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INTRODUCTION



The End is nigh. Or, at least, our fascination with stories about The End is. Human history is stuffed full of doomsday tales and calamitous ends to the world as we know it. Prophets, sages and storytellers have told of fire and brimstone raining down from the sky, huge waves washing over the land and flooding everything out of existence or the hand of an unseen power that winks it all to nothing. Whatever the mechanism, The End is always the same: horrors befall our planet; everyone dies; our world becomes a wasteland, barren.



Often allied to the world’s great religions, The End (or ‘judgement day’) is usually a deity’s way of cleansing our planet, to allow a fresh race of people who are morally purer to repopulate the resulting blank slate. Perhaps there is too much sin or debauchery and the time has come to start over. In this tradition, the most recent example is the belief that an ancient Mayan calendar has predicted the end of the world in 2012. It is safe to say that there is no credible evidence why that particular year should be any more dangerous than the ones preceding it.

These stories of fire and ash make good tales and do a decent job of stirring up the requisite fear and jeopardy. But made-up doomsday tales pale into nothing, creatively speaking, when contrasted with the poetry of what is actually possible. Look through the lens of science, and The End becomes much more interesting.

Start with the classics that could so easily destroy all life as we know it and without much that we can do about it: a huge asteroid hits the Earth, super-sized volcanoes unleash global blackouts, storms envelop the oceans and kill everything on the planet.

Our species has the unique ability in the history of life on Earth as the first that can remake our world. But we can also destroy it. All too real are the humancaused threats borne of climate change, excess pollution, depletion of natural resources and the madness of nuclear weapons. We tinker with our genes and atoms at our own peril – nanotechnology, synthetic biology and genetic modification offer much potential in giving us better food to eat, safer drugs and a cleaner world. But they could also go wrong if misused.

The connected society we have created has brought us huge benefits in terms of trade, access to knowledge and education. But these same interconnections can spread viruses (human and computer) ever faster. A skilled terrorist cell (or intelligent machine) could compromise power systems, steal or delete financial data and wreck supply chains, all of which are crucial for the modern world to function. A failure in a digital system in the United States can spread to China or Australia in seconds.

We think we live in a safe part of the galaxy at least. But our solar system is not necessarily the haven we think, especially for a delicate planet with life. Just because it is quiet now, doesn’t mean we won’t pass through showers of debris that could wreck the planets. That a rogue white dwarf might not smash through the Sun and knock all the planets into deep space. Or that a rogue black hole will not wander past and rip everything into ribbons of atoms before engulfing it all with its inexorable gravity. Or what if we really do run into aliens and they turn out to be hostile?

We live (and always have lived) in the shadow of possible annihilation and, ironically, that shadow gets ever darker and longer the more light we shed on to knowing about our universe. You can only know that the world could pop out of existence in a bout of vacuum decay if you know about quantum particles and the big bang. We are beginning to understand that what we conceive of as ‘time’ might one day disappear from our universe, giving us no sense of movement or direction. And let us hope never to run into a clump of the deadly strangelet matter anywhere in the universe. This is a substance nominally so very close to being made of the same stuff that makes up everything we see around us. Yet it is, instead, something coldly destructive of our way of life.

Have heart, though. Whichever scientific approach you take to trying to get to The End, you can be assured that only a small handful of them actually mean the end of the Earth itself. The end of the world, our world of humans, is relatively easy to countenance. Our planet, however, will be just fine after the demise of humans or its many millions of other species of life. That is, of course, until the Sun eventually explodes to several times its own size in a few billion years and swallows the Earth whole.


Mass Extinction
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There is a disturbing secret about the fortune of life on Earth. It sits in the background as we marvel about the diversity of organisms we see around us today; about how some chemicals in a warm pond started to replicate billions of years ago and evolved, slowly, into trilobites, dinosaurs, trees, snails, grass, monkeys, mushrooms and humans. That secret is death.



In the stunning 3.5-billion-year history of life on Earth, of the 4 billion species that are thought to have ever existed, 99 per cent are extinct. On our planet, extinction is the norm. Throughout history, plants and animals have come and gone as the climate and the environment have changed around them. Some thrived in cold, others only in hot and humid. Species have appeared and disappeared as their suitability for their niches has waxed and waned, all of it inextricably linked to the fortunes and conditions of our shared planet.

Five times in the past 500 million years, though, the steady rate of attrition has reached unassailable heights. Something, no one knows for sure what, turned the Earth into exactly the wrong planet for life, and at those points, most of the world’s plants and animals disappeared. During each mass extinction, more than 75 per cent of living species died off in the geological blink of an eye.

Since the end of the last mass extinction, 65 million years ago, things have been relatively quiet. Extinctions have continued, but only at the normal, background rate. Evidence from ecologists and conservationists in recent decades, however, is pointing towards an inevitable conclusion for the 21st century: that the Earth is getting ready for another of its periodic catastrophic destructions of life. The sixth mass extinction is upon us, and the twist this time is that we know exactly what is causing it.

The five big ones

In 1982, David M. Raup of the Field Museum of Natural History in Chicago and Jack Sepkoski of the department of geophysical sciences at the University of Chicago published a study in the journal Science. They had been looking at the rate and deposition of thousands of families of marine fossils from the past 500 million years and noticed a distinct set of periods when extinction rates among the life forms seemed unusually high. Later work confirmed Raup and Sepkoski’s conclusions that there had been some event or series of events that had caused catastrophic loss of life on Earth at several distinct points.

Because of the timescales and uncertainties in the numbers of animals involved, big extinctions in the past are not measured only by the numbers of species that disappeared, but also by genera (the taxonomic category that contains several related species) and families (the category that contains several related genera).

The oldest mass extinction identified by Sepkoski and Raup started around 450 million years ago as glaciers were forming on the Earth, locking up water and causing sea levels everywhere to drop. This Ordovician-Silurian event lasted around 10 million years and caused the death of a quarter of marine families and 60 per cent of water-based genera. The hardest-hit species included brachiopods, eel-like conodonts, and trilobites.

The late Devonian mass extinction came next, a 25-million-year-long event that started around 375 million years ago, and in which around 19 per cent of all families, 50 per cent of all genera and 70 per cent of all species died out. During this time, insects and plants and the first early versions of amphibians were living on land – the extinction gave them all a setback.

After that came the big one: the Permian-Triassic event. Starting around 250 million years ago, it is widely known to be the Earth’s worst mass extinction event, killing 95 per cent of species living at the time, 84 per cent of marine genera and an estimated 70 per cent of land species, including plants and vertebrates. A third of the world’s insects also perished, marking the only mass extinction of this order of life. The loss of life was so catastrophic that palaeontologists call this period the ‘Great Dying’. On land, the mammal-like reptiles were wiped out, and it took the vertebrates tens of millions of years to bounce back. What caused this event is disputed – some argue that it was due to a comet or asteroid impact, though no tell-tale crater has ever been found.




YEARS TO MASS EXTINCTION

Amphibians 242

Mammals 334

Birds 537

If all threatened species die out in 100 years





In comparison to the Great Dying, the final two events seem less impressive, though each one had its own important influences on how life subsequently evolved on Earth.

The End-Triassic event began 214 million years ago and lasted 10 million years, possibly caused by lava flows erupting from somewhere in the mid-Atlantic region. This led to the opening of the Atlantic Ocean, and would also have caused deadly global warming, wiping out 22 per cent of marine families and 52 per cent of genera. On land, this event left the dinosaurs with little competition.

And then there is the mass extinction that most people might have a passing knowledge of, the one that wiped out the dinosaurs. Occurring around 65 million years ago, the Cretaceous-Tertiary event killed off 16 per cent of marine families, 47 per cent of marine genera and 18 per cent of land vertebrate families. The probable reason was a large asteroid impact on the Yucatan Peninsula and beneath the Gulf of Mexico, which threw dust into the air and blocked out the Sun, causing large animals to die over the next few million years due to lack of food. Afterwards, mammals and birds emerged as the dominant forms of life.

The sixth mass extinction

These days, we are used to extinction. Newspaper headlines are filled with stories about animals and plants big and small dying out or disappearing. And the rate seems to be getting ever quicker: we know that tens of thousands of species die out every year, many of them not properly catalogued by humans. We have fished the oceans empty and cleared and hunted through so much forest that our closest animal cousins, the great apes, are endangered in the wild. We are outcompeting every animal and plant on the planet by taking up an ever-increasing amount of land and energy. Our rising population (estimates suggest that we will increase from our present 6 billion or so to 9 billion by the middle of the century) means that competition will only get more intense, and it is animals rather than humans that will suffer most.

To work out how current extinction rates of species compare to those in the Earth’s mass-extinction history, Anthony D. Barnosky, a biologist at the University of California, Berkeley, collected together data on species that were under threat or endangered.

Writing in Nature in March 2011, Barnosky described how scientists were increasingly recognizing modern extinctions of species and populations. ‘Documented numbers are likely to be serious underestimates, because most species have not yet been formally described. Such observations suggest that humans are now causing the sixth mass extinction through co-opting resources, fragmenting habitats, introducing non-native species, spreading pathogens, killing species directly, and changing global climate.’

Setting a relatively high bar for what he counted as a mass extinction, in other words where more than 75 per cent of all species per group of life form were lost, Barnosky calculated that the Earth would reach its next extreme, the sixth mass extinction, in just a few centuries. ‘How many more years would it take for current extinction rates to produce species losses equivalent to Big Five magnitudes? The answer is that if all “threatened” species became extinct within a century, and that rate then continued unabated, terrestrial amphibian, bird and mammal extinction would reach Big Five magnitudes in 240 to 540 years (241.7 years for amphibians, 536.6 years for birds, 334.4 years for mammals),’ he wrote.



The predicted rapid rise in the Earth’s temperature due to man-made climate change could halve the number of species on the planet.



If extinction were limited to only the ‘critically endangered’ species over the next century, and those extinction rates continued, the time until 75 per cent of species were lost per group would be 890 years for amphibians, 2,265 years for birds and 1,519 years for mammals. At the slower end of Barnosky’s calculations, the range of extinction times for amphibians is around 4,500 years, just over 11,300 years for birds and 7,500 years for mammals. ‘This emphasizes that current extinction rates are higher than those that caused Big Five extinctions in geological time; they could be severe enough to carry extinction magnitudes to the Big Five benchmark in as little as three centuries.’

A separate analysis by scientists at the University of York and the University of Leeds examined the relationship between climate and biodiversity over the past 520 million years and uncovered an association between the two. When the Earth’s temperatures are in a ‘greenhouse’ climate phase, they found that extinction rates are relatively high. Conversely, during cooler ‘icehouse’ conditions, biodiversity increases.

Their results, published in 2007 in the Proceedings of the Royal Society B, suggest that the predicted rapid rise in the Earth’s temperature due to man-made climate change could halve the number of species on the planet. According to the Intergovernmental Panel on Climate Change, global temperatures could increase by as much as 6°C by the end of the century.

Could the sixth mass extinction be avoided?

Unlikely. ‘Recovery of biodiversity will not occur on any time-frame meaningful to people,’ says Barnosky. ‘Evolution of new species typically takes at least hundreds of thousands of years, and recovery from mass extinction episodes probably occurs on timescales encompassing millions of years.’

Past mass extinctions have been caused by major environmental events – shifting sea levels, asteroid impacts or rapid temperature changes. This time, however, animals and plants have something far more formidable and insurmountable to deal with as they die in numbers never seen before on Earth: us.


Global Pandemic
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In the winter of 2009, the world was on edge. A strain of swine flu had emerged out of nowhere in Mexico and was advancing fast. As the authorities battled to constrain it, a concern hung in the air: what if this bug was that nightmare, the global killer?



The virus spread to the US, then reached Europe within days and, within weeks of the first detection, the World Health Organization (WHO) had announced a full-blown pandemic. There is a circulating strain of influenza every year but this one, a version of H1N1, seemed more virulent than most, quicker to spread.

Four years earlier, an even nastier bug, avian influenza H5N1, had done the rounds on the other side of the world. Health authorities had been on high alert and wild birds were watched with suspicion – any of them could have harboured the bug, which had started infecting and killing humans in east Asia.

What these and other global pandemics have in common is the speed with which they can travel. Both of the scares described above tailed off within months and the spread was contained without the whole world being placed in danger. But scientists, doctors and public health authorities are quietly worried about the big one, the nightmare virus that cannot be stopped and infects people with ease. The one that kills millions, or even billions.




DEATH TOLL

1918 Flu Pandemic

50 million in 6 months





In the end, swine flu H1N1 caused more than 18,000 deaths, according to the WHO, and by the end of 2005, H5N1 had killed 74 people. For reference, both these figures pale in comparison to the expected number of deaths from flu – between 250,000 and 500,000 every year.

What was worrying experts, in the months during which the virus was spreading, was the memory of the worst pandemic on record. In 1918, the world was recovering from four devastating years of war when the infamous Spanish influenza struck. Within six months, this virus had killed around 50 million people, with most of the dead aged between 20 and 45. The 1957 and 1968 Asian flu epidemics also killed millions. Today, travel is even faster and most people live in densely packed cities. A 1918-type pandemic would be devastating.

How diseases spread

You wake up with a mild headache, nothing serious enough to keep you away from work. Over breakfast you chat to your children about the day ahead and kiss them goodbye as they go off to school. On the train to work you can’t find a seat and everyone is jammed together. At the office, it’s a full day of meetings.

By the time the winter evening draws in, you’re shivering and your nose has been running all afternoon. The next day, you recognize the signs of flu and decide to stay in bed.

But how many dozens of people have you already come into contact with? How many did you infect? And how many of them then passed the virus on to others? And that is just in a single city: how many of the people you infected went to other cities or hopped on a plane to another country? Within a day, one case could have become a dozen. In a week, thousands could be infected around the world.

It’s not just death that causes problems

You might be forgiven for thinking that any modern anxiety about pandemics is hyperbole. There have been major pandemics throughout human history (the Black Death in 1348 killed a third of Europe’s population), but civilization did not end. And we have better drugs today too. Why the worry?

The reason is that modern life is so much more interconnected today than it ever has been in the past. We rely on global supply chains for everything from food to pharmaceuticals. Knock out any important part of that web, and you’re in trouble.

Take lorry drivers, for example. In a relatively mild pandemic, drivers might be laid up or have to look after sick family members. What if schools were closed too and they had to babysit their children? Remove a significant number of lorries from the roads and supplies do not go anywhere. In the past, shops might have kept warehouses filled with stock – everything from food to antivirals. But maintaining such a store is expensive, and improved information technology and logistics have meant that shops now rely on smaller, more frequent deliveries.

The US authorities recommend keeping three weeks’ food and water stockpiled in case of a pandemic: most cities around the world have only a few days’ worth of food.

What about hospitals? These need regular deliveries of drugs, blood and sterile supplies. Ambulances need fuel. And someone needs to transport fuel from refineries to petrol stations. What if none of the people required to move things around turned up for work?

What about the fuel needed for the national grid? Half of US electricity comes from coal-fired power stations, and if a pandemic stopped train drivers from moving that coal from quarries to the generators, the country’s lights would not stay on for long.

When the electricity is out, we get into a whole new slew of problems. Refrigerators cannot work, so food goes off. People will not be able to cook. Radio and TV stop broadcasting. Phones and computers have to be switched off, putting critical infrastructure (including financial records) out of reach.

In 2006, economist Warwick McKibbin of the Lowry Institute for International Policy in Sydney, Australia, modelled the effects on the modern world of a 1918-style pandemic. ‘The mild scenario, estimated to cost the world 1.4 million lives, reduces total output by nearly 1% or approximately $330 billion (in constant 2006 prices) during the first year,’ he said. ‘In our model, as the scale of the pandemic increases, so do the economic costs. A massive global economic slowdown occurs in the next-worst scenario, with more than 142 million people killed and some output in economies in the developing world shrinking by half. The loss in output in this scenario could reach $4.4 trillion, 12.6% of global GDP in the first year.’

The relatively small SARS outbreak of 2002, for example, spread across 26 countries in just a few months, infecting more than 8,000 people and killing more than 700 with a pneumonia-like illness. However, it had disproportionate knock-on costs, as flights were cancelled, schools shut down, and panic gripped Asian markets; it cost the world $40 billion. ‘Investing in poverty reduction and healthcare in developing countries are the keys to managing pandemics in the long term,’ said McKibbin. ‘For now, we will have to live with a world where a relatively minor flu outbreak in Mexico City can send markets reeling in Tokyo.’

The diseases to worry about

The reason the H5N1 virus of 2005 was not as dangerous as feared, despite its virulence, was that it could not pass easily between humans. Those who died lived in close quarters with poultry. But it would not take much for the virus to mutate or combine with a human flu virus, and things would get deadly very quickly.

And flu is not the only thing that should be on our list of worries. Spotting the next big problematic virus requires monitoring of wild animals and the people who come into contact with them. ‘We believe such eavesdropping may provide the early warning needed to stop pandemics before they start,’ says Nathan Wolfe, a biologist at Stanford University and director of the Global Viral Forecasting Initiative (GVFI). ‘Spotting new threats can happen only if scientists know what viruses are circulating among the species most likely to give rise to new pandemic viruses – birds and pigs. And whereas surveillance in the former has improved over the past five or six years thanks to concerns about bird flu (the H5N1 virus), scientists know too little about the viruses that infect the estimated 941 million domesticated pigs around the world.’

Had scientists been watching how hunters were interacting with wild animals 30 years ago, they might have been able to catch HIV early, before it reached the pandemic state, says Wolfe. The question now is, how can we prevent the next big killers? Wolfe proposes listening to what he calls viral ‘chatter’ – the pattern of transfer of animal viruses to humans – in the hope of sounding the alarm about an emerging infectious disease before it becomes deadly.

Scientists with the GVFI already follow people and animals in Cameroon, China, the Democratic Republic of the Congo, Laos, Madagascar and Malaysia – all hot spots for emerging human infectious diseases. More than half of such diseases, past and present, including influenza, SARS, dengue and Ebola, originated in animals. Analysis of blood from hunters and hunted has already revealed several animal viruses not previously seen in humans, including one called the simian foamy virus, which is in the same family as HIV.



Influenza was the 20th century’s weapon of mass destruction, killing more than the Nazis, more than the atomic bomb, and more than the First World War.



None of this, by the way, takes into account synthetic viruses created by people hell-bent on terror. Genetically modified organisms bred to be virulent and also resistant to drugs might be difficult to make and disseminate today, but that will not always be the case.

What can you do?

A few months after the H1N1 pandemic died down, Peter Sandman, a riskcommunication consultant from Princeton, wrote a commentary in the journal Nature on the lessons people could learn from the outbreak: ‘For the ordinary citizen, the US government has so far recommended only hygiene. It has told people to stay at home if they are sick and to wash their hands. It hasn’t told people to stock up on food, water, prescription medicines or other key supplies,’ he said. ‘Here is a secret of preparedness that is easy to forget: it is calming to prepare. Having things to do gives people a sense of control. It builds confidence, and it makes them more able to bear their fear.’

Because you can be sure that a virulent pandemic will happen again one day. ‘Influenza was the twentieth century’s weapon of mass destruction, killing more than the Nazis, more than the atomic bomb, and more than the First World War,’ says John Oxford, a virologist at the Royal London School of Medicine and Dentistry. ‘We would do well to dwell very seriously indeed on this fact. Nature is the greatest bioterrorist of our world, and we should concentrate and expand our efforts in public health. Emerging viruses could do for us all, as easily and as quickly, or even more so, than the Great Influenza of 1918.’


The Doomsday Machine



The Cold War was the closest the world ever came to a man-made Armageddon. In the decades after the Second World War, the United States and the USSR built thousands of missiles bristling with nuclear bombs, and aimed them at each other’s major cities. Letting one loose would have been a disaster; firing all of them would have destroyed the world.



Both sides knew the consequences of an all-out nuclear war. And it is clear now that neither of them had the appetite to start proceedings. But at the time, they had to remain defiant and strong in the face of the enemy, seemingly ready to strike in response to any transgression. It was a time a time of bluff, counter-bluff and deep paranoia.

Any nuclear strike would, of course, have come as a shock to the other side. A radar operator might see a red dot on a screen, moving steadily closer to their country’s capital. They would then have only a few minutes to make a terrifying decision. Is this a real attack? Do we strike back? What if we launch all our missiles in retaliation and the red dot turns out to be a flock of geese?

The Soviets thought hard about the problem of retaliation and came up with a system that bought them extra time in the event of seeing that red dot on their radar screens. If, for whatever reason, they could not confirm whether or not they were under attack, they would transfer their missile-launching power to an automatic system called the Perimeter, also known as Mertvaia Ruka (Dead Hand). This doomsday machine was designed to wait until an attack had been confirmed, and then, even if all the Soviet leaders had been wiped out, to initiate a devastating retaliatory strike. It would be the end of the world as we know it.

Letting the machines take over

In Stanley Kubrick’s film Dr Strangelove, a rogue US nuclear bomber decides to attack the USSR. In the course of the story, the Americans are told by the Russian high command that if the bomber is successful, there is nothing they can do to prevent an all-out retaliation from the automatic Soviet doomsday machine – 50 hydrogen bombs positioned around the globe that will explode if they detect an attack on Russian soil. These would release enough deadly cobalt fallout to render the Earth uninhabitable for 93 years. And no human, not even the Russians, would be able to stop it.

[image: image]

In the 1964 Stanley Kubrick classic, Dr Strangelove, the world is on the brink of nuclear war. Peter Sellers (right) plays President Merkin Muffley, as well as the title character of Dr Strangelove, who is Muffley’s scientific advisor.

No one would build such a thing for real, would they? In fact, they did. Perimeter was designed by the Soviet military to ensure the launch of all its nuclear missiles if its commanders were put out of action during a war. If the Russians were attacked by surprise and their command centres compromised, they would still be able to wreak revenge.

‘The Perimeter system is very, very nice,’ said Valery Yarynich, a former Soviet colonel and a 30-year veteran of the Soviet Strategic Rocket Forces and General Staff, speaking to Wired magazine in 2009. ‘We remove unique responsibility from high politicians and the military.’

David Hoffman, a former journalist for the Washington Post and the paper’s Moscow bureau chief, wrote about Perimeter in a book called Dead Hand: The Untold Story of the Cold War Arms Race and its Dangerous Legacy. He said the machine created ‘an alternative system so that the leader could just press a button that would say: I delegate this to somebody else. I don’t know if there are missiles coming or not. Somebody else decide.’

In this scenario, military leaders would flip on a system that would send a signal to a deep underground bunker where three duty officers sat. ‘If there were real missiles and the Kremlin were hit and the Soviet leadership was wiped out, which is what they feared, those three guys in that deep underground bunker would have to decide whether to launch very small command rockets that would take off, fly across the huge vast territory of the Soviet Union and launch all their remaining missiles.’

How would it have worked?

Perimeter monitored the ground and air around the USSR for signs of a nuclear explosion, using seismic, radiation and air-pressure sensors. If it determined that a nuclear weapon had exploded on Soviet soil, it would first check to see if the communications links to the Soviet General Staff were intact; in other words, whether anyone was still alive and in charge. If the lines were dead, it would assume that the country was under attack and that no one was left to launch a retaliatory strike. It would then re-route command of the Soviet arsenal of missiles to a secret bunker, deep underground, designed to survive an all-out nuclear attack. In that bunker, a duty officer would have complete control to launch missiles, bypassing the normal layers of command.

If the duty officer, who might be someone senior (though that was not guaranteed), decided that the USSR had been overrun by nuclear weapons, he could launch a set of control missiles that sat in armoured silos around the country. These would rise high into the sky and send down signals to the remaining Soviet nuclear missiles that the USSR had survived the wave of US nuclear warheads. They would also beam down orders to initiate the automatic launch of the Soviet warheads and rain down destruction on the US aggressors.

Perimeter was designed to lie dormant until someone high up in the military switched the system on, during a time of extreme emergency. Many former members of the Soviet military have confirmed its existence: in the 1990s, members of the Central Committee of the Communist Party gave representatives of the American defence company Braddock, Dunn & McDonald details of the Soviet preparedness for a nuclear attack.

General Varfolomei Korobushin, former deputy chief of staff of the Soviet Strategic Rocket Forces, said that the country’s biggest fear in the Cold War was of a US first strike, so their main objective was to design a system that was capable of launching as soon as an attack was detected. ‘Right now we have a system in place which would automatically launch all missiles remaining in our arsenal even if every nuclear command center and all of our leaders were destroyed,’ he said. ‘This system, called the Dead Hand, would have been triggered by a combination of light, radioactivity, and overpressure, and would cause several command rockets to be launched into orbit, from where they would send launch codes to all our remaining missiles.’

Vitalii Kataev, senior adviser to the chairman of the defence industry, explained that with the Dead Hand mechanism, the decision-maker at the centre simply unblocked the no-fire mechanism, thereby releasing launch control to local automatic triggers associated with each command missile. ‘The triggers, fed by numerous sensors, will launch its local command missile and, in turn, its associated cluster of ICBMs once the sensors are excited by the light, or seismic shock, or radiation, or atmospheric density associated with an incoming nuclear strike.’

He added that the system was ‘definitely operational by the early 1980s. It is important to understand that unblocking of Dead Hand assumes the scenario of a situation that is extremely threatening to the political and military leadership of the state. That basic expectation is that all decision makers are dead when the command missiles automatically fire.’

Why was it built?

It is a horrifying idea that something like Perimeter might have existed, ready to wreak further havoc even when its country had been brought to destruction. But it became operational at a time when the Soviets seemed convinced that the US would attack first.

In the 1980s, Ronald Reagan started talking publicly about his Strategic Defence Initiative (later nicknamed Star Wars), a system of lasers and explosives that would protect the US from nuclear attack. After the relative calm of the 1970s, the fact that the American president seemed unafraid of such an attack was a surprise to the Russians. The new US administration stepped up the rhetoric, playing up the country’s strengths and playing down the more apocalyptic scenarios of a post-nuclear fallout.



Right now we have a system in place which would automatically launch all missiles remaining in our arsenal, even if every nuclear command centre and all of our leaders were destroyed.



Reagan maintained that Star Wars was purely defensive, but officials in Moscow suspected that in reality the Americans were preparing an attack. The Soviets were not keen to jump the gun and attack pre-emptively, so Perimeter became a way for them to be sure that theirs would not be the only country destroyed if the US launched their arsenal. If nothing else, it was a good deterrent.

But as any military analyst knows, a deterrent is only effective if your enemy knows what you will do in the event of an attack. Unfortunately, there is no evidence that any senior US officials knew anything about Perimeter. This made it a strategy in which even the mad scientist in Kubrick’s film would have noticed gaping holes.

When Dr Strangelove, played by Peter Sellers, is told about the 50 secret nuclear bombs covered in cobalt waiting to explode automatically if the USSR is attacked, he exclaims: ‘Yes, but the ... whole point of the doomsday machine is lost if you keep it a secret! Why didn’t you tell the world, eh?’

Could it be used today?

Perhaps the most alarming thing about Perimeter is that it seems to be plugged in to this day. ‘We don’t really know if there’s still a switch in the Kremlin,’ said Hoffman in an interview with Terry Gross on National Public Radio in the US. ‘But that aside, I think the command rockets, the bunker, the entire Perimeter system is still there and waiting. And I think the command system part of it is still functioning ... I’ve been told that that command structure may have changed. But I do know that the men in the bunker are still there. The system is still alive. It’s still a command system.’

Whether Perimeter, or any other secret system like it elsewhere in the world, could be switched on in the future depends on the diplomatic relations between the ever-growing number of nuclear powers. Nuclear weapons might have seemed the best way to keep the world away from war in the past. But disarmament has never looked like such a good idea as it does today.


Mutually Assured Destruction

[image: image]



Global nuclear war is supposed to be a thing of the past, a relic of the Cold War. But human desperation for power never ends and, with the emergence of new nuclear states, the threat of annihilation is ever present.



Wars are usually about each side weighing up the risks of fighting in the hope that, if they succeed, something better lies on the other side. A sacrifice is made for the good of a greater goal.

Not so with mutually assured destruction, however, a term devised during the Cold War to describe what would happen if the two superpowers, the US and the USSR, did what they were always threatening to do and launched their thousands of nuclear warheads at each other. Both sides knew that the act would be catastrophic not just for themselves, but for the planet too. The phrase says it all: if two sides go to war, both can be assured of the complete destruction of the other.

In a nuclear strike, millions of people would die in the initial blasts and firestorms where the bombs detonated. Further afield, billions more would perish from sickness and starvation in the months and years that followed, a consequence of the Earth’s sudden transformation into a barren wasteland where no plant or animal could survive.

And if you thought it was something consigned to history, think again. Scientists, armed with powerful computers and sophisticated weather models, have shown that even a regional conflict (between, say, India and Pakistan) could release enough smoke into the atmosphere to devastate global agriculture for many years and lead to widespread loss of life outside those two countries. The acronym for this type of nuclear war, MAD, is apt for something with such civilization-ending potential.

The nuclear age

The first nuclear bomb exploded into public consciousness on the morning of 6 August 1945 over the Japanese city of Hiroshima. That bomb, Little Boy, was followed a few days later by Fat Man, the device dropped on Nagasaki. Both killed tens of thousands in their first few moments and cursed countless thousands more with a lifetime of radiation sickness.

The nuclear warheads were developed in the 1940s as part of the top-secret Manhattan Project at the Los Alamos National Laboratory. Scientists working for the US military had pipped rival teams working in Germany and, some argue, brought the end of the Second World War closer.

Once the principle of this devastating bomb had been demonstrated, however, it was only a matter of time before scientists around the world would want to come up with their own versions. Fortunately, however simple the concept of a nuclear bomb is, actually building one is no easy feat.

The raw material for a nuclear bomb consists of atoms that will split when nudged. Uranium, a heavy metal that comes in two isotopes called uranium-238 and uranium-235, is ideal. Both isotopes are radioactive and have nuclei that split apart, though only U-235 will split on command, whenever it is bombarded with neutrons. When a nucleus splits, it releases some energy and also more neutrons, which can then go on to split further nuclei. If enough atoms split in one place, the chain reaction becomes self-sustaining.

The problem faced by nuclear bomb engineers is getting hold of enough U-235: you need at least 50 kg to make a bomb. Naturally occurring uranium is mostly U-238, so it needs to be weeded out and the U-235 concentrated into the sample you are collecting. This is where it starts to get difficult: for every 25,000 tonnes of uranium ore, only 50 tonnes of metal are produced, and less than one per cent of that is uranium-235. And no standard extraction method will separate the two isotopes, because they are chemically identical. Instead, the uranium is reacted with fluorine, heated until it becomes a gas and then decanted through several thousand fine porous barriers. This separates it into two types: ‘enriched’, which contains mostly U-235, and ‘depleted’, which contains mostly U-238.

The arms race

After the end of the Second World War, the US and USSR raced to build warheads. The first Soviet bomb was detonated in 1949, much earlier than the US had expected. The 1950s saw the introduction of intercontinental ballistic missiles (ICBMs), which could carry warheads thousands of miles further than strategic bomber planes.

By the 1960s, both superpowers had demonstrated space rockets, ostensibly the start of the race to get satellites and people into orbit for exploration but with the ulterior motive of showing that they could now send warheads wherever they wished in the world.

By 1982, the US had built 11,000 nuclear warheads and the USSR had built 8,000. Both could deliver the bombs via ICBMs and from submarines, which acted as a backup in case command centres were destroyed in an initial attack.

By 1982, the US had built 11,000 nuclear warheads and the USSR had built 8,000. Both could deliver the bombs via ICBMs and from submarines, which acted as a backup in case command centres were destroyed in an initial attack. Both had extensive radar set-ups to track anything anomalous coming their way. And both had been aware for several decades that if they unleashed devastation, the other side would have time to strike back with equal force.

[image: image]

Nagasaki, Japan, was in ruins in August 1945, after a nuclear bomb was dropped on to the city.

Nuclear winter

As demonstrated at Hiroshima and Nagasaki, nuclear bombs will kill anyone and anything within several miles of their detonation. The impact to the wider world comes later, as part of the so-called nuclear winter. In the late 1980s, scientists showed that the smoke from vast fires created during a nuclear war between the US and the USSR would cloud the entire planet and absorb so much of the incoming sunlight that the Earth’s surface would become cold, dark and dry. Plants would die and food supplies would soon be exhausted. Summer would be as cold as an average winter.

More advanced projections of a nuclear winter, using modern climate models and supercomputers, confirmed the sketchy ideas of the 1980s and added detail. The effects would last a decade or more, much longer than previously thought, and the smoke from even a relatively small nuclear war would be heated and driven high into the upper atmosphere for years.



The Earth’s surface would become cold, dark and dry. Plants would die and food supplies would soon be exhausted.



Speaking at a meeting of the American Geophysical Union in San Francisco in 2006, Richard Turco of the University of California, Los Angeles, said that detonating between 50 and 100 bombs – just 0.03 per cent of the world’s current arsenal – would throw enough soot into the atmosphere to create climatic anomalies unprecedented in human history. Tens of millions of people would die, global temperatures would crash, and most of the world would be unable to grow crops for more than five years. In addition, the ozone layer, which protects the surface of the Earth from harmful ultraviolet radiation, would be depleted by 40 per cent over many inhabited areas and up to 70 per cent at the poles.

Turco examined an exchange between two countries of 100 Hiroshima-sized nuclear bombs (15 kilotonnes each), a conflict he argued was well within the ability of many emerging nuclear states. The results showed that the most densely packed countries would fare worst in the aftermath of a nuclear war. Because of the recent propensity of the population to move into high-density cities, India and Pakistan could face 12 million and 9 million immediate deaths respectively, while an attack on the UK would cause almost 3 million immediate deaths.

In the 100-warhead scenario, more than 5 million tonnes of sooty black smoke would spew from the resulting firestorms. This would float to the upper atmosphere, become heated by the Sun and end up being carried around the world. The particles would absorb sunlight, preventing it from reaching the surface, which would result in a rapid cooling of the Earth by an average of 1.25°C. ‘This would be colder than the little ice age, the largest climate change in human history,’ said Alan Robock, a climatologist at Rutgers University who worked with Turco on the analysis.

There would also be a reduction in precipitation around the world, by about a tenth. Blocking sunlight reduces evaporation and weakens the water cycle. In the Asian monsoon regions, rainfall would drop by up to 40 per cent.




100-WARHEAD SCENARIO

India: 12 million dead

Pakistan: 9 million dead

UK: 3 million dead

5 million tonnes of soot in air 1.25°C global temperature drop





The model also showed that the smoke would stay in the upper atmosphere far longer than anyone had previously thought. Older models had assumed that it would linger for around a year, as has been observed with the dust from volcanic eruptions. However, using improved atmospheric data, the new study showed that the climate would still be suffering a decade on from the initial conflict.

Is it likely?

During the Cold War, both superpowers were obsessed with being seen as powerful, but neither wanted to be the one to trigger the end of the world. The US and Soviet political leaders had a dedicated phone line in case of emergencies, and they maintained diplomatic relations. When there were just two sides, it was easier for one to keep the other in check.

Today, the nuclear picture is more complex. Nine nations – Russia, the US, France, China, the UK, Israel, Pakistan, India and North Korea – have more than 25,000 nuclear warheads between them. Many more nations might be on the verge of developing the weapons.

Prime ministers and presidents around the world profess to aspire to a dream world in which the number of these weapons is reduced (perhaps to zero).

In July 2009, US president Barack Obama and Russian president Dmitry Medvedev agreed to drop their deployed nuclear arsenal to between 1,500 and 1,675 by 2016. Robock calculated what might happen if this ‘mother load’ of weapons were detonated against urban targets in the US and Russia. Hundreds of millions of people would be killed, and a whopping 180 million tonnes of soot would be thrown into the atmosphere. Average temperatures would remain below freezing for many years in major agricultural regions.

There is little that will prevent any country determined to produce nuclear weapons from doing so. And there is no sign that countries want to be told what to do by superpower nations that already hold thousands of nuclear warheads.

Writing in Scientific American in 2010, Robock and Owen Brian Toon, chair of the department of atmospheric and oceanic sciences at the University of Colorado in Boulder, said that it was a ‘misimpression’ to think that the nightmare of a nuclear winter had gone away at the end of the nuclear arms race. ‘In fact, a nuclear winter could readily be produced by the American and Russian nuclear arsenals that are slated to remain in 2012. Furthermore, the increasing number of nuclear states raises the chances of a war starting deliberately or by accident.’

They continued: ‘Some extremist leaders in India advocated attacking Pakistan with nuclear weapons following recent terrorist attacks on India. Because India could rapidly overrun Pakistan with conventional forces, it would be conceivable for Pakistan to attack India with nuclear weapons if it thought that India was about to go on the offensive. Iran has threatened to destroy Israel, already a nuclear power, which in turn has vowed never to allow Iran to become a nuclear state. Each of these examples represents countries that imagine their existence to be threatened completely and with little warning. These points of conflict have the potential to erupt suddenly.’
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