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			PREFACE

			Floods are shape-changers. They strike in different forms according to the natural forces behind them – the wind and rain, the height of the tide and sea level – and the terrain they encounter. They reveal hidden flaws; a tiny and barely perceptible slope accelerates the flow of water, a crack in a sea wall lets a torrent come gushing through. Sometimes they come as a nuisance – a few centimetres puddling outside a doorstep – but it’s easy to underestimate their force. At worst, they obliterate cities or erase entire civilisations.

			A flood is water where people don’t want it – a deluge on our streets and in our houses – but they bring prosperity as well as ruin. The lushest grass for pasture grows after the river bursts its banks. Silt carried down the Nile was the foundation of ancient Egypt’s agricultural bounty. The country’s ancient name, Kemet, means ‘black land’ because of its fertile black soil.

			The sea fills our dinner tables, while sea routes bring trade and new ideas. This is why so many great cities are built on plains by navigable rivers or by the coast; why floods are so recurrent and inescapable in our history; and why they loom so large in our imaginations. Noah’s escape from catastrophe is just one of many ancient stories of a deluged Earth, the second most common myth, after creation stories. We must live by water, even if that means we sometimes die by it.

			This is the story of how floods have changed our relationship with nature and with each other. The book begins in Britain in 1953, the hopeful year of Elizabeth II’s coronation, when a storm in the North Sea caused the worst peacetime disaster in British history, a largely forgotten episode that still shapes our lives.

			The storm hit land first at Spurn Point, on the Yorkshire coast, at 4 p.m. on 31 January 1953 – a Saturday afternoon. It then tore southwards along the coast, bringing with it darkening skies and torrential rain. Wind and tide combined to drive a wall of seawater inland along a 1,600-kilometre stretch of eastern England, smashing through concrete sea walls and sweeping away sand dunes before raging onwards across towns and fields. More than 300 people lost their lives in the UK and nearly 2,000 died in the Netherlands.

			The North Sea floods of 1953 were one of the first disasters anywhere in the world attributed to a changing climate. Scientists who reported to an official inquiry noted that tides had been getting higher and storm surges off the English coast had been getting stronger. This was caused by rising sea levels which, in turn, was partly a consequence of the melting of polar ice and the shrinking of glaciers.

			The inquiry’s report states that ‘for over 100 years there have been progressive increases both in the highest levels reached in exceptional storms and in the frequencies with which such levels occur’.1 This was something new. Previously, countries had built flood defences based on the worst disasters of the past, but now British officials began to understand they faced a potentially escalating threat in future.

			The melting of ice that these scientists referred to was not man-made. It is likely to have been caused by natural shifts in weather patterns. But the 1950s and subsequent decades saw humanity engaged in a spectacular transformation of our planetary climate: pumping out carbon dioxide and trapping more of the sun’s heat, a change that is warming the air and the oceans, and melting the ice sheets of Greenland and Antarctica, creating a world of higher seas and more powerful storms.

			The titanic floods of 1953 raise two profound questions for us when we face a greater risk of extreme weather than at any time in human history. The first is whether we can heed the warnings of scientists about a changing world and, secondly, whether our societies are capable of change on a scale we find hard to imagine.

			Societies around the world have failed to grasp the lesson of 1953. Instead, as countries become wealthier and villagers swell the population of mega-cities, there is growing construction in flood-prone areas. Particularly in Asia, where more than half of mankind lives, the growth of settlements in flood zones has rapidly outpaced development in safer areas. River deltas are hemmed in by farmland. In Pakistan, the monsoon season that swells the Indus River and is essential for nourishing crops and replenishing water supplies now regularly brings lethal floods. Around 230 million people around the world live on land that is less than a metre above high tide. Far from reducing exposure to the hazards of a warming planet, humanity is doubling down and taking greater risks than ever before.

			After 1953, Britain and the Netherlands developed the most advanced coastal engineering humanity has ever seen – giant moveable steel barriers alongside extensive sea walls of reinforced concrete. Artificial sea defences, when they are built and maintained properly, can be effective at holding back floods. These defences can save lives in combination with forecasting that tracks the path of a storm and the exercise of judgement over when to warn and evacuate people. But even the best engineering does not eliminate all risk. Rain and river floods can sweep in to cause devastation after a nation has shielded itself against the sea.

			Climate scientists predict that, with increasing sea levels, the kind of extreme event seen in the North Sea in 1953 – a ‘once per century’ event for previous generations – will, by the middle of this century, occur at least once a year in many parts of the world. In a UN report, climate experts declare this kind of coastal storm will be more frequent ‘in all scenarios’, regardless of what humanity does to curb greenhouse gas emissions.2

			The devastation of 1953 was caused by a storm surge, a combination of wind and low atmospheric pressure which drives seawater onto land. Of all the kinds of flooding – from rain, river or sea – the surge is the most devastating, moving at the greatest speed across the broadest area. It drives the greatest volume of water inland, carrying trees, rubble and other debris as it flows.

			Storm surges sweep people and cars away, demolish buildings, bring down power lines and cripple underground transport systems and sewage works, leaving towns and cities uninhabitable for months. They have high death tolls and a vast economic impact; when Hurricane Katrina’s storm surge overwhelmed New Orleans in 2005, the disaster cost more than $200 billion, making it the costliest hurricane in US history.3 Built in the delta of the Mississippi River and just 160 kilometres from the sea, storm surges are a predictable natural hazard in New Orleans, but when Katrina hit, the city lacked an effective system of protection, partly because of an emphasis on shrinking government spending in the years when its defences were built.

			The floods of 1953 transformed Britain. The failure to alert people living along the coast and the resulting loss of life led to the establishment of a national weather warning system, one of the first of its kind. Its initial job was to protect the east coast of England from another devastating storm surge. The threat to London also led to the creation of the massive Thames Barrier, 20 metres tall and spanning half a kilometre with steel gates that could be closed to protect the capital.

			On the other side of the North Sea, the same floods caused even more terrible loss of life. In the Netherlands, the storm killed more than 1,800 people, shocking even the Dutch, who have always known that their country exists in defiance of the sea.

			In response, the Dutch built the Delta Works, a vast engineering project that closed the mouths of three rivers, the Rhine, the Meuse and the Scheldt, shielding the area inland from another storm surge. A chain of barriers was built along the Dutch coast. The largest of these, the Eastern Scheldt storm surge barrier, has gates that can be shut against storm tides and reopened once the danger has passed. At nearly 3 kilometres long, this barrier is still the biggest flood protection system in the world.

			The 1953 floods alerted Britain and the Netherlands to the danger they faced from the sea and the two countries responded with technological marvels. But it was a second disaster, four decades later, that demonstrated to the Dutch the limits of their remarkable engineering. In February 1995, heavy rains and melting snow swelled the Rhine, Meuse and Moselle rivers, causing a water surge that peaked in the Netherlands and put immense pressure on its dikes, the sand and clay barriers that keep floodwater out of fields and cities.

			A quarter of a million people in the southern Netherlands were forced to evacuate. The dikes held, the rivers subsided and the evacuees returned to their homes, but the near-disaster brought the Dutch to a new understanding: that barriers alone could not hold back the water. Indeed, at times they actually increased the risk. The harder and higher a flood defence is built, the more terrible the consequences when it is breached. When a higher defence fails, the quantity of water it releases is greater.

			After the 1995 floods, the Dutch decided to stop simply fighting the water, instead surrendering some of their hard-won land. Along rivers like the Rhine, the earthen dikes that held floodwater back were demolished and rebuilt further inland while river beds were dug deeper to give the water more room to dissipate. The Dutch called it making ‘room for the river’.

			It was a pragmatic move, recognising that water will always find a way around any barrier and that it was cheaper to sacrifice farmland than to risk the flooding of a major city. But it also represented a philosophical adjustment. After centuries of resisting the water, the Dutch shifted their emphasis from relying solely on defence – repelling a flood with concrete and steel – to prevention, allowing floodwaters to subside into marshes that slow down and absorb the water and wind gradually through wider and more snaking rivers. Dutch water defences still rely on engineering, but are working more with the grain of nature, rather than against it, reducing the potential for outright disaster. Instead of farmland with crops that could be ruined by flood, the Dutch created wetland that absorbed rivers when they burst their banks.

			Resist the rising waters or accommodate them. It’s a choice as old as human history. In the 11th century, legend has it that Canute the Great, ruler of the North Sea empire of England, Denmark and Norway, sought to demonstrate his omnipotence by ordering his fawning courtiers to place his throne on the shoreline so that he could command the tide not to touch his feet. The episode is likely to be fiction, invented at least a century after Canute died, but it lives on in the imagination. It’s remembered as a story of hubris, while its deeper, Ozymandian point – that man is always part of the cosmos rather than the master of it – is often lost.

			Like water dripping through cracked pipes, natural disasters highlight flaws in the system. In 2022, a monstrous monsoon turned parts of Pakistan into an inland sea, flooding around a tenth of the country and driving millions from their homes. It forced a reckoning between rich and poor nations. The calamity inspired calls for climate reparations, payable by the rich, industrialised countries that profited from burning so much carbon to poorer ones bearing the brunt of the consequences.

			At United Nations climate talks in Egypt at the end of 2022, Pakistan’s climate change minister Sherry Rehman led a group of developing countries in a push to create a fund that would help pay for the costs of climate disasters worldwide. The scenes in Rehman’s country, which she described as a ‘dystopic wasteland’, helped focus delegates’ minds. Nearly 200 countries agreed to set up the fund.

			But there was more to this story. Climate change had intensified the monsoon rain that led to Pakistan’s disaster, yet it was not the only culprit. Human intervention in nature had also played a significant part in the disaster. The super-monsoon swelled the Indus River, which flows down from the world’s highest mountains to the Arabian Sea, but the river’s floodplain was constricted by roads, railways and human settlement, leaving nowhere for the water to go. People’s efforts to master and control the Indus, beginning under the British Raj, had amplified the tragedy.

			Pakistan is not unique. The world’s population now is more than three times bigger than it was in the 1950s. Cities have expanded into floodplains while farming and the creation of holiday resorts have destroyed natural flood defences, such as marshes and mangrove swamps.

			The French author and philosopher Jean-Jacques Rousseau first pointed out that there is no such thing as a ‘natural disaster’. Writing in the aftermath of the Lisbon earthquake of 1755, he declared that it wasn’t nature that had built the thousands of multi-storey houses that collapsed. Nature played its part, of course, but it was human decisions that determined how many died and how difficult it was to recover. Unlike the Lisbon earthquake, climate change is a man-made challenge and it will be human ingenuity and imagination that shapes the outcome.

			This could include engineering the ocean far beyond anything mankind has done before. A Dutch government oceanographer has proposed building giant dams to enclose the entire North Sea, creating one 500-kilometre barrier stretching from Scotland to Norway and a second 160-kilometre dam between southern England and western France, with the idea of keeping rising seas away from heavily populated coastlines.4 It’s a concept that sounds like pure science fiction, but experts agree that it’s technically feasible, albeit at huge cost.

			The first idea of heaven is a garden, the oldest conception of hell is a fire, and the primal disaster is a flood. Every account of climate change confronts the same paradox: we’re the most advanced, accomplished civilisation ever to occupy this planet, with the most freedom, the longest lives, and technology that’s far superior to every previous era. Yet we’re risking all of this, even though we now fully understand the consequences of our actions. Other books have been written about the fire, the heat and what to do about CO2. This book is about H20 and what happens when the water comes. How will we respond and how will the floods change us?

			As early as 1968, John Mercer, a British scientist working at Ohio State University, warned that the West Antarctic is a ‘uniquely vulnerable and unstable’ body of ice. A decade later, Mercer published a paper in the journal Nature that coupled this vulnerability with man’s appetite for burning hydrocarbons, warning that if the consumption of fossil fuels continued to grow, the resulting temperature rise could cause a rapid loss of ice in West Antarctica, leading to a rise in sea levels.5 ‘Major dislocations in coastal cities and submergence of low-lying areas such as Florida and the Netherlands’ might lie ahead, Mercer wrote.

			The latest science, unavailable when Mercer was writing, provides us with unparalleled insight into how exactly Antarctica is being transformed by humanity and what this will mean for us and future generations. For centuries little more than a blank space at the bottom of maps, Antarctica will rewrite our future as its ice sheets are melted by a warming ocean.

			Ed Carr, an American geographer who specialises in climate adaptation, was the lead author on the sixth report of the Intergovernmental Panel on Climate Change, the Geneva-based UN body that advises on the impacts of a warming world and how we can respond to it. The central message of the IPCC report is that the time for modest change has passed and that every additional year without action further narrows our options.

			It’s difficult for people to respond to this threat because it comes without a clear deadline. It’s highly unlikely that, in ten or fifteen years, London will be underwater or New York will have been wiped off the map. The mounting danger doesn’t mean it isn’t possible to adapt to climate change. It’s just that the choices get harder and more expensive.

			Wealthy people and rich countries have more resources with which to prepare for a disaster, but Carr suggests they are also more likely to seek incremental changes, rather than accept that a way of life is changing and opt for radical transformation. With that reluctance to face the future comes increased economic fragility, as new commercial and residential developments are built in wealthy but vulnerable cities.

			Miami is one of the fastest-growing cities in the US, a place where affluent incomers are buying white-washed waterfront mansions with floor-to-ceiling windows. But while New York is currently 10 metres above sea level, Miami lies on ground that’s around 2 metres above the ocean and built on porous limestone. Water flows easily through limestone so when the tide is higher than usual, saltwater gurgles up through the drains and seeps from underneath the lawns, turning expanses of bright green turf into salt marshes. As flood risk rises, it becomes harder for those on low incomes to get mortgages or to rebuild after flooding, while insurance companies are pulling out rather than waiting around to foot the bill for climate-related disasters.

			The result is that those who remain on the south Florida coastline are among the wealthiest in society, clinging on to a fragile coastline – and an increasingly fragile way of life. It’s hard to persuade people to abandon a dream home, especially if short-term trends suggest it could be sold for a handsome profit. But the consequences of building valuable property in cities at high risk of flooding affects more than the super-rich buying Miami condos; the last time the US housing market stumbled, the global financial system went with it.

			It’s easier to imagine fortifying a wealthy city against the sea – building higher sea walls and adding more pumps – than it is to accept that palm-studded boardwalks will return to swamp. Meanwhile, developers are taking on debt to put up new apartment buildings that will take 30 years to break even. ‘The example of Miami screams this at me,’ says Carr.6 ‘There’s really not much we can do for Miami, where the water’s coming from underneath, but we’re still putting up new buildings.’

			The question at the heart of this book is whether humans will continue to enjoy the illusion of complete mastery over nature, or whether sea, river and rain, supercharged by greenhouse gas emissions, will overwhelm any defence and demand a radical shift in our thinking. Mankind’s power to shape nature is real, but it has limits. After 1953, the British and Dutch proclaimed dominion over the waves, creating miracles of engineering that protected people from the extremes of the sea.

			Altering nature comes at a cost, though. For one thing, it destroys beauty. A concrete sea wall is usually built between the beach and the mainland, and once it’s in place, it deflects waves and propels water back into the ocean with a force that scours away the sandy beach, eroding the landscape that enchants people. Building hard defences also carries a financial price. As climate change brings higher sea levels and more intense storms, those costs are rising. It has become increasingly difficult to justify the spending unless there are a significant number of lives and livelihoods at stake.

			And it’s not just a question of money. As every plumber knows, water always finds a way. Higher defences can always be overwhelmed by higher water, as in Pakistan where efforts to tame the Indus have contributed to more devastating floods. Put too much trust in sea walls and barriers across rivers and the consequence is that communities forget their past. Forget history and the risk is that countries neglect the need to maintain and adapt flood defences. Flooding was once woven into public memory. High-water marks are chiselled into the stone at the entrance to the church in the north Norfolk port of King’s Lynn. They are written into place names too.

			The -ey or -ea suffix is found across England, either denoting an island or a spot inland that is frequently threatened by water: Canvey on the Essex coast; the Norfolk village of Blakeney, home to England’s largest grey seal colony; Chertsey, a mile west of the River Thames in Surrey’s commuter belt. When heavy rain inundated homes in Chertsey, it came as a shock. Despite the reminder woven into its name, no one in the town believed they were at risk. Chelsea in London has a different root but a similar meaning; it is the ‘chalk-port’ – the place the Romans shipped in the chalk they used to make foundations for roads.

			Forget history, and there’s also a risk that countries lose touch with more flexible traditions of living with water. For centuries, the British have accepted the threat of flooding and adapted their lives to meet the risks. Anglo-Saxon farmers knew when to move their livestock to a hilltop refuge to escape a flooded river and then bring flocks back down to graze on the lush spring grass when the waters receded. The masters of medieval towns would make provision for clean drinking water, digging canals that channelled freshwater springs, while citizens prepared for flooding by moving their goods to higher floors.

			A tradition of flood-proof construction has also been neglected. In drone videos of flooding in Tewkesbury, a market town built where the Severn and Avon rivers flow together, the 12th-century abbey – an imposing Norman church with a massive square tower – stands out like a beacon of safety, marooned but dry on a patch of higher ground while newer housing around it is underwater. In high streets across the country, the front doors of older buildings are set a few steps up from the pavement, while modern premises built next to them open directly onto the street.

			Before the construction of sea defences, coastal communities were all too familiar with the destructive power of the tide. Dunwich in Suffolk, once the country’s biggest port after London, was devastated in a huge storm surge on the night of 1 January 1286 and is one of a string of abandoned settlements along Britain’s mutable coastline. It’s hard to pinpoint when exactly our folk memories of flooding receded, but the floods of 1953 mark the modern turning point.

			For the most part, the public supports moves to reduce greenhouse gas emissions, grasping the need to maintain a habitable planet for the next generation. But adapting to the effects of climate change, and particularly the increased risk of flooding, is another matter. The stoutness of our sea defences has made people feel immune to the effects of rises in sea levels, and the suggestion that townspeople might need to relocate away from the shoreline, or that space should be sacrificed to create wetland, is often greeted with anger and dismay. John Curtin, who worked for the UK’s Environment Agency for three decades and led its response to several major floods, recalls being told by an MP: ‘We didn’t give up our beaches to the Germans. We’re not giving them up to the Environment Agency.’7

			One consequence of this reluctance to face reality is that rising seas are met with piecemeal adaptation. Curtin is fond of producing a series of images of a coastal pub on Canvey Island. The earliest is a sketch from the 19th century and features a man standing on a narrow coastal wall looking out to sea, with the pub nestled below it. A black and white photograph, from the early 20th century, shows a couple walking along a wider earthen rampart against the sea. In the third picture, showing the pub today, the sea is no longer visible behind the vast concrete sea wall. Like a time-lapse photograph, the sequence captures the slow transformation of the coast. ‘Imagine a flood that breaks this wall or comes over it,’ Curtin says. ‘We would be up to our necks in water.’

			Since the 1950s, the population of Britain’s coastal towns and cities has more than tripled, to 8 million, with middle-class families drawn from cities by the opportunity to work remotely, joined by the ranks of pensioners downsizing to enjoy the sea air. The destitute, too, hear the call, with tenants on housing benefit filling up converted guesthouses in less prosperous towns, hoping that a fresh start by the sea will bring them better luck. Housing, roads and railways by the coastline have all expanded to serve this growth. Britain was already a country built to face the sea, with many of its great cities on coasts or in river estuaries, but there’s much more life and wealth in harm’s way than ever before.

			Sea levels off the UK coast are expected to rise by half a metre by the end of this century, and with this rise, around a fifth of England’s existing coastal defences will be vulnerable to failure.8 By the middle of the century, the shoreline of north Norfolk and Devon will be vulnerable to a combination of wave erosion and rising seas. In subsequent decades, this will extend to large swaths of East Anglia and the south coast.

			The country is sleepwalking towards a perilous future, in which the government will struggle to bear the cost of maintaining and reinforcing sea defences everywhere and people are likely to be forced to abandon their homes. Apocalyptic portrayals of a heating planet often focus on cities, with double-decker buses underwater or the Statue of Liberty half-submerged, but the reality is more likely to be that countries fray at the edges as protection is gradually withdrawn from smaller coastal towns and villages.

			The UK is far from the front line of this global shift. The population of Tuvalu is already relocating, in stages, to Australia in the first climate evacuation of an entire country, while Indonesia is proposing to move its capital city away from low-lying Jakarta, now sinking faster than Venice.

			Living in an era of more powerful and destructive floods will require change. It will require an end to burning fossil fuels, which continue to provide the vast majority of the energy that powers our civilisation. The coal, oil and gas we have already burned has set change in motion; we cannot escape rising seas, but we can avoid making it worse.

			It will require collective action, from governments maintaining sea walls to individuals taking responsibility for making their own homes more resilient to a flood. And it will require a conversation about when and where the inevitable retreats will take place.

			It is dangerous to think that these decisions can be postponed. Societies tend to respond to a crisis, rushing to rebuild and strengthen defences after a flood has hit – and sometimes making things worse as they do so. A handful of voices have consistently warned of the need to act before disaster strikes, saving lives, spending less money and, quite literally, fixing defences while the sun is shining rather than in the depths of a storm season.

			There is cause for hope. Unlike the politicians and scientists of the 1950s, modern societies have the power to see into the future. The Met Office has harnessed vast computing power to model Britain’s climate in years to come, while researchers probing beneath the ice of Antarctica are deepening our understanding of the ice sheets. People have begun to experiment with more flexible ways of living with water – from a café inside shipping containers on a north Ayrshire beach and a watersports company in a portable building on the Lincolnshire coast to an entire neighbourhood of floating houses in Amsterdam.

			Rather than thinking of the coast as a line on a map, floods reveal it as a place of alchemy, where water and land mingle, where cliffs crumble and sand drifts, where plants and animals interact with rivers and sea, both adapting to and reshaping their environment – from the oysters that filter brackish water to the grass that holds sand dunes together. It’s a place where the British have worked and traded for centuries, from herring fleets and North Sea oil to offshore windfarms.

			My research for this book involved extensive interviews with experts on water management, scientists investigating the future of Antarctica, architects devising more flood-resilient homes and historians, sociologists and economists who have delved into the history of floods and the future implications of climate change, as well as bankers and insurance brokers who are considering its financial impact. I am grateful to them. Any errors are my responsibility, not theirs. Above all, it’s been a privilege to interview many survivors of floods in Britain, the Netherlands, New Orleans and Asheville, North Carolina. This book is dedicated to them and to the people we have lost in floods.

		

		
			CHAPTER 1

			THE SURGE

			By 1953, Herbert Abbs had been studying the sea for many years.1 Sitting in his lookout tower in the pretty little Suffolk fishing town of Aldeburgh, he read the wind and the waves, the sun and the sky, and had learned to anticipate what nature was planning. And on the morning of 31 January he knew she was planning something dramatic.

			Suffolk is a place where the water shapes and reshapes the earth. Unlike other sections of the English coastline edged with granite, here the boundary between sea and earth shifts constantly. On sunny days, gentle waves lap the shingle beach. But when the weather turns, they have the power to bring down cliffs.

			The sea had always been part of Abbs’ life. A former Royal Navy submariner, he’d grown up a little further north along this shape-shifting littoral and, for 14 years, had worked as a coastguard in Aldeburgh. And for the last seven days, he’d been watching the atmospheric pressure on his barometer. Winds flow towards an area of low pressure and the air rises where they meet, joining hands like witches in a coven. As the rising air cools, the moisture condenses, forming rain clouds and sometimes storms.

			The barometer indicated that something ferocious was heading his way, something perhaps unprecedented in Abbs’ lifetime. The spring tide had been exceptionally high and he knew that this, combined with the plunging atmospheric pressure, were preconditions for a devastating tempest. Looking down from his tower, Abbs watched the grey seas piling up, higher and higher, as fierce gusts drove the water against the shore and forced it upwards, towards the louring sky.

			He and the other coastguards had conferred all week, but Abbs only realised on Saturday morning just how bad the storm would be. The wind and waves were going to combine to cataclysmic effect and sweep a wall of seawater inland. The coastguards had tried repeatedly to contact officials in London, but were met with silence. Most government ministers, it seemed, were away at their country houses for the weekend.

			Throughout the day, the instincts of people like Abbs, who were familiar with the sea, far outpaced those of officials and emergency services, who were slower to apprehend the scale of what was unfolding. The military had a plan in case the sea walls were breached (named Operation King Canute, after the medieval monarch who tried to hold back the tide), but it would not be put into effect until much later.

			The Met Office forecast that day was of gale-force winds and showers of hail or snow, but made no mention of coastal flooding. Around midday, the Met Office sent a telegram to New Scotland Yard, warning the Metropolitan Police of an ‘abnormally high tide in the River Thames in the next 24 hours’. The warning was passed on to riverside police stations across the capital. But the first casualties of the night were not in London or the east coast, but off the west coast, where rough seas forced open the loading doors of the Princess Victoria, a car ferry sailing from Scotland to Northern Ireland.2

			The Princess Victoria was under the command of an experienced sailor, Captain James Ferguson. It was the first of a new kind of ship, a roll-on, roll-off ferry designed to allow vehicles to enter and exit more easily. After huge waves pounded open the Princess Victoria’s doors, water surged onto the car deck and she began listing starboard. Ferguson sent out the first distress signal just before 9 a.m. on Saturday: ‘Vessel not under command.’ At 1.15 p.m. that day, the last day of January 1953, with the ferry listing heavily into the water, he gave the command to abandon ship. The passengers and crew gathered by the lifeboats, with men gallantly helping women and children out first, but the sea was merciless.

			The driving blizzard made it hard to see, while the wind whipped the waves into giant swells that smashed down onto the tiny lifeboats, capsizing many of them and tossing people into the freezing waters. While others scrambled into the remaining boats, the ferry capsized completely and sank into the deep. Ships answering Captain Ferguson’s distress call searched for survivors all day and long into the night, their searchlights sweeping the raging sea, but just 44 out of 177 crew and passengers survived. Among the dead were the deputy prime minister of Northern Ireland, Maynard Sinclair, and the MP for North Down, Sir Walter Smiles.

			The storm swept down across Britain two days after the full moon, when Earth, its satellite and the sun were in alignment. The combined gravitational force pulling on the planet’s oceans created high ‘spring tides’. These tides happen twice a month, with the name ‘spring tide’ coming from the fact that the water springs from the sea with unusual energy. There was a conjunction of natural forces: low atmospheric pressure allowed the sea level to rise; the moon and sun pulling together gave the tide greater energy; and the fierce northerly winds funnelled water down the narrow sea between Britain and northern Europe. The high winds and low pressure combined created the conditions to push the sea onto the land, a phenomenon known as a storm surge.

			Storm winds, low pressure and tide united to overwhelm eastern England’s coastal defences. As the storm travelled down the coast from its landfall on the Yorkshire coast, the height of the surge built, from more than 2 metres high in Lincolnshire to nearly 3 metres at King’s Lynn on the Norfolk coast.

			The surge swamped an oil refinery on the Isle of Grain, a marshy peninsula at the mouth of the Thames, then roared up the river into London, flooding factories and gasworks, and bringing down telephone lines. In Creekmouth, a riverside neighbourhood in east London, the floodwater was nearly a metre high. Icy water poured into hundreds of houses in Silvertown in the East End and filled the streets in the working-class neighbourhoods around the Royal Docks.

			There were four places on the English coast where casualties were heaviest. From north to south, they were the seaside resort of Mablethorpe on the Lincolnshire coast, a stretch of coastline from the town of Hunstanton to King’s Lynn in Norfolk, the town of Jaywick in Essex, and Canvey Island, close to where the Thames empties into the North Sea.

			Thousands of US airmen had been stationed on the east coast of England during the Second World War. The first to arrive had been given a guide to the British in which they were told that reserve should not be mistaken for haughtiness and that politeness did not indicate lack of fighting spirit. ‘Sixty thousand British civilians – men, women and children – have died under bombs, and yet the morale of the British is unbreakable and high.’

			In the 1950s, East Anglia’s military bases were given a new purpose – confronting the Soviet Union. On the north Norfolk coast, where black-headed Brent geese escape the Arctic winter, RAF Sculthorpe hosted the airborne nuclear bombs intended to deter a Russian invasion of western Europe. They were carried on the B29 Superfortress, the giant aircraft used in the firebombing of Tokyo and the destruction of Hiroshima and Nagasaki.

			The Americans, higher paid than British servicemen and with a reputation for flaunting that wealth, were not always popular. In a country that was ragged and austere after years of war, with treats like chocolate still subject to rationing, they brought a touch of swagger, with children especially delighted by American soldiers’ habit of tossing bubblegum from the backs of their trucks as they passed. Young British men were less delighted with the romantic competition.

			The nearest town to RAF Sculthorpe is Hunstanton, which faces west over the Wash, a shallow bay that opens onto the North Sea. In the 19th century, a local landowner developed the town as a seaside resort and a railway line was built from King’s Lynn to bring day trippers to a sandy beach overlooked by cliffs striped an eye-catching red and white. The colours are natural, with a layer of the white chalk stained red by iron pigments.

			There were sand dunes and salt marshes along this coastline, which provided a natural defence. Fierce waves expended some of their energy as they buffeted against dunes, while marshes soaked up torrents of floodwater. But much of the marshland had been drained for use in farming and here, as elsewhere along the coast, a shortage of housing meant many families lived in bungalows, converted railway carriages and holiday chalets clustered along the seafront just behind the line of dunes, in dangerous proximity to the sea.

			RAF Sculthorpe was the biggest nuclear bomber base in western Europe, home to around 10,000 American servicemen. Many of these airmen and their families came to live in Hunstanton, where accommodation intended for summer holidays was let out cheaply over the winter. That particular Saturday was payday and, despite the cold, there was a celebratory atmosphere on the base, with airmen and their wives getting ready for parties that evening.

			But as the storm raged south along the coast, there was an early indication that this was no ordinary gale; airmen at Sculthorpe saw the parked B29 bombers hoisted by the force of the wind and sent bobbing along the tarmac. They rushed out to tie the planes down.

			Responsibility for maintaining sea defences was split between different authorities. In Hunstanton, the local river board maintained the sea wall along South Beach, a wide, sandy stretch, while the town council was responsible for the promenade. There was a gap between the two, around 300 metres wide, where the defence against the sea was a shingle ridge topped with a crest of grass. Much of the shingle behind this ridge had been extracted for use in making concrete during the war, despite the protest of the river board.

			Freeman Kilpatrick, a US Air Force sergeant living in one of the wooden bungalows on Hunstanton’s South Beach, had been getting ready to go out to the cinema with his wife when he stepped outside for a cigarette and spotted a stream of water coming into his front yard.3 Kilpatrick dipped a finger in the trickle of water, tasted salt and grasped that the town was being flooded. He ran down the street through sleeting rain, calling out a warning to neighbours, urging them to move to higher ground. In the minutes it took the young airman to get down the street, the trickle had become a river.

			He turned back to his own home, with his wife Sara, daughter Suellen and their babysitter Joyce inside, and found himself swimming against the surge of seawater. The sea poured through the gap between the promenade and the sea wall, swiftly flooding the heart of the town.

			As the 7.27 p.m. train to King’s Lynn left Hunstanton station, water swept across the tracks. A short distance outside town, the steam locomotive crashed into a wooden bungalow that had been ripped from the beach and carried along on the flood. The locomotive suffered minor damage to its brake pipes in the collision.

			Coolly, the crew opened the doors of the passenger coaches, letting water run straight through the train to stop it filling up and tipping over. They then blocked up the hole in the train’s brake pipes with rags and reversed back into the town.

			Reis Leming was serving in a US Air Force squadron based at RAF Sculthorpe that specialised in maritime rescue when a USAF employee living in Hunstanton appealed for help, calling the base at 7 p.m. to say large parts of the town were now underwater and the water was rising.

			He joined fellow American airmen who launched a boat from their base to rescue people trapped in their houses by floodwater. The men struggled to control the boat in high winds, navigating submerged fences, downed telephone wires and debris in the water. People trapped in their homes alerted the rescuers by signalling with flashlights, but the wind persisted in pushing the boat back. Barbed wire wrapped around the boat’s propeller, before a fence post got jammed between the rudder and the propeller, leaving the boat and its crew drifting.

			Airmen in a second rescue boat heard a faint voice crying for help, a sound hard to follow above the noise of the wind and sea. This crew found a 12-year-old boy, Donald Axford, on the roof of a nearly submerged caravan. Inside, his mother had died of exposure while his father floated face down in the water. The American airmen understood that people stranded on upper floors and rooftops were dying of cold in the time it was taking them to mount a rescue by boat, so they switched tactics.

			Leming pulled on one of the rubber exposure suits that pilots wear to protect themselves from hypothermia if they ditch in the sea, grabbed a rubber dinghy and dragged it out into the flood, the water reaching up to his shoulders. Through darkness and a deafening gale, which splashed icy floodwater up into his face, Leming shoved the raft from house to house, straining to hear the sound of people’s cries for help above the wind. The airman stopped when he saw faces at windows and pulled the survivors onto his little boat, before paddling them to safety.

			Among those Leming rescued was the Quincy family, who had
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