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Abbreviations

The following abbreviations and acronyms have been used throughout:

Units of measure


	BTUs
	British thermal units


	GtC
	gigatonne (thousand million tonnes) of carbon


	GWh
	gigawatt (thousand million watt) hours


	kgC
	kilogrammes of carbon


	kgCO2
	kilogrammes of carbon dioxide


	kWh
	kilowatt hours


	MtC
	million tonnes of carbon


	mtoe
	million tonnes of oil equivalent


	MW
	megawatt (1 million watts)


	ppm
	parts per million


	tC
	tonnes of carbon


	tCO2
	tonnes of carbon dioxide


	toe
	tonnes of oil equivalent




Note: Carbon dioxide emissions can be measured in either tonnes of carbon dioxide (tCO2) or tonnes of carbon (tC). Tonnes of carbon is the most usual method of measurement in UK and international statistics and is used throughout the book, with the exception of Chapter 8, where emissions are measured in tonnes of carbon dioxide.

One tonne = 1,000 kg; one tonne of carbon = 3.67 tCO2. To convert tC into tCO2 figures, multiply by 3.67. To convert tCO2 into tC, divide by 3.67. The same formula applies to kgCand kgCO2.

Organizations


	CflT
	Commission for Integrated Transport


	DEFRA
	Department for Environment, Food and Rural Affairs


	DETR
	Department for the Environment, Transport and the Regions


	DfT
	Department for Transport


	DTI
	Department for Trade and Industry


	DTLR
	Department of Transport, Local Government and the Regions


	ENDS
	Environmental Data Services


	EU
	European Union


	GCI
	Global Commons Institute


	ICCEPT
	Imperial College Centre for Energy Policy and Technology


	IEA
	International Energy Agency


	IIED
	International Institute for Environment and Development


	IPCC
	Intergovernmental Panel on Climate Change


	IPPR
	Institute for Public Policy Research


	NGO
	non-government organization


	OECD
	Organization for Economic Co-operation and Development


	ONS
	Office of National Statistics


	OPEC
	Organization of Petroleum Exporting Countries


	PIU
	Performance and Innovation Unit (Cabinet Office)


	RCEP
	Royal Commission on Environmental Pollution


	SPRU
	Science Policy Research Unit (University of Sussex)


	UN
	United Nations


	UNEP
	United Nations Environment Programme


	WHO
	World Health Organization




Other abbreviated terms


	C & C
	contraction and convergence


	CFL
	compact fluorescent lamps


	CHP
	combined heat and power


	EEC
	Energy Efficiency Commitment


	GDP
	gross domestic product


	HEES
	Home Energy Efficiency Scheme


	IT
	information technology


	LPG
	liquefied petroleum gas


	NETA
	New Electricity Trading Arrangements


	PV
	photovoltaics


	VAT
	value added tax







Part One:
The Problem

1. Eyes Wide Shut
Introduction

Climate change is the most important issue of our age – perhaps of any age. If we, collectively and individually, do not act resolutely on it and to the extent that is imperative, the prospects are grim. Higher temperatures are predicted worldwide, with the average 6°C above current levels by the end of the century and higher still in some countries. Sea levels will rise inexorably and rainfall patterns will be greatly altered, with the frequency of drought conditions and severe flooding far more common. Large parts of the globe are likely to become uninhabitable, especially in delta and other low-lying regions of the world. We are already witnessing the first stages of a monumental catastrophe.

This is not the view of alarmists but the considered opinion of international climate scientists. It is already acknowledged by most governments around the world. The decisions that have to be taken in response to these growing threats must be made as a matter of urgency. The greenhouse gases we emit now, and have been emitting – mainly carbon dioxide from energy use – will remain in the atmosphere for hundreds of years, causing changes for thousands of years as the earth slowly reacts. Future generations will bear the heaviest burden for the present generation’s irresponsibility. We are currently on the road to ecological Armageddon, with little apparent thought for the effects on ourselves, let alone on the populations succeeding us.

It does not have to be like this. Nor does anybody want it to be. As the UK government stated in 1990, it is ‘mankind’s duty to act prudently and conscientiously so that the planet is handed over to future generations in good order’. As well as posing the most demanding challenges to the character and quality of our way of life, therefore, the issue is foremost a moral one and has to be seen as such, however problematical that may be. Taking a moral position as a starting point – that it is a matter both of duty and necessity to try to save the planet – this book presents what we see as the only solution to climate change that has a realistic prospect of success. The direction is very simple and generally agreed: cuts must be made to greenhouse gas emissions. The difficult part, and where moral as well as scientific questions arise, is deciding by how much, by when and by whom. For instance, should it be the most ‘energy profligate’ nations and individuals who should be obliged to bear the greater burden in emissions reduction? We put forward a radical and innovative strategy that can achieve a sufficient decrease in emissions, by a set date, and in a way that is transparent and fair, and so can command wide public support. Adopting this strategy would mean the UK could both meet its international and national commitments to greenhouse gas reductions, and show global leadership.

We have written this book because the implications of climate change are not yet being taken seriously enough. People, including politicians and business leaders, talk about the importance of the environment, but greenhouse gas emissions around the world are accumulating in the atmosphere at an alarming rate. The apparent contradiction between belief and action may be because there is a feeling that climate change will turn out to be an ephemeral problem that will magically disappear or that human ingenuity will lead to the development of some miraculous technology so tghat our material standards of living can continue to rise for ever.

We challenge both these convenient myths. Evidence that climate change is already occurring, and will do so at a more rapid rate in the future, is increasing all the time. Technology, by itself, will not be sufficient to make the cuts required to prevent this change happening to an unimaginable extent. We do not discount the value of technological improvements but, far more importantly, we believe that radical change is required in people’s behaviour. This will require individuals both to demand rigorous government intervention that will lead to carbon dioxide savings across society, and to make changes in their own lives to reduce their personal emissions of carbon dioxide.

A major focus in this book relates to the contribution that individuals in the UK are making and could make. They are directly responsible for half of its emissions of carbon dioxide, the main greenhouse gas. Individuals must also take responsibility for the consequences of their actions and not look for excuses for evading it. We all have a crucial role to play. Deciding how much energy we use, in car travel, foreign flights or heating our homes, now has a moral dimension because of the carbon dioxide emissions they produce. This book provides the tools for individuals to audit their own emissions and gives information and advice on how to reduce them. Although it delivers some unwelcome messages, it is essentially optimistic. We believe that with the right information, motivation and emission-saving framework, individuals, the UK as a whole, and the world at large, will be able to avoid the extremes of climate change to which we are currently heading with eyes wide shut.

The unpalatable truths contained in the book may make uncomfortable reading. They challenge the deep complacency in our society that we can continue making energy-profligate lifestyle choices and ‘get away with it’, and that we can ignore the issue of the fair distribution, both internationally and between generations, of a commodity to which, in theory, everyone has an equal claim.

There is one simple fact underlying all of this: we now know that the planet has a finite capacity to absorb greenhouse gas emissions. This means that there are limits to the growth of energy-dependent activities if excessive stress on the ecology of the planet and on its future populations is to be avoided. We must come to terms with the inherent contradictions of pursuing a policy of economic growth (based on increasing energy use) and, at the same time, of preventing these serious consequences of climate change. We cannot merely rely on optimism: action must be taken by everyone now.

By the time you have finished reading this book, the following twelve key points will have been covered:

1. Why the threat posed by climate change to human welfare and the environment, both in the UK and   worldwide, is so grave and immediate.

2. How our use of fossil-fuel energy is the main source of the threat.

3. What we use energy for, and the forces that are driving its consumption ever upwards.

4. What excuses people use to avoid taking climate change seriously and why these lack validity.

5. Why our current collective response to the threat of climate change and its implications is totally inadequate.

6. Why the technological options for reducing carbon dioxide emissions, such as greater energy efficiency and far   more use of renewable energy, are limited in scope.

7. Why the principle of equity must be applied in international negotiations on reducing greenhouse gas   emissions.

8. How a system of carbon rationing for individuals based on this principle, and carbon caps for business and the   public sector, would ensure that each country contributes its fair share in a global agreement.

9. How a relatively painless transition towards the necessary target can be achieved.

10. What the average UK personal ration must be, how it can be reduced to that level, and what we can do as   individuals to audit and reduce our own emissions.

11. Who the winners and losers would be under the system of carbon rationing.

12. Why complacency and procrastination on the issue of climate change must stop.

Hopefully you will agree with the line of argument set down in the book and will be encouraged to join in promoting a radical reappraisal of personal and public decisions from a climate change perspective. Individuals need not only to adapt their lifestyles but, more importantly, to press for the political change that is the only way out of the impasse into which our head-burying instincts have led us. Widespread public support is vital now. Time is running out!


2. Beyond the Planet’s Limits
Climate Change: Why, How and What Next?

Climate change is the most serious environmental threat that the world has ever faced. The dangers can hardly be exaggerated: within one hundred years, temperatures could rise by 6°C worldwide, much of the earth’s surface could become uninhabitable, and most species on the planet could be wiped out. In the UK, during the next fifty years, we will increasingly experience more heatwaves, higher summer temperatures, fewer cold winters, drier summers, wetter winters and rising sea levels. As a consequence, millions of people will be at high risk from flooding, there will be thousands of deaths from excessive summer temperatures, diseases from warmer regions will become established, some species and habitats will be lost for ever and patterns of agriculture and business will have to change radically.

Why is the climate changing?

The climate is changing because the natural mechanism known as the ‘greenhouse effect’ which acts to warm the earth is being increased by human-induced emissions of greenhouse gases. As the concentrations of the emissions rise well above their natural levels, additional warming is taking place.

To explain this effect in a little more detail, the temperature of the earth is determined by the balance between energy coming in from the sun in the form of sunlight (visible radiation) and energy constantly being emitted from the earth into space. The energy coming in from the sun can pass through the atmosphere almost unchanged and warm the earth, but the heat (infrared radiation) emanating from the earth’s surface is partly absorbed by certain gases in the atmosphere and some of it is returned to earth. This further warms the earth’s surface and the lower strata of the atmosphere. Without this natural greenhouse effect, the planet would be over 30°C cooler than it is now and would be too cold for us to inhabit. However, the greenhouse gases we add to the atmosphere mean that more heat is being trapped. This is leading to global warming (higher global temperatures) and other changes to the climate.

The primary cause is our use of fossil-fuel energy (coal, oil and gas). This is because burning fossil fuels, which are carbon-based, results in the production of carbon dioxide. Globally, carbon dioxide contributes to more than two-thirds of the warming; and in the UK, it accounts for five-sixths of emissions of greenhouse gases. Due to their chemical structure, different types of fuel give rise to different amounts of carbon dioxide per tonne burned and per unit of energy produced. Coal is the fossil fuel which then produces the most carbon dioxide per unit of energy produced, followed by oil and gas. (Energy use is explored in detail in Chapter 3.)

In addition to fossil-fuel combustion, land use changes also contribute to the release of carbon dioxide into the atmosphere. These changes include clearing land for logging, ranching and agriculture, or switching from agricultural to industrial or urban use. Vegetation contains carbon that is released as carbon dioxide when it decays or burns. Normally, lost vegetation would be replaced by regrowth with little or no extra emissions because the replacement vegetation absorbs carbon dioxide from the atmosphere as it grows. However, over the past several hundred years, deforestation and other land use changes around the world have contributed to one-fifth of the additional carbon dioxide in the atmosphere that is attributable to human activity, mostly through cutting down tropical forest.

In addition to carbon dioxide, there are five other important greenhouse gases: methane, nitrous oxide, hydrofluorocarbons, perfluorocarbons and sulphur hexafluoride. The most significant of these are the first two. Methane emissions come primarily from agriculture, waste, coal mining and natural gas distribution. They can be a major component of greenhouse gas emissions in countries with strong agricultural economies. For example, as a by-product of their digestion, New Zealand’s 45 million sheep and 8 million cattle produce about 90 per cent of the country’s methane emissions, which equates to over 40 per cent of the country’s total production of greenhouse gases. Nitrous oxide is generated from agriculture, industrial processes and fuel combustion. The other greenhouse gases are emitted from a small range of industrial processes and products. With the exception of methane, these other gases are much easier to control through technological change than is carbon dioxide.

This book concentrates on carbon dioxide emissions from fossil-fuel use because this is the largest global source of greenhouse gas emissions.

Carbon dioxide emissions

Concentrations of carbon dioxide in the atmosphere are increasing, and have been doing so since the Industrial Revolution. They have increased from 280 parts per million (ppm) in 1750 to 373 ppm in 2002, a rise of a third. The staggering increase since 1959 as measured at Mauna Loa in Hawaii (the meteorological station with the longest continuous recording of atmospheric carbon dioxide concentrations available in the world) is shown in Figure 1 (see below). In 1997–8, there was an increase of 2.87 ppm, the largest single yearly jump ever recorded there.

Earlier data have been obtained from measurements of air that has been trapped in ice over thousands of years. These data reveal that today’s carbon dioxide concentration has not been exceeded in the past 420,000 years and probably not during the past 20 million years. The rate of increase over the past century is also unprecedented. Compared to the relatively stable carbon dioxide concentrations (about 280 ppm) of the preceding several thousand years, the increase during the industrial era is disturbing.

The carbon dioxide emissions leading to these concentrations can be seen in Figure 2 (see below). They show dramatic and accelerating growth, as the carbon deposits laid down over millions of years as fossil fuels are released into the atmosphere. Half the total emissions since 1750 have occurred since the mid-1970s. Annual emissions have doubled since the mid-1960s and trebled since the mid-1950s – a tripling in less than fifty years. Future scenarios suggest that annual emissions of carbon dioxide could be up to five times their current level by 2100, resulting in up to 6°C of global warming.
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Figure 1: Atmospheric carbon dioxide (CO2) concentrations since 1959, Mauna Loa

At the end of the twentieth century, total global emissions from fossil fuels amounted to about 6,600 million tonnes of carbon (MtC). Emissions from North America (USA, Canada and Mexico) made up a quarter of the total, and those from Western Europe accounted for about one-seventh.

The UK’s carbon dioxide emissions in 2002 were 150 MtC – over 2 per cent of the world total. They exceed those produced by the whole African continent,
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Figure 2: Annual global carbon dioxide emissions from fossil fuels (MtC) since 1750

excluding South Africa, with a population thirteen times greater than in the UK. However, contrary to the global trend, UK emissions have actually been falling over recent years: in 2002, they were 5 per cent lower than in 1990, and lower by about 20 per cent than those in 1970. As is more fully explained in Chapter 3, this is not because our energy consumption has decreased. The main reason is because the fuels used for electricity generation and heating have changed to ones which emit less carbon dioxide per unit of energy.

On average, about 1.1 tonnes of carbon are emitted for each person in the world at present. If carbon dioxide emissions are compared by country, the differences are stark. Near the top of the league is the United States, at 5.5 tC per person (some oil-producing nations have higher levels). In the UK, they are about 2.5 tCon average, which is around two and a half times the global average. The developing nations currently contribute much less – with China’s emissions at 0.6 tCper person and India’s at 0.3 tC. Afghanistan is at the bottom of the emissions league, at 0.01 tC, just one-hundredth of the global average and less than one five-hundredth of people in the USA.

Partly because the UK was the first country to industrialize its economy and use fossil-fuels, our contribution to the total emissions since 1750 is much higher than our current contribution: overall, it has been responsible for 15 per cent of the global figure. By comparison, the USA has been responsible for 29 per cent of global emissions over the same period.

How is the climate changing?

Temperature changes

Figure 3 (see below) shows how global-average surface temperature (over sea and land) has risen from 1850 to the present day. The data are set out in terms of the ‘anomaly’, that is the difference between each year and the average temperature in the period 1961–90. Before 1978, it was generally colder than the 1961–90 average, with all later years being warmer. Because temperatures vary naturally from year to year, climate scientists must compare several years’ temperature records with long-term averages to be sure the suspected temperature change is significant.

Global temperature rose by about 0.6°C during the twentieth century, with about 0.4°Cof this warming occurring since the 1970s. The global average is based on millions of individual measurements taken from around the world and this temperature record is considered by climate scientists to be the most reliable information describing the state of the global climate.

The 1990s was the warmest decade of the twentieth century, with 1998 being the warmest year since 1860 when world temperature measurements began. Scientists at the University of East Anglia, in the most comprehensive study to date of climatic history, have confirmed that the earth is now warmer than it has been at any time in the past 2,000 years. And there is no sign of this trend reversing: 2002 proved to be the second warmest year on record. Temperatures on land have warmed more than the oceans: they rose in central England by almost 1°C during the twentieth century, and the 1990s was the warmest decade in that part of the UK since measurements were first taken in the 1660s. On 10 August 2003, a new UK record temperature of 38.5°C was recorded in Kent, exceeding by 1.4°C the previous record set in 1990.

[image: Image]

Figure 3: Changes in global-average surface air temperature compared with the long-term average for 1961–90

Other climate changes

The climate system is driven by energy from the sun. Rising temperatures increase the amount of energy in the system and this has knock-on effects on many other aspects of climate. As a result of increasing temperatures, climate models predict changes in rainfall amounts and patterns, and increased occurrence of storms, heatwaves and other extreme events. Some of these expected changes can already be seen in the UK and around the world. The well-known variability of the climate can make it difficult to be confident that individual events are unusual and are specifically caused by climate change. However, as Mike Hulme, a leading British climate scientist, has stated: ‘There is no longer such a thing as a purely natural weather event.’

In the UK, there is strong evidence of changing rainfall patterns and new climatic extremes:

• A larger proportion of winter precipitation in all regions now falls on isolated days of heavy rainfall than was the case fifty years ago.

• Winters over the last 200 years have become wetter relative to summers.

• Heatwaves have become more frequent in summer.

• There are now fewer frosts and cold spells in winter.

These changes have both immediate and indirect effects on people and the natural environment. Changing winter rainfall patterns, for example, increase the risk of flooding and this has been exceptional in the UK and across Europe in recent years. The floods of Easter 1998 that struck in the Midlands, the Thames Valley, East Anglia and Wales were the worst for 150 years, with thousands of families forced out of their homes. Although nobody can be certain that global climate change caused these floods, they are the sort of events that would be expected under climate change.

Evidence for other changes in climate is not so strong – yet. There is particular concern about the potential increased frequency of extreme events, such as storms, as these tend to have severe effects on the population and the built environment as well as, of course, the natural environment. A further possibility is that global climate change may be having an effect on other weather systems. There is suspicion, though not yet proof, that the strongest El Niño event (a complex natural change in weather patterns which recurs every few years, affecting the equatorial Pacific region and beyond) in the twentieth century, which caused worldwide damage valued at $32 billion in 1997/8, was made worse by global warming.

Effects of climate change on the natural and human environment

Glaciers and sea ice

Climate change is now wide-ranging in its impacts. Higher temperatures have already had a measurable effect on land glaciers and sea ice. Mountain glaciers have been shrinking in almost all areas of the world. For example, the glacier from which Edmund Hillary and Tenzing Norgay began their ascent of Everest in 1953 has retreated by about three miles over the past fifty years. There has been a substantial thinning of Arctic sea ice in late summer: in August 2000, there was no ice at the North Pole – it was in a stretch of open water. More generally, sea ice in the Northern Hemisphere has decreased by an area the size of the UK (quarter of a million square kilometres) per decade since 1972.

Sea levels and wave heights

Other effects on the physical environment include rising sea levels, due to both the expansion of warmer water in the oceans and the additional water produced by the melting land glaciers. After adjusting for natural land movements, the average sea level around the UK is now about 10 cm higher than it was in 1900, and Atlantic waves hitting the western and southern coasts of the British Isles are over 1 metre higher. Increasing wave heights are accelerating coastal erosion, and rising sea levels are making coastal areas more vulnerable to flooding. As a consequence, the Thames Barrier, completed in 1982 to protect London from any foreseen flooding in the future, is already considered inadequate. Normally it is closed just two or three times a year, but from November 2000 to March 2001 it was closed twenty-three times.

Flora and fauna

Global climate change is also leading to changes in the seasonal behaviour and geographical location of fauna and flora. The change in temperature is equivalent to the UK moving south at 20 metres a day. The temperature rise of 1°C since 1900 in central England has resulted in a longer growing season for plants. Plants now grow for an extra month every year, with spring starting earlier and winter coming later. The records of an Oxfordshire naturalist also reflect this: the 385 wildflower species that were monitored bloomed on average four and a half days earlier in the 1990s compared with forty years previously, with one species now flowering fifty-five days earlier. Another recent striking illustration of this change was that, in 2002, spring was judged to have arrived three weeks early. Butterflies, birds and fish are already moving to new habitats to survive. Since 1980, eighteen new fish species from southerly waters have been caught in the now warmer sea off the Cornish coast. Also, there is evidence of a decrease of species attuned to northerly conditions: a combination of over-fishing and global warming has led to cod stocks in the North Sea falling to one-tenth of what they were thirty years ago. The North Sea has warmed by 3°C and, as the cod is a cold-water fish, the population left after over-fishing appears to be migrating northwards. With normal seasonal patterns being disrupted as the climate changes, the UK is gaining some species and is likely to lose others.

What might happen next?

What happens next with climate change depends on the following:

• The developing reaction of global systems to the gases already emitted.

• How much more carbon dioxide and other greenhouse gases are released into the atmosphere.

• How the climate reacts to additional greenhouse gas emissions, and, in particular, whether there are any ‘unexpected’ events or effects in which higher temperatures set in train a process that raises the temperature still further, in an upward spiral.

The financial costs alone are likely to be enormous. The economic damage caused by flooding worldwide in the fifty years since 1950 is estimated at almost $300 billion.

We can’t just switch off climate change

Climate change does not have an instantaneous ‘off-switch’. Climate change and its effects cannot quickly be reversed by reducing or even eliminating future emissions of greenhouse gases. This is for two reasons. First, greenhouse gases released into the atmosphere don’t just disappear straight away. They linger for decades (in the case of relatively short-lived gases like methane), or hundreds of years (for carbon dioxide), or even thousands of years (for the long-lived gases like perfluorocarbons). Even if no additional carbon dioxide were emitted from now on, atmospheric concentrations would take centuries to decline to pre-Industrial Revolution levels.

Second, the reason that the effects of climate change cannot be simply reversed is that the planet reacts to changes in temperature over a long timescale. Delayed effects from the warming caused by the emissions already in the atmosphere will stretch way into the future. Global increases in mean surface temperature, rising sea levels from thermal expansion of the ocean, and melting ice sheets are projected to continue for hundreds of years. Even if all emissions of greenhouse gases ceased tomorrow, the climate would continue to change and, with it, its effects on life on the planet. We are changing the climate not just for generations, but for tens of generations to come.

The persistence of greenhouse gases in the atmosphere should determine the action we need to take. Stabilization of carbon dioxide emissions at near-current levels would not lead to the stabilization of atmospheric concentrations. These would go on rising – the ‘old’ carbon dioxide being joined by the ‘new’. Stabilizing concentrations – at any level – requires the eventual reduction of global emissions to a fraction of their current levels. How small that fraction should be remains uncertain. However, over the next hundred years or so, they will need to decline to the level that does not exceed the capacity of natural land and ocean sinks to absorb them. This amount is in the region of 200 MtCper annum – that is at about the UK level rather than the current global emissions of carbon dioxide!

No shortage of fossil fuels

There is a popular misconception that we need to worry about the world running out of fossil fuels. But long before fossil fuels run out, the effect of continuing to use them at current rates will cause havoc to the climate and the planet, and that should be the greater cause for concern. Total carbon dioxide emissions from fossil-fuel use since 1751 are estimated at 280 GtC (thousand million tonnes of carbon). Total reserves on earth (including those not yet discovered) are estimated to amount to 5,000 GtC. Therefore stocks of fossil fuel have the potential to emit about eighteen times more carbon dioxide than has been emitted over the past 250 years. Yet governments around the world continue to act as if the exhaustion of fossil-fuel reserves is a serious problem when precisely the opposite is true. Using even a fraction of what has already been discovered would spell the end of a habitable planet for most of its population.

Sheikh Yamani, a founding architect of the Organization of Petroleum Exporting Countries (OPEC), has reportedly said: ‘The Stone Age came to an end not because we had a lack of stones, and the oil age will come to an end not because we have a lack of oil.’ It is essential that the significance of this observation is properly acknowledged if we are to prevent disastrous climate change.

Future possibilities

The Intergovernmental Panel on Climate Change (IPCC) is an international body of scientists and other experts which was formed to provide information and advice on climate change, and its reports have become the standard works of reference on the subject. It acted as the scientific advisory body for the Kyoto Protocol (see below). To consider the range of future increases in energy use and subsequent carbon dioxide emissions, it has developed four ‘families’ of scenarios. These scenarios portray the world with different combinations of demographic change, social and economic development, and broad technological developments. All the scenarios assume no action is taken to combat climate change. The results are used to predict how much global warming could occur in the future.

The extent to which energy use increases and to which carbon dioxide emissions and global warming rise depends on which scenario is being analysed. Energy demand during this century grows in all of the four scenarios, from one and a half to six times that in 1990. The differences in energy demand and the types of energy used translate into a range of carbon dioxide emissions, in turn leading to different concentrations in the atmosphere. By 2100, these vary between 500 and 950 ppm, depending on the scenario – remember that pre-industrial levels were just 280 ppm. The greater the concentration of carbon dioxide, the greater the degree of global warming. Without action to reduce the emissions, the IPCC does not foresee a scenario in which concentrations can be kept below 500 ppm by 2100. Although it does not attach probabilities to any of these scenarios, the scenario with most in common with a ‘business as usual’ development of current trends results in the highest concentrations of carbon dioxide – 950 ppm. In other words, the world’s current development path is the one likely to cause most damage to the climate.

From regrettable to tragic: predictions of future effects of climate change

Higher temperatures

The IPCC’s projection, published in 2001, is that the world’s temperature is likely to increase by 1.4–5.8°C over the period 1990 to 2100, depending on which greenhouse gas emission forecast is closest to the truth. However, as this is a projection for the average global surface temperature (which includes sea surface), it is very likely that nearly all land areas will warm to a greater extent. This is particularly true in northern North America and northern and central Asia where land temperatures could rise by 10°C. The latest reports show that the effects of greenhouse gas emissions on temperature could be even more extreme than this. A new climate-modelling approach, developed at the UK’s Hadley Centre for Climate Prediction and Research, suggests that the twenty-first century could see more and faster warming than that estimated by the IPCC. It is important to put possible temperature changes in perspective. The global temperature difference between the last Ice Age and the present time was around 5–6°C. An increase of 10°C would create conditions in the south of England comparable to the Sahara Desert. Warming by 5–10°Cis therefore a terrifying prospect.

Global impacts

The likely effects on humans and the natural environment of the scenarios based on high emissions range from the death of coral reefs to the creation of millions of environmental refugees. The New Economics Foundation suggests as many as 150 million people may be forced from their homes by climate change by 2050. Many species will become extinct: it is expected that by 2060 Arctic pack ice will have melted so much that all polar bears will starve because the animals they feed on, such as seals, will become scarce. A huge wave of extinction could be set in motion before the end of the century: researchers at Bristol University have shown that 6°C of global warming was enough to wipe out up to 95 per cent of the species alive on earth at the end of the Permian period, 250 million years ago. Infectious diseases will rise as the world gets warmer and, in addition, they will sweep north into higher latitudes.

Humans may not become extinct, but far more of us will die prematurely and we are very likely to run out of comfortable areas of the world in which to live. The Earth Policy Institute in Washington estimated that 35,000 people died in Europe during the record heatwave in the summer of 2003 (including 2,000 in the UK). And a World Health Organization (WHO) report estimated that over 150,000 people in developing countries are now dying each year from the effects of global warming, ranging from malaria, malnutrition, extremes of heat and cold, to floods and that by 2020 this number will have almost doubled.

Many countries will be under threat from rising sea levels, drought, storms, heatwaves and extreme economic and social disruption. Sea levels are predicted to rise by a metre over the next century, leading to heavily populated delta areas of the world such as in Bangladesh and China becoming submerged. The likelihood is that the frequency of heatwaves in the UK, like the record one in 2003, will increase.

The consequences of allowing the higher emission scenarios to become reality are global, irreversible and catastrophic. How can we allow this to happen given that we know what needs to be done? Our lack of action or sense of urgency is criminal and immoral and will, without doubt, be justifiably condemned by future generations.

Impacts on the UK

The climate in the UK is expected to be very different towards the end of the twenty-first century under all of the IPCC emission scenarios. The changes may not be as severe as in some other areas of the world. However, they will be sufficient to alter our way of life completely and to require alteration to many aspects of the economy. The climate will be warmer, and wetter in winter and drier in summer. By the 2080s, a daytime summer temperature might be expected to exceed 42°C once a decade in lowland England. The present record temperature for the UK is 38.5°C. Snowfall amounts will decrease, and large areas of the UK are likely to experience long sequences of winters without snow, with the Scottish skiing industry an obvious early casualty.

Other predicted consequences range from the regrettable – grass lawns no longer being viable in southern England and centuries-long patterns of gardening having to change – to the tragic, with outbreaks of malaria and thousands of deaths per year from heatstroke (though the warmer winters will reduce deaths from cold temperatures). The Foresight Flood and Coastal Defences Project predicts that by 2050 more than 3.5 million people in the UK will be ‘at high risk’ of flooding in their homes. In addition, two-thirds of the coastline of England and Wales will be subject to increased erosion owing to a combination of rising sea levels, sea surges and changes in the shape of the coastline. The annual economic damage from flooding will rise from £1 billion to up to £20 billion, depending on how much is spent on flood defences over the next few decades. Ultimately climate change will affect agriculture, water resources, human health, wildlife and the countryside, and will be highly expensive to deal with. But this is as nothing compared to the global effects of climate change.

The uninhabitable planet?

All the predictions above are based on the climate continuing to respond in a predictable way to increasing temperatures, with no unexpected shocks or ‘positive feedback’ (self-reinforcing effects which accelerate climate change) in the climate system. However, current understanding of the climate system is not reliable enough to be sure that something unexpected will not take place. In fact, geological records show that fast changes in climate have occurred in the past. Given this, several even more worrying scenarios have been advanced, including the following:

• The benefits of the Gulf Stream, which transports warm water past the UK and which provides its relatively mild winters, could be reduced or even lost. This could lead to Western Europe cooling by 5°C within a few decades – a return to the Ice Age.

• Vast quantities of methane (a greenhouse gas twenty times more potent than carbon dioxide) are stored in sediments below the shallow seabed of the Arctic, according to the US Geological Survey, as well as below the tundra in northern Canada and Siberia. If the temperature surrounding the methane warms, it becomes unstable and methane gas is released, causing temperatures to increase further. This would create a positive feedback with a very real risk of global warming developing totally beyond control.

Many other unexpected events that we would be unable to control could happen. As the UK’s then environment minister, Michael Meacher, wrote in early 2003: ‘We don’t know the limits of nature – how much rain could fall for how long a period, how much more powerful and frequent hurricanes could become, for how long droughts could endure. The ultimate concern is that if runaway global warming occurred, temperatures could spiral out of control and make our planet uninhabitable.’

The world’s response

The Kyoto Protocol

The world’s governments have responded to the threat of climate change. In 1992, the United Nations Framework Convention on Climate Change was created. Its objective is for the world to achieve stabilization of ‘greenhouse gas concentrations in the atmosphere at a level that would prevent dangerous human-induced interference with the climate system’. However, the convention defined neither what level of carbon dioxide concentrations in the atmosphere would be dangerous nor did it set an upper limit.

In order to put the objective of the UN convention into action, the Kyoto Protocol was created. It was designed to be the first legally binding treaty aimed at cutting emissions of the main greenhouse gases. More than 150 nations signed it in 1997. However, the protocol has not yet been ‘ratified’; that is, it is not yet legally binding. The USA, the world’s biggest carbon emitter, declared in 2001 that it was no longer prepared to sign. In September 2003, Russia again delayed ratifying the treaty; without Russian agreement, the treaty will not have sufficient signatories to go ahead. Under its terms, industrialized nations (‘Annex 1’ countries, in the jargon) committed themselves to a range of targets to reduce emissions during the twenty-year period between 1990, the base year, and 2010. (Strictly speaking, the reduction target applies to average emissions of the five years 2008–12, but this is simplified here to 2010.) At present, non-industrialized countries do not have targets.

As part of the Kyoto Protocol, the member states of the EU jointly agreed to undertake an 8 per cent reduction of the six key greenhouse gases by 2010. The intention is to achieve this by a mixture of higher or lower reductions for some nations and a set of maximum increases for others. The UK target is a reduction of 12.5 per cent under the EU burden-sharing arrangements.

The net effect of the treaty, if the targets are met, will be to reduce industrialized countries’ emissions by 5 per cent. The protocol’s scientific advisers, the IPCC, say this will delay the effects of climate change by, at most, ten years. Clearly the importance of the Kyoto Protocol, such as it is, is more symbolic than realistic. The hope has to be that the agreement is the first step in a series of future international treaties which will bring about significant reductions in greenhouse gas emissions to limit damage from climate change and achieve the ultimate goal of climate stabilization. In theory, by operating under the protocol, countries will learn how to reduce emissions at least cost, and will set up emissions trading systems to help them to do this. If the rules are designed correctly, emissions trading should mean that countries with cheaper emissions-saving options will do more than their agreed share, and will then sell their ‘spare’ emissions reductions to countries where national reductions are more expensive. In addition, industrialized countries will transfer funds and technologies to developing countries to help them find cost-effective ways of achieving lower emissions. If it works as planned, the Kyoto Protocol will make a transition to a ‘low carbon’ world easier.

Unfortunately, it is unlikely that the protocol will achieve its aims, let alone lead the way to future treaties. The decision of the USA not to ratify the Kyoto treaty was a major blow to the process. Nor is there much sign that the USA is taking unilateral domestic action to reduce its emissions in line with what it might have agreed to under the treaty. Not having the world’s biggest polluter on board undermines the authority and effectiveness of the protocol.

It is a cause for concern also that many of the countries that have agreed to the Kyoto Protocol are not on course to achieve their targets. In the EU, the latest assessment is that ten of the fifteen member states are likely to miss them by a wide margin. Even those countries that were allowed significant increases in emissions under the EU burden-sharing arrangements, including Portugal, Spain and the Republic of Ireland, are failing in their commitments. There is still just about time for the EU to meet its targets if strong action is taken, but at present this does not seem to be a political priority. The Kyoto treaty looks set to fail.

The underlying reason for pushing the agreement through was supposed to be to lay the foundation for future treaties and more ambitious reductions, rather than to achieve the fairly minor reductions in greenhouse gas emissions on which it compromised. Instead, the biggest carbon dioxide producer in the world has not joined the treaty, the treaty has not yet been ratified six years after being signed, and the majority of supposedly supportive countries are highly likely to miss their targets by a wide margin. Rather than being a symbol of the determination of the world to tackle climate change, it now appears as a symbol of precisely the opposite, of the short-term (perceived) economic interests of a few countries taking priority over the long-term future of the whole world.

In addition to its obligations under the Kyoto Protocol, the UK has set further relatively ambitious targets. On the basis of a feasibility analysis carried out by the Royal Commission on Environmental Pollution (RCEP), the current Labour government has committed itself to reduce carbon dioxide emissions by 20 per cent by 2010 from their level in 1990. It has also declared that it is aiming for a 60 per cent reduction by 2050, achievable in the view of the IPCC by using existing technology but nevertheless representing an even more important advance on the Kyoto treaty. In setting this target, the UK government has shown admirable global leadership. However, announcing a target is only the start of a long transitional process towards fulfilment. (The difference between this ambition for the future and current, often contrary, trends is explored in succeeding chapters.)

Is there a ‘safe’ limit for carbon dioxide emissions?

The international community has agreed that concentrations of greenhouse gas emissions in the atmosphere should not be allowed to reach ‘dangerous’ levels, but has not said what these might be. A limit of 550 ppm for carbon dioxide emissions has been suggested by several bodies, including the EU Council of Environment Ministers. However, it has not been universally accepted: 550 ppm is twice the level that was in the atmosphere prior to the Industrial Revolution, and current understanding of the way in which the climate and natural systems work may not be reliable enough to guarantee that the degree of change under these conditions would be safe and acceptable.

Members of the RCEP also recommended 550 ppm as an upper limit and this too has been accepted by the UK government. However, taking this figure as the maximum that can be contemplated presupposes that uncontrollable positive feedback, referred to earlier, is not set in train before this level of concentration is reached. A lower limit of 450 ppm would be a more risk-averse maximum. To stay under a cap of 450 ppm would require UK emissions to reduce by 80 per cent from 1997 levels by 2050 and 90 per cent by 2100, as its part of a global agreement. But, although it seems a preferable target, even 450 ppm may turn out not to be a truly safe limit. The target may have to be ratcheted downwards as more evidence of the process of climate change emerges. Of course, the only truly safe limit would be a return to pre-industrial levels of emissions, but this is unlikely ever to be achieved. (These issues are discussed in more detail in Chapter 7.)

The Global Commons Institute (GCI), a very early and continuing contributor to proposing means of resolving the problems of climate change, has argued for many years that success can only be achieved as part of a global agreement to restrict emissions worldwide, and one in which everyone in the world is entitled to emit equal amounts of greenhouse gases. Under its framework proposal, emissions from developed countries would decrease most, while those from some developing countries would be allowed to rise.

Sceptics

There are critics of both climate change science and the actions being taken or contemplated by the international community in order to try to reduce greenhouse gas emissions. However, most prominent critics are not climate experts. Sir John Houghton, previously co-chairman of the scientific working group of the IPCC, has estimated that there are fewer than ten active research scientists who disagree with the notion of human-induced climate change. This compares with the hundreds of climate scientists and thousands of other experts contributing to the IPCC research. In fact, the argument is really about response to risk, not about science. Sceptics suggest that because the global climate system is imperfectly understood (something climate scientists do not dispute), it is too soon to be sure that changes in global temperature are being interpreted correctly. Moreover, they argue that current models do not accurately represent the climate, adding still further uncertainty and thereby providing a case for not acting as a matter of urgency.

However, the world community has clearly decided that the science on this subject is convincing enough to warrant an international treaty (the Kyoto Protocol) to begin to address the problem. Sceptics may have spread doubt and delayed serious action to mitigate climate change, but they have not made a convincing scientific case against human-induced climate change, nor proved that the uncertainties are so great that it is unnecessary to take action now.

Conclusions

This chapter has drawn attention to the following evidence:

• Concentrations of carbon dioxide in the atmosphere have risen by a third since the start of the Industrial Revolution. This has been caused by human activities, primarily burning fossil fuels. The use of fossil-fuel energy and the global emissions of carbon dioxide that stem from it are on a quickly rising curve.

• In the UK, each person’s contribution to carbon dioxide emissions is two and a half times the world average. The UK has produced 15 per cent of global emissions since 1750.

• The enhanced greenhouse effect has already caused 0.6°C of warming around the world, which has translated to a 1°Crise in temperature in central England. The impacts of climate change on the human and natural environment are already striking – ranging from a worldwide retreat of glaciers, to a marked increase in extreme weather events, to alarming changes in the seasons.

• If no action is taken to reduce greenhouse gas emissions, temperatures by 2100 could rise by up to 6°C – equivalent to the temperature difference between the last Ice Age and now – or even more if the latest models are correct. This would be disastrous for the climate, the environment and the world’s population.

• If there are catastrophic and unexpected changes to the climate system, which cannot be ruled out, the future looks even more bleak.

• Implementation of the Kyoto Protocol will not do much to reduce the risk of further climate change.

• To maintain a reasonably safe limit on carbon dioxide emissions in the atmosphere, the UK will have to reduce its emissions by between 60 and 80 per cent by 2050, as part of a global agreement.

Current trends in emissions, however, are on the worst possible path, risking atmospheric carbon dioxide concentrations of 950 ppm by 2100, with associated temperature rises of at least 6°C. The action that has been taken to date is very minor in relation to the scale of the potential catastrophe, despite the fact that the severe impacts of rising greenhouse gases are increasingly understood.

Climate change represents the most serious global problem imaginable, affecting the planet for tens of generations to come. We are now beginning to witness the consequences. Historic and current emissions of greenhouse gases have already committed the world to rising temperatures and sea levels for hundreds of years into the future. Disturbingly, this will be our legacy to the future. Radical and urgent action is needed to ensure that we are not responsible for making much of the planet uninhabitable.
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