulate sugar out of it—and thus no way to store it.

         But de Bore had hired an expert sugar maker from Haiti named Antoine Morin, and through trial and error, they found a way

         to boil the juice in a vacuum pan and condense granules from it. After the 1796 harvest, de Bore sold a hundred thousand pounds

         of sugar and some molasses for an astonishing twelve-thousand-dollar profit.

      


      De Bore’s invention turned the riverscape into an industrial engine for sugar. By dint of its economies of scale and its strategic

         location, Louisiana had a lock on the American sugar market. Within a decade, Louisiana had created the nation’s first agro-industrial

         economy, richer and more sophisticated than the rival cotton industry. The sugar crop, of course, also depended entirely on

         slave labor. Louisiana’s slave population tripled to more than one hundred thousand between 1810 and 1830, outpacing the white

         population. Slaves worked in punishing, difficult jobs that could ruin a man in the space of a few years. Cane had to be cut

         with a knife, and a missed slash could slice off a thumb or a limb and even kill a man. Crushing and refining machinery frequently

         broke down, sometimes exploding and spraying molten syrup and metal in every direction. Louisiana’s sugar plantations were

         seen as the worst lot for a slave, and spawned the phrase “sold down the river.”

      


      The nineteenth century’s first major storm struck as the United States—New Orleans’s latest overseer, following the 1803 Louisiana

         Purchase—was preparing for another war with the British. New Orleans was no longer just a remote and tenuous foothold in the

         swamp. It had triumphed over its disadvantages to become something more: one of the biggest and boldest cities in America,

         a leaping-off point between the unexplored interior and the wider, civilized world. But it was also on edge. The British coveted

         their former colonies and were a constant presence in North American seas and waterways. As war began in June 1812, residents

         fretted that the British would try to seize the city with their far superior navy.

      


      The first hurricane, in June, sideswiped the city. The second was a killer.


      The winds began rattling the rafters around eleven o’clock the night of August 19. The river quickly rose. Though the city

         now had a substantial earthen levee, the great mass of water from the surge washed a section of it out and gushed through

         muddy streets, rising over dozens of newly constructed homes and shops. (As the city expanded, prime real estate along the

         river had been settled, and the new neighborhoods sat in low-lying areas.) The floodwaters ran downhill into the swamp that

         remained between the city and the lake, then flowed north and eastward around the back of the French Quarter. Much of the

         city flooded, except for the Quarter and the settled bank of the Mississippi upriver along the crescent.

      


      The flood left the city wide open to enemy ships or boats. The storm pummeled and scattered American naval forces in the river

         and Lake Pontchartrain and in outlying lakes and bayous. Rumors spread that the British had seized Fort St. Philip, the principal

         American outpost near the mouth of the river—though it too was under water.

      


      Luckily for the city, British ships in the Gulf were widely dispersed and they took losses during the storm as well. Occupied

         elsewhere, the British held back and did not try to seize New Orleans for another two years. Troops led by Andrew Jackson

         turned them back in the Battle of New Orleans, which actually took place a few miles downriver from the city, in Chalmette.

      


      In spite of the risks, sugar and river traffic continued to bring money and people to Louisiana. The river was a busy thoroughfare—rowboats,

         pirogues, sailing ships, and barges, then steam-driven paddle wheelers and ferries, all plied its waters. Waves of immigrants—blacks

         from Haiti and the Caribbean, Cajuns from French Canada, and later the Irish—created a unique, at times volatile mixture.

         Voodoo cults practiced openly, and concerned city officials tried regulating them rather than trying to stamp them out. Ritual

         dances were restricted to a single spot at the edge of the French Quarter that became known as Congo Square. The city’s multiracial

         mélange—created by a century of French, Spanish, Caribbean, and African residents living in close quarters—made for odd hierarchies.

         Light-skinned free women of color were the prize at Quadroon Balls, where white men could meet them and select one to be a

         mistress luxuriously maintained in a French Quarter apartment. The women had to be just the right shade of café au lait: no

         one with more than a quarter African descent could participate in the balls. Carnival, which had been celebrated since the

         French arrived, evolved into a bigger, grander affair, with sumptuous masked balls and parades through the streets by secretive

         social clubs called krewes. Members of the city’s white business elite founded the first, the Mistick Krewe of Comus, in 1856

         and staged their first parade the next year.

      


      Even before Bienville’s arrival, fishermen and trappers had been building shacks on ridges and along bayous, homesteading

         on the marshy prairies. Soon the marshes had a new purpose: recreation. Wealthy plantation owners and the New Orleans elite—its

         bankers and shippers—began building vacation homes and resorts to the south of the city. Most of these spots could be reached

         only by boat. They offered cooler breezes and quiet in the summertime, and access to the delta’s few beaches. The places had

         a dreamy quality, the wedding-cake filigrees of their porches and balconies rising out of the flat blue green marshes, their

         crisply dressed Negro staffs offering vacationers all the comforts of the big city.

      


      Marshes provided New Orleans with some protection, but closer to the Gulf that buffer all but disappeared. The night of August

         10, 1856, an enormous hurricane struck Last Island, a resort on the outermost lip of the delta, due south of New Orleans.

         For several days, Last Island’s four hundred vacationers had been transfixed by unsettled yet undeniably pleasant weather—bright

         sunshine, gusty winds, big swells, and a heavy chop on the normally placid Gulf waters. The hurricane—probably a Category

         4 with sustained winds above 135 mph and one of the strongest ever to strike the United States—whipped the village with rain

         and wind all day Sunday. Overnight, the storm surge rolled over the island, turning its placid shell-lined streets into a

         raging maelstrom, washing out the road and the mud and sand underneath it, cleaving the island in two within hours. Almost

         two hundred people drowned or were crushed by wreckage propelled through the water by hundred-mile-per-hour winds. According

         to one account, a boat sent to evacuate guests foundered and capsized, though some people survived by climbing up onto its

         shipwrecked hull. By morning, the storm was gone—and with it the island itself.

      


      Reverend Robert McAllister, a twenty-five-year-old assistant pastor at a Presbyterian church in Thibodaux, about twenty miles

         northwest of the island, was staying in a guesthouse. He and eleven others crouched in the center hallway as the winds rose.

         They huddled as the roof and walls disintegrated around them and blew away, then lay there for hours in the driving rain.

         A maid, who had earlier denied accusations of stealing, confessed: above the wind she screamed out a list of items she had

         pinched, including coffee, lard, liver, and hams. After nightfall they saw water approaching from the south and the north,

         so they crawled to a nearby levee and grabbed on to a decaying wooden frame of a child’s windmill and rode out the flood.

         When they staggered back to the village the next morning, nothing remained except scraps of wood and half-buried bodies. McAllister

         wrote:

      


      The jewelled and lily hand of a woman was seen protruding from the sand, and pointing toward heaven; farther, peered out from

         the ground, as if looking up to us, the regular features of a beautiful girl who had, no doubt, but a few hours before, blushed

         at the praise of her own loveliness, and again, the dead bodies of husband and wife, so relatively placed as to show that

         constant until death did them part, the one had struggled to save the other. And, more affecting still, there was the form

         of a sweet babe even yet embraced by the stiff and bloodless arms of a mother. Sights like these suddenly presented, gave

         a shock never to be forgotten, and called up certain feelings which no language can describe. There were about one hundred

         houses on the island; not one was left, nay not a sill nor sleeper, not any part of their foundations to indicate that buildings

         had once been there.

      


      What remained were memories of what had been, and perhaps a sign of what was to come. According to one account, maybe apocryphal,

         guests at the island’s hotel staged an elaborate dance as the storm raged outside. Last Island would thus live on after the

         storm—a symbol of the waning days of the antebellum South, its traditions and self-absorption about to be swept away.

      


   

      Chapter 2


      RIVER AND STORM


      HURRICANES POUNDED NEW ORLEANS again and again during its early years. Other misfortunes struck, too—in 1788, three quarters of the town burned down. But

         as the nineteenth century dawned, New Orleans was still there. It wasn’t so much the courage of its inhabitants as basic logistics:

         there just wasn’t much to destroy. In its early years, New Orleans consisted of four shell-lined mud tracks running parallel

         to the river and nine perpendicular, bounded by the river and the forest. If a storm hit, the city could be repaired and rebuilt

         within months, usually better than ever.

      


      But that soon changed. After the 1803 Louisiana Purchase, that soupy backwater grew into one of the largest and greatest cities

         in America. Its population swelled from eight thousand to almost three hundred thousand and its neighborhoods spread west

         along the riverbank and then north into the cypress swamps. The newly settled areas lay low and flooded easily. As the river

         rose every spring, New Orleanians got the jitters.

      


      On May 5, 1816, a break in a plantation river levee upriver sent water gushing into New Orleans. It spread for miles, inundating

         newer neighborhoods before stopping at Dauphine Street at the edge of the old city. A later map of the flood shows much of

         New Orleans under water, the curving line of the flood stopping just a few blocks short of the high ground along the riverbank.

         Another levee broke upriver on May 4, 1849, and over the next ten days the water crept slowly eastward, covering two hundred

         city blocks and forcing twelve thousand people to evacuate. During that flood, when the water had reached the levee along

         one of the city’s main drainage canals, residents realized the water would start to pool next to the earthen wall and rise

         over their homes. Already snakes and alligators were slithering through the streets. People gathered shovels and picks and

         prepared to break the wall open, hoping they could drain the backlog. Before the still-dry neighbors across the canal could

         do anything, the levee collapsed on its own.

      


      Clearly, something had to be done. The job fell to the Army Corps of Engineers.


      The Corps was the nation’s engineering brain trust—a place where science, ingenuity, and Manifest Destiny butted up against

         America’s geographical sweep and the power of nature. Its number-one mission was navigation: river channels had to be wide

         and deep enough to allow ships and barges to pass. The Mississippi posed the most famous of the Corps’s confrontations. For

         tens of thousands of years the river had done what it pleased, shifting its course this way and that, carving out new channels,

         building new delta lobes. But by the nineteenth century, the nation’s future depended on bringing those forces to heel. If

         ports were going to stay open for business, the flooding that plagued New Orleans and other cities along the river had to

         be stopped.

      


      The Corps had an august history dating to the Revolutionary War. George Washington believed that his army’s success depended

         on the ability to design and build fortifications to repel larger enemy forces. In June 1775, Congress authorized the appointment

         of a chief engineer and two assistants when it created the Continental Army. The following February, Washington besieged the

         British at Boston. He and his war council decided to seize Dorchester Heights across from Boston Harbor—the high ground that

         would let them bombard the city. Their plan depended on surprise. In a single night, the Continental forces snuck over to

         the heights and erected a fort, constructing wood frames filled with bundles of sticks designed by Colonel Rufus Putnam, the

         chief engineer. When the British awoke the next day, they were stunned to find themselves staring down the barrels of rebel

         cannon. They soon gave up and left Boston, humiliated.

      


      Four years later, Congress created the Army Corps of Engineers, recruiting many of its experts from France. The modern organization

         was formally established in 1802 and given the job overseeing the new military academy at West Point. In the decades that

         followed, the Corps took on new, distinctly nonmilitary tasks. It would fortify a vast country’s borders in war, but also

         ease navigation and stimulate commerce, protect coastal settlements from the sea and river ports from spring floods.

      


      In Louisiana, Corps engineers hired civilian contractors to build defenses at strategic sites around New Orleans and began

         looking at ways to improve river navigation. Congress had initially resisted getting involved in levee construction, correctly

         fearing it would end up paying through the nose for generations. But New Orleans and other growing ports were demanding action,

         as were shipping and trade firms. In 1811, the first steamboat arrived in New Orleans. By 1850, there were 187 of them operating

         on the lower Mississippi. In September of that year, Congress set aside fifty-thousand dollars for a “topographical and hydrographical

         survey of the Delta of the Mississippi, with such investigations as may lead to determine the most practicable plan for securing

         it from inundation.”

      


      The river levees, it turned out, were a big part of the problem. They constrained the river flow, so spring floods rose higher.

         They also cut off the regular deposits of sediment that spread over the delta each spring. Instead, silt was building up in

         the passes out to the Gulf. Oceangoing steamships that tried to reach New Orleans were running aground on the sandbars—forty

         alone in 1852. Congress also wanted a permanent, twenty-foot-deep channel, if it could be constructed and maintained.

      


      The assignment was split between two men—Andrew A. Humphreys of the Corps and Charles S. Ellet Jr., an independent civilian

         engineer. Ellet turned in his assessment fewer than two years after getting the job. Though sketchy—he had not bothered to

         collect much data—his report contained a brilliant intuitive leap. Ellet suggested treating the river gingerly. Levees should

         be fortified, he wrote, but should be supplemented with diversions and reservoirs to take some of the pressure off during

         high water.

      


      Humphreys, scion of an aristocratic family of engineers (his grandfather had designed the revolutionary vessel “Old Ironsides”),

         was brilliant, ambitious, and arrogant, and had been looking for a career-making assignment. Now, with one finally at hand,

         Ellet had beaten him to the punch. But the assignment offered Humphreys the last word and he decided that word must refute

         Ellet—utterly. So Humphreys devoted years to the project. Aided by a young engineer, Henry Abbott, Humphreys ultimately spent

         eleven years visiting sites along the river, sampling the muck, calculating. His final recommendation was simpler than Ellet’s.

         He believed levees alone could solve the problem.

      


      If levees were high enough, and fortified enough, Humphreys argued, they could stop flooding. That would direct more water

         downstream, and the river would rise higher and flow faster. The extra drag on the bottom would wash the channel clear—solving

         the navigation problem. The most obvious drawback was that higher levees also meant the water between them could rise higher—making

         for a potentially more dangerous flood season. And if a crevasse formed, the game was up. (Humphreys also wanted to build

         a channel bypassing the river mouth altogether—a plan that became a reality a century later.)

      


      The competing plans were put on hold during the Civil War. Humphreys’s reckless thirst for enemy blood and battle turned him

         into a war hero, and in 1866 he was appointed commander of the Corps. Ellet was killed in the war, and with his passing, his

         plans—far ahead of their time—were left with no support. Humphreys was also doomed to be frustrated, though. He was again

         supplanted, this time by James Buchanan Eads, civilian engineer, who proposed building jetties along the Mississippi’s southwest

         pass—making the channel even narrower and faster. He was awarded the contract over Humphreys’s objections.

      


      Humphreys soon retired into obscurity. But his “levees-only” theory would reverberate for more than a century. Since 1850,

         when the government had given the green light to states to sell off swampland to pay for levee construction, levees had been

         good business. Developers filled in swamps and turned them into farmland, then demanded higher levees to protect the fields.

         More swamps were developed. Damming off tributaries and locking up the river behind ever-higher walls accelerated the cycle.

         With taller walls and fewer outlets, the river crested higher every year. But because of the short-term financial incentives,

         the levees-only movement had the backing of every farm and business interest in the Mississippi Valley.

      


      The river levees were hulking walls of earth, thirty feet high in spots, with gentle grassy slopes falling away from a flat

         crown, sometimes spanning a width of two hundred feet. A wide buffer zone called a batture sat between the levee’s base and the river, typically planted with trees to reduce scour during high water. In the early

         years, slave labor built the levees. After the Civil War black laborers continued to do most of the work, often in appalling

         conditions. During high water in 1912, an engineer in Mississippi ran out of sandbags. He ordered his workers, Negro convicts,

         to lie along the top of the levee. “The black men obeyed, and although spray frequently dashed over them, they prevented the

         overflow that might have developed into an ugly crevasse,” the New York Times reported approvingly. “For an hour and a half this lasted, until the additional sandbags arrived.”

      


      The levees’ simple appearance was deceptive. They were the result of a meticulous engineering process that took many possible

         contingencies into account: the maximum anticipated high water; the speed and force a flood stage would apply to the levee

         surface; a flood’s possible months-long duration. Engineers studied and fortified each bend in the river, knowing that shifting

         momentum would press the flowing river against the outer bank, making the water flow higher and faster, exerting tremendous

         force. They paid special attention to the density and character of the soil, which they dug from the riverbank. Floodwater

         not only pressed against a levee, it penetrated and saturated it, weakening the structure at its core. Weeks of high water

         would gradually soften and wear away at a levee until pieces were sloughing off. Small, hard-to-find irregularities—stray

         bits of rotting wood, animal carcasses—could provide avenues for river water that would start bubbling up to the soil’s surface

         on the other side. Soon the flow would begin to carry off soil particles from inside the levee. Then with a rumble a large

         section would shift, soil sliding over soil along a plane or an arc. The river would blast through the gap with a roar, taking

         tons of soil with it as it opened a widening crevasse.

      


      Understanding the dynamics of river flooding seemed an ideal challenge for nineteenth-century engineers. It was, after all,

         a mechanistic problem, with variables that could be measured: rainfall, river flow, the deposition of sediments in the Gulf,

         the progress of a flood crest as it moved downstream. Those numbers could in turn be plugged into equations to shape levees

         and dredge channels. But the arithmetic could go only so far. To people without satellites, computers, or even reliable measures

         of wind and waves, hurricanes were acts of God, impossible to anticipate or control. Cyclones roared in off the sea without

         warning. Winds blew in one direction, then another, then stopped, then started again. And in New Orleans, water could rise

         suddenly anywhere around the city—in Lake Pontchartrain, Lake Borgne to the east, over the southern marshes—or in the river

         itself. Prediction seemed impossible.

      


      Institutions and entire fields of study sprang up around river flooding. But before the twentieth century, hurricanes belonged

         to no single discipline, not even meteorology. Over the centuries, the subject of storms attracted more seafarers, civil servants,

         and amateur scientists than PhDs. Slowly, at times only through luck, they developed a picture of how intense weather worked

         and how raging, whirling cyclones behaved. It took another intuitive leap to understand storm surges—and the destruction of

         another great American city, Galveston—before scientists and governments could begin to devise a possible defense against

         them.

      


      In October 1743, thirty-seven-year-old Benjamin Franklin was a printer and pamphleteer, the publisher of Poor Richard’s Almanack, the newly appointed postmaster of Philadelphia, and—though he had not yet begun his experiments with electricity—an avid

         scientist. The evening of October 21, a nor’easter thwarted Franklin’s plan to observe a lunar eclipse. “Before 8 a Storm

         blew up at N.E. and continued violent all Night and all next Day, the Sky thick clouded, dark and rainy, so that neither Moon

         nor Stars could be seen. The Storm did a great deal of Damage all along the Coast,” he wrote to his friend Jared Eliot, fellow

         Revolutionary-era polymath—a clergyman, physician, agronomist, and scientist—in 1750.

      


      Franklin was puzzled when he read later newspaper accounts of the eclipse, and wrote his brother in Boston for clarification.

         He confirmed that astronomers there had indeed observed the eclipse at nine p.m. and that the storm arrived about an hour

         later. In the 1700s, people thought clouds, storms, and fair weather moved only along the same pathways and direction as the

         wind. Franklin’s data made no sense: a nor’easter should move southwest, with its prevailing winds, not north. It should have

         struck Boston before Philadelphia.

      


      In his later letter to Eliot, Franklin attempted to make sense of the seemingly inconsistent observations. He rapidly sketched

         the basic ideas that animate every TV weather forecast today—that hot air rises and denser cool air falls, that pressure gradients

         make wind move independently of a storm’s path:

      


      Suppose a great Tract of Country, Land and Sea, to wit Florida and the Bay of Mexico, to have clear Weather for several Days,

         and to be heated by the Sun and its Air thereby exceedingly rarified; Suppose the Country North Eastward, as Pensilvania,

         New England, Nova Scotia, Newfoundland, &c. to be at the same time cover’d with Clouds, and its Air chill’d and condens’d.

         The rarified Air being lighter must rise, and the Dense Air next to it will press into its Place; that will be follow’d by

         the next denser Air, that by the next, and so on. Thus when I have a Fire in my Chimney, there is a Current of Air constantly

         flowing from the Door to the Chimney: but the beginning of the Motion was at the Chimney, where the Air being rarified by

         the Fire, rising, its Place was supply’d by the cooler Air that was next to it, and the Place of that by the next, and so

         on to the Door.

      


      In one paragraph, Franklin debunked the idea of a storm as a kind of supernatural entity with its wind and rain moving along

         a straight line, as if blown by a heavenly mouth with fat cheeks. His image of a storm as a heat pump anticipated the modern

         understanding of hurricanes. But with limited meteorologic tools, the insight was more theoretical than practical.

      


      William Dunbar, a Scottish explorer, farmer, and scientist, took notes of his observations as he hunkered down in New Orleans

         during the hurricane of 1779—the storm that sank Governor Galvez’s fleet. The wind and rain went on for hours, Dunbar wrote

         later,

      


      after which succeeded all at once a most profound and awful calm, so inconceivably terrific that the stoutest heart stood

         appalled and could not look upon it without feeling a secret horror, as if nature were preparing to resolve herself again

         into chaos. . . . [Then] in 5 or 6 minutes, perhaps less, the hurricane began to blow from the opposite point of the compass

         and very speedily regained a degree of fury and impetuosity equal if not superior to what it had before possessed.

      


      Dunbar had, of course, been in the eye of the storm. Piecing his observations together, he envisioned the storm as a huge

         whirlwind moving along a path. “It is probable that as similar observations are made upon all hurricanes, tornadoes and whirlwinds,

         they will be found universally to consist of a vortex with a central spot in a state of profound calm, which spot will probably

         be greater or less according to the magnitude of the vortex,” he wrote in an 1801 paper, one of the first to describe the

         true form of a hurricane. Dunbar didn’t get everything right. His paper speculated that the eye formed when mysterious “electrical

         fluid” was wicked away from it, forming a kind of vacuum. But Dunbar’s insight was a piece of a puzzle that scientists, military

         strategists, and ship’s captains were slowly assembling. With armadas and merchant vessels crowding the shipping lanes, success

         and survival depended on divining the “law of storms.” Greater understanding couldn’t come too soon: a year after Dunbar’s

         leap, the deadliest hurricane in history tore across the Caribbean, smashing many ships to kindling. Some twenty-two thousand

         people died, perhaps eight thousand on ships. The British fleet, jousting with French ships in the Antilles, lost twelve ships;

         more than one hundred British merchant vessels also sank. An English scout sent to Barbados to inspect the wreckage assumed

         an earthquake had accompanied the hurricane. Later the same month, three more storms killed thousands more.

      


      With meticulous observation and deduction, William Redfield clarified things further. Redfield, another amateur scientist,

         whose day jobs included apprentice saddlemaker, door-to-door salesman, and businessman, was traveling in Connecticut in the

         summer of 1821 when a hurricane blew through. Redfield noticed that trees and branches felled by the wind pointed in different

         directions depending on what part of the state he was visiting. That anomalous fact stuck in his head. A decade later, following

         a chance conversation on the subject with Yale scientist Denison Olmstead on a ferry plying Long Island Sound, he tried to

         solve the mystery. Using books, newspaper accounts, and interviews, Redfield reconstructed the course of the 1821 storm. He

         traced the storm from its Caribbean origins along its course shadowing the East Coast, then over New York City and into Connecticut.

         He held off from publicizing his findings until he had more evidence, which he got by meticulously reconstructing a second

         storm, this time using the logbooks of 164 ships.

      


      “All violent gales or hurricanes are great whirlwinds, in which the wind blows in circuits round an axis; that the winds move

         not in horizontal circles, but rather in spirals,” he wrote in a paper published in the American Journal of Science. “That the velocity of rotation increases from the margin toward the center of a storm. That the whole body of air is, at

         the same time, moving forward in a path, at a variable rate, but always with a velocity much less than its velocity of rotation.”

      


      As Redfield was outlining the dynamic shape of a hurricane, meteorologist James Espy identified some of the internal dynamics.

         Like Franklin, Espy saw the storm as a heat pump: as he explained in his Philosophy of Storms, water, warmed by the sun and entering the atmosphere, gets caught in a kind of self-reinforcing, amplifying loop. As it evaporates

         from the surface of the ocean, it cools off and begins condensing into rain. But this cooling releases energy, which warms

         up the air again, causing more evaporation. Under the tropical sun and with the right combination of breezes, warm water vapor

         feeds into this system and it grows into a hurricane. (Espy and Redfield tangled over the nature of hurricane winds. Espy

         argued they blew straight into the center of the vortex. Redfield correctly countered that they spun around it, never reaching

         the center.)

      


      Redfield’s idea bounced quickly around the seagoing world, where it sparked shocks of recognition. Colonel William Reid of

         the British Royal Engineers began writing to Redfield after he was dispatched to Barbados to help reconstruct colonial settlements

         in the wake of an 1831 storm that killed 1,477 people. Frustrated at the lack of data about the hurricane, Reid followed Redfield’s

         example and set about gathering more. He read local government records and ships’ logs, trying to extract stray bits of information

         on timing, wind direction, and flooding. In 1841 he published a book called The Law of Storms that included, among other things, a detailed reconstruction of the Great Hurricane of 1780.
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