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CATASTROPHE


Hurricanes, tsunamis, earthquakes, typhoons — we watch in horror before springing into action with aid and support, shocked again and again by the destructive power of the earth. Except these disasters aren’t only the earth’s doing, they are ours too.


Why did no one consider that a tsunami could disable the nuclear power plants in Fukushima? Why did so many die when Katrina flooded New Orleans? Not so long ago we could focus only on rescuing and sheltering survivors — now we can anticipate many natural disasters and plan for them. In dozens of cities around the world, we’re able to identify the specific buildings that will be shaken apart, blown down or reduced to rubble. Yet every year, thanks to politics and inertia, we fail to act.


Traversing continents and history, Robert Muir-Wood blends gripping storytelling with scientific insights to detail our efforts to tame the most extreme forces of nature. At the frontlines, the predictive powers of new technologies mean we can foresee a future where there is an end to the pain and destruction wrought by these devastating cataclysms. As The Cure for Catastrophe makes clear, we have an extraordinary opportunity before us — to make the decisions about what we build, where we live and how warnings are communicated that could save millions of lives.
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Typical tracks of tropical cyclones, regional names, and percentages of the global total of around 90 tropical cyclones each year.







INTRODUCTION


IT WAS NIGHT IN THE EARTHQUAKE-RAVAGED CITY OF EL ASNAM, Algeria. Arc lights illuminated the rubble pile. The steel bucket of the excavator screamed as it clawed at the concrete slabs. Soldiers stood listlessly, waiting to retrieve another body.


The dust swirled as the drills bored into the pancaked concrete slabs. I brushed the crumbled concrete and plaster off my clothes. I could taste the dust, feel it in my lungs. (I would taste it again the day after 9/11 on the streets around the World Trade Center.)


Next morning all was ugliness and despondency. Ruins spilled into the street. Second-floor rooms missing a wall, wallpaper torn, a child’s artwork flapping, a bed covered with debris. Clothes, a saucepan, school bags, family photographs strewn in the dirt—banal and poignant mementos of ordinary lives, interrupted.


Over the years I would go on to visit towns newly blitzed by hurricanes, storm surges, tsunamis, and more earthquakes. (Don’t get me wrong, this is not an obsession with destruction. I much prefer my medieval Italian hill village to be crumbling gently with age.) But you learn many things from seeing natural disaster for yourself, on the ground. Sometimes, as in New Orleans, the people have all gone. More often, as in coastal Dichato, Chile, or Bhachau, Gujarat, the survivors are camped on waste ground, their desperation palpable.


Several first questions arise in a newly ruined town: What happened? What was this destructive force? How far did it penetrate? What made some structures fall while others remained standing?


The follow-up questions emerge more slowly: Why? Why this town at this time? Was anyone aware of what lay in wait when they built the houses next to the beach? Did anyone question the idea of constructing concrete apartment buildings without an engineer? Did the villagers know what could happen when they settled high on the slopes of the volcano?


I first became intrigued by the forensics of disasters while working as the science writer on a Royal Geographical Society expedition to the Karakoram Mountains of northern Pakistan. Wanting to get deeper into the science, I volunteered to help pursue the next big disaster. Two months later came the Algerian earthquake. The first headline death toll was 20,000. The call from Cambridge seismologist Geoffrey King came through early that evening to drive a jeep down to the port at Marseilles and take the ferry to Algiers to join a small team of research seismologists.


After the adventure of the journey, we arrived in the late evening to walk the sad ruins of the city of El Asnam. Next morning we set off to install seismic recorders far away from the principal roads and towns. Each day we did the “milk-round”—driving 80 miles of rutted dirt tracks to replace the car batteries powering the recorders and lift out the paper-lined drum, swarming with the “butterfly wing” traces of the aftershocks. (Fixed with a concoction made from crushed beetles, the paper records would be analyzed back in Cambridge.)


All the visiting researchers slept on the floor of an abandoned schoolhouse located out of the damage zone, high above a ravine. The outhouse latrine was a seat suspended over the void. In the evening we got together with French geologists and structural engineers from California, Skopje, and London who also “did science” after a disaster—in this case, rapidly surveying why half the concrete structures in the El Asnam city centre had collapsed. The buildings in the city—which had been reconstructed following an earthquake twenty-five years before—were all relatively new. Why had so many of them fallen?


I went back to El Asnam on behalf of UNESCO a couple of years later to inspect trenches dug at the base of the hills. On the walls of the trenches I could trace the “smoking gun”: a tongue of white limestone thrust three metres over the red earth of the valley. The tongue revealed the surface trace of the fault movement that generated the vibrations that destroyed the city. Underneath was another white limestone band on top of the red soil—the fault break from the previous earthquake, radiocarbon-dated to sometime in the fourteenth century.


It seemed easy. Geologists would identify and map the dangerous faults. Trenches would be dug to reveal the incriminating evidence of the fault’s last shift in a big earthquake and whether it was primed for a repeat. Buildings in the vicinity of dangerous faults would be designed by engineers to remain upright through the wild earthquake ride. As the geologist Martin Capelletti said after the 1944 San Juan (Argentina) earthquake: “It is within the power of builders, architects and engineers to erase earthquakes from the list of human scourges if they wish it.”1 With the application of all this scientific knowledge, cities could be safe from disasters—or so it seemed—within a generation.


We were of course naive. Engineers still go out to study the latest catastrophes in Haiti or Pakistan. The lessons they bring back are no different than those learned from the collapsed buildings at El Asnam. We know how to make buildings that resist strong shaking or hurricane winds. We can tell where the land will flood from a river or a tsunami, or where it will lose its strength in earthquake liquefaction. Yet a chasm yawns between this knowledge and its application.


As with the tribes of scientists and engineers in the El Asnam schoolhouse, every disaster draws researchers from a range of disciplines, each of whom takes a piece of the puzzle back to his or her institution. Disasters lie at a bewildering crossroads where science, engineering, social sciences, geography, economics, and history intersect. No single discipline captures the whole picture. Even the science is splintered into specialties with their own terminology and tools: seismology, volcanology, hydrology, meteorology. As informed by my coordinating lead authors on the 2011 IPCC Special Report on Extremes, earthquakes, tsunamis, and eruptions were strictly off-limits.2


Meanwhile, since the year 2000 more people have died in sudden “natural” disasters than in any equivalent period in history. Most of them were victims of negligence: bright schoolgirls killed by collapsed concrete school buildings in Pakistan, or the Karen delta people of Myanmar abandoned by their military rulers as a vast cyclone storm surge flood barrelled towards them.


Disasters consume wealth, depreciate land values, and threaten governments. Disasters are political. From Simón Bolívar to Fidel Castro, leaders have understood the need to outwit catastrophes in order to maintain their authority. Disasters have both promoted (Herbert Hoover) and derailed (George W. Bush) US presidents. Faced with an existential threat from catastrophic floods, the Dutch tamed the “Water-Wolf” with a potent mixture of regulation and landowner responsibility, which then framed their “polder model” of collaborative governance.


Everyone questions why money should be diverted to protect against a disaster that may not happen in their lifetime. Politicians prefer the photo opportunities of being seen to dispense money amid the ruins. Twenty-five years ago, insurers learned the hard way how dangerous it is to let a catastrophe teach you the price of risk after the fact. Nine insurers went out of business following Hurricane Andrew in 1992, and the Lloyds of London reinsurance market came close to dissolution following years of unremitting catastrophe losses.


On the back of the crisis, catastrophe models, with their 100,000 years of synthetic catastrophe histories, were developed to quantify the price of insurance and determine how much an insurer needs to keep in reserve to withstand an extreme year of losses. The technology that protects the markets can also protect people. Catastrophe models are now being adapted to design the most cost-effective ways to reduce disaster risk. Political leaders will increasingly be expected to account for latent disaster deaths and losses before they happen.


Meanwhile, in a thousand cities, from booming Dhaka to greater Miami (the hurricane hazard hot spot of the Western world), mountains of new risk are being quietly created. As if attracted by danger, the world’s most valuable technology companies have congregated in Silicon Valley—a tectonic rift in the middle of a plate boundary. The world’s largest city, Tokyo, is itself uniquely underlain by three tectonic plates. And whether from sea level rise or stronger storms, climate change is brewing some unprecedented future floods.


It can sometimes feel as though we are at war—up against a cunning disaster enemy who ambushes our complacent sleeping cities. While it was a catastrophe that launched the age of reason, in the law of contracts unforeseen calamities are still labelled “acts of God.” And yet the call for “resilience” has gone out, some countries are deep into containing their risks, and we are approaching the day when a great earthquake or hurricane will hit a coastal city and nobody will die.


This is the story, across continents and history, of the search for the cure for catastrophe.




1 · TRUST IN THE WALLS


THE SHAKING CAME IN VIOLENT BURSTS, STRONGER THAN ANYONE had felt before. Periods of slow regular oscillation followed by sharp grinding vibrations. Buildings were cracking open, and tools hurtled to the floor in the fishermen’s sheds by the wharf. To stay standing, you had to hold on to a wall or doorway. Dust rose from little landslides along the cliffs. It was 2:48 p.m. on a cloudy Friday afternoon in March. The shaking, which lasted six gruelling minutes, felt as if it would never end.1


As the violent tremors faded away the tsunami sirens sounded their mournful cries, whooping from low to high. People already outside started to clamber up the cliff-side staircases from the port. In the lower town, seniors glanced out of their windows at the ugly concrete tsunami walls that separated them from the sea and hunkered down. Five years before, the sirens had sounded but no waves had arrived. This was probably another false alarm. It was a cold afternoon, with snow flurries, and venturing outside, standing around, had no appeal.


Among those who climbed up above the lower town, all eyes were on the sea, on the water in the harbour, and on the distant horizon seen between the headlands. As the minutes passed and nothing happened, they began to relax.


Kamaishi is a former steel town, situated in a drowned valley inlet on the remote mountainous coast of northeast Japan. In the 1970s, 12,000 people were employed in the steelworks and the town’s population was close to 100,000. The mill closed in 1988, and now the population was down to 40,000. The economy depended on fishing. In 2009 the government spent $1.5 billion on a 1.25-mile (2-kilometre) breakwater, rising up from the seafloor 200 feet (60 metres) below. Said to be the deepest and most expensive in the world, the breakwater was intended to revive the town by providing shelter from the Pacific swell for moored container ships. Yet no ships had come to call.


Kamaishi was known for having a “tsunami problem.” In 1896 the town had been wiped off the map in a deadly and unforeseen nighttime tsunami. The triggering earthquake, 180 miles offshore, was felt by ships out at sea but scarcely noticed on land. Two-thirds of the town’s population of 6,500 died when 1,800 houses and warehouses were washed away. The memory of that calamity preserved the lives of the survivors thirty-seven years later, on March 3, 1933, when they felt a strong nighttime earthquake and fled inland in their nightclothes. Even though the tsunami destroyed more than 7,000 homes and in some places lapped as high as 70 feet (20 metres), this time only 164 were killed out of a population of almost 32,000.


Now, in 2011, the older residents remembered the stories told by their parents of hiding on the edge of the forest in the night and hearing the tsunami demolish the town.
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AS SOON AS THE SHAKING CALMED, THE TEACHING STAFF AT KAMAISHI East Junior High School attempted to muster their students into the school playground. They tried to take a roll call, but the electricity was out and the microphone didn’t work.2 Meanwhile, some students had already started running out of the school gate and uphill towards the pre-planned evacuation site almost half a mile away (700 metres). Among them was fourteen-year-old Aki Kawasaki. He had just started baseball practice and was terrified that a tsunami was coming. Many others, however, like his classmate Kana Sasaki, only ran because everyone around them was running.
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Japan prefectures and cities impacted by the 2011 Tohoku earthquake and tsunami








 


At the neighbouring Unosumai Elementary School, the teachers had begun evacuating children to the third floor of the school building. Seeing the junior high school students running, they changed the plan and sent the children to run alongside their older brothers and sisters.


When the children reached the evacuation site, an elderly woman told them that she feared the worst, that the earthquake was stronger than anything she had experienced. So they kept running to even higher ground, the older children holding the hands of the frightened younger ones.


Twenty minutes after the shaking ended, the watchers on the cliffs saw a dark line on the horizon that soon became whitened with surf. Where the breaking line of surf met the great breakwater at the steep-sided entrance to the open sea, furious currents could be seen raging between the concrete walls. Then the white water was bursting over the crest of the breakwater itself.3


The first water to arrive in the harbour boiled up over the quays, floating off some parked cars. Water in the streets moved sluggishly, but as the level rose it flowed like a fast river. The wooden two-storey buildings, lifted off their foundations even when the water was little more than one or two metres deep, turned into battering rams that demolished warehouses and other buildings, which collapsed in on themselves in great clouds of dust and plaster. The clock on the gable of the Unosumai village hall stopped when it was immersed at 3:25 p.m.


The children turned and looked back at their schools. The tsunami was surging through the buildings, smashing houses and cars, and rising so high as to overwhelm the third floor of the elementary school; eventually it deposited a car on the roof. If they had waited another ten minutes, they would have drowned.


Weeks later, after the bodies had been pulled out of the piles of debris, after the unaccounted for were listed as “missing,” the tally for Kamaishi was 1,200 fatalities, or one person in thirty. Many of the victims were older people who had lived in the low-lying port area.4


Remarkably, however, every single student who was in school that day survived: all of the 212 junior high and 350 elementary school students. In other nearby coastal towns, there had been tragedies. In eleven out of the twenty-one schools inundated by the tsunami, the children had stayed in the building.5 At the Okawa primary school, 74 out of 108 children died.


The headlines proclaimed “The Miracle of Kamaishi.”6 Yet the story at Kamaishi was no miracle. Its children survived because of one maverick Japanese professor who had set out to teach them a completely different narrative about disasters and survival.7
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WHO AT THE START OF THE NEW MILLENNIUM KNEW WHAT TO DO in a tsunami? The Boxing Day Indian Ocean earthquake on December 26, 2004, changed everything. This was the first oceanwide tsunami in forty years. In resorts along the west coast of Thailand, the tsunami surged into the beachside hotels midmorning. Tourists pointed their cameras and captured the first-ever films of a great tsunami. One sequence shot from a headland shows the water draining out of a wide bay before a great wave rolled back in, overwhelming a man who had gone down to collect stranded fish and now stood spellbound as the grey-brown water surged over the beach.


Another film captures the water flooding over the swimming pool and into the ground-floor patio of a hotel, rising slowly at first and then much faster. Guests are caught trying to hold on to railings as the water seethes around them, but the camera moves away before we see who managed to escape.


In Banda Aceh in northern Sumatra, a video cameraman was filming a wedding party on a second-floor rooftop balcony in the heart of the city. The scene starts with a call to watch a trickle of water arriving along the neighbouring street. As the water grew deeper the current accelerated, filling with floating cars, until the tsunami came close to overwhelming the cameraman.


A tsunami has many different guises: sometimes a great wave breaks, but more often the water rises and rises, more and more alarmingly, for five to ten minutes. The original English term “tidal wave”—half tide, half wave in character—failed to evoke this monstrous terror; thus, in 1896, a more compelling word was borrowed from the Japanese: “tsunami,” or “the wave in a small village harbour,” is the local name for the kind of sudden rise in the sea that destroyed Kamaishi.


After the visceral experience of watching these films, you can never again walk along a sandy shoreline without experiencing some subliminal mistrust of the ocean. On a malevolent whim, it seems, the benign waves can rise up and pounce far inland, dragging their spoils out to sea.


Tilly Smith, a ten-year-old English girl, was on holiday with her family in a beachfront hotel in Thailand. She had been taught about tsunamis by her geography teacher at Dane’s Hill School in Surrey only three weeks before.8 She had learned that when the sea mysteriously drains away far below low tide and the water streaks with rising bubbles, a tsunami is coming. Seeing the water slowly recede, and not waiting to ask an adult, Tilly took it upon herself to scream at all those around her to move to higher ground. Almost 100 people on that stretch of Mai Khao Beach followed her lead, and as a result, it was one of the few beaches on the island where no one drowned.


Toshitaka Katada, a professor of civil engineering at Gunma University in central Japan, visited the tsunami-ravaged coastlines of Thailand and Sumatra and considered the lessons to take back to Japan.9 On Sumatra he saw how tens of thousands had felt the strong earthquake shaking but had not thought to evacuate in the twenty to thirty minutes before the tsunami arrived. He saw the consequences of passivity. Everyone had waited for official instruction, but no order came. He marvelled at the story of Tilly Smith. Children, he observed, can possess a fearless authority.


On Katada’s return to Japan, he was shocked to discover how little people worried about tsunamis. Even in the coastal towns along the Sanriku coast—the birthplace of the term “tsunami”—memories of the last great disaster, seventy years before, had faded. Through the 1980s, the government had constructed concrete tsunami walls to protect the low-lying ports, but as a result many coastal towns had given up their annual tsunami evacuation drills.


When Katada visited the schools in Kamaishi to talk to the children, he found that they had total confidence in the walls. Their sense of obedience was strong. If the adults did not run to higher ground, the children would not think of doing so themselves.


A story about a tsunami known to all children in Japan highlights this desire for official instruction.10 The story tells of how the wise village headman saved all the lives in his coastal village after a tsunami in late December 1854.


Hamaguchi Gohei lived up the hill from the bayside houses in the exposed Wakayama Prefecture town of Hirogawa, on the Kii Peninsula of southern Honshu. Late in the afternoon one day close to the end of 1854, he felt a long-lasting vibration. Within a few minutes, the sea began to recede, while on the distant horizon he saw a dark line growing thicker as it approached. Recalling a story told by his grandfather, he realized that a tsunami was on its way. How could he get the villagers below to evacuate inland? Running inside to bring out a burning log from his winter hearth, he turned the year’s precious harvest of rice stalks into a crackling, smoky bonfire. Seeing the wanton destruction, and believing that their feudal lord had gone mad, the villagers all rushed up the hill, then turned to watch the tsunami destroy their houses down below. It took another tsunami in 1933 for the Japanese to accept their tsunami affliction, after which the story was mainstreamed into the culture in the national schoolbook for ten-year-olds.


Motivated by the story of Tilly Smith, Katada explored how to inspire children to take action in a future disaster and came up with “Tsunami Tendenko”—a policy that cut hard against the grain of conservative, “follow the instructions” Japanese culture.


Katada chose to focus on the frontline city of Kamaishi. Initially, the local teachers claimed that there was no time in the curriculum for disaster education. Then, in 2006, a tsunami scare followed a great earthquake off the Kuril Islands to the north. Fewer than one in ten of the children in the low-lying schools most at risk from tsunamis were evacuated. Each of the fourteen schools in Kamaishi subsequently agreed to Katada’s request to allocate ten hours a year to disaster education.


In March 2010, working with the teachers, Katada produced a manual in which he emphasized his three principles:


Don’t believe in preconceived ideas.


Do everything you can.


Take the lead in evacuation.11


Katada recognized that, when dazed and confused, people search for instruction:


 


Even though you know you should escape, you convince yourself that you are safe. When the alarm bell sounds you don’t want to believe that there is a fire. . . . You often need a second piece of information to make you flee—a smell of smoke—someone shouting “fire.” After an earthquake everyone looks around to see if their neighbours are responding. They feel reassured if their neighbour has not run. A temporary network of security is established—people convince themselves they have made the right decision. And then the tsunami attacks and everyone dies.


 


What Katada had seen in the 2004 Indian Ocean tsunami had taught him to distrust official hazard maps, “because no one can predict nature’s power.” He encouraged the children to trust in their instincts: “It takes a lot of courage to be the first person to run out of the room when the alarm bell sounds,” he wrote. “You have to be the first to run. And others around you will be inspired and will also make their escape . . . and you will save many people.” The children could not have known then how soon they would be called upon to turn these principles into action.


On the afternoon of March 11, 2011, Katada was in Hachinohe, a town near Kamaishi, to deliver a talk. When he was rocked by five minutes of intense shaking, he knew that this was a giant earthquake out in the ocean on the subduction zone and that a tsunami would inevitably follow. He was consumed with worry about all the children he had taught. Would they evacuate high enough? The live TV coverage from Kamaishi showed horrific scenes. When he heard the news later that all those who had been at school had survived, he was filled with emotion: “From the bottom of my heart I wanted to thank them.”12 Yet not everyone had heard his message. Some parents lost their lives waiting for their children to return home.


Those who chose to drive towards higher ground initially overtook those on foot, but then got blocked by congestion.13 In some towns the tsunami arrived before drivers could escape onto the embanked highway. (After an earthquake in Samoa only eighteen months before, for fear of the expected tsunami, everyone got into their cars. As a result, the principal coast road became blocked, and almost 200 people were drowned, many of them washed out to sea in their vehicles. To escape people only needed to walk to higher ground.14)


After the 2011 tsunami, the Ministry of Education authorized the return to school textbooks of the story of the village headman setting fire to the rice stalks. Yet there was some ambivalence about promoting Katada’s real-life lesson on the merits of civil disobedience.
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WHETHER TO TRUST THE FLOOD WALLS OR EVACUATE WHILE THERE is still time—what information do people need so that they can take the right action? Is it education or concrete defences that provides the greatest protection? We come to another extraordinary disaster of the new millennium: Hurricane Katrina and its storm surge.


In a storm surge the flood is driven by fierce winds blowing towards the coast. The stronger and more persistent the winds the higher the surge, which can last for hours—the time it takes a big windstorm or hurricane to pass. The wind-whipped waves of a storm surge ride inland, smashing everything fragile in their path; a tsunami, which drains faster and takes most of its debris out to sea, is said to be “tidier.”


Confined by the coast, the winds bulldoze a mound of water ahead of the storm, but if the water is deep or the storm front is narrow, the mound drains away, under or around the storm. Off the coast of Mississippi, you can wade out to sea for miles because the North American continent’s greatest river has filled the sea with sediment. And that is where the biggest of all Atlantic storm surges roll inland.


There is only one flood-walled city along the US coast, and that is New Orleans. Without its levees, the surf would break on Bourbon Street every day. Apart from the original city (the French Quarter) built on the natural river levee, the average elevation in New Orleans is six feet below sea level. The city was founded by the French in the eighteenth century, a palisade on the first dry land up the Mississippi River. Fur trappers could tramp through the bayou swamp between the river and sea-level Lake Pontchartrain a few miles to the north. From the late nineteenth century, as the city expanded, the swamps were pumped dry and the land sank like a desiccated sponge.15


By the start of the new millennium, Kamaishi had been flooded by tsunamis twice in little more than a century, while New Orleans was already on its third storm surge inundation since 1900. Yet residents of the Big Easy preferred not to dwell on the city’s watery history.


The first lesson from New Orleans is that flood defences follow big floods. The damage demands some action. Wait too long, however, and politicians find something else to do with the money. New flood defences need to be built high enough to withstand the latest floods, and then a little bit higher, depending on how much money can be found.


The second lesson for a sinking city is that, as sure as night follows day, big floods will eventually follow the flood defences. And because the city is sinking, the next flood tends to be even deeper than the last.16


In 1915 a hurricane passed over New Orleans, driving a 6-foot surge in Lake Pontchartrain. Water flowed into the city, reaching 8 feet (2.5 metres) deep in some downtown areas. The city invested in some bigger pumps, built walls by the sides of the drainage canals, and created an embankment along the lake shoreline.


In 1947 a hurricane passed right over the city, breaching the embankment along Lake Pontchartrain.17 When the western wall of the Seventeenth Street drainage canal collapsed, thirty square miles of land in neighbouring Jefferson Parish were inundated. Fifteen thousand people were evacuated. Holes had to be dug and blasted in the defences to let the water escape back to the sea. The flood defences were then raised, and land was reclaimed from the lake, inspiring a postwar boom in house building to the northeast of the city.


By the early 1960s, the city’s population was 625,000. In 1965, in a fit of grandiose geo-engineering, the US Army Corps of Engineers dug a shipping channel, linked with the Industrial Canal, to approach New Orleans from the open sea to the east.18 The channel, known as the Mississippi River and Gulf Outlet (MRGO, or “Mr. Go”), was cut 36 feet (11 metres) deep and 650 feet (200 metres) wide.
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New Orleans canals and levees








 


Within months of the opening of the new channel, Hurricane Betsy, a Category 3 storm, came in from the Gulf of Mexico.19 The strong easterly winds ahead of the storm funnelled a 12-foot (3.6-metre) mound of water straight up the newly constructed Mr. Go shipping channel to spill over the low embankments of the Industrial Canal and flood the whole eastern part of the city. Thirteen thousand houses were immersed in water up to nine feet deep, more than 60,000 people were made homeless, and 58 died. The defences along Lake Pontchartrain held, so if not for the Corps of Engineers’ gift of the “Mr. Go” shipping channel, the city would have stayed dry. Betsy was the first US disaster to cost more than $1 billion.


Following Betsy and years of “white flight,” New Orleans never recovered its early 1960s population. The middle classes, unable to sell their properties in the lowest-lying parts of the city, left them to be rented to the poor.


In the same year as Betsy the US Congress passed the ambitious Flood Control Act, designed to flood-proof New Orleans and prevent a repeat of the flood disaster.20 Yet the money and the will behind the plan began to drain away as the memory of Betsy faded. In 1977 a federal court barred the construction of a proposed Lake Pontchartrain dam, on environmental grounds. With a reduced budget and diminished ambition, the Corps of Engineers began a long slow programme to improve the defences. Faced with homeowners unwilling to sacrifice any part of their waterside plots, the Corps had to construct very thin concrete flood walls along the drainage canals. In 2004 the city ran a “fire drill” for a direct hit from Category 5 “Hurricane Pam” with water up to 25 feet (7.5 metres) above sea level.21 According to the simulation, a quarter of those who remained in the city would die.
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ONLY A YEAR LATER, THE KATRINA TRACK FORECASTS WOULD PROVE remarkably consistent and accurate: the actual track was only 15 miles (24 kilometres) east of the track forecasted fifty-six hours earlier. On Sunday, August 28, 2005, the day before landfall, when the storm was at maximum Category 5 intensity, the National Weather Service (NWS) stated apocalyptically: “Most of the area will be uninhabitable for weeks . . . perhaps longer . . . human suffering incredible by modern standards.” The NWS office in New Orleans predicted the “partial destruction of half of the well-constructed houses in the city.”22


That would be warning enough, you might think, to get people to flee inland. Indeed, more than 90 percent of the city’s population had left following Mayor Ray Nagin’s mandatory evacuation order on August 28, when he warned that “the storm surge most likely will topple our levee system.” Yet tens of thousands either chose not to leave or had missed the available transportation options. Some wanted to protect their property from looters. Some had been discouraged by the evacuation terms, which forbade pets on the buses. Some who dismissed the order were remembering the false alarm evacuation for Hurricane Ivan the previous year. And many stayed through inertia, not really believing their lives were at risk, trusting in the flood walls.


As is often the case, the wind forecasts had indeed been hyped. Like a pirouetting dancer stretching out her arms, the original Category 5 storm had both grown in size and weakened. In the middle of the morning of Monday, August 29, the weaker western sectors of Hurricane Katrina passed over the city of New Orleans. As the wind died down, reporters came out of their hotels and walked the streets, filming images of twisted roof metal and shifted tiles in the older buildings of the city’s French Quarter. The story in the main news feeds was that the city had once again “dodged a bullet,” escaping both major wind damage and the long-feared citywide flooding.23


Officials from the Orleans Levee District were responsible for monitoring the flood defences. As the weather conditions deteriorated, the inspectors were withdrawn to hurricane shelters. The telephone system was almost completely dead, the mobile transmitters having been disrupted by power outages.


Ahead of the storm, the circulating winds had blown from the east, exactly as in Hurricane Betsy, pushing the storm surge straight up the Mr. Go channel. On the south side of the channel to the east of New Orleans, between 4:00 and 6:00 a.m. on the morning of August 29, 2005, the 18-foot (5.5-metre) surge overwhelmed the piled defences and poured into impoverished St. Bernard Parish.24 Many houses were lifted off their foundations. At the Murphy Oil Corporation refinery, a massive, partly filled oil tank floated, broke, and spilled its contents over the town. The surge was still 16.5 feet high where it came into the Industrial Canal in eastern New Orleans. The first breaching occurred at 4:45 a.m.: the water spread over the 14-foot defences into the lowland to the north of the city’s French Quarter as well as into the Lower Ninth Ward to the east of the canal. These were the areas flooded during Betsy—but now the water was three to four feet deeper.


The district commander of the Army Corps of Engineers, which was ultimately responsible for the defences, ventured out at 3:00 p.m., but finding his path blocked by strong winds and debris, he returned to his bunker. He had encountered enough water to know that some key defences must have failed.


The surge had not completed its mischief. The second phase of the flooding came from the north—from Lake Pontchartrain, as in the floods of 1915 and 1947. The three drainage canals, originally dug to allow water to be pumped out of the city, now turned the city into a lake. The flood walls along the canals were a minimum of 12.5 feet (3.8 metres) above sea level, and the surge coming in from the lake only reached 11 feet, so the concrete walls should have held; at around 9:00 a.m., however, the first thin concrete panels fell over.25 Once one panel had gone, the water surged through with such force that it tore out the neighbouring panels, eroding chasms tens of feet deep.


The drainage canals passed through the lowest areas of the city—land that lies several feet below sea level—so water continued to flow into the city long after the hurricane had disappeared over the horizon. The operators of the city’s pumps had been evacuated for fear of the strongest hurricane winds. No one had considered how critical the pumps would be in the midst of an intense hurricane. In a circular irony, later that afternoon the pump house operators were unable to return to their pumps because the city had flooded.


The first that the New Orleans Police Department heard of their city’s inundation was late on Monday evening, when off-duty police officers called in from their flooded homes. That evening a private helicopter flew over the city and fed images to a local TV station. Only at 9:00 the following morning was the local commander of the Corps of Engineers able to get into his own helicopter to see that 90 percent of the city was underwater.


It had taken more than twelve hours for people to realize that New Orleans was flooded, and a whole day before the city could be inspected and mapped by emergency officials. One in six New Orleans police officers abandoned their post. Untold numbers of people died because of the delays in initiating rescue.


With water depths reaching 10 to 15 feet, twenty times more people died in Katrina than in Betsy in 1965. This was a disaster that had been well forecasted, a catastrophe of a kind that people believed was no longer possible in a developed country. The majority of the 1,464 Katrina fatalities listed for Louisiana were drowned in New Orleans. Of those who died, 56 percent were black and 64 percent were over sixty-five. (In the Japanese tsunami, 65 percent of those who died were over sixty.) Those who stayed in their single-story houses first had to climb into the attic space and then attempt to break through to the roof in the hope that they would be rescued. In some areas, however, even roofs became submerged. Almost two-thirds of the 147,000 properties in the city were flooded by more than four feet of water. When a large hospital complex was left without power after the ground-floor generators became submerged, doctors were forced during the chaos of helicopter evacuations to make decisions about who would live and who would die.26
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HURRICANE KATRINA WAS A HUGE HURRICANE. WITH ITS NORTHERLY track passing to the east of New Orleans, the city missed the worst of the storm surge, which tore into the Mississippi coastal towns of Biloxi, Gulfport, Pass Christian, and Bay St. Louis. The land rises gently from the beachfront in those towns, with their streets of grand Southern houses nestled among oak shade trees. This coast took the full force of the hurricane winds. Like the citizens close to the port at Kamaishi, Mississippi Gulf coast residents made a calculation about their own safety. Over the previous fifty years, the worst storm to hit this coast had been the notorious Hurricane Camille in 1969. That storm had been at maximum intensity, Category 5, at landfall and driven a terrible 21-foot surge that scoured houses off their foundations for the first three blocks inland. Katrina had reduced to Category 3 intensity, so anyone whose house had survived Camille assumed that they would be safe to stay indoors for the duration of the storm. They knew that because the Saffir-Simpson Hurricane Wind Scale told them so. They created in their minds an invisible wall beyond which the storm surge would not advance.


The Saffir-Simpson scale was designed two years after Camille to trigger evacuations ahead of deadly storm surges.27 The five-level scale tied together the central pressure of the storm, the speed of the accompanying winds, and the height to which the sea would rise: thus, according to the scale, a Category 3 storm with a 950-millibar central pressure and 120-mile-per-hour wind speeds would drive a 12-foot surge flood. The scale had become the standard currency of the hurricane season, but the link with water height was dangerously oversimplified.


Hurricane Katrina was a much larger storm than Camille. Even after becoming less intense, the storm was still pushing a Category 5 storm surge—a huge mound of water. The waves reached five feet higher than Camille all along the Mississippi coast, sweeping away all the houses four or five blocks in from the coast and killing 200 people who had thought they could sit out the storm. “Camille,” it was said, “killed more people in 2005 than it did in 1969.”28 The linked surge and wind Saffir-Simpson scale was officially retired in 2009.


The hundreds of amateur films shot on December 26, 2004, and March 11, 2011, have dramatically expanded our understanding of tsunamis. However, a big storm surge arrives with the fiercest hurricane winds, blowing 120 miles per hour or higher, making it impossible to hold a camera steady, let alone stand. So the most savage storm surges have only been filmed through smeared windows streaming with rain.


In 2013, when Super typhoon Haiyan was bearing down on the city of Tacloban in the Philippines, as civil defence personnel were attempting to get the low-lying residents to evacuate, the common response was, “Why should we be frightened of a storm surge?” People stayed to look after their homes, believing themselves protected by the invisible wall.


The surge rose to 20 feet (6 metres) in the city, even flooding the cyclone shelters. After the storm had passed and civil defence personnel were collecting the bodies of the 6,000 people who had drowned, the survivors asked: “Why didn’t you call the surge a ‘tsunami’? Then we would have evacuated.”29
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ANYONE WHO STUDIES DISASTERS WILL REMIND YOU THAT, WHILE the agents of destruction—the tsunami or the storm surge—are natural, the outcomes are all too human and “unnatural.” Disasters are determined by what we build, where we choose to live, how we prepare, and how we communicate warnings. Before 2005, there was no maverick educator like Katada in New Orleans or Gulfport, Mississippi, to teach people to distrust official hazard information and to escape on their own initiative.


The flood wall is the simplest of all catastrophe remedies. It also exemplifies the challenges in searching for a cure. The remedy works only as long as the water level does not rise too high. Once overtopped, or breached, all those people who believe themselves and their property to be protected are in jeopardy. We call this the “cliff-edge effect.” Take one step further and you will fall off the cliff. Should the water rise another foot, the whole town goes underwater.


How high shall we build the flood wall? The construction engineers tell us that every extra unit of height means multiples of additional costs—the structure will need to be broader, the foundations deeper. Raising the wall has to be justified by economics. Imagine that the flood wall does not exist—what would be the costs of the flood damage? Yet the flood wall and what it protects are not independent of each other. Flood protection acts as a honeypot for developers. You only have to look at the growth of New Orleans through the 1970s and 1980s as thousands of homes came to shelter behind the walls. While the wall protects against ordinary floods, when one day an extreme water level overwhelms the defences, the consequences are much more catastrophic than if the wall had never been built.


There is a broad spectrum of potential floods to be considered, from the high water levels that arise every year or two to the catastrophic extremes that happen once every century. For these extreme events, inevitably we will not have perfect information. The flood wall cannot protect against every eventuality. And then if we build a wall, the displaced water may flood some other worse-protected downstream town. Should we add that cost to our equation?


The benefits are all in the future. How do we scale their value in terms of today’s money? What is the time frame over which we are looking to earn back our original investment? Thirty years? Fifty years? What discount rate shall we use for future costs? It makes a big difference in how we calculate the benefits of flood protection.


Imagine a giant set of antique weighing scales. In one pan we put all the costs of building the flood wall. In the other pan go all the savings of the floods that will not happen. We need to adjust the scales for the number of years of the comparison, move the weights in and out, and raise and lower the flood walls until the scales are balancing at our target—the maximum benefit for the least cost. For example, we may want the benefits of flood losses saved to be three times the costs of building the flood walls. Then we can determine how high to make the flood walls.


Fifty years ago, when flood walls were being designed for New Orleans and Kamaishi, it was beyond the state of knowledge—and computing power—to evaluate the full spectrum of possible floods. Both projects instead focused on a single “design flood.” For Kamaishi, it was the tsunami from an offshore earthquake that was considered credible.30 For New Orleans, it was the storm surge from the Standard Project Hurricane (SPH), an idealized fast-moving Category 3 storm.31 The description of the Standard Project Hurricane was vague and arbitrary: “the most severe storm that is considered reasonably characteristic of a region.” In 1969 Hurricane Camille was a Category 5 storm at landfall just to the east of New Orleans, but it was conveniently ignored—dismissed as “too far outside the norm.”


No one asked too many questions about where these scenarios came from or how they could be improved. Once you had the scenario, all the engineering questions suddenly became a lot easier. You built the wall to protect against that particular flood.


New Orleans is surrounded by flood walls. Before 2005, there had never been a risk assessment to identify the weakest links. After Katrina, puzzled as to why the walls had been built so low, surveyors discovered that the benchmarks used to level the city’s flood defences had themselves sunk 16 inches (400 millimetres) unnoticed.32 The whole southern Louisiana delta region, it turns out, including New Orleans, is slumping steadily into the deep waters of the Gulf.33


Compare the attention given to flood protection in New Orleans before and after Katrina!34 The irony of a catastrophe is that the funds to prevent it only become available after it has happened. The horse has to bolt for the stable door to be closed. After the flood, the Corps of Engineers was invited to develop a plan to protect the city and had no problem in obtaining $14.45 billion (more than the cost of all the Katrina flood damage in the city) to raise the level of protection enough to ensure that the annual chances of a flood would be below one in 100.35 And the much-cursed Mr. Go shipping canal was finally dammed with thousands of tons of rock and ship gates, so that it could never again direct the flood into the heart of the city. The Corps of Engineers built flood walls to withstand another storm like Katrina. However, in a direct hit from a Category 5 storm—considered the “500 year event”—the surge flood could be another 6 to 10 feet (1.8 to 3 metres) higher. The Corps claimed it would cost at least $70 billion to protect against that eventuality—five times what Congress had authorized.36 Even in the national political crisis that followed Katrina, the cheque was not completely blank.


In Kamaishi, the national government announced that it would spend $650 million to rebuild the broken breakwater in the harbour. Not to repair it would have implied that the original decision was wrong, and that is not the Japanese way.37 The government also announced that it would spend one trillion yen (almost $10 billion) on more tsunami walls in the three prefectures that were the worst hit in 2011.38 At Koizumi, south of Kamaishi, a $14.7 million wall is planned, even though the village has now been relocated three kilometres inland. Not prepared to give up fighting disasters with concrete, the government remains committed to extending the ugly coastal “Great Wall of Japan.”


Kamaishi and New Orleans, two coastal cities in decline, lavished with money after their floods, and doomed to be on perpetual life support, challenge us to ask a fundamental question. Does having a flood wall increase the numbers drowned? This may sound like a ridiculous question—of course a wall to prevent flooding should save lives. Yet what if more people come to live in harm’s way behind the flood wall? What if, faced with the choice of evacuating inland ahead of an impending storm surge or tsunami, people choose to stay because they believe the wall will protect them and then, as happened in Kamaishi and New Orleans, they are wrong in their judgement? What if the “cure” causes more casualties than no intervention?


There are no tsunami walls along the Pacific coast of Chile. In the great nighttime Chile earthquake and tsunami of 2010, some 200 people were drowned. In the daytime 2011 Japan tsunami, despite (or because of?) the tsunami walls, the toll was 20,000.




2 · CATASTROPHE YEAR ZERO


EVERYONE AFTERWARDS REMEMBERED THE WEATHER ON THAT fateful morning. At first light the town was covered by a thick sea fog, which quickly burned off as the sun rose, leaving a cloudless sky. It was going to be a beautiful, warm autumn day.


Home to 235,000 people, Lisbon was the fourth-largest city in Europe.1 Sprawled over seven hills, it was framed by a perfect harbour in the estuary of the River Tagus. A parade of waterfront pink-and-white-marble palaces lined the north side of the estuary from Belém to Lisbon, displaying the pecking order of the Portuguese aristocracy. Behind the facade, 20,000 buildings, many four or five storeys high, spread over the hills, crowded along winding medieval alleyways. One hillside was covered with rising smoke from the open fires of an African shantytown. Unlike any other place in Europe, Lisbon was a world city, racially diverse, pungent with spices from India and Brazil.


Lisbon was also the most obsessively religious city in Christendom. One in six of the local population was said to have some official religious role. The streets were filled with religiosos: priests, monks, and friars in their colourful costumes. The old King John V (who reigned from 1706 to 1750) had set up a church hierarchy in Portugal to rival that in Rome; at its head was a patriarch, flanked by twenty-four prelates in their crimson vestments. The king allowed the army and navy to dwindle as he diverted the copious Brazilian gold to fund the largest building complex of its time—palace, monastery, basilica, and library—at Mafra, 19 miles (30 kilometres) northwest of Lisbon.


The Jesuits had near-total control of education. The head of the Colégio das Artes in Coimbra in 1746 forbade reference to the new ideas of Newton and Descartes. The Inquisition maintained its secret courts, prisons, and torture chambers to root out apostates and Jews. Almost all the largest buildings belonged to the Church and housed thousands of monks and nuns.


Since the empire building of the sixteenth century, Portugal had grown lazy, relying on the Royal Navy for protection. British merchants were allowed to run Portuguese commerce in exchange for Brazilian gold. In 1750 the new king, Joseph I, more worldly than his father, ordered a magnificent new opera house—“the finest in Europe”—which opened five years later, in the spring of 1755.


November 1, 1755, was a Saturday, but more importantly it was Dia de Todos-os-Santos (All Saints’ Day), one of the six holiest days of the religious calendar. In the traditional All Saints’ Day ritual, groups of young children were out in the streets banging on their neighbours’ doors to demand Pão-por-Deus (small cakes or sweets).


On this most pleasant of mornings, on this most revered of holy days, what was about to happen was completely beyond the thoughts of every duke, nun, African slave, or English merchant in the city. What was about to happen was not only inconceivable but would serve to press the reset button on philosophical argument, challenge the church to its foundations, and taint the name of “Lisbon” for more than 100 years. It would also launch the idea that disasters were fit for scientific investigation.


For all of human history, sudden destructive interventions in the world had been attributed to the gods. Take the example of an eruption. Three thousand years ago, in the lands stretching from the eastern Mediterranean to Arabia, there was no concept of a volcano. A mountain suddenly bursting into fire, its rocks melting, was nothing short of miraculous.


At least two eruptions (or two perspectives on the same eruption?) appear in the Old Testament.


Psalm 18 follows all the phases of the eruption, beginning with the characteristic tremor: “Then the earth shook and trembled. The foundations also of the mountains quaked and were shaken, because he was angry.” The eruption of a red-hot cloud of ash blocked out the sun: “Smoke went out of his nostrils. Consuming fire came out of his mouth. Coals were kindled by it. He bowed the heavens also, and came down. Thick darkness was under his feet. The Most High uttered his voice: hailstones and coals of fire. He sent out his arrows, and scattered them; Yes, great lightning bolts, and routed them.”2


The account has the first-hand stench of sulphur about it. What we would now attribute to eruption physics was the work of an irascible God.


Was this also Moses’s “Mountain of God”? First, the eruption on the far horizon served as a direction finder for the children of Israel: “the pillar of cloud by day and fire by night.” Two days after they reached the mountain, they witnessed an eruption: “There were thunders and lightnings, and a thick cloud upon the mount, and the voice of the trumpet exceeding loud; so that all the people in the camp trembled. And Mount Si’nai was covered in smoke, because the LORD descended upon it in fire: and the smoke billowed up from it like the smoke from a furnace, and the whole mount trembled violently” (Exodus 13:17–22).


Meanwhile “the LORD called Moses up to the top of the mount” to witness the eruption from the crater rim; he returned bearing the Ten Commandments, written with the “finger of God” on slabs of (freshly chilled?) lava.


The volcano’s summit is where God intersects with man.
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WHAT HAPPENS WHEN A DISASTER ARRIVES IN THE MIDDLE OF A religious war? Does God take sides?


In the twelfth century, two large earthquakes occurred along the Crusader front line between the coastal Christian territory known in contemporary Arab sources as Bilad al-Sham and the inland Muslim sultanate of Syria. The earthquakes became an extra agent in the territorial religious war. Yet on whose side was God intervening?
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Cities severely damaged by two twelfth-century earthquakes; Crusader territories are shaded.








 


The first, a strong regional (Magnitude 7+) earthquake, struck in late summer 1157, after some months of foreshocks, along the northern frontier between the Levantine Crusader states and Syria.3 The principal axis of damage ran to the north-northwest for 62 miles (100 kilometres) from Hama in the south (where “few survived”) to Aleppo in the north (where 100 people died).4 The damage to towns and cities was almost all on the Muslim side of the border.


The Crusaders made a half-hearted attempt to take advantage of this intervention by God in their favour. A combined force marched north from Jerusalem to attack the weakest point in the earthquake-damaged defences 12 miles (20 kilometres) north of Tripoli.5 However, as a result of a dispute among the Christian commanders and a strong defence by the Isma’ili defenders, the campaign was abandoned.


Then, in 1170, a second, larger earthquake occurred to the west of the 1157 shock. This time the devastation was much more evenly distributed.6 Fortifications along both sides of this border suffered massive damage. The coastal city of Tripoli was said to have been reduced to a heap of stones and to have become a burial place.


Neither side was in any state to mount offensive action, but more than this, both Muslims and Christians perceived that God had destroyed their fortifications to stop them fighting. William of Tyre writes: “Both in our territories and in those of the enemy were found half-ruined fortresses, open on every side and freely exposed to the violence and the wiles of the foe. But since each man feared that the wrath of the Stern Judge might descend upon him individually, none dared molest his fellow man. . . . Peace brought about by the desire of all, ensued, albeit for a short interval, and a truce was arranged through fear of divine wrath.”7
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IN THE EARLY THIRTEENTH CENTURY, THE PHILOSOPHER AND THEOLOGIAN Thomas Aquinas, while a child, shared a room with his younger sister and their nurse—until one night, alongside him, they were both killed by a lightning strike. Throughout his life he sustained a deep thunderstorm phobia. Perhaps influenced by this early trauma, Thomas believed the world to be populated by demons and bad spirits that brought lightning, mischief, and misfortune. And so the Church created prayers and rituals to combat their influence, whether it was witches in the mountains ruining the crops or devils causing floods and hailstorms.


How could the Church combat the deafening lightning demons? By harnessing the loudest weapon at its disposal: bronze, tower-hung bells.


Multiple powers were ascribed to church bells, which became widespread in the sixteenth and seventeenth centuries. For instance, one clanging rhyme proclaims:


Funera plango fulmina frango sabbata pango


Excito lentos dissipo ventos paco cruentos


(At obsequies I mourn, the thunderbolts I scatter,


I ring in the sabbaths;


I hustle the sluggards, I drive away storms,


I proclaim peace after bloodshed.)8


Of all the functions of the bells the most mysterious was this ability to ward off thunderstorms. At the consecration of new bells, the priest would pray that their chimes might “temper the destruction of hail and cyclones, and the force of tempests and lightning, check hostile thunders and great winds; and cast down the spirits of storms and the powers of the air.” Bells were sometimes inscribed when they were cast: FULGURA FRANGO (I break up the lightning).9


It was general practice in Catholic countries to ring tower-hung church bells during thunderstorms. At the first murmur of thunder, villagers would rush to the church to pull on the bell ropes. The clamour of the bells, so it was said, dispelled the demons riding the storm, while the sonorous chords of sound disrupted the jagged lightning. In an article on thunder in Diderot’s trusted Encyclopédie (compiled in 1756), it was said that “one can break up and turn aside thunder by the sound of several large bells, or by firing a cannon.”10


Scholars in Protestant Sweden first questioned the practice.11 In Lower Brittany on Good Friday 1718 (as Diderot also mentioned), all the bell-ringing churches had been struck by lightning. French regional newspapers started to carry sensational stories, like that of the church at Albigny on June 11, 1775, when lightning struck the tower as the bells were rung to disperse the storm, killing three bell ringers along with four sheltering children.12 In 1784 a scientist in Brussels demonstrated that the sound of a bell had no influence on electrical discharges.13 Eventually a German researcher searched back through the French newspapers and took a tally. From 1753 to 1786, lightning struck 386 French church towers, discharging down the bell ropes to kill a total of 103 bell ringers.14 Not only did bell ringing fail to scare off storms, but it put the life of the ringer in great jeopardy. In 1786 the custom was outlawed in France. Yet in remote corners of Europe at the beginning of the twentieth century they were still ringing the bells to quell the storms.15
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THE FIRST GLIMMERINGS OF DISASTER SCIENCE CAN BE FOUND AT the end of the sixteenth century in Protestant England. The early-century invention of printing, allied with expanding literacy, gave spontaneous citizen journalism its first opportunity for expression. In an age before newspapers, if you had something to say and could convince a printer, you published and sold a pamphlet. The public was eager to read tales of calamity and stories of amazing preservation.


On a fine spring evening on April 6, 1580, an earthquake shivered the whole of southeast England and northern France. In London pinnacles and stones fell off the roofs of churches and public buildings and two people died. “Queen Elizabeth I and those present with her at White Hall noted ‘the strangeness of the occasion.’”16


The earthquake triggered more than twenty pamphlets (the sixteenth-century equivalent of the blog), authored by clergymen, poets, and archivists—all competing for the public’s pennies. Some of these publications sought to extract religious lessons from the experience.17 Other pamphlets simply treated the subject as a natural phenomenon.18 Almost contemporary, when a puffed-up Glendower claims that “the earth did shake when I was born,” we hear through Hotspur Shakespeare’s sceptical voice: “Why, so it would have done at the same season if your mother’s cat had but kittened.”19


In January 1607, a storm surge arrived on top of an extreme spring tide and flooded all the protected polders for 250 miles (400 kilometres) surrounding the Bristol Channel.20 The main ports of Bristol and Cardiff were inundated, much cargo was ruined, and hundreds died. The publishers in St. Paul’s Churchyard in London (who also printed Shakespeare’s latest plays) vied with each other to issue rival pamphlets. With titles like “God’s Warning to the People of England,” their authors described the details of what had happened, knowing their readers would want to be chastised and informed.


A disaster above all provided a “taster” of the Day of Judgement, an argument to bring sinners back to God. The first two verses of “Dies Irae” in the Requiem Mass reference the ashes or cinders (favilla) of an eruption or conflagration (dies illa solvet saeclum in favilla—that day will dissolve the world into ashes), along with an anticipated monster shake (quantus tremor est futurus). After the London earthquakes of 1750, in a widely published sermon, the preacher John Wesley famously commented, with relish, “There is no divine visitation which is likely to have so general an influence upon sinners as an earthquake!”21 He was echoing Increase Mather, from Cambridge, Massachusetts, who preached in 1706: “There never happens an earthquake but God speaks to men on the Earth by it: And they are very stupid, if they do not hear his Voice therein.”22
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WHICH BRINGS US BACK TO LISBON ON THE MORNING OF NOVEMBER 1, 1755.


The bells were ringing across the city, not to suppress lightning, but to summon the faithful. The famously devout people, dressed in their finest, were either on their way to morning church services or already in church. The king had attended a special early matins and was in his palace at Belém, to the west of the city. It was just before 10:00 a.m. when the earth started to shake. The vibrations continued for six minutes, in phases of a rolling sensation broken by terrible shuddering. By the time the earth had finally calmed, almost all the buildings in the city centre had collapsed, including all but five of the forty city churches. Within an hour, a tsunami had surged through the riverside streets and squares, while fires sparked by tumbled church candles took several days to consume most of the central city, including the royal library and national archives.
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Southwest Iberia and locations most damaged by the 1755 earthquake and tsunami








 


The people of Lisbon were not to know that while the earthquake originated beneath the sea southwest of Lisbon, its six-minute duration reveals that the source spanned hundreds of miles.23 By all measures it was an enormous earthquake, causing damage from Morocco to southwest Spain and even into northern Portugal. Lisbon was not even the worst-affected city. The towns at the western end of the Algarve coast were flattened by the shaking.24 The powerful vibrations set lakes and ponds violently oscillating across the whole of northern Europe. The sudden changes in bathymetry caused a tsunami that was still 15 feet (4.5 metres) high in the northeast Caribbean.


This was the largest European earthquake of the past 1,000 years; it released more energy than all the other European earthquakes since 1755 and was comparable in size to the March 2011 earthquake in Japan. Even with our latest knowledge, we still don’t understand why an earthquake this big occurred beneath the sea southwest of Portugal. If it hadn’t in fact happened, we would not consider it conceivable that this location could generate such an earthquake. At the time the catastrophe was utterly mysterious. Unique and iconic among historical catastrophes, it has preserved its mystery.


The earthquake intersected with the career of the fifty-six-year-old prime minister Sebastião José de Carvalho e Melo, who, on the king’s instruction, stepped up to the Churchillian challenge of becoming the original urban disaster manager. Born in 1699, he was the oldest child of a family of modest gentry, but was a natural and charismatic leader. He had been sent as ambassador to London and Vienna in the 1740s and then, in 1750, was appointed by the new king one of four ministers to run the country.


According to de Carvalho’s mythologizing biographer, as soon as the shaking stopped the king asked his minister what was to be done, to which de Carvalho replied: “Bury the dead and feed the living!” before leaping into his carriage and hurrying to the ruined burning city. “Wherever his presence was required,” it was said, “there he was to be found.”25 De Carvalho lived in his carriage, issuing orders day and night—200 decrees covering the maintenance of order, lodging for the survivors, the distribution of food, and the disposal of bodies at sea.


He also knew the benefits of suppressing the news. In Lisbon’s sole newspaper, the official weekly Gazeta de Lisboa, the lead article on November 6 was only 50 percent longer than a tweet.26


De Carvalho placed an embargo on ships leaving Lisbon, for fear they would be carrying wealth looted from the city. For several days the whole postal system in and around Lisbon had collapsed: stables had tumbled, horses were crushed, and the riders had dispersed. Two days after the catastrophe, Abraham Castres, the British special envoy to the king of Portugal, located a Spaniard who was anxious to return home and who promised to carry a letter to the border city of Badajoz, where he would put it into the Spanish post-house system.


The news from Lisbon radiated out across Europe at the speed of the postboys, riding horses in relay, reaching Paris on November 22–23, London on November 25, Cologne on the 28th, and Hamburg on the 29th before continuing its advance by sea and land to Copenhagen, Stockholm, and Saint Petersburg in early December and by ship to the New World colonies in early January. The first London account in the Whitehall Evening Post on November 25 claimed that 60,000 had died. By the 29th, this figure had almost doubled and the story had gained further embellishment: A “dreadful earthquake . . . continued about eight hours, . . . and upwards of 100,000 persons [were] buried in the ruins. [T]he remains of the city was set on fire . . . by flames which issued from the bowels of the earth.”27


The news was so extraordinary that at first many refused to believe it. The sage Samuel Johnson considered the account “inconceivable.” On December 2, the Caledonian Mercury (from Edinburgh) published a letter claiming that “the whole Story was invented at Paris, to disconcert the London Merchants, and that by this time it is looked upon there as a Piece of French Finesse.”28


The newspapers became filled day after day, week after week, with fresh accounts of the disaster from private letters and stories copied from gazettes across Europe. Increasing numbers of people across northern Europe convinced themselves that they too must have felt the shock.


On November 11, de Carvalho authorized an official account, published in December in Paris; that report, while admitting that “nobody knows, nor will ever know,” the number killed, proposed that a tenth of the population (25,000) died.29 A month and a half after the first news, on January 16, 1756, the Gazette de Cologne reported “the earthquake is still on people’s lips.”


Across many arenas, 1755 became “Catastrophe Year Zero.”
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BIG CATASTROPHES AFFECT AN ENORMOUS AREA, FAR LARGER THAN any single researcher can survey. One of the principal innovations in developing a catastrophe science would be to harness the experiences of hundreds or thousands of people as the observing system. It was Daniel Defoe, the satirist and dissenter, who, days after being released from prison for seditious libel in 1703, first employed “crowdsourcing” to make sense of a catastrophe. He’d had scarcely time to return home before being battered by the most destructive windstorm to hit southern England since at least 1500. The streets were filled with tiles and other debris, and scores were killed by falling trees and chimneys. The experience gave Defoe the idea for a publication freed from politics or controversy.


He placed advertisements in the two principal daily newspapers requesting first-hand observations of the storm, then published all the letters in a book.30 He articulated the wisdom of crowdsourcing: “Every Circumstance is a Sermon and everything we see a Preacher. Individual eye witness account are so ‘speaking’ that their Testimony is not to be question’d.”31


On November 8, as King Ferdinand II of Spain read the letter from his brother-in-law, the king of Portugal, he realized that the ruined city of Lisbon was closer to Madrid than the outlying cities of Spain—Barcelona, Cádiz, Almería, and Corunna. The Spanish king needed to be a spider at the centre of a web of enquiry about what had occurred in his own dominion. He asked his secretary, Ricardo Wall, to order the viceroys (provincial governors), general captains, and magistrates of the towns and cities of the kingdom to respond to a set of questions that were dispatched by messengers to all the provinces of Spain.32 Many replies were returned within seven days of receipt of the request. The king learned that there had been 5,300 deaths across the towns and villages of Spain. Many buildings had collapsed in villages near Seville, not far from the Algarve coast of Portugal. In January 1756, de Carvalho launched a comparable survey of earthquake effects throughout Portugal, quizzing every parish priest.33
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THE RESPONSE TO WHAT HAPPENED AT LISBON ON NOVEMBER 1, 1755, marked an intellectual watershed: the view of catastrophes as some supernatural mystery outside the ordinary workings of the world yielded to attempts to develop a scientific understanding of these events. Yet no one knew at the time the specific characteristics of an earthquake or volcanic eruption, so no one could see any contradiction in the idea that fire came out of the earth to incinerate the city or that the tidal wave lasted for eight hours.


At the time there was no understanding of what happened in the atmosphere as separate from what happened underground. Great hurricanes, it was said, could be born from earthquakes or spun out of volcanoes. In the middle of an intense hurricane, as houses were rocked to their foundations, many observers concluded that they were experiencing an earthquake.34 Volcanic eruptions and landslides could both be termed “earthquakes,” while earthquakes even far from volcanic mountains might be labelled “eruptions.”35 A Spanish playwright in 1668 wrote that “a hurricane was an earthquake in the air, and an earthquake was a hurricane beneath the ground.”36 Even great floods might be caused by “earthquakes.”


De Carvalho maintained the line, strongly and repeatedly, that the November 1 earthquake had natural origins and should not be interpreted to imply any providential malice against Lisbon. Many of the city’s religiosos strongly disagreed. In October 1756, a charismatic and barefoot Jesuit preacher, the Italian-born Gabriel Malagrida, who had tended the king’s father on his deathbed, wrote “Judgement on the True Cause of the Earthquake,” in which he lashed out against the wicked “heresy” that such a catastrophe could have a natural cause. The city’s destruction was punishment from God for the wickedness of the alfacinhas (the colloquial term for the people of Lisbon)—for their decadence, their love of fashion and theatre, their wanton dancing and flirtation, their playing cards and licentiousness.


The first anniversary of the earthquake was looming. Malagrida now predicted an even greater disaster on All Saints’ Day 1756. The city was still in total ruin. Fear took hold among the survivors in their broken houses and temporary wooden shelters. On October 29, 1756, two days before the fated anniversary, de Carvalho issued a proclamation banning anyone from leaving the city.37 After the day had passed without incident, he exiled Malagrida to the ravaged coastal town of Setúbal and banned all Jesuits from the Royal Court, where they had held such influence over the young king in the years leading up to the earthquake. In September 1759, de Carvalho confiscated all Jesuit property in Portugal and expelled the entire order. When the pope complained, de Carvalho expelled the papal nuncio. Malagrida, who continued his preaching against the state and its heresies, was arrested in the summer of 1761 and then subjected to an auto-da-fé in September 1761, where he was publicly garroted and burned at the stake.
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ACROSS NORTHERN EUROPE THE EARTHQUAKE INSPIRED A SHIFT from a philosophical “best of all possible worlds” optimism, ruled over by a beneficent God, to a new, darker world order of rational scepticism. The contrasting old and new worlds are captured in the original meanings of the terms “disaster” and “catastrophe.” “Disaster” derives from the Greek for an ill-fated, or “bad” star—in Italian, the dis-astro. “Disaster” captures the essence of astrology. A conjunction of planets, or the passage of a comet, triggers a calamity on earth. “Catastrophe” describes the final resolution of the story in a Greek drama. In a tragedy by Aeschylus or Euripides, within the “catastrophe,” one or more of the main characters will die. The catastrophe is the inevitable consequence. The catastrophe is the moral.


In their original meanings, we are powerless to affect a disaster, an act of fate. In a catastrophe, on the other hand, we have the potential to intervene.


Making sense of “disasters” has been at the core of ancient myths and religious rituals from the earliest times. Such extraordinary interventions in the world must be manifestations of a higher power capable of summoning boundless strength, laying waste, and destroying cities. Why would the higher power want to cause such devastation? Sodom and Gomorrah were destroyed, not because they were hazardously situated, but because their inhabitants were deemed (after the fact) to be “bad.” All that men could do was speculate on what motivated the anger and explore how to pacify the deity with sacrifices and rituals.


In polytheism, the gods could simply be fighting among themselves, and then the destruction on earth was no more than collateral damage—as in the epic volcanic eruption interpreted in the ancient Greek myth of the Titans doing battle with the gods.38 Periodically, the Mayan storm god hurakán was seen to be in the ascendant against cabrakán (the capricious god of earthquakes) and chirakán (the choleric god of volcanoes). Humans simply needed to keep out of the way.


In monotheism there is only one possible target of God’s anger—the humans, us, mankind. But why was the rage directed at Lisbon in particular? Francisco Xavier de Oliveira, a former Portuguese diplomat living in London, voiced the thoughts of many outside Portugal when he blamed the earthquake on the twisted form of Catholicism that had created the Inquisition. Privately, de Carvalho may have held the same position.39


The largest earthquake in Europe for a thousand years occurred at the most religion-obsessed capital city in Europe, in the middle of church services on one of the holiest days of the year, the day to commemorate the souls of the departed, now a day on which tens of thousands more souls had joined the dead. To see how improbable that is, we can calculate that there are six principal holy days in the Catholic church calendar, on each of which church services might span three hours. That makes around one chance in 500 for the catastrophe to hit a “holy day” and “church services” combined. This coincidence seemed at the time beyond chance.


As with the 2001 World Trade Center attacks, the wave of news was met by a mixture of incredulity and incomprehension. In a small German town, a precocious six-year-old, Johann Wolfgang von Goethe, recalled that accounts of the Lisbon earthquake had been the first disturbance to perturb his sheltered world. “Perhaps the ‘Daemon’ of fear,” he later wrote, “has never spread so rapidly and so powerfully its terror on earth.”40 The fear—that the old religion was flawed, that God had become vengeful, that no city and no one was safe—was existential. The king of Portugal believed himself a marked man and refused ever again to sleep in a stone building. Fear arose that there was some cosmic terror afoot, that other cities would be next. “Lisbon” became the code word of the age, just as “9/11” is the code in our age for something diabolical, a deadly “bolt out of the blue” catastrophe directed at one of the world’s leading cities.


With 9/11, once the smoke had cleared, there was a perpetrator to be identified, pursued, and finally assassinated. Yet where was the perpetrator at Lisbon? God appeared to be playing at both ends of the pitch, as both creator and destroyer, playing against himself.


One could, of course, recount the story of Sodom and Gomorrah. Protestant clergy in northern Europe relished such finger-wagging sermons. Yet why should the pious churchgoers of Lisbon have been singled out? A whole row of brothels in the city, it was reported, was left unscathed while all around the churches collapsed.


The person who came to articulate most cogently the horror and doubt engendered by the earthquake was the sixty-one-year-old French writer and philosopher Voltaire. Within weeks he had penned and published (in January 1756) the 180-line “Poème sur le désastre de Lisbonne.” In brilliant, excoriating language, he articulated how inexcusable it was to argue that God had some role in what had happened, that the response to the tragedy should above all be humanitarian. In the preface he wrote caustically, satirizing the philosophy of Optimism, which had ruled the age: “All is well, the heirs of the dead will increase their fortunes, masons will make money rebuilding the buildings, beasts feed off the bodies buried in the debris.”


What crime, what sin, had those young hearts conceived


That lie, bleeding and torn, on mother’s breast?


Did fallen Lisbon deeper drink of vice


Than London, Paris, or sunlit Madrid?


In these men dance; at Lisbon yawns the abyss.


Tranquil spectators of your brothers’ wreck,


Unmoved by this repellent dance of death,


Who calmly seek the reason of such storms,


Let them but lash your own security;


Your tears will mingle freely with the flood.


In early 1756, Voltaire sent his poem to the forty-three-year-old Jean-Jacques Rousseau, who was in the midst of his ruminations on social ills (the Discourse on Inequality of 1754 and his Social Contract of 1762—“Man is born free and is everywhere in chains”). Rousseau wrote to Voltaire in August 1756, complaining of the poet’s cynicism and proposing to find the rational cause of the disaster in social conditions.41 Lisbon contained 20,000 precarious houses of six or seven storeys. Had the people been more widely distributed, or living in shorter houses, then there would have been far fewer casualties. Rousseau, a critic of private property, saw how materialism had worsened the tragedy—the fleeing victim pausing, and thereby perishing, while trying to take “his clothing, another his papers, a third his money.” He was dismissive of the publicity, speculating that the “earthquake” could have “happened in the middle of some desert. . . . But no one talks about those, because they have no ill effects for city gentlemen.”


Rousseau’s perspective contains the seeds of the modern social understanding of disasters and the practical scientific approach to disaster risk reduction.42


The philosopher Immanuel Kant, in 1756, wrote three essays on the earthquake, condemning those who blamed the earthquake on the behaviour of the people of Lisbon.43 The solution, he argued, was to build at locations and in styles to withstand earthquakes. Science would have to explain why terrible catastrophes happened and how their impacts could be prevented.44 In the Journal Encyclopédique of 1756, it was said that “all scientists are occupied today in searching for the true cause of earthquakes,” that the academies had offered a prize for such discovery, and that brilliant men should no longer waste their time on frivolous quests. “Everyone wants to solve this terrible secret of Nature.”45


What if the catastrophe was not inevitable? With this question, we arrive at the liberating and radical potency of the little word “risk.”46

OEBPS/images/f0viii-01.jpg
Plate

Antarctic
Plate

2 <
P2 *}(

Dhrget s tounsey

Rusivamoionst  Tarskom st by
e b o o
s b e

Jates
es Reference Tables.

)

3
£
ALY

[ sy

Sl sy






OEBPS/images/9781786070067.jpg





OEBPS/images/f00ix-01.jpg
U

4 fmmm






OEBPS/images/common.jpg





OEBPS/images/f0009-01.jpg
Key

wl Fukushima Daiichi
Nuclear Power Station

100 miles
i






OEBPS/images/f0017-01.jpg
Lake Pontchartrain
Can:

Seventeenth Street
vl Breach

Jefferson East

Orleans Main'

cssoe”

X Katrina Levee Breaches
---Levees

3 miles N
—






OEBPS/images/f0035-01.jpg
- Tsunami
oPorto

Severe earthquake
X damage

Madrid
oCoimbra °

SPAIN

Seville
*

Huelva

oFes

Meknes
°Casablanca

MOROCCO

o Marrakesh






OEBPS/images/f0030-01.jpg
1170 Earthquake
- severe damage
1157 Earthquake
- severe damage

~Principality

* g Shaizar
4 Hama

‘of Antioch

Mediterranean Sea
yDamascus

\gdom
of Jerusalem

JORDAN

60 miles






OEBPS/images/pub.jpg
ONEWORL D





