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Preface to the 2007 edition

In the nine months since this book was first published, almost all of us have agreed that climate change, in Tony Blair’s words, is ‘the single most important issue that we face as a global community’.1 We have also agreed to do nothing about it.

That is not entirely true – it depends on who is meant by ‘we’. In formal and informal agreements all over the world – in Parliament, the European Union, the US Congress, the National People’s Congress in China – aspirations, goals, even binding targets are being discussed and set. But we sit and watch our legislators act on our behalf. A recent survey by the Energy Saving Trust shows that only 4 per cent of people have made substantial changes to the way they live.2 Everyone else is waiting for everyone else to act.

It is true that we are now much better informed about the collapse of the biosphere. The new scientific summary by the Intergovernmental Panel on Climate Change – which warns that ‘more intense and longer droughts’ have already been observed over wide areas of the earth;3 that sea levels are rising at twenty times the average rate over the past 3,000 years4,5 and that eleven of the last twelve years rank among the twelve warmest since records began – has been reported everywhere. But we read about these changes with the impotent fascination with which we might watch a good disaster movie. This knowledge is useless, or worse than useless – paralysing – unless we are prepared to act on it. The danger is not that we will stop talking about climate change. The danger is that we will talk ourselves to kingdom come.

At first sight, some of the moves made by governments seem reassuring. The biggest event was the publication of the Stern report at the end of 2006. Sir Nicholas Stern, the former chief economist of the World Bank, was commissioned by the British government to assess the economic implications of climate change. He found that the global cost of a high level of warming during the twenty-first century would equate to between 5 and 20 per cent of the world’s spending power, while the cost of preventing it would amount to only 1 per cent of global gross domestic product.6 It makes economic sense to act.

You might have expected me to welcome the Stern report, because in important respects it appears to chime with the message of this book. I did, at first. But the more I have thought about it, the less I like it. Like most climate scientists, Sir Nicholas seems to believe that if we want to avoid dangerous climate change, we should seek to prevent the global temperature from rising by 2°C above its preindustrial level.* If we fail to do so, he says, ‘0.7 to 4.4 billion people’ could suffer ‘growing water shortages’.8 There is a high chance of ‘falling crop yields in many developing regions’.9 The Amazon rainforest ‘could be significantly, and possibly irrevocably, damaged’10; 15–40 per cent of the world’s species face extinction; ‘small mountain glaciers disappear worldwide’, threatening water supplies; and there is the ‘potential for the Greenland ice sheet to begin melting irreversibly, accelerating sea level rise and committing the world to an eventual 7metre sea level rise’.11 Having spelt out the consequences, he then casts this target aside.

Explaining this is a little complicated, but it lies at the heart of the issue, so please bear with me for a moment. Rising temperatures are directly related to a rise in the concentration of greenhouse gases in the atmosphere. The most important of these is carbon dioxide, but there are several others, and when they are all lumped together we measure them with a unit called ‘carbon dioxide equivalent’.

Sir Nicholas makes it clear that to have a reasonable chance (50 per cent or so) of avoiding 2° of global warming, we have to stabilize the concentration of greenhouse gases at no more than 450 parts for every million parts of atmosphere. This is expressed as ‘450ppm CO2e’. If we allowed greenhouse gases to rise to 550ppm CO2e (which could happen by 2035 if the burning of fossil fuels keeps accelerating) there is, he says, ‘at least a 77 per cent chance – and perhaps up to a 99 per cent chance, depending on the climate model used – of a global average temperature rise exceeding 2°C.’12 550ppm CO2e also gives us, Stern suggests, a ‘30–70 per cent’ chance of exceeding 3° and ‘a 24 per cent chance that temperatures will exceed 4°C’.13

This is a calamitous level of warming. As Stern says, ‘global food production is likely to be seriously affected’14 ; ‘entire regions may be too hot and dry to grow crops’; ‘rising sea levels will result in tens to hundreds of millions more people flooded each year’ and ‘the proportion of land experiencing extreme droughts is predicted to increase from 3 percent today to 30 per cent’.15 As the global population will keep rising, 4° could cause mass starvation.

So at what level does Sir Nicholas recommend we stabilize greenhouse gas emissions in the atmosphere? 550ppm CO2e. This is the basis of his calculation that preventing dangerous levels of climate change would cost only 1 per cent of global GDP. It is also the level, as he has shown, which makes dangerous climate change almost inevitable and catastrophic climate change quite possible. Stern embraces a greenhouse gas target with a reasonable chance of causing mass starvation.

He doesn’t even bother to calculate how much it would cost to stabilize greenhouse gas concentrations at 450ppm CO2e or below. He simply notes that this ‘is likely to be very costly’.16 The same, of course, could be said for failing to do so. He also claims that it ‘is likely to be unachievable with current and foreseeable technologies.’17 As this book shows, that is not true.

My second problem with the Stern report is that the calculations he uses are nonsensical. On one side of the equation are the costs of investing in new technologies (or not investing in old ones) in order to prevent emissions from rising above 550ppm CO2e. On the other side are the costs of climate change. Some of these are financial – food prices could rise, for example; sea walls will need to be built. But most of them take the form of costs which have hitherto been regarded as incalculable: the destruction of ecosystems and human communities; the displacement of people from their homes; disease and death. All these costs are thrown together by Sir Nicholas with a formula he calls ‘equivalent to a reduction in consumption’, to which he then attaches a price.

Stern explains that this ‘consumption’ involves not just the consumption of goods we might buy from the supermarket, but also the consumption of ‘education, health and the environment.’18 He admits that this formula ‘raises profound difficulties’, especially the ‘challenge of expressing health (including mortality) and environmental quality in terms of income’.19 But then he uses it anyway. The global disaster unleashed by a 5–6° rise in temperature is ‘equivalent to a reduction in consumption’ of 5–20 per cent.

In what way is it equivalent? It is true that as people begin to starve they will consume less, in both the broad and narrow senses. It is also true that when they die they cease to consume altogether. I can accept that a unit of measurement, which allows us to compare the human costs of different spending decisions, might be necessary. But Stern’s unit (a reduction in consumption) incorporates everything from the price of eggs to the pain of bereavement. He then translates it into a ‘social cost of carbon’, measured in dollars. He has, in other words, put a price on human life. Worse still, he has ensured that this price is lost among the other prices: when we read that the ‘social cost of carbon’ is $30 a tonne, we don’t know – unless we read the whole report – how much of this is made of human lives.

This then leads to a disastrous consequence of Stern’s methodology, unintended but surely obvious. Stern’s report shows that the dollar losses of failing to prevent a high degree of global warming outweigh the dollar savings arising from not taking action. It therefore makes economic sense to try to prevent runaway climate change. But what if the result had been different? What if he had discovered that the profits accruing from burning more fossil fuels exceeded the social cost of carbon? We would then find that it makes economic sense to kill people.

That sounds ridiculous. But it was, in effect, the conclusion of another report commissioned by the British government, and written by the former chief executive of British Airways, Sir Rod Eddington. Sir Rod was asked to advise the government on the links between transport and the UK’s economic growth. He found that even when the costs of climate change, as calculated by Sir Nicholas, are taken into account, the total costs of expanding the UK’s airports and road networks are lower than the amount of money to be made.20 Though he never spelt it out in these terms (I can find no evidence in his report that he has even understood the implications), Eddington discovered that it makes economic sense for people to die in order that we can travel more.

Those who will feel most of the costs of climate change do not live in the United Kingdom. The people of the tropics will be hit hardest, particularly the people living in habitats that are already marginal in terms of food production. Hardly any of the benefits of improving the UK’s transport networks accrue to the Ethiopians or the Malawians. They suffer only the costs. Eddington has decided that it makes economic sense for other people to die, in order that we can travel more freely. I do not believe we have the right to make that decision.

Another significant event in the UK was the launch of the climate change bill, in March 2007. This is the first occasion on which a government has legally committed itself to cutting greenhouse gas emissions and ruled that if it misses its own targets it can be taken to court. In this respect it is an extraordinary development.

It commits the government to two binding cuts – a26–32 per cent reduction in carbon emissions by 2020 and a 60 per cent reduction by 2050. Every five years, governments must give themselves interim goals. An independent committee decides what the goals should be and works out whether the government has met them.21

The bill’s targets are, as this book shows, the wrong ones: too little, too late. But at least the independent committee will allow us to see whether or not real progress is being made. An audit I commissioned for a television documentary shows that the government’s assessments of its own progress are wildly optimistic. It thinks it is on course for a 29 per cent cut in greenhouse gas emissions (on 1990 levels) by 2020. The scientists who conducted the audit discovered that it is in fact on course for a cut of 12–17 per cent.22

At this stage, I think we can predict that the government will be successfully prosecuted for missing its own targets. While its recent climate change announcements make good headlines, they are constantly undermined by weak resolve and conflicting policies. The Department for Transport continues to insist that airports produce ‘master plans’ to accommodate a doubling of flights between now and 2030.23 It is also seeking to build 4,000km of new trunk roads.24

The Treasury refuses to introduce polices which have any chance of discouraging people from flying or even encouraging them to buy more efficient cars. It doubled air passenger duty (the tax you pay to board an aeroplane) and claimed this as a carbon saving. But the government’s own figures show that this measure will have no impact.* It increased the tax that the owners of the most polluting vehicles must pay, but not by enough to make a difference. The government’s figures show that to persuade most people to buy a more efficient model, there needs to be at least £150 between tax bands.28 Even after the new taxes are introduced, the difference will be £67.29

In December 2006 the communities and local government department announced what seemed to be another radical policy. By 2016, every new home in the UK must be ‘zero-carbon’.30 It is not yet clear what this means, but it seems like a worthy goal. Unfortunately the government has no intention of implementing it. How do I know? Because the same department has been forbidding local authorities from experimenting with zero-carbon homes.31 It has also slapped down the MPs who have proposed that local authorities should be allowed to set higher energy standards than the building regulations demand.32 The reason seems to be that it does not want to discourage builders from throwing up as many houses as possible in order to solve our housing crisis. This is all very well, but it is inconceivable that all new homes will be zero-carbon nine years from now if we have not been able to test them on a large scale first. The government’s climate change policies often seem to fall apart when they encounter even mild opposition from either citizens or corporations.

But no one can deny that climate change is now being taken much more seriously, almost everywhere, than it was nine months ago. All over Washington, you can hear the giant scraping sound of officials and legislators frantically back-tracking. After years of obfuscation, denial and lies about climate change, all but the most hardened recidivists in the US government are rebranding themselves as friends of the earth.

In February, two senior White House officials published an open letter seeking to correct inaccurate stories in the press ‘that the President’s concern about climate change is new.’33 ‘In fact’, they reported, ‘climate change has been a top priority since the President’s first year in office’. To prove it, they had found 37 words he said about the subject in 2001; 46 words in 2002, and 32 words in January 2007. In January 2007 he had even managed to say ‘climate change’. This demonstrated, they claimed, that he has shown ‘continued leadership on the issue’.

Both Democrats and Republicans on Capitol Hill are falling over themselves to show how they have sought to save the world. The Senate’s vote in 1997 – 95 to nil – to sink the Kyoto Protocol before it was signed has been forgotten. Joe Barton’s congressional inquisition, in which scientists who refused to alter their results to suit the oil companies were questioned as if they were members of al-Qaeda, never happened. Even Larry Craig, once one of the Senate’s most outspoken climate change deniers, now claims that he has been helping to lead the world ‘toward cleaner technologies’.34 After the war, almost everyone becomes a member of the Resistance.

While a great deal is going on in some US states, there is still no positive action on climate change at the federal level. George Bush says the US will reduce its greenhouse gas emissions ‘relative to the size of the American economy’ by 18 per cent over the next 10 years. He claims that this is ‘an ambitious climate change strategy’.35 But it means nothing. The only cuts that count are absolute cuts: the relative size of your economy makes no difference to the concentration of greenhouse gases in the atmosphere. Bush’s reduction in ‘carbon intensity’ means, in reality, an increase in emissions. As all economies tend to use less energy per unit of production as they mature, his proposal for tackling climate change amounts to doing nothing.

Far worse than this fake initiative are the real ones Bush is deploying. In his 2007 State of the Union address, he announced that he was raising the government’s mandatory target for alternative transport fuels five-fold. This was wonderful news for the grain barons of the red states, who will grow the maize and rape that will be turned into biofuel. It’s a disaster for everyone else.

An analysis published last year by the Sarasin Bank found that until a new generation of vegetable fuels, made from straw or wood, is developed ‘the present limit for the environmentally and socially responsible use of biofuels [is] roughly 5 per cent of current petrol and diesel consumption in the EU and US.’36 Bush now proposes to raise the proportion to 24 per cent by 2017.37 Already, though the rich world has replaced less than one per cent of its transport fuels, the UN’s Food and Agriculture Organization reports a ‘surge in the prices of careals, in particular wheat and maize’ to ‘levels not seen for a decade’, partly as a result of ‘a fast growing demand for biofuel production’.38 The impacts will be felt by hungry people all over the world. Rather than deal with the problem – an excessive demand for transport fuel – at source, Bush seeks to trade one catastrophe for another.

Similarly, the administration now proposes to deal with climate change by means of ‘modifying solar radiance’39 – in other words by seeking to reflect sunlight back into space with particles or mirrors. As Chapter 11 shows, the schemes of this kind proposed so far either exacerbate climate change or threaten to cause another kind of atmospheric crisis. Again, this is a means of avoiding difficult decisions, and again other people must pay. Bush is seeking to persuade the people of the United States to do everything except the one thing that has to happen – reducing their consumption of fuel. It is another species of denial.

But we can no longer blame the slowth of the global response to climate change only on governments or corporations. They cannot act until we want them to. At the moment we want it all: palm-fringed beaches, monster trucks, plasma screen TVs and a clean conscience.

The middle-class people I know still fly to the Canaries for their holidays. Some of them still have second homes in Croatia and Greece. One environmentalist flies from the UK to Thailand to have a pipe stuck up his bottom (the proper term, I am told, is ‘colonic irrigation’). They drive ancient Volvos or sporty convertibles. They use a gas to heat their homes (even in the summer) and have radiators in their conservatories. Many of them haven’t even bothered to replace their incandescent lightbulbs.

Yes, it is true that they recycle their bottles and buy handmade candles, organic meat and locally produced vegetables. This permits them to feel that they are on the side of the angels, without being obliged to make any significant change to the way they live. But as soon as they are asked to make a decision which intrudes on the quality or quantity of their lives, their concern about the state of the planet mysteriously evaporates. If the biosphere is wrecked, it will be done by nice, well-meaning, cosmopolitan people who accept the case for cutting emissions, but who won’t change by one iota the way they live.

Governments have no interest in challenging our illusions. If their aspirations and our aspirations diverge too widely, they will lose elections. They won’t take real action until we show them that we have changed.

April 2007

Introduction

The Failure of Good Intentions

The god thou servest is thine own appetite.

Doctor Faustus, Act II, Scene 11

Two things prompted me to write this book. The first was something that happened in May 2005, in a lecture hall in London. I had given a talk about climate change, during which I had argued that there was little chance of preventing runaway global warming unless greenhouse gases were cut by 80 per cent.2 The third question stumped me.

‘When you get your 80 per cent cut, what will this country look like?’

I hadn’t thought about it. Nor could I think of a good reason why I hadn’t thought about it. But a few rows from the front sat one of the environmentalists I admire and fear most, a man called Mayer Hillman. I admire him because he says what he believes to be true and doesn’t care about the consequences. I fear him because his life is a mirror in which the rest of us see our hypocrisy.

‘That’s such an easy question I’ll ask Mayer to answer it.’

He stood up. He is 75, but looks about 50, perhaps because he goes everywhere by bicycle. He is small and thin and fit-looking, and he throws his chest out and holds his arms to his sides when he speaks, as if standing to attention. He was smiling. I could see he was going to say something outrageous.

‘A very poor third-world country.’

At about the same time I was reading Ian McEwan’s novel Saturday. Henry Perowne comes home from his game of squash and steps into the shower.

When this civilisation falls, when the Romans, whoever they are this time round, have finally left and the new dark ages begin, this will be one of the first luxuries to go. The old folk crouching by their peat fires will tell their disbelieving grandchildren of standing naked mid-winter under jet streams of hot clean water, of lozenges of scented soaps and of viscous amber and vermilion liquids they rubbed into their hair to make it glossy and more voluminous than it really was, and of thick white towels as big as togas, waiting on warming racks.3

Was I really campaigning for an end to all this? To ditch the comforts Perowne celebrates and which I – like all middle-class people in the rich world – now take for granted?

There are aspects of this civilization I regret. I hate the lies and the political corruption, the inequality, the export of injustice, the military adventures, the destruction of wild places, the noise, the waste. But in the rich nations most people, most of the time, live as all prior generations have dreamt of living. Most of us have a choice of work. We have time for leisure, and endless diversions with which to fill it. We may vote for any number of indistinguishable men in suits. We may think and say what we want, and though we might not be heeded, nor are we jailed for it. We may travel where we will. We may indulge ourselves ‘up to the very limits imposed by hygiene and economics’. We are, if we choose to be, well-nourished. Women – some women at any rate – have been released from domestic servitude. We expect effective healthcare. Our children are educated. We are warm, secure, replete, at peace.

For the first two million years of the history of the genus Homo, we lived according to circumstance. Our lives were ruled by the vicissitudes of ecology. We existed, as all animals do, in fear of hunger, predation, weather and disease.

For the following few thousand years, after we had developed a rudimentary idea of agriculture and crop storage, we enjoyed greater food security, and soon destroyed most of our non-human predators. But our lives were ruled by the sword and the spear. We fought, above all, for land. We needed it not just to grow our crops but also to provide power – grazing for our horses and bullocks, wood for our fires.

Then we began to discover some of the opportunities afforded by fossil fuels. No longer were we constrained by the need to live on ambient energy; we could support ourselves by means of the sunlight stored – in the form of carbon – over the preceding 350 million years. The new fuels permitted the economy to grow – to grow sufficiently to absorb some of the people dispossessed by the previous era’s land disputes. Industry and cities boomed. Forced together within the workplace and the warren, the dispossessed could start to organize. The despots empowered by the seizure of land were forced to loosen their grip.

Fossil fuels helped us to fight wars of a horror never contemplated before, but they also reduced the need for war. For the first time in human history – indeed for the first time in biological history – there was a surplus of available energy. We could survive without having to fight someone for the resources we needed. Our freedoms, our comforts, our prosperity are all the products of fossil carbon, whose combustion creates the gas carbon dioxide, which is primarily responsible for global warming. Ours are the most fortunate generations that have ever lived. Ours might also be the most fortunate generations that ever will. We inhabit the brief historical interlude between ecological constraint and ecological catastrophe.

Oh, those distant, sunny days of May 2005, when I believed this problem could be solved with a mere 80 per cent cut! After my talk, a man called Colin Forrest wrote to me. I had failed, he explained, to take note of the latest projections. He sent me a paper he had written whose argument (which I will explain at greater length in the next chapter) I could not fault.4

If in the year 2030, carbon dioxide concentrations in the atmosphere remain as high as they are today, the likely result is two degrees centigrade of warming (above pre-industrial levels). Two degrees is the point beyond which certain major ecosystems begin collapsing. Having, until then, absorbed carbon dioxide, they begin to release it. Beyond this point, in other words, climate change is out of our hands: it will accelerate without our help. The only means, Forrest argues, by which we can ensure that there is a high chance that the temperature does not rise to this point is for the rich nations to cut their greenhouse gas emissions by 90 per cent by 2030. This is the task whose feasibility Heat attempts to demonstrate.

By ‘feasibility’ I mean compatibility with industrial civilization. Within the environmental movement there are some people who regard the preservation of this state as an unworthy goal. The slogan of North American EarthFirst!, for example, is ‘Back to the Pleistocene’. But even if you would prefer to be running around in skins, chasing or being chased by giant aurochs, advocating a return to the economy of the Stone Age is futile, for the great majority of people find this prospect unappealing. Even demanding the restitution of a largely agricultural society, or the economy of ‘a very poor third-world country’ would be pure self-indulgence. Whether or not we enjoy the soft life (and I suspect that some of those who advocate its dissolution would be among the first to perish in the wilderness), it is politically necessary to discover the means of sustaining it. This book seeks to devise the least painful means of achieving a 90 per cent cut in carbon emissions. It attempts to reconcile our demand for comfort, prosperity and peace with the restraint required to prevent us from destroying the comfort, prosperity and peace of other people. And though I began the search for these solutions almost certain that I would be unsuccessful, I now believe it can be done.

Heat is both a manifesto for action and a thought experiment. Its experimental subject is a medium-sized industrial nation: the United Kingdom. It seeks to show how a modern economy can be decarbonized while remaining a modern economy. Though the proposals in this book will need to be adjusted in countries with different climates and of greater size, I believe the model is generally applicable: if the necessary cut can be made here, it can be made by similar means almost anywhere.

I concentrate on the rich nations for this reason: until we have demonstrated that we are serious about cutting our own emissions, we are in no position to preach restraint to the poorer countries. The rich world’s most common excuse for inaction can be expressed in one word: China. It is true that China’s emissions per person have been rising by around 2 per cent a year.5 But they are still small by comparison to our own. A citizen of China produces, on average, 2.7 tonnes of carbon dioxide a year. A citizen of the United Kingdom emits 9.5, and of the United States, 20.0.6 To blame the Chinese for the problem, and to claim that their rapacious appetites render our efforts futile, is not just hypocritical. It is, I believe, another manifestation of our ancient hysteria about the Yellow Peril.

After looking at what the impacts of unrestrained climate change might be, and at why we have been so slow to respond to the threat, I begin my search for solutions within my own home. I show how years of terrible building, feeble regulations and political cowardice have left us with houses scarcely able to perform their principal function, which is keeping the weather out. I look at the means by which our existing homes could be redeemed and better ones could be built, and discover what the physical and economic limits of energy efficiency might be.

I then seek to determine how best their energy might be supplied. Before I began my research on that subject, I thought it would be quite easy to cover: I would need only decide whether we should use wind, waves or solar power, or nuclear energy, or biomass, or a means of stripping carbon dioxide from the exhausts of power stations. But the more I read, the more difficult and contradictory the questions became. The three chapters dealing with this issue are the most technically complex in the book. I believe – though by the skin of my teeth – that I might have found a workable solution.

Next I show how a new system for land transport could cut carbon emissions by 90 per cent with scarcely any reduction in our mobility. But when I come to examine aviation, I discover that there are simply no effective technological solutions: in this chapter I have failed in my attempt to reconcile the luxuries we enjoy with the survival of the biosphere, and I am forced to conclude that the only possible answer is a massive reduction in flights.

Then I look at two industrial sectors – retailing and cement manufacture, both of which produce disproportionate amounts of carbon dioxide – and propose some radical means by which shops can stay in business and houses can be built without melting the ice caps. I have tried throughout this account to identify the methods that are cheapest, that have already been shown to work and that are most compatible with the lives we lead already.

I would like to believe that the changes I suggest could be achieved by appealing to people to restrain themselves. But though some environmentalists, undismayed by the failure of the past forty years of campaigning, refuse to see it, self-enforced abstinence alone is a waste of time.

What is the point of cycling into town when the rest of the world is thundering past in monster trucks? By refusing to own a car, I have simply given up my road space to someone who drives a hungrier model than I would have bought. Why pay for double-glazing when the supermarkets are heating the pavement with the hot air blowers above their doors? Why bother installing an energy-efficient lightbulb when a man in Lanarkshire boasts of attaching 1.2 million Christmas lights to his house? (Mr Danny Meikle told journalists that he needs two industrial meters to measure the electricity he uses. One year his display melted the power cable supplying his village.7 The name of the village – which proves, I think, that there is a God – is Coalburn.)

And which of us – except perhaps Mayer Hillman – can really claim to live as we urge others to live? Most environmentalists – and I include myself in this – are hypocrites. I know of a British climate-change campaigner who spends her holidays snorkelling in the Pacific, and she doesn’t get there by bicycle. One friend – a prominent environmentalist – burns coal on an open fire. Another – a biodiversity campaigner – serves tuna steaks to his guests. In an interview with the Guardian conducted in Las Vegas, Chris Martin, the lead singer of Coldplay, spoke about the songs on his album X&Y.

Twisted Logic is an intense, angry track encouraging people to make the right decisions about how they live their lives and how they treat the planet.8

A few paragraphs later, he revealed that he was about to

fly by private jet to Palm Springs, 35 minutes from Las Vegas. The band can now afford to fly wherever possible, and the increased privacy and speed mean that Apple will be able to join her father on tour more often. ‘I certainly don’t want her to stay at home all the time,’ Martin says. ‘As she gets older, hopefully she’ll come out as and when she wants. I always thought it’d be cool to be in school and say, “I’m not coming in today – I’m off to Costa Rica to see my dad play.” I do think that wins you a few points.’9

At the beginning of his Organic Bible, the green gardener Bob Flower-dew explains that organic gardening means ‘minimizing ecological damage and making best use of resources’.10 He goes on to boast that ‘when most people are only planting their [new potatoes] on Good Friday, as is traditional in the UK, I am eating mine.’11 How? By growing them in a heated greenhouse.

We might buy eco-friendly washing-up liquid and washable nappies. But we cancel out any carbon savings we might have made ten thousand-fold whenever we step on to an aeroplane. Our efforts are tokenistic. By and large, whatever our beliefs might be, we consume as much as our incomes allow. Environmentalism is for other people.

What this means is that changes of the kind I advocate in this book cannot take place without constraints which apply to everyone, rather than to everyone else. I am sorry to say that only regulation – that deeply unfashionable idea – can quell the destruction wrought by the god we serve, the god of our own appetites. Manmade global warming cannot be restrained unless we persuade the government to force us to change the way we live.

I have mentioned that one of the gifts fossil fuels have granted us is freedom: freedom to choose how we should live, to go where we wish, to buy what we want. A 90 per cent cut in our emissions of carbon dioxide is, I admit, an inherently narrow constraint. I did not invent it – it is what the science appears to demand. But within that constraint, we should be free to live as we wish. The need to tackle climate change must not become an excuse for central planning. The role of government must be to establish the limits of action, but to guarantee the maximum of freedom within those limits. And it must help us by ensuring that even within those constraints, life remains as easy as possible. In Chapter 3 I explain how this might best be done.

I am not writing this book to confirm what you believe to be true. Many of the things I say will disturb and upset people who have taken an interest in this subject. As always, I seem destined to offend everyone. But I am sorry to report that an extraordinary amount of rubbish has been written by well-meaning people about tackling climate change. It is hard to see how it helps us to pretend that certain measures work when they do not.

Let me give you an example. In 2005 the environmental architect Bill Dunster, who designed the famous BedZed zero-carbon development outside London, published a brochure purporting to show how homes could best be refurbished. ‘Up to half of your annual electric needs,’ it claimed, ‘can be met by a near silent micro wind turbine.’12 The turbine he specified has a diameter of 1.75 metres.13 He suggested it be attached to the gable end of the house. It looks like a bargain, as it costs only £1000.

Later that year the magazine Building for a Future, which supports renewable energy, published an analysis of micro wind turbines. It found that a 1.75 metre turbine would produce about 5 per cent of a household’s annual electricity demand.14 To provide the 50 per cent Bill Dunster advertises, you would need a turbine 4 metres in diameter.15 If you attached a beast like this to the gable end of your house, the lateral thrust it exerted would rip the building to bits. Though it did not say as much, the magazine’s analysis made it clear that micro wind turbines are a waste of time and money. In most environmental circles this admission is heresy.

One of the discoveries I have made in writing this book is that my instincts are almost always wrong. Like many environmentalists I have succumbed, for example, to what could be described as the aesthetic fallacy: I have made the mistake of confusing what is aesthetically pleasing with what is environmentally sound. For instance, I have always assumed that candles are more environmentally friendly than electric lighting, for no better reason than that I like them and that they produce less light. In his excellent textbook on energy systems, Godfrey Boyle points out that in terms of the light given off per watt of expended power, a candle is 71 times less efficient than an old-fashioned incandescent bulb, and 357 times worse than a compact fluorescent model.16 The same applies to oil lamps. Boyle notes that

It is quite remarkable that the complex process of choosing to burn a litre of kerosene in an engine, to drive a generator, to power a fluorescent lamp, can produce 250–450 times more useful light than burning the same amount in an oil lamp.17

Nothing here is as it seems. The research for this book has involved me in a long series of surprises. I am sure that they will continue long after it is published, as my findings and proposals are challenged and refined by others. But what I have sought to do throughout the text is to start from first principles, to believe nothing until it is demonstrated, to junk any technology, however pleasing it may be, which does not work. What I am attempting to do is to find the least painful means of making real cuts, rather than the least painful means of being seen to do something.

One of the hardest tasks I have faced is deciding whom to trust. Many of those who have written about climate change have economic interests in the outcome. In some cases, as I will show in Chapter 2 (The Denial Industry), these interests have been heavily disguised: the oil companies, for example, speak with many voices. On the other side, environmentalists – as the example I have given suggests – have often made wild claims unsupported by verifiable facts. In some cases such claims support their own economic interests, though these are generally undisguised. One rule I have devised for myself is to trust no one who has something to sell. By tracing the statements different people have made back to their roots, I have developed a kind of heirarchy of credibility.

When trying to decide which solutions work and which ones don’t, the organizations I have found most useful are learned societies and special committees – such as the Royal Commission on Environmental Pollution, the House of Lords Science and Technology Committee and the House of Commons Environmental Audit Committee – and academic institutions, such as Oxford University’s Environmental Change Institute, the Tyndall Centre on Climate Change, the UK Energy Research Centre and the US National Academy of Engineering. Their reports draw together hundreds of years of collective experience. The International Energy Agency and the US Energy Information Administration, though partisan, are useful sources of raw data. Rather to my surprise, given that it has become so closely associated with spin and the massaging of figures, I have also found most of the British government’s technical reports to be reliable: the data seem to be manipulated only after they have been collected. For news about technological developments, I’ve found, New Scientist, Energy World and Building for a Future especially helpful.

When attempting to determine what climate change will do to the planet, the choice, at first sight, seems simpler: the most credible sources are peer-reviewed academic journals, and particularly the most illustrious ones, such as Science and Nature. But the science – as science always should be – is contradictory and confusing. There is no ‘answer’; simply a story with many tellers, which changes every day. From time to time, committees of scientists try to reach an overview. The most eminent of these, bringing together thousands of researchers, is the Intergovernmental Panel on Climate Change (IPCC), which produces an ‘assessment report’ every few years. Another useful summary was provided by a conference run by the UK’s Meteorological Office in 2005, which tried to work out the total impacts of climate change on different ecosystems and human populations.

But not all the topics I have investigated have been covered by these distinguished bodies. In some important respects they have abandoned us. It has been left to amateurs to try to perform the carbon-cutting calculation I explain in Chapter 1, and to work out a fair method of deciding how the right to pollute should be allocated. None of the official reports I have read will tell you how much electricity a micro wind turbine produces or, for that matter, what percentage of our electricity can be generated by wind or wave or solar power without causing the national grid to collapse. So I have been forced either to rely on less august sources or to try to work out the answers for myself.

In other cases there is too much data, by which I mean that the bodies I have learnt to trust have produced conflicting estimates, and I have no means of deciding which one should be believed. This is especially true when it comes to the costs of energy, over which there is a remarkable degree of dispute. In these cases, I have published a range of estimates.

*

I have one purpose in writing this book: to persuade you that climate change is worth fighting. I hope I have been able to demonstrate that it is not – as some people (notably the geophysiologist James Love-lock) have claimed – too late. In doing so, I hope to prompt you not to lament our governments’ failures to introduce the measures required to tackle it, but to force them to reverse their policies, by joining what must become the world’s most powerful political movement.

Failing all that, I have one last hope: that I might make people so depressed about the state of the planet that they stay in bed all day, thereby reducing their consumption of fossil fuels.


1
A Faustian Pact

The framing of this circle on the ground

Brings whirlwinds, tempests, thunder and lightning

Doctor Faustus, Act II, Scene 11

There was more than one Faust. The name, which means ‘the fortunate’ in Latin, was used by German magicians much as conjurors today might call themselves ‘the magnificent’ or ‘the incredible’. But we know which one he was. In 1513 in Erfurt a Conrad Mudt heard an ‘immoderate and Foolish Braggart’ describe himself as the ‘demigod from Heidelberg’.2 His name was ‘Georg Faust’. In 1528, a ‘Jörg Faust’ was thrown out of the town of Ingolstadt, and in 1532 a ‘Dr Faust, the great sodomite and necromancer’ was denied entry to Nuremberg.3 People were plainly afraid of him. When he died in Wärttemberg in 1540 or 1541, the locals claimed that the Devil had taken him home.

After his death, his story began to spread, and in 1587 an amplified version was published by an anonymous theologian in Frankfurt.4 Two years later it was translated into English as The History of the Damnable Life and Deserved Death of Doctor John Faustus. This was the source for Christopher Marlowe’s play The Tragical History of Doctor Faustus, which appears to have been written in 1590.

Marlowe tells the story of a brilliant scholar, ‘glutted… with learning’s golden gifts’,5 who reaches the limits of human knowledge. Bored by terrestrial scholarship, he plots, by means of necromancy, to break into

… a world of profit and delight

Of power, honor, of omnipotence.6

When, he believes, he has acquired his demonic powers, spirits will fetch him everything he wants:

I’ll have them fly to India for gold,

Ransack the ocean for orient pearl,

And search all corners of the new-found world

For pleasant fruits and princely delicates.7

So Faustus draws a circle and summons the Devil’s servant, Mephistopheles. He offers him a deal: if the Devil will grant him twenty-four years in which to ‘live in all voluptuousness’,8 Faustus will, at the end of that period, surrender his soul to hell. Mephistopheles explains the consequences, but the doctor refuses to believe him.

Think’st thou that Faustus is so fond to imagine

That, after this life, there is any pain?

Tush, these are trifles and mere old wives’ tales.9

So the bargain is struck and signed in blood, and Faustus acquires his magical powers. With the help of a flying ‘chariot burning bright’, he takes a sightseeing tour around Europe. He performs miracles. He summons fresh grapes from the southern hemisphere in the dead of winter. After twenty-four years, the devils come for him. He begs for mercy, but it is too late. They drag him down to hell.

If you did not know any better, you could mistake this story for a metaphor of climate change.

Faust is humankind, restless, curious, unsated. Mephistopheles, who appears in the original English text as ‘a fiery man’,10 is fossil fuel. Faust’s miraculous abilities are the activities fossil fuel permits. Twenty-four years is the period – about half the true span – in which they have enabled us to live in all voluptuousness. And the flames of hell – well, I think you’ve probably worked that out for yourself.

In 1590 the economy was powered largely by wood, water, wind and horses. The English did burn some fossil fuel: we know, for example, that in 1585 London imported about 24,000 tons of coal.11That coal would have provided as much energy as the United Kingdom now consumes in half an hour.*

Liquid fossil fuels were not to be widely used for almost three centuries. Europe was submerged in the Little Ice Age: temperatures were one to one and a half degrees cooler than they are today. Science, with a few exceptions, was a muddle of alchemy, theology and magic. If man-made climate change had taken place by then, the people of the sixteenth century would have had no means of detecting it.The Tragical History of Dr Faustus is not an allegory of climate change. But the intention of the poet does not affect the power of the metaphor. Our use of fossil fuels is a Faustian pact.

To doubt, today, that manmade climate change is happening, you must abandon science and revert to some other means of understanding the world: alchemy perhaps, or magic.

Ice cores extracted from the Antarctic show that the levels of carbon dioxide and methane in the atmosphere (these are the two principal greenhouse gases) are now higher than they have been for 650,000 years.14,15 Throughout that period, the concentration of these gases has been closely tracked by global temperatures.16

Carbon dioxide (CO2) levels have been rising over the past century faster than at any time over the past 20,000 years.17 The only means by which greenhouse gases could have accumulated so swiftly is human action: carbon dioxide is produced by burning oil, coal and gas and by clearing forests, while methane is released from farms and coal mines and landfill sites.18

Both gases let in heat from the sun more readily than they let it out. As their levels in the atmosphere increase, the temperature rises. The concentration of carbon dioxide, the more important of the two, has risen from 280 parts per million parts of air (ppm) in Marlowe’s time to 380 ppm today.19 Most of the growth has taken place in the past fifty years. The average global temperature over the past century has climbed, as a result, by 0.6° centigrade.* According to the World Meteorological Organization, ‘the increase in temperature in the twentieth century is likely to have been the largest in any century during the past 1000 years’.20

If you reject this explanation for planetary warming, you should ask yourself the following questions:

1. Does the atmosphere contain carbon dioxide?

2. Does atmospheric carbon dioxide raise the average global temperature?

3. Will this influence be enhanced by the addition of more carbon dioxide?

4. Have human activities led to a net emission of carbon dioxide?

If you are able to answer ‘no’ to any one of them, you should put yourself forward for a Nobel Prize. You will have turned science on its head.

But the link has also been established directly. A study of ocean warming over the past forty years, for example, published in the journal Science in 2005, records a precise match between the distribution of heat and the intensity of manmade carbon dioxide emissions.21 Its lead author described his findings thus:

The evidence is so strong that it should put an end to any debate about whether humanity is causing global warming.22

This sounds like a strong statement, but he is not alone. In 2004, another article in Science reported the results of a survey of scientific papers containing the words ‘global climate change’.23 The author found 928 of them on the database she searched. ‘None of the papers,’ she discovered,

disagreed with the consensus position… Politicians, economists, journalists and others may have the impression of confusion, disagreement, or discord among climate scientists, but that impression is incorrect.24

In 2001 the Royal Society, the United Kingdom’s pre-eminent scientific institution, published the following statement:

Despite increasing consensus on the science underpinning predictions of global climate change, doubts have been expressed recently about the need to mitigate the risks posed by global climate change. We do not consider such doubts justified.25

It was also signed by the equivalent organisations in fifteen other countries.*

Similar statements have been published by the US National Academy of Sciences,26 the American Meteorological Society,27 the American Geophysical Union28 and the American Association for the Advancement of Science.29

Until 2005, there was one remaining line of evidence permitting some people to claim that manmade climate change could still be disputed. A study of satellite measurements conducted in 1992 by the atmospheric scientists Roy Spencer and John Christy found that part of the atmosphere (the lower troposphere) had cooled over the preceding thirteen years.30 This, in a warming world, should not have been possible. In 2005, three separate studies showed that the data had been misread.31,32,33 Professor Christy admitted that his results were incorrect and agreed that the atmosphere had warmed. As the author of one of the studies pointed out,

there is no longer any data contradicting the predictions of global warming models.34

Already sea ice in the Arctic has shrunk to the smallest area ever recorded.35 In the Antarctic, scientists watched stupefied in 2002 as the Larsen B ice shelf collapsed into the sea.36 A paper published in Science concluded that its disintegration was the result of melting caused by a warming ocean.37 The global sea level has been rising by around 2 millimetres a year,38 partly because water expands as it warms, partly because of the melting of ice and snow.

Almost all the world’s glaciers are now retreating.39,40 Permafrost in Alaska and Siberia, which has remained frozen since the last Ice Age, has started to melt.41,42 Parts of the Amazon rainforest are turning to savannah as the temperatures there exceed the point at which trees can survive.43 Coral reefs in the Indian Ocean and the South Pacific have begun to wilt. The World Health Organization estimates that 150,000 people a year are now dying as a result of climate change, as diseases spread faster at higher temperatures.44 All this is happening with just 0.6° of warming.

The Intergovernmental Panel on Climate Change (IPCC), a committee of climate specialists which assesses and summarizes the science, estimated in 2007 that global temperatures are likely to rise by between 1.8 and 4.0° this century, with a possible maximum of 6.4°.45 Some climate scientists have come to believe that this range is too low: one study, for example, published in 2005, for example, suggests that the maximum possible temperature rise which could be caused by a doubling of carbon dioxide concentrations is 11.5°.46 An increase as big as this, however, is very unlikely.

But even a much smaller rise is likely to cause great harm to some human populations. Professor Martin Parry of the UK’s Meteorological Office estimates that a rise of just 2.1° will expose between 2.3 and 3 billion people to the risk of water shortages.47 The disappearance of glaciers in the Andes and the Himalayas will imperil the people who depend on their meltwater, particularly in Pakistan, western China, Central Asia, Peru, Ecuador and Bolivia.48,49 As rainfall decreases, there are likely to be longer and more frequent droughts in southern Africa, Australia and the countries surrounding the Mediterranean.50 In northern Europe, summer droughts and winter floods will both become more frequent. Very wet winters, for example, which until now have troubled us every forty years or so, could recur one year in every eight.51

The UN Food and Agriculture Organisation warns that

in some forty poor, developing countries, with a combined population of two billion… [crop] production losses due to climate change may drastically increase the number of undernourished people, severely hindering progress in combating poverty and food insecurity.52

The reason is that, in many parts of the tropics, crop plants are already close to their physiological limits. If, for example, temperatures stay above 35° for one hour while rice is flowering, the heat will sterilize the pollen.53 The International Rice Research Institute has found that rice yields fall by 15 per cent with every degree of warming.54

When I first read about this, I thought it equated to a formula for worldwide famine, and said as much in the Guardian. I was wrong to do so. Climate scientists, I later discovered, were confident that lower crop yields in some parts of the tropics would be offset by higher crop yields in temperate countries.55 In the cooler parts of the world, the productive season lengthens and both higher temperatures and higher carbon dioxide levels should allow crop plants to grow faster.

But now, I am sorry to say, it seems that I might have been right, though for the wrong reasons. In late 2005, a study published in the Philosophical Transactions of the Royal Society alleged that the yield predictions for temperate countries were ‘over optimistic’.56 The authors had blown carbon dioxide and ozone, in concentrations roughly equivalent to those expected later this century, over crops in the open air. They discovered that the plants didn’t respond as they were supposed to: the extra carbon dioxide did not fertilize them as much as the researchers predicted, and the ozone reduced their yields by 20 per cent.57 Ozone levels are rising in the rich nations by between 1 and 2 per cent a year, as a result of sunlight interacting with pollution from cars, planes and power stations. The levels happen to be highest in the places where crop yields were expected to rise: western Europe, the midwest and eastern US and eastern China. The expected ozone increase in China will cause maize, rice and soybean production to fall by over 30 per cent by 2020. These reductions in yield, if real, are enough to cancel out the effects of both higher temperatures and higher carbon dioxide concentrations.58,59

Another paper in the same journal pointed out that, as carbon dioxide levels rise, plants release less water from their leaves.60 This reduces local rainfall, which in many regions will have declined already because of climate change. The result, which has not been anticipated in the standard climate models, could be a further decline in crop production. It now seems possible that the world could be pushed towards famine.

The effects of crop losses are likely to be compounded by other problems. Though this prediction is controversial, some scientists suggest that, as temperatures rise, the incidence of malaria will increase. One study maintains that temperatures 2.3° higher than today’s will expose a further 180–230 million people to the risk of catching the disease.61 Diarrhoea and cholera are both associated with rising temperatures.62,63

If the earth warms by a moderate amount and sea levels increase by some 40 centimetres (roughly in the middle of the expected range for this century), the number of people in danger of saltwater floods caused by storm surges could grow from some 75 million (today) to around 200 million.64 As the sea rises, salt water will pollute the drinking water on which some of the biggest coastal cities – Shanghai, Manila, Jakarta, Bangkok, Kolkata, Mumbai, Karachi, Lagos, Buenos Aires and Lima – depend.65 In some cases, according to the International Association of Hydrogeologists, this problem could be big enough to necessitate the cities’ abandonment.66

The West Antarctic Ice Sheet contains enough water to raise sea levels by a further 3 metres,67 enough to inundate parts of New York, London, Tokyo, Mumbai, indeed of most of the world’s major cities. The ice sheet appears to be starting to disintegrate.68 There is great controversy about how long this process will take. The sheet is propped up by ice shelves extending into the sea, like a roof kept aloft by the walls of a house. If they collapse as the Larsen B did, the ice sheet could begin to slide into the ocean. No one knows how swiftly this would happen, but it is unlikely that the entire sheet could dissolve in less than 300 years. If just 10 per cent of it fell into the sea this century, the results would be catastrophic for many coastal peoples.

The IPCC says that there is evidence for ‘an increase of intense tropical cyclone activity in the North Atlantic.’69 In 2005 two papers, published in Science and Nature, suggested that the intensity of hurricanes had increased since the mid 1970s.70,71 It is not yet clear whether this is connected to climate change, though there is a relationship between the temperature of the sea surface and the strength of a storm.72 In March 2004 the first hurricane ever recorded in the South Atlantic hit the coast of Brazil.

The number of extreme weather events of all kinds appears to have quintupled since the 1950s, according to the insurance company Munich Re.73 The summer of 2003 seems to have been the hottest in Europe since at least the year 1500.74 Thousands of people in Europe and India died as a result of the heatwave. According to a paper published in Nature, human influence has at least doubled the chances of its recurrence.75 In northern Europe, however, the number of people dying because of extreme temperatures is likely to drop, as our winters become warmer.76

Other species will be hit sooner and harder than humans. In 2004 researchers on five continents surveyed the ecosystems covering 20 per cent of the earth’s surface. They found that, if temperatures rise to about the middle of the expected range, between 15 and 37 per cent of the world’s species are ‘committed to extinction’ by 2050.77 With just 1.4° of warming, the coral reefs in the Indian Ocean will become extinct.78 With 2°, some 97 per cent of the world’s reefs will bleach – which means the coral animals eject the algae which keep them alive, and are likely to die as a result.79 As increasing levels of carbon dioxide dissolve in seawater, the oceans will acidify. Their pH could fall from 8.2 to 7.7 by the end of the century,80 and by 2050 the water could become too acid for shells to form. This will be devastating to sea life, wiping out much of the plankton upon which the marine ecosystem depends. With 2° of warming, all the sea ice in the Arctic could melt in summer, killing the polar bears, the walruses and much of the rest of the ecosystem.81

In one of the most depressing papers I have ever read, researchers from University College London and the Met Office reported in 2005 that ‘the Amazonian forest is currently near its critical resiliency threshold.’ With just a small degree of warming ‘the interior of the Amazon Basin becomes essentially void of vegetation.’82

The problem is that the trees in some parts of the forest are responsible for as much as 74 per cent of local rainfall.83 As they start to die when the temperature rises, less water is released into the air by the forest. This has three effects: there is less rainfall to sustain the remaining trees, more sunlight reaches the forest floor (drying it and making the forest more susceptible to fires), and less heat is lost through evaporation. The rising temperature and decreasing rainfall kill more trees, and the chain reaction continues. It could happen soon and swiftly: ‘we suggest,’ the researchers say, ‘that this threshold exists very near to current climatic conditions.’84

The Amazon is the most biodiverse place on earth, but the problem does not stop with other species. It produces the rain which sustains much of South America. And trees, roughly speaking, are sticks of wet carbon. As they burn or rot – as they oxidize in other words – they turn into carbon dioxide. The Amazon has the potential to release 730 million tonnes of carbon – about 10 per cent of manmade emissions – a year for seventy-five years.85

This is just one of the means by which climate change begets climate change. A paper published in Geophysical Research Letters in 2003 predicted that, as a result of global warming, by about 2040 living systems on the land will start to release more carbon dioxide than they absorb. By 2100, it suggests, the surface of the earth will be emitting around 7 billion tonnes of carbon a year,86 which is roughly what human beings produce today. This is an example of ‘positive feedback’: climate change accelerating itself. Positive feedback was not fully considered by the Intergovernmental Panel on climate change in 200787, but has began to play a role in the panel’s new estimates.

One of the reasons why the terrestrial biosphere begins to release more carbon dioxide than it absorbs is that, as we have seen, plants in the tropics and even some temperate regions88 may shrivel or die when the temperature rises. But there are several others. Soil, for example, becomes a net source of carbon when temperatures rise, as the metabolism of the microbes it contains speeds up. This was not supposed to happen for several decades,89 but in 2005 British scientists reported that soils in England and Wales had already become carbon sources.90 The carbon dioxide they were releasing had cancelled out all the cuts that the UK had made since 1990. Before the end of the century, the world’s soils will eject the manmade carbon they have absorbed over the past 150 years.91

As the permafrost in the far north melts, it starts to release methane. The West Siberian bog alone, which began melting in 2005, is believed to contain 70 billion tonnes of the gas,92 whose liberation would equate to 73 years of current manmade carbon dioxide emissions.*

The National Center for Atmospheric Research in the US estimates that 90 per cent of the top 10 feet of permafrost throughout the Arctic could thaw by 2100.95 These positive feedbacks – and there are many more – extend the possible range of global temperatures. In doing so, they make a truly catastrophic event more likely to happen.

One such event has seized the imagination of people in northern Europe. The region is kept warm in the winter – relative to parts of the world at the same latitude – by the northwards transport of water from the Caribbean – a current known as the Gulf Stream. The Gulf Stream is part of a general oceanic circulation, which is mostly driven by the sinking of surface waters in the far north of the Atlantic. As they roll southwards over the seabed, they create the currents which, after a long journey, return to northern Europe, carrying heat from the tropics.

The reason they sink is that they are both cold and salty, and therefore denser than the waters beneath them. The phenomenon is known as ‘thermohaline circulation’, or THC. For at least twenty years, some oceanographers have warned that this sinking, and therefore the ‘overturning circulation’ (the deep ocean currents which drive the whole system), could either weaken or stop altogether because meltwater flowing into the Arctic seas would dilute the salty surface waters. If this happened, northern Europe could be reduced to tundra, while the tropics, as heat was not transported away from them, would become very much hotter. This has taken place before. As the northern hemisphere began to warm after the last Ice Age, the ice dam holding back a vast lake in North America burst. The freshwater thundering into the north Atlantic appears to have shut down the ocean circulation, with the result that temperatures in Europe fell by 5°. They did not recover for 1,300 years.

Many climate scientists believe that a total shutdown of this nature is impossible: there is simply not enough freshwater in the far north to prevent the surface waters from sinking.96 At most, a slightly weakened current might reduce the rate of warming in northern Europe. In July 2005, the British House of Lords examined the evidence for the possible impacts of climate change and concluded that ‘changes in the THC are not at all likely to occur, as we understand it, in the next 100 years.’97 This was a reasonable summary of the existing science.

Five months later,Nature reported

the first observational evidence that… a decrease of the oceanic overturning circulation is well underway.98

Researchers from the National Oceanography Centre in the United Kingdom claimed to have discovered that the circulation had in fact been weakening for fifty years, but that it had not hitherto been detected.99 It appears to have slowed down by 30 per cent.

At the same time, the overflow waters and in turn the deep waters of the North Atlantic have significantly freshened… Increased freshwater input into the Nordic Seas will initially weaken the circulation only slowly. But when a certain threshold is reached, the circulation may jump abruptly to a new state in which there is little or no heat flux to the north.100

If this occurs, it would have

devastating effects on socio-economic conditions in the countries bordering the eastern North Atlantic.101

But a major change this century still looks very unlikely. The possible switch from one stable state (a smoothly flowing Gulf Stream) to another (no Gulf Stream at all) is an example of what climate scientists call ‘non-linearity’. They point out that some of the earth’s systems are unlikely to respond smoothly to changes in the climate: they could flip suddenly from one condition to another.102

I have concentrated so far on the effects which could take place within the IPCC’s range of up to 6.4° of global warming. But there are, as I have mentioned, some climate scientists who maintain that the temperature this century could rise much further.

The Nobel laureate Paul Crutzen, having taken into account the falling levels of particles produced by heavy industry in the atmosphere, which have so far sheltered us from some of the sun’s heat, has made a rough estimate that the temperature could rise by between 7 and 10°.103 In 2005, British scientists published the results of a computer simulation larger and more detailed than its predecessors. It revealed that a doubling of carbon dioxide concentration in the atmosphere could lead to temperatures ranging anywhere from 1.9 and 11.5° above their pre-industrial levels.104 This does not mean that all temperatures in this range are equally likely – the extremes are much less probable than the temperatures in the middle – but the researchers found that none of them could be ruled out.105

So what happens if average global temperatures rise by more than 6°? There could be a historical precedent.

The Permian period came abruptly to an end 251 million years ago. In China, South Africa, Australia, Greenland, Russia and Spitsbergen, the rocks record the same sequence of events, taking place almost instantaneously.106 The marine sediments deposited at the time show two sudden changes. The red or green rock laid down in the presence of oxygen is replaced by black muds of the kind deposited when oxygen is absent. An instant shift in the ratio of the isotopes (alternative forms) of carbon within the rocks suggests a very rapid change in the concentration of atmospheric gases. On land, gently deposited mudstones and limestones give way to great dumps of pebbles and boulders.

The Permian was one of the most biologically diverse periods. Sabre-toothed reptiles hunted herbivores the size of rhinos through forests of tree ferns and flowering trees. Among the coral reefs lived great sharks, fish of all kinds and hundreds of species of shelly creatures. At the point at which the sediments change, 251 million years ago, the fossil record very nearly stops dead. The reefs die instantly, and do not reappear on earth for 10 million years. All the large and medium-sized sharks disappear, most of the shelly species, even the majority of the plankton. Among many classes of marine animals, the only survivors were those adapted to the near-absence of oxygen.107

Plant life was almost eliminated from the earth’s surface. The four-footed animals, the group to which humans belong, were nearly exterminated: so far only two fossil reptile species have been found anywhere on earth which survived the end of the period. The world’s surface came to be dominated by just one of these, which was about the size and shape of a pig. It became ubiquitous because nothing else was left to compete with it or to prey upon it. Altogether, some 90 per cent of the earth’s species appear to have been wiped out:108,109 this represents by the far the biggest of the mass extinctions. The world’s ‘productivity’ (the total mass of biological matter) collapsed.

These events coincided with a series of volcanic eruptions in Siberia; the eruptions which gave rise to the Siberian Traps. The volcanoes produced great quantities of two gases: sulphur dioxide and carbon dioxide. These gases appear to have caused the extinctions. The sulphur and other effusions caused acid rain, but would have bled from the atmosphere quite quickly. The carbon dioxide, on the other hand, persisted. The rising temperatures caused by the gas appear to have warmed the world sufficiently to have destabilized a super-concentrated form of methane which was found then (and is still found today) in large quantities in the sediments beneath the polar seas. The release of methane into the atmosphere might explain the sudden shift in carbon isotopes. The temperature rose by between 6°110 and 8°.111

Ocean circulation appears to have dropped, for reasons which will now be familiar to you, to about one twentieth of current levels,112 depriving the deeper waters of oxygen. As the plants on land died, their roots would no longer have held the soil and loose rock together, with the result that erosion rates greatly increased.

This does not mean that we can make a direct comparison between the events which brought the Permian to an end and the possible effects of manmade climate change today. Many of the plants on land were doubtless killed by acid rain rather than by high temperatures. Though some countries seem to be doing their best to replicate both conditions, sulphur emissions are much lower today than they were 251 million years ago. But it does give us an indication of the possible scale of ecological change a temperature rise of this magnitude could provoke.

Various other outcomes of climate change have been proposed, of which the most intriguing is one suggested by a reader of mine.

Thank you for drawing attention to the threat of global warming. I wish the world would wake up to how serious it is. If we don’t do something soon the whole planet could turn into a dessert.

This is a tempting prospect, but I regret to say that the science does not support it.

Curtailing climate change must, in other words, become the project we put before all others. If we fail in this task, we fail in everything else. But is it possible? Is it, as James Lovelock sometimes suggests,113 too late?

I don’t believe it is. We have a short period – a very short period – in which to prevent the planet from starting to shake us off. Our aim must be to stop global average temperatures from rising to more than 2° above pre-industrial levels, which means more than 1.4° above the current point.

Two degrees, because it has been widely recognized by climate scientists as the critical threshold,114,115 has sometimes been characterized as a ‘safe’ level of warming. As I hope this account has shown, it is merely less dangerous than what lies beyond. A conference of scientists convened by the UK’s Met Office warned that at less than 1° above pre-industrial levels, crop yields begin to decline in continental interiors,116 droughts spread in the Sahel region of Africa,117 water quality falls and coral reefs start to die.118 At 1.5° or less, an extra 400 million people are exposed to water stress and another 5 million to hunger,119 18 per cent of the world’s species will be lost120 and the ‘onset of complete melting of Greenland ice’ is triggered.121 There are, I am afraid, some effects of climate change which cannot be avoided.

Two degrees is important because it is the point at which some of the larger human impacts and the critical positive feedbacks are expected to begin. If we do not greatly reduce our emissions, temperatures are likely to reach that point in about 2030.122

My correspondent Colin Forrest, who is not a professional climate scientist but appears to have done his homework, argues his case as follows. Researchers at the Potsdam Institute for Climate Impact in Germany have estimated that holding global temperatures to below 2° means stabilizing concentrations of greenhouse gases in the atmosphere at or below the equivalent of 440 parts of carbon dioxide per million.123 While the carbon dioxide concentration currently stands at 380 parts, the other greenhouse gases raise this to an equivalent of 440 or 450. In other words, if everything else were equal, greenhouse gas concentrations in 2030 would need to be roughly the same as they are today.

Unfortunately, everything else is not equal. By 2030, according to a paper published by scientists at the Met Office, the total capacity of the biosphere to absorb carbon will have reduced from the current 4 billion tonnes a year to 2.7 billion.124 To maintain equilibrium at that point, in other words, the world’s population can emit no more than 2.7 billion tonnes of carbon a year in 2030. As we currently produce around 7 billion, this implies a global reduction of 60 per cent. In 2030, the world’s people are likely to number around 8.2 billion. By dividing the total carbon sink (2.7 billion tonnes) by the number of people, we find that to achieve stabilization the weight of carbon emissions per person should be no greater than 0.33 tonnes. If this problem is to be handled fairly, everyone should have the same entitlement to release carbon, at a rate no greater than 0.33 tonnes per year.

In the rich countries, this means an average cut by 2030 of around 90 per cent. The United Kingdom, for example, currently releases 2.6 tonnes per capita,*125 so would need to reduce its emissions by 87 per cent. Germany requires a cut of 88 per cent, France of 83 per cent, the United States, Canada and Australia 94 per cent.†126 By contrast, the Kyoto Protocol to the United Nations Framework Convention on Climate Change – the only international agreement that has been struck so far – commits its signatories to cut their carbon emissions by a total of 5.2 per cent by 2012.

These could be underestimates. The Potsdam Institute calculates that with the equivalent of 440 ppm of carbon dioxide in the atmosphere, there is a 67 per cent chance of holding the temperature rise to below 2°.127 Another study suggests that to obtain a 90 per cent chance of stabilization below 2°, you would need to keep the concentration below 400 parts per million – 40 or 50 parts below the current level.128 Because the carbon released now stays in the atmosphere for some 200 years.129 and causes climate change many years into the future, there is perhaps a 30 per cent chance that we have already blown it. We might already be committed to 2°.

But I am writing this book in the spirit of optimism, so I refuse to believe it.

Whether or not it is too late to hold global temperatures below the critical threshold, it is clear that the greater the cuts we make, the lesser the eventual impact will be. A 90 per cent cut should make the sort of warming that took place at the end of the Permian impossible. It is also clear that the sooner we act, the more effective the cut will be. There are several reasons for this, but the most obvious is illustrated by the two graphs on p. 18. In both cases we reach the target of a 90 per cent reduction by 2030, but in the second graph, where we delay the cut for longer, our total emissions are higher.

Two centuries after the Tragical History of Doctor Faustus was published, Johann Wolfgang von Goethe rewrote the magician’s story. In his version – Faust – the doctor’s bargain with Mephistopheles changes. He offers Mephistopheles his soul, but on one further condition: hell can have him only if he stops striving and succumbs to ‘smug complacency’.130

You heard me, there can be no thought of joy.

Frenzy I choose, most agonizing lust,

Enamored enmity, restorative disgust.131

Faust acquires his powers and performs his miracles, but he never relaxes. As the story progresses, he becomes less interested in living in all voluptuousness and begins pouring his demonic energies into other schemes. Towards the end of his life he starts planning a development project. He will create ‘room to live for millions’, sheltered
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from the storms and tides.132 He will use wave power to provide energy for them and human ingenuity to rescue land from the sea. He dies in the midst of his labours, and Mephistopheles is cheated of his prey. Angels descend and bear Faust’s soul up to heaven.

Faust, in other words, is redeemed by working, with frenzy and agonizing lust (and, I am sorry to say, a good deal of brutality), for the greater human good. While he still possesses his dark powers – his command of technology and labour, his ability to effect political and economic change – he uses them to create a world in which a free and comfortable society can persist. The gifts which threatened to destroy him are deployed instead to save him. This book seeks to explain how it might best be done.
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