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  Introduction




  There is sufficient, robust evidence that the world is warming and that the sea level is rising, and that these are due to human activity (in particular, the emission of

  greenhouse gases). This book will provide you with sufficient evidence and reasoning for you to hold your own in any argument. It also makes the point that it is as important how we solve

  the issue of global warming as that we solve it.




  Is the world heading for the biggest disaster ever faced by modern humans? Is the world getting warmer and is this changing our climate? Is the modern industrial society

  engaged in a massive experiment with the world’s climate, the outcome of which may see the end of civilization as we know it? It looks like it.




  For some years, scientists recording global temperatures have noticed an almost imperceptible but steady rise in the average global temperature that had remained more or less constant for

  thousands of years. Glaciers are retreating, sea-ice is melting and plant and animal species are slowly moving towards the poles. Scientists have also seen a constant and rapid rise in the amount

  of carbon dioxide and other greenhouse gases in the atmosphere. There is now significantly more carbon dioxide in the air than there has been for the past 650,000 years (which is about as far back

  as we can measure). It seems that the gases we have been pumping into the air since the industrial revolution have had unintended consequences. What does it all mean?




  This book explains why greenhouse gases matter, what their impacts have been and are likely to be, and why it has taken us this long to wake up to the problem. Then we suggest what can be done

  about it. We hope that after reading this book you will be able to hold your own on any occasion at which views on global warming and climate change are exchanged in a loud, vigorous, and

  opinionated manner. We have tried to keep it simple. There are many other excellent books and websites if you want to know more.




  The book has been divided somewhat artificially into “The Science” and “The Politics”, though, of course, in the real world there is a symbiotic relationship between

  science and politics. We thought it best to start the book by putting forward the evidence that the planet is warming, in chapter one. Chapter two explains how this has come about – what the

  greenhouse effect is and why carbon is such a big deal. Chapters three and four both deal with the likely impact of global warming. Chapter three explains how climate models work, looks more

  closely at the climate system, and explains why such a seemingly small change in temperature can have such enormous consequences. The ice ages, for example, were sparked off by only a few degrees

  change in average global temperature. Chapter four explores how these climate changes in the physical world will affect us.




  The second part of the book is essentially people’s collective response to global warming. In this section, chapter five looks at how people are already adapting to a changing climate, and

  how to plan for future adaptation. However, we can only adapt to a certain extent and at a certain speed. What we really need to do is to stabilize and then reduce greenhouse gas concentrations in

  the atmosphere (this is examined in chapter six). Chapter seven looks at why we haven’t yet done most of the things proposed in chapter six, which are no-brainers given the science involved.

  In chapter eight we pay a visit to the corridors of power and take a look at the political shenanigans that go on there. We see what governments have actually managed to agree to, and why it is not

  enough. Chapter nine suggests that the only truly fair way to tackle climate change would be to assign to each individual on the planet an identical quota of permissible greenhouse gas emissions

  from all activity (transport, heating, cooking, and so on) within a sustainable total. There could perhaps then be some mechanism for trading to increase one’s individual quota, if others did

  not use theirs in full. It also describes some ways in which we can make the transition from the fossil-fuel-age.




  Finally, in chapter ten we examine what we can do to help to prevent the planet from overheating.




  So that’s it. Enjoy the read. And remember to switch the light off when you go to sleep.
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  Section One




  The Science




  







  Chapter One




  Are We Warming the Planet?




  This chapter presents the evidence for global warming (the “hockey stick” graph, melting ice caps, retreating glaciers, the rise in sea level, ice cores and tree

  rings, species migration and extinction). It explains what global average temperature is and how it is derived.




  

    

      “Warming of the climate system is unequivocal as is now evident from observations of increases in global average air and ocean temperatures, widespread melting of snow

      and ice, and rising global average sea level.”


    


  




  Intergovernmental Panel on Climate Change (IPCC), February 2007




  Twenty to thirty years ago there was some doubt as to whether the world was warming. Some scientists argued that the world might even be cooling down. Others poked and prodded

  at apparent inconsistencies in the data. But in the end, thermometers in 17,000 weather stations and data from ten weather satellites could not be argued with. It is getting hotter and the rate of

  increase is frightening. The last century has been warmer than any other in the last 1,000 years. Of the twelve hottest years since 1850 when we first figured out how to measure temperature, eleven

  were between 1995 and 2006. The rate of warming over the last fifty years has been double the rate for the last 100 years. It is now, on average, 0.74°C warmer than it was a hundred years

  ago.




  But hang on, you might say, what about all that rain and snow last winter? Well, let’s be clear right from the start. We’re not talking about the temperature in your back yard.

  We’re talking about “average global temperature”. That is the average temperature not only of every back yard in the entire world, from pole to pole, but also an average of

  daytime and nighttime temperatures and summer and winter temperatures. It is this average global temperature that is increasing.




  But hold on again. If an average temperature is an average of all the ups and downs, then how can an average also go up (or down)? Well, it works something like this. Climatologists don’t

  average out all the temperature readings ever recorded. That would give one number, the average, which would not be very useful. What climatologists are trying to uncover in the wild upswings and

  downswings of daily, monthly and annual temperature readings is a “temperature trend” (and for scientists, a trend has nothing to do with fashion – glasses and white lab coats are

  in again this summer). Imagine you’re a scientist (Come on, try harder!) and that you are recording the temperature in your own back yard every two hours, every day, for a year and that you

  are plotting your results on a graph. The result would be a very jagged line, but through the confusing “noise” of daily fluctuations you should be able to see a general trend as

  temperatures fall in winter and rise in summer. Similarly, temperature records for the planet show a lot of “noise” from which a trend has to be determined. By using the right kind of

  statistical mathematics one can “smooth” the graph by eliminating the noise and allow the trend to be shown clearly.




  Finding the trends hidden in the noise is one of the reasons it has taken us so long to start worrying about global warming and climate change. Past global temperatures, even those that have

  been averaged and smoothed, have had their ups and downs. In the last 1,000 years we have gone through significantly cooler and warmer periods. So the temperature rise that began in the early 1900s

  was not seen as anything abnormal. In fact for twenty years or so after 1945, it appeared that the world was actually cooling down again (sadly the effect was only temporary). It was only in the

  late 1970s that scientific consensus began to emerge, and even then, it was not a complete consensus and not too many scientists were alarmed. Exactly what it would take to alarm a scientist,

  we’re not sure, but by the 1990s the alarm bells had started to go off in the ivory towers of academia. Even then, a handful of climatologists persisted in their belief that there was still

  insufficient evidence of global warming.




  Was it a warmer world that was making the scientists and politicians so lethargic that they failed to recognize the looming problem? No, that’s just silly. Well, maybe the politicians had

  dozed off, but the lack of alarm in scientific circles was in part due to the rigorous training that scientists go through. They are not allowed to believe anything until it has been proved a

  hundred times and has been published by an eminent scientist in a practically unreadable journal. The other problem is that there is no “provable” link between global warming and

  human-induced carbon dioxide emissions (there is more on this in chapter two). We have a Greenhouse Theory which, like Newton’s Theory of Gravity, may not be perfect, but is as compelling as

  any of the existing generally accepted scientific theories. And we have a rise in greenhouse gas levels (of the kind which has not been seen for millions of years), which coincides with an

  exponential increase in our use of fossil fuels. Most non-scientists would put two and two together and head for the hills; but scientists are not like that. In 2001, the high church of global

  warming, the Intergovernmental Panel on Climate Change (IPCC), would only say that the observed warming was “likely” due to anthropogenic, or human-induced, emissions. Not exactly

  language to make people sit up and take notice, but they were getting there, slowly. In the 2007 pronouncement the language used was upgraded to “very likely”. The next levels are

  “extremely likely”, then “virtually certain”, followed, perhaps, by “******* likely”. (By the way, these terms all have statistical equivalents.

  “Likely” translates to 66 per cent, “very likely” to 90 per cent, “extremely likely” to 95 per cent and “virtually certain” to 99 per cent. As

  “******* likely” is our own invention we can’t claim that it has a statistical equivalent.)




  The IPCC was set up in 1988 by the UN World Meteorological Organisation and UN Environmental Programme to help world governments make sense of global warming and climate change. Not only was

  there a confusing array of very technical information, but the scientists did not always agree with each other and delighted in poking holes in the data and conclusions of their colleagues. So the

  brief of the IPCC, a panel of a few hundred climate experts from around the world, was not to do any research itself but to consider the best and the latest research as well as commission work to

  fill any obvious gaps. They were then to write this up in a report that even a politician could understand, with all the appropriate “ifs”, “buts”, and “maybes”.

  The IPCCs First Assessment Report was published in 1990 and by February 2007, the Fourth Assessment Report was undergoing final editing.




  With each successive IPCC Assessment Report, the “ifs”, “buts” and “maybes” have become fewer, and despite the authors of the reports covering their butts

  with careful scientific language, the message was loud and clear: global warming is happening and we are causing it. But how do we know?




  One way to find out is to hop on a plane (on second thoughts, a rowing boat would be more climate friendly) and head for Iceland. About 10 per cent of the country is covered with glaciers with

  names unpronounceable to almost everyone except the Icelandic Glaciological Society. Each year for the past seventy years, the Society’s volunteer members have been tramping out to the foot

  of the glaciers after the end of the summer melt, and measuring their positions. The Sólheimajökull glacier, for example, is about 300 metres shorter than it was a decade ago. The

  picture is much the same for all the others. Next-door Greenland is mostly covered by a huge glacier, so big it is called an ice-cap which holds in its frozen mass, more than 8 per cent of the

  world’s fresh water. Just west of the very top of the ice-cap is a scientific station called Swiss Camp, built in 1990. If the icecap moves (as all glaciers do), the camp on its back moves

  too. Until 1996 it was moving at a rate of about 30 cm a day. In 2001 this had shot up to a lightning 45 cm per day. The sudden increase in speed was ascribed to melt-water making its way through

  the ice to the bedrock and acting as a lubricant between the ice-cap and the bedrock. Whatever the cause, more and more studies show that Greenland ice is indeed melting at unprecedented rates.

  Satellite probes show how the ice-cap is thinning – in some places by up to 15 metres since 1997. Even Glacier National Park in the USA is fast running out of glaciers and by 2030 may have to

  change its name or be sued for misleading advertising.




  Some way south of the ice-caps but still in the chilly north, it used to be the case that one could dig down a metre or so and hit permanently frozen soil, called permafrost. However, in Alaska,

  since 1950 the temperature has increased by 3–4°C and begun to take the perma (or is it the frost?) out of the permafrost. The resulting melting causes the ground to shrink and split and

  crack, forming soggy open trenches beneath trees, roads, telephone poles and houses.




  There is a lot more evidence for global warming in the northern hemisphere, partly because it is home to more scientific institutions and partly because (as the climate change models predict)

  the warming is more acute in the northern hemisphere because of its large landmasses. But the southern hemisphere is not without its climate change markers. The snow on top of Mount Kilimanjaro is

  disappearing at an alarming rate and may have all but disappeared in another twenty years while researchers still bicker as to whether this is a direct result of global warming or not. Much further

  south in the arid western parts of South Africa and Namibia grows a kind of tree-aloe called a Kokerboom or Quiver Tree. Its scientific name, Aloe dicotoma, illustrates the dilemma which

  this dichotomy posed to early taxonomists – is it a tree, or is it an aloe? This was nothing like the dilemma, however, that this poor aloe now finds itself facing. Researchers at the South

  African National Biodiversity Institute have noticed that over the last thirty years, aloe populations have been dying out rapidly in the northern-most extreme of its range. By comparing

  photographs shot from exactly the same location but decades apart, the researchers have also shown how the plants have grown well on the cooler mountain slopes, but died out on the hot valley

  floors. This plant, despite its exquisite adaptations to a hot, desert environment, is nevertheless being adversely affected by global warming.




  The Kokerboom is not alone in its difficulties. Naturalists are becoming increasingly aware of some strange changes in the behaviour of some very specialized creatures. Take the insignificant

  Winter Moth, for example. Its even more insignificant larvae feed only on tender, newly-sprouted oak leaves. But while the oak senses the onset of spring by the lengthening of the days, the larvae

  get the signal to hatch from warming temperature. Over millions of years, the hungry caterpillars have finely tuned their hatching time to match the sprouting of new leaves. But recently things

  have gone awry. The little caterpillars are hatching earlier and earlier only to find that there are no leaves yet. Those who can hang on for a few days without food, and their sleepier siblings

  may survive. For the rest, it’s a ticket to the great oak tree in the sky, courtesy of global warming.
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