


[image: cover]







Table of Contents

	About the Author

	By the Same Author

	Title Page

	Copyright Page

	Dedication

	Acknowledgements

	Chapter ONE TEETERING ON THE BRINK

	Chapter TWO POWERLESS

	Chapter THREE THE STAFF OF LIFE

	Chapter FOUR WILD WEATHER

	Chapter FIVE SAFE AND WELL

	Chapter SIX  KEEPING OUR HUMANITY

	APPENDIX GWSK RESOURCES

	First point of call – www.gwsk.info

	Teetering on the Brink

	Powerless

	The Staff of Life

	Wild Weather

	Safe and Well

	Keeping Our Humanity










Brian Clegg was educated at Manchester Grammar School and read Natural Sciences at Cambridge, specializing in experimental physics. He spent a year at Lancaster University gaining a second MA in Operational Research and then joined British Airways, where he worked for seventeen years on a wide range of projects. In 1994 he launched a new career providing creativity consultancy to corporations and writing for magazines and books. His clients have included BA, Smith Kline Beecham, the BBC, the Treasury and the Met Office. He is a Fellow of the Royal Society of Arts. He is also the editor of the successful www.popularscience.co.uk book review site. Brian Clegg lives in a Wiltshire village with his wife and two children.

www.rbooks.co.uk





Brian Clegg is the author of five previous science titles, including The Man Who Stopped Time, a biography of motion picture pioneer Eadweard Muybridge, and A Brief History of Infinity.





[image: The_Global_Warming_Survival_Kit_01.jpg]

THE

GLOBAL

[image: The_Global_Warming_Survival_Kit_02.jpg]WARMING

SURVIVAL KIT

[image: The_Global_Warming_Survival_Kit_03.jpg]

BRIAN CLEGG

[image: The_Global_Warming_Survival_Kit_04.jpg]





This eBook is copyright material and must not be copied, reproduced, transferred, distributed, leased, licensed or publicly performed or used in any way except as specifically permitted in writing by the publishers, as allowed under the terms and conditions under which it was purchased or as strictly permitted by applicable copyright law. Any unauthorised distribution or use of this text may be a direct infringement of the author's and publisher's rights and those responsible may be liable in law accordingly.

ISBN 9781409080152

Version 1.0

www.randomhouse.co.uk





TRANSWORLD PUBLISHERS

61–63 Uxbridge Road, London W5 5SA

A Random House Group Company

www.rbooks.co.uk

First published in Great Britain

in 2007 by Doubleday

an imprint of Transworld Publishers

Copyright © Brian Clegg 2007

Brian Clegg has asserted his right under the Copyright, Designs

and Patents Act 1988 to be identified as the author of this work.

A CIP catalogue record for this book

is available from the British Library.

ISBN: 9781409080152

Version 1.0

This electronic book is sold subject to the condition that it shall not by way of trade or otherwise, be lent, resold, hired out, or otherwise circulated without the publisher's prior consent in any form other than that in which it is published and without a similar condition including this condition being imposed on the subsequent purchaser

Addresses for Random House Group Ltd companies outside the UK

can be found at: www.randomhouse.co.uk

The Random House Group Ltd Reg. No. 954009

2 4 6 8 10 9 7 5 3 1





For Gillian, Chelsea and Rebecca





ACKNOWLEDGEMENTS

My thanks to my agent Peter Cox and editor Susanna Wadeson for making the experience of writing this book so enjoyable.

Sea-level-rise maps courtesy of Weiss and Overpeck, the University of Arizona, reproduced with permission.






ONE

[image: The_Global_Warming_Survival_Kit_05.jpg]

TEETERING ON THE BRINK




THE EARTH'S CLIMATE is changing. This is not news. The US National Academy of Sciences made their first study of global warming back in 1978. Although widespread acceptance that there is a serious problem took time to develop, the impact of climate change has now been studied for a good number of years – and the vast majority of scientists accept that this change is strongly influenced by human activity.

The UN added its support in the 2007 report from the Intergovernmental Panel on Climate Change (IPCC), stating that global warming is unequivocal fact, and that most of the rise since 1950 is most likely (with a better than 90 per cent confidence) to have been caused by human intervention. 'February 2 [2007] will be remembered as the date when uncertainty was removed as to whether humans had anything to do with climate change on this planet. The evidence is on the table,' said Achim Steiner, executive director of the UN Environment Programme.

Even the few who don't accept a man-made component admit that we are undergoing global warming. According to the IPCC, the world can look forward to centuries of climbing temperatures, rising seas and disrupted weather. All the evidence is that the world is warmer now than at any time in the past two millennia; if current trends continue, by the end of the century it will be the hottest it has been in two million years.

The ten warmest years on record have all occurred since 1990, and most Of those were in the last decade.

There is a lot of talk about action to prevent climate change – but, realistically, this is not likely to have enough effect. It is almost certainly a matter of too little, too late. Even if we persuaded the western world to give up its love affair with the SUV and cheap flights, the economies of China and India are gearing up to rival the US, currently the biggest influencer of climate change. It has been argued that the only way to prevent climate change from passing through a tipping point after which warming will accelerate beyond our control is to reduce greenhouse gas emissions by 90 per cent by 2030. No politicians are suggesting cuts that will achieve anywhere near this level of reduction.

Accelerating trends

We don't have to reach that tipping point to see climate change accelerating. Already the trends are getting worse. As New Scientist magazine said in February 2007, 'The [IPCC] authors acknowledge that they were being conservative. There is, though, a fine line between being conservative and being misleading, and on occasion this summary crosses the line. It omits some real risks either because we have not pinned down their full scale or because we do not yet know how likely they are.' Every week brings new revelations that global warming will hit us harder and sooner than was previously thought. John P. Holdren, president of the American Association for the Advancement of Science, wrote in 2007: 'Since 2001, there has been a torrent of new scientific evidence on the magnitude, human origins and growing impacts of the climatic changes that are under way. In overwhelming proportions, this evidence has been in the direction of showing faster change [and] more danger .. .' The world is on the brink of disaster.

Apart from a relatively small impact from the heat of the Earth's core, the world's warmth comes from the Sun. Without the energy of sunlight, the surface of the Earth would be similar to that of one of the distant planets in the solar system with a temperature hovering below the – 250°C mark. The Sun's warmth is essential to preserve life – but it is also the Sun that pushes us into global warming. Normally a fair amount of the Sun's energy is reflected back off the Earth out into space. The more of that energy that is absorbed rather than reflected, the more Earth temperatures will rise.

Living in a greenhouse

The greenhouse effect, which we've heard so much about, modifies the amount of the Sun's energy that escapes the atmosphere. Again, like the Sun, this isn't a bad thing in itself. If there were no greenhouse effect, the Earth would be an unpleasantly chilly place, with average temperatures of – 18°C, around 33 degrees colder than it actually is. But living in a gaseous greenhouse can be equally troublesome. The greenhouse effect is caused by water vapour and gases like carbon dioxide and methane in the atmosphere. Most of the incoming sunlight powers straight through, but when the energy heads back into space as infra-red radiation, some of it is absorbed by the gas molecules in the atmosphere. Almost immediately the molecules release the energy again. A portion continues off to space, but the rest returns to Earth, further warming the surface.

We only have to look into the sky at dusk or dawn when the planet Venus is in sight to see the result of a truly out-of-control greenhouse effect. Venus is swathed in so much carbon dioxide (around 97 per cent of its atmosphere) that relatively little energy gets out. Admittedly our sister planet is closer to the Sun than is the Earth, but it's this exaggerated greenhouse effect that has led to average surface temperatures of 480°C – hot enough for lead to run liquid – and maximum temperatures of around 600°C, making it the hottest planet in the solar system.

No one is suggesting that the Earth's atmosphere is heading for Venus-like saturation of greenhouse gases, but there is no doubt that the concentration of carbon dioxide, methane and other gases that act as a thermal blanket is going up. Each year we pour around 26 billion tonnes of carbon dioxide (CO2) into the atmosphere. Around a quarter of the CO2 we produce is absorbed by the sea (though this process seems to be slowing down as the oceans become more acidic), and about a quarter by the land (much of it eaten up by vegetation), but the rest is added to that greenhouse layer. Looking back over time – this is possible thanks to analysis of bubbles trapped in ancient ice cores from Antarctica and Greenland – the carbon dioxide level was roughly stable for around 800 years until the start of the Industrial Revolution. Since then it has been rising, and even the rate at which it rises is on the increase – the level of CO2 in the atmosphere is not just growing, it's accelerating.

In pre-industrial times, the amount of carbon dioxide in the atmosphere was around 280 ppm (parts per million). By 2005 it had reached 380 ppm, and was higher than it had been at any time in the last 420,000 years. It's thought that the last time there was a consistent comparable level was 3.5 million years ago in the warm period in the middle of the Pliocene epoch, well before the emergence of Homo sapiens, and it's likely that levels haven't been much higher since the Eocene epoch, 50 million years ago. The IPCC predicts that if we don't change the amount of CO2 we generate, levels could be as high as 650 to 1,000 ppm by the end of the century. The Goddard Institute for Space Studies (GISS) model, one of the best computer simulations of the Earth's climate, which reflects the impact of these changes on water patterns, predicts that most of continental USA will suffer regular severe droughts well before then.

The era of drought

By the end of the century, current predictions are that the tropics will live through droughts thirteen times as often as they do now. Drought is already on the increase. A 2005 report from the US National Center for Atmospheric Research notes that the percentage of land areas undergoing serious drought had doubled since the 1970s. South Western Australia, for instance, is facing a steady reduction in rainfall, leading to both potential drought and increased chances of bush fires.

As drought conditions spread, availability of water becomes restricted. Significant decreases in water output from rivers and aquifers are likely in Australia, most of South America and Europe, India, Africa and the Middle East. Countries like the UK are likely to get significantly drier summers, though they will be accompanied by stormier winters, and when the summer is wet, it will be wetter than usual. Across the world, drought will be dramatic. The 2007 report of the UN Intergovernmental Panel on Climate Change predicted that by the last quarter of the century between 1.1 and 3.2 billion people will be suffering from water scarcity problems.

Most historical droughts have been relatively short-term. Showing as statistical blips in the climate rather than marked permanent change, they did indeed cause devastation and disaster, but could be recovered from. A long-term drought provides no way out. Where these happen, civilizations simply disappear. After three or four years, the inhabitants of the drought area are faced with a simple choice of evacuation or death. A couple of years later and you have an abandoned region, littered with ghost towns and dead villages. Drought is no minor inconvenience.

Even where there is no immediate drought, a rise in temperature can push previously lush areas into decline. Many parts of the world that are currently tropical forest – the Amazon rainforest has to be the best-known example – are predicted to change to savannah, grassland or even desert as carbon dioxide levels rise and a combination of lack of water and wildfire destroys the woodland. The Amazon basin, long touted as the lungs of the world, has already become an overall source of carbon dioxide, pumping over 200 million tonnes of carbon from forest fires into the air – more than is absorbed by the growing forest.

If things continue the way they are, the expectation is that the Amazon rainforest will be just a memory by the end of the century.

This change from carbon sink – a mechanism to eat up carbon dioxide from the air – to carbon source is not just a feature of tropical forests. In 2005, scientists in the UK reported that Soil England and Wales had switched from being a carbon sink to a carbon emitter. As average temperatures rise, the bacteria in the soil become more active, giving off more CO2. Remarkably, in 2005 this was already proving enough of a carbon source to cancel out all the benefits from reductions in emissions that the UK had made since 1990.

Positive feedback

A combination of decrease in rainfall over areas like the Amazon rainforest with increase in temperature is expected to result in a massive die-back. There is a similar expectation that temperate and coniferous forests in Europe and parts of North America will be drastically reduced. The picture isn't uniformly gloomy – there is some expectation of a northern expansion of forest in North America and Asia – but even so, the overall effect is that vegetation that has been soaking up carbon will, in our lifetimes, become the opposite, an overall source of carbon, kicking the greenhouse effect into positive feedback.

The best-known example of positive feedback is the howl from a loudspeaker when a microphone is brought too close. Tiny ambient sounds are picked up by the microphone, come out of the speaker at higher volume, are collected again by the microphone and are reamplified, getting louder and louder until they become an ear-piercing screech. One of the most worrying aspects of climate change is that the global climate also features a number of positive feedback systems, where a change reinforces the cause of the change, making the change happen faster, which further reinforces the cause, and so on. Positive feedback has often been omitted from predictions. As New Scientist put it in February 2007: 'The rising tide of concern among researchers about positive feedbacks in the climate system is not reflected in the [IPCC report] summary . . . One clear need is to get to grips with the feared positive feedbacks.'

It's not just the Amazon rainforest and the Australian bush that are tipping into positive feedback, adding to the greenhouse effect. Other forests around the world, hitherto carbon sinks, are disappearing as temperatures rise. For example a combination of the increased temperature and the spread of pests is having a devastating effect on some Canadian forests. In one year, British Columbia lost 100,000 square kilometres of pine trees (three quarters the land area of England) to forest fires and disease. The local government estimates that 80 per cent of the area's pines will be gone by 2013.

Wildfires, destroying thousands of hectares of land and properties, are becoming increasingly common. In 1998 fires destroyed 485,000 acres (190,000 hectares) in Florida and 2.2 million acres in Nicaragua. Spain lost more than 1.2 million acres of forest to wildfires in 1994, while Greece and Italy each lost over a third of a million acres in 1998. Even in previously temperate areas like the UK, wildfires now pose a threat.

Agriculture will be forced to undergo major change. Traditional crops of hot countries – olives, maize, sunflowers – will take over in areas like southern England, while regions already growing such crops will find it increasingly hard to provide food. The 2007 IPCC report that forecast huge water shortages also predicted that as the twenty-first century progresses, up to 600 million extra people will go hungry as a direct result of climate change. If things get too drastic, perhaps our only hope will be a 'Noah's ark' of food – the vault being built by the Global Crop Diversity Trust in the permafrost of the Svalbard archipelago near the North Pole which will contain three million batches of seeds from all current known varieties of crop as a defence against the impact of global catastrophe.

Disappearing permafrost

There is an even more insidious effect of global warming that provides another positive feedback loop in the climate system – the melting of the Siberian permafrost.

In West Siberia lies a huge peat bog, around a million square kilometres in area (the size of France and Germany put together). Peat, the partly decayed remains of ancient moss and vegetation, is a rich source of methane, a gas that has around twenty-three times as powerful a greenhouse effect as carbon dioxide. The methane from the bog is frozen in place by the permafrost – a solid ice/peat mix that never melts. At least, had never melted until now. That permafrost is liquefying, discharging a huge quantity of methane into the atmosphere. By 2005 it was estimated that the bog was releasing 100,000 tonnes of methane a day. That has more warming effect than the entire man-made contribution of the United States. And thanks to positive feedback, the more the bog releases methane the faster it warms up, releasing even more.

The urban heat island

The impact of increasing temperatures is even worse for our city dwellers than the rest of the population, thanks to the heat island effect. In a normal environment, summertime temperatures are kept under control by night-time cooling. With no energy from the Sun hitting the dark side of the Earth, the parts of the planet in darkness can only lose heat, and where there are clear skies this can happen surprisingly quickly – witness the biting cold nights of the desert. But something goes wrong with this natural cooling process in a city. The pavements and canyon-like streets act as storage heaters, absorbing energy during the day that will keep temperatures relatively high at night.

This is the reason that many of the casualties of the European heatwave of 2003 were in cities. It's not a sudden, short snap of heat that is a large-scale killer, it's sustained heat that goes on day after day, and particularly heat that carries on through the hours of darkness. In the 2003 heatwave, it never got cool enough at night for relief. On 12 August 2003, Paris suffered a night-time temperature that never went below 25.5°C – stifling for the majority of city centre households without air-conditioning. Thousands died from the impact of the relentless heat held in place by the city streets. The final European death toll was over 35,000 from the heat and up to 15,000 more from the pollution that builds up, particularly over cities, in the warm still air.

Europe isn't alone in suffering the impact of sustained heat. Even though air-conditioning is much more widespread in the US, hundreds died in Chicago in July 1995 when hit by a heatwave of such sustained ferocity that on two successive nights the thermometer never dropped below 21 and 29°C respectively. To make matters still worse, warm air rises. The temperature difference between the ground floor and the top floor of a building can be enough to make the difference between comfort and trying to sleep in a virtual oven. Older high-rise buildings without air-conditioning but with relatively good air flow are particularly likely to roast inhabitants of their upper storeys.

The urban heat island effect is real; but it is factored out of climate-change calculations to avoid confusing the impact from greenhouse gases, which means that cities are likely to fare significantly worse than the predictions of temperature rise given by the climate-change models. It has been shown that urban heat islands don't contribute particularly to the overall warming of the planet (this can be seen because there is no link between changes in global temperature and average wind levels in cities, yet the heat island effect only arises on still days) but that really doesn't matter to the person in the city apartment. She will still suffer more than the models predict.

The dying conveyor

That's just how things are now. Heatwaves like that of 2003, which currently might be expected every twenty years or so, are likely to be annual occurrences by the end of the century according to our best predictions. In fact, it is quite likely on today's forecasts that such a summer would be average by 2040 and could be more typical of the coldest summer of the decade by the 2060s. The one mitigating factor that might benefit areas like the british Isles is the slowing down of the thermohaline circulation, the complex system of ocean currents that transports large amounts of heat from the tropics to northern latitudes. The section of this ocean conveyor system that runs in the surface layers of the Atlantic, preventing countries in Northern Europe from being more like Siberia in temperature, keeping Florida warm in the winter, and boosting temperatures on the Atlantic seaboard of North America, is the Gulf Stream.

Heatwaves like that of 2003 could be more typical of the coldest summer of the decade by the 2060s.

There is some evidence that climate change will produce a reduction of strength in this ocean conveyor, largely because of the impact of fresh water from melting ice sheets. The collapse of the conveyor was the scenario dramatized in the movie The Day After Tomorrow, but this hugely overemphasized both the speed of the change and its impact. Early attempts to model the impact of climate change on the conveyor suggested that it might shut down entirely over this century, but current best estimates predict a decrease in strength of around 25 per cent. This will help mitigate the heat impact of climate change in the areas warmed by the Gulf Stream, but will not totally counter it.

Sea-level rise

As the planet warms up, the delicate balance of coastal life will be devastated. Sea-level rises go hand in hand with increasing temperatures. This is not just a case of irritating a few coastal sea creatures. Many of the world's great cities, from New York to London, and major sections of low-lying countries like Bangladesh are at risk of destruction by relatively slight increases in sea level. In the storm surge of 1998, 65 per cent of Bangladesh was inundated. It would not take much of a rise to make this a common occurrence.

Climate change has a double impact on sea level. The headline-grabbing cause is the melting of vast tracts of ice, increasing the volume of water in the sea, but there is a more direct effect too. As liquids get warmer they expand, and given the huge volume of water in the oceans the effect is far from trivial. Just a few degrees' increase in temperature is enough to push the sea level up around a metre from expansion alone. But the melting ice isn't only featured more often in the news because it looks more dramatic on the TV screen. Though initially expansion will be responsible for more rise than melting, the situation with the world's frozen supplies of water is heading for potential catastrophe.

A very visual illustration of the impact of climate change is the way that ice is disappearing from the North Pole in the summer. Not only is this happening on a large scale, but also Arctic ice is melting much faster than was expected only a few years ago. NASA satellites have revealed that in summer 2005, 730,000 square kilometres of ice that is normally permanently frozen melted: this is without historical precedent. The area of ice at its summer low was 20 per cent smaller in 2005 than in 1978. At least once in the last few years, the North Pole itself has disappeared entirely. This can happen because the Arctic isn't a land mass but a floating sheet of ice.

The good news here is that melting Arctic ice doesn't contribute to an increase in sea level. Floating ice is already displacing water just as a ship does – if the floating ice melts, the overall water level doesn't rise. But that doesn't mean the disappearing Arctic summer ice is a good thing. Not only is it a disaster for wildlife like the polar bear, it has a direct impact on global warming. Melting ice drives another of the positive feedback loops that are rife in the climate-change world.

As we've seen, it's the Sun's energy that heats up the world. But not everywhere is equal when it comes to solar warming. The lighter in shade a surface is, the more energy is reflected back out to space (greenhouse gases permitting). The glittering whiteness of an ice sheet is ideal at flashing back a good portion of the energy while the dark waters of the ocean absorb significantly more; water takes in more heat than does ice. So the more the Arctic melts, the more energy is absorbed, melting even more ice – positive feedback. And even though the melting Arctic doesn't contribute directly to sea-level rise, because of this positive feedback it does contribute further to global warming (and hence indirectly pushes up water levels).

Uncovering Greenland

Much more worrying than the Arctic from the point of view of ocean-level rise is Greenland. If we think of Greenland at all, it tends to be either as a cold little place between Europe and America, or the first example of dodgy advertising, when it was optimistically given a name that implies verdant pastures in an attempt to attract gullible Norse settlers. But in climate terms, the interesting (and potentially frightening) thing about Greenland is its ice sheet. More accurately, this is no mere ice sheet, it's an ice mountain range. The Greenland ice sheet covers over 1.3 million square kilometres (think France and Spain combined), and is mostly over 2,000 metres thick. Compare this with the United Kingdom's highest mountain, Ben Nevis, which only rises 1,300 metres above sea level. At its thickest, the ice sheet is 3,000 metres deep, over half the height of Canada's Mount Logan.

According to NASA, through the 1990s the ice sheet was shrinking by around 50 billion cubic metres a year. That's a lot of ice – but it would still take between 1,000 and 10,000 years for the Greenland ice sheet to melt completely. There's no room for sighs of relief, though. As Jim Hansen, director of the GISS and George Bush's top in-house climate modeller, graphically put it, '[Greenland's ice is] on a slippery slope to hell.' By 2000, the rate the ice sheet was melting had accelerated so much that it was already losing vastly more than had been estimated just ten years before. The assumption had been that the ice would gradually melt from the surface downwards, trickling its way to the sea as run-off water. But what is actually happening is startlingly different.

Lakes of water are forming on top of the ice sheets. These sheets aren't always uniformly solid. If there's a crack in the ice below a lake, the water can rush down, opening up the crevasse further as it flows until it has passed through the entire sheet to the bottom, where the water flow can eat away from beneath, enabling huge chunks of the ice sheet to float off the land. ' [If] the water goes down the crack,' says Richard Alley of Pennsylvania State University, 'it doesn't take 10,000 years [to reach the base of the ice sheet], it takes 10 seconds.' And this is without considering the impact of the melting of the Antarctic ice cap, which is also on land, so contributes to sea-level rise.
 
If the entire Greenland ice sheet were to end up in the ocean, the extra water would raise Sea level by 7 metres.

As if the disappearing ice sheets weren't enough, there is plenty of evidence that the glaciers around the world are also disappearing with unprecedented speed. Not only do these contribute to sea-level rise (the glaciers of Tajikistan alone hold 845 cubic kilometres of water), but water from glaciers is essential for the irrigation and drinking water of many countries. Around 10 per cent of north-west China's water supply comes from glacier melt water, for instance, and there are higher percentages elsewhere. Loss of glaciers will have a devastating effect on the economy and social well-being of a number of countries.

The rising tide

Sea-level rises are real and are happening. The Carteret Islands in the South Pacific are already being abandoned, their 2,000 inhabitants displaced by the rising ocean. The current best guess suggests the islands will be totally submerged by 2015. Perhaps even more striking is the fate of Tuvalu, another collection of islands in the South Pacific, which forms a nation in its own right. The 10,000 people of Tuvalu are also having to give up their homeland. Before long that country will be a small, modern-day equivalent of the mythical Atlantis, disappearing under the waters.

Many of the world's great cities are on a coastline and would have to be abandoned if sea-level rises reach a fraction of the 5 metres that now seems entirely feasible. The timescale for this is uncertain. Conservative estimates put the rise by 2100 at 0.5 metres, but this doesn't allow for the impact of positive feedback and the unexpected behaviour of the Greenland ice sheet. The rate of change in the Arctic perennial ice last year was eighteen times faster than was predicted just ten years ago. By February 2007, sea level

[image: The_Global_Warming_Survival_Kit_06.jpg]

[image: The_Global_Warming_Survival_Kit_18.jpg]

Land under water in Europe after a 5-metre rise in sea level.

was rising twice as fast as was predicted in 2001. Without a transformation in our approach to climate change, the 5-metre mark could easily be reached in our lifetime. It would only take an extra 3°C to bring the world to the conditions of the mid Pliocene, when sea level was 25 metres higher than today. Imagine the New Orleans flood, but massively deeper and never abating. Cities like London and New York would not stand a chance.

Global warming will change the shape of the inhabited world. Over 20 per cent of the world's population lives within 30 kilometres of the coast, and the number of people living in these at-risk areas is growing at twice the average global rate. Rising seas will mean that most of the US eastern seaboard would have to be abandoned, along with half of Florida, as will low-lying shore areas inhabited by hundreds of millions around the world. And this is not the limit. As we've seen, if the Greenland ice sheet melted entirely, sea level would rise 7 metres. The collapse of the fragile West Antarctic ice sheet would raise the level by up to another 6 metres, while the whole of the Antarctic ice cap melting would bring about an extra 60-metre rise (though this is thought unlikely to happen with temperature rises of less than around 20°C, so it's not one to hold your breath about).

Any figures for sea-level rise also need to be topped up with the impact of storm surges. In some areas – around the south-east of England, for example – when the storms are at their height sea level is expected to rise around a metre more than is otherwise predicted, well before the end of the century.

Stormy weather

We might be dependent on energy coming in from the Sun, but in terms of matter, the Earth is largely a closed system. Extra droughts in some parts of the world mean more wetness elsewhere. As well as the impact of sea-level rise, some parts of the world can expect increased rainfall, and particularly more heavy storm rain. At the moment the increase is relatively slight – in 2001, the IPCC estimated that precipitation in the northern hemisphere had increased by between 5 and 10 per cent over the previous 100 years – but there's more to come.
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Land under water in The US (Gulf Coast and New York area) after a 5-metre rise in sea level.
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Land under water in Australia after a 5-metre rise in sea level (note most of the occupied land in Australia is on the coast).

A significant fear is that global warming will produce more hurricanes like Katrina, the storm that devastated New Orleans and the surrounding coast in 2005. There is no certain evidence that climate change was behind the significant rise in numbers of hurricanes in 2005. As the oceans heat up, it should be easier for hurricanes to form, but there are other factors that come into play, and scientists are reluctant to commit themselves to saying that hurricane formation is on the increase. (This is a reassuring counter to those who think climate-change scientists have a hidden agenda and make predictions that show that man-made climate change is responsible for everything that goes wrong with the weather.)

However, even if the higher number of hurricanes in 2005 was a blip, it does seem true that they are increasing in power. Two studies in 2005 both showed that the energy levels of hurricanes is on the rise, with twice as many storms at the highest category 4 and 5 levels as were recorded in the early 1970s. There shouldn't be a similar effect with powerful tornadoes, though. The really big tornadoes are the product of a very special kind of thunderstorm that doesn't seem to be influenced by global warming. The smaller, more common tornadoes like those experienced in Europe may be on the increase, but equally it could be that we are just noticing and reporting them more.

The new disease threat

Changes in climate are not only affecting sea level, but also spreading disease. Malaria was once rife in the south-east of England. It would take only a few degrees' rise in temperature and disease-carrying mosquitoes could set up permanent home across much of Europe and North America. Today, malaria alone already kills a million people a year. Along with dengue fever and West Nile virus, it is increasingly turning up in locations that were once thought beyond its reach.

Global travel means that disease-carrying insects regularly hitch a lift on aircraft or in passengers' luggage, reaching far beyond the normal travel range of the insects themselves. Up to now the climate they faced on arrival was too much of a challenge, but there is good evidence that a changing world is becoming more accommodating to these tiny terrors. West Nile virus, for example, got a toehold in New York in 1999. By 2005 it had spread to cover much of the United States and southern Canada and was already responsible for the deaths of over 800 North Americans. (The virus, which largely resides in birds, seems to have spread more widely among humans in America than in Europe, because whereas in Europe the mosquito mainly responsible for spreading the virus comes in two types, one specializing in birds, the other preferring people, in the US and Canada a hybrid has developed that is equally fond of both. This could easily spread to Europe, but hasn't yet.)

Studies at Durham University show that malaria was wiped out in England by a series of cold summers in the 1800s. The climate conditions are now heading in the right direction – increased precipitation and warming temperatures – to make malaria's return to previously infection-free regions like Western Europe and much of the continental United States a likelihood.

It's not just people who are at risk from climate change opening up new territory to parasites. The Colorado beetle, which has devastated American potato crops in the past, has rarely gained much of a foothold in Europe because the temperature hasn't been high enough for it to thrive. But just a couple of degrees of temperature increase – inevitable, according to nearly all predictions – will be enough for the beetle, which is already making predations into Canada, to be comfortable eating its way through practically any potato crop in the United Kingdom and other European countries at a similar latitude.

Losing essential services

As things get worse, there will be huge disruption to normal services. Availability of electricity, petrol and gas will be increasingly restricted as the need to respond to climate change goes critical. At the same time, with stocks of non-renewable fuels running short and sources of supply becoming more remote, there is a growing opportunity for disruption of supply by natural disasters and terrorists. We could see a regular or even permanent breakdown of services that are essential for our everyday lives.

Of course, prediction isn't an exact science. We can't even forecast the weather more than a few days out, so it seems optimistic to assume that we can know how the world's climate will change over tens of years. But while there will always be varying interpretations as long as there are different scientists analysing the data, the consensus is now hugely in favour of global warming being a real, growing threat.

Some sceptics still point out that the changes to date are relatively slight, and may not have a huge amount of impact before the end of the century, but they are missing two significant points. First, the impact has begun. If you doubt this, speak to a citizen of New Orleans, someone who has lost a family member to the heatwave that caused thousands of deaths in Europe in 2003, or someone who has lost their home to unprecedented wildfire or coastal floods. Secondly, it's a mistake to assume that the relatively slow rate of change we see now will continue at such a creeping pace.

The sudden swing

According to Will Steffen, the Australian climate-change expert, the world is not usually a place of gentle, slow drift. Abrupt change seems to be the norm, not the exception,' says Steffen. On twenty-three occasions during the last ice age, for instance, air temperatures went through massive climbs, pushing temperatures in Greenland up by as much as 16°C in about forty years. Around half of the rise in temperature that led from each ice age to the following inter-glacial periods – again, changes of the order of a huge 16°C – took place in just ten years.

When the Earth undergoes major change it tends to be in sudden, large steps – this is something that is a relatively recent discovery. Richard Alley, in a report for the US National Academy of Sciences, concluded: 'Recent scientific evidence shows that major and widespread climate changes have occurred with startling speed . . . this new thinking is little known and scarcely appreciated in the wider community of natural and social scientists and policymakers.' We might be predicting a half-metre rise in ocean level by 2100 (plus up to another metre of storm surges) based on current, slow, steady rise, but we have to prepare for the possibility of a precipitous step-change in temperature that will result in much faster rises in sea level.

Even without step-change, there is a real possibility that current predictions are underestimating the impact, because they have not taken sufficient account of positive feedback accelerating the process of global warming.

Cleaner air means worse warming

Sometimes, even our attempts to make the environment better can have an ironic and unexpected effect. Aerosols – the scientific term for suspensions of fine particles in the air, typical of much airborne pollution from smog to black smoke – have been cut back significantly as we manage to clean up the air. But aerosols have a helpful effect where global warming is concerned. Unlike greenhouse gases, they stop the Sun's energy on the way in, so have a cooling effect on the ground below. (This is reversed if soot particles, for instance, land from the aerosol on snow, darkening it and reducing reflection.) At the moment aerosols could be reducing the global warming impact of greenhouse gases by up to half – but this contribution is liable to seep away as we achieve cleaner air.

Human or natural?

A handful of scientists question whether human intervention is responsible for global warming. They point to pre-human variations in temperature, which clearly weren't caused by our production of greenhouse gases, and ask why global temperatures fell during the period between the 1940s and the 1970s, when the western world was going into industrial overdrive. Our current warming, they suggest, is down to solar activity, either directly, as a result of variations in the Sun's output, or indirectly by a reduction in the impact of cosmic rays on the Earth, which in turn reduces low cloud formation, letting temperatures rise. They also point out that in pre-human times, global warming tended to precede a rise in carbon dioxide level, rather than the other way round.

Mainstream scientists don't doubt that the Sun and cosmic rays have some input on climate change, but the vast majority are now convinced that the main factor in our current warming is human-produced greenhouse gases. It is true, they say, that pre-human warming events began before carbon dioxide levels rose. The warming released trapped carbon dioxide, which then resulted in further warming and so on. But there is no doubt whatsoever that carbon dioxide is a greenhouse gas that produces warming effects, nor that human activity is increasing CO2 levels in the atmosphere. As for the cooling between the 1940s and the 1970s, this is to be expected as an effect of the pollution emitted in that period, blocking sunlight with aerosols of fine particles. The best scientific evidence suggests that the sceptics are wrong – but it doesn't really matter from the point of view of surviving the impact of climate change.

Even the sceptics accept that global warming exists.

Everyone also agrees that there's a lot of uncertainty in the predictions of just how great the effect will be. That's inevitable because they are dealing with a very complex and only partly understood system. Clouds, for example, have a big impact on the climate. Low clouds have a cooling effect; high clouds trap infra-red radiation and warm us up. Different types of cloud make very different contributions to heating or cooling. Attempting to include the feedback produced by clouds into climate models produces a huge range of variation.

This means that though the predictions held to be most likely are still for a temperature rise of 2°C–3°C within a century, it certainly isn't impossible that it might be 10°C or even 12°C – plenty to make the most dire predictions of the impact of climate change a reality in our lifetime. A stark indication that this may be the case came from a 2007 report by the US Academy of Sciences, stating that climate change indicators have recently been rising three times faster than the worst predictions. The knowledge that there's uncertainty doesn't mean we can just cross our fingers and hope the threat goes away. It's all the more reason to be ready, in case things head for the unpleasant end of the prediction range. And something we know for certain is that whichever of the predicted averages proves correct, we will experience worse than that.

The projections we see for the impact of climate change are based on averages, rather than extremes, but we don't experience averages. Compare a weather forecast for tomorrow with the average picture of the weather in your area at this time of year. It's the forecast that tells you how the weather will affect you, not the average. We want to know what the storm surges, the heatwaves and the hurricanes will do to us, not how things average out. The damage is caused by the worst the weather can throw at us.

Being prepared for global warming means thinking through the possible consequences for you, and putting some plans in place. That's what The Global Warming Survival Kit is here to help with. If we're lucky, and disaster doesn't strike, it will still come in useful if there's a power cut or your water supply is temporarily cut off. If we're not lucky, it's going to be a life-saver.
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