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Introduction


Climate change is one of the most discussed issues of our time and our response to it continues to dominate the media. The climate of the Earth is always changing. In the past, it has altered as a result of natural causes. Today, however, the term climate change is generally used when referring to changes in our climate that have been identified since the early part of the twentieth century. The changes we have seen over recent years, and those that are predicted over the next 100 years, are thought by many to be largely the result of human behaviour, rather than because of natural changes in the atmosphere.


When talking about climate change, the greenhouse effect is important because it relates to the gases that keep the Earth warm. Although the greenhouse effect is a naturally occurring phenomenon, it is believed that the effect could be intensified by human activity, particularly the emission of gases into the atmosphere. It is the extra greenhouse gases that humans have released that are thought to pose the strongest threat, now known colloquially as ‘global warming’.


Scientists around the globe are looking at the evidence regarding climate change and using supercomputer models to come up with predictions for our future environment and weather.


The next stage of that work, which is just as important, is to look at the knock-on effects of potential changes. For example, are we likely to see an increase in precipitation and sea levels? Does this mean there will be an increase in flooding and, if so, what can we do to protect ourselves? Will other areas suffer from increased drought, and what can be done to rectify this? How will our health be affected by climate change, how will agricultural practices change and how will wildlife cope? While the whole concept may be controversial, some would argue that climate change could bring with it positives as well as negatives.


The list of things we need to think about that could be affected by climate change is endless. There are numerous examples of how we might change the way we live in order to cope with potential climate changes. The use of renewable energy is becoming increasingly popular. There are a number of possibilities for alternative energy sources including, for example, solar power and wind power.


In 1997, the Kyoto Treaty was set up to consider what could be done to reduce global warming. The treaty was established by the United Nations Framework Convention on Climate Change (UNFCCC) and involved most countries, but not the USA. The attempt to reach a new international settlement on greenhouse gas emissions to follow on from the Kyoto Protocol is seen as the single most important issue within the field of international climate change politics. The findings of the 2007 Intergovernmental Panel on Climate Change report reinforced the widespread consensus that action was required quickly to stabilise atmospheric greenhouse gas concentrations. Scientists are currently striving to present the most up-to-date research on all aspects of climate science to inform international negotiations that are expected to take place in Copenhagen at the end of 2009. The issue of climate change is here to stay.


About this book


Part 1 examines the reasons why the issue of climate change has become so controversial, both in the media and in the scientific community.


Part 2 deals with how climate change can be assessed across a variety of timescales from the longer term (geological), to the medium term (historical) to the short term (recent). It examines the evidence that suggests that climate change has occurred on each of these timescales.


Part 3 looks at the causes of climate change from astronomical forcing, to sunspot activity to the enhanced greenhouse effect of recent decades. Within this section, the impact of the short-term climate changes known as El Niño and La Niña are examined.


Part 4 is a large section that examines in detail, through case studies, a wide range of environments and locations that already show signs of stress caused by climate change, and where further impacts are likely. A full range of case studies is provided from the poles to the equator, from the permafrost to the rainforests, from the UK to small islands in the Pacific Ocean.


Part 5 introduces some of the work and views of the various bodies that have responsibility for looking at the causes and impacts of, as well as the possible solutions to, climate change. At a global scale, the most influential body is the Intergovernmental Panel on Climate Change (IPCC); in the UK, the Stern Review has had a significant input into government policy. The World Health Organization also needs to examine possible implications for its work.


Parts 6 and 7 are large sections that examine the various strategies suggested to address climate change. There are two main groups of such strategies: mitigation and adaptation. Through case studies, these sections look at a range of proposals in a range of countries and environments. One of the key areas of consideration is the difference between the abilities of human systems and natural systems to respond to both mitigation and adaptation. A considerable amount of research is being invested in both mitigation and adaptation, some of which is quite futuristic and, by definition, untried. However, many are aware of the business opportunities that they may provide. It is also important to recognise that mitigation strategies and adaptation strategies may be interrelated, and not always discrete.


Part 8 examines the range of views on climate change that exists. Even at the end of the first decade of the twenty-first century there is still no consensus on the existence of climate change, its possible impact, and the possible solutions to it. Within this section, a selection of views from other organisations and individuals is presented and you are invited to either consider them, or to find out more about the protagonists and their views.


Part 9 concludes the book by considering some small-scale ways in which you could research and investigate climate change and attitudes to it.


Advice is given throughout on making the best use of case studies, both at AS and A2. (After some of the case studies, there are Using case studies boxes.) Most of these show how a particular case study might be useful for answering a specific question; some invite you to try your hand at an exercise based on one or more of the case studies. You will also find advice on tackling tasks that are commonly required in examinations.


Key terms


Adaptation: changing our lifestyles to cope with a new warmer environment, rather than trying to stop climate change.


Albedo: the amount of incoming solar radiation (insolation) that is reflected by the Earth’s surface and atmosphere.


Carbon offsetting: a financial instrument representing a reduction in greenhouse gas emissions. For example, individuals, companies, or governments can purchase carbon offsets to mitigate their own greenhouse gas emissions from transportation, electricity use and other sources.


Carbon trading: a scheme that allows countries that have carbon emission units to spare — emissions permitted but not used — to sell this excess capacity to countries that are over their targets (as set by the Kyoto Protocol). One of the best known is EUETS (see below).


Clean coal: the colloquial name for Carbon Capture and Storage (CCS) which aims to take carbon out of the production of electricity at power stations by removing it with either a pre-combustion system or a post-combustion system.


DEFRA: the UK’s Department for Environment, Food and Rural Affairs.


Dendrochronology: the analysis of tree rings from core samples, which can be used to provide evidence of past climates.


ENSO: the name given to the continually oscillating climate pattern in the Pacific Ocean that contains large circulations of warm and cold water. The phenomena known as El Niño and La Niña are linked to changes in these circulations.


EUETS: the European Union greenhouse gas Emission Trading Scheme. It came into effect in 2005 and is the largest multi-government trading scheme in the world.


Feedback mechanism: when the output of a system acts to amplify (positive feedback) or reduce (negative feedback) further output.


Global warming: the colloquial name given to the gradual warming of the Earth’s atmosphere from the latter part of the twentieth century onwards. It is thought to be associated with the activity of humans. It is sometimes referred to as the enhanced greenhouse effect.


Greenhouse effect: the name given to the natural phenomenon whereby the Earth’s atmosphere is warmed due to the trapping of heat by gases in the atmosphere such as carbon dioxide and water vapour, which would otherwise be radiated back into space.


Greenhouse gases: gases in the atmosphere, both natural and anthropogenic (caused by humans), which absorb outgoing long-wave radiation. They include carbon dioxide, chlorofluorocarbons (CFCs), methane, water vapour, nitrous oxide and ozone.


Ice core: a thread of ice that is obtained by drilling down through an ice sheet in order to examine the rings of annually accumulated snow. Ice cores can provide evidence of past climate change.


IPCC: the Intergovernmental Panel on Climate Change. It was formed jointly in 1988 by two United Nations bodies, the World Meteorological Organization and the United Nations Environment Programme. The organisation has produced four assessment reports on climate change.


Intermediate technology: the matching of technology to the needs and skills of the people of the area where it is to be used. It is a feature of many small-scale energy schemes in the developing world.


Kyoto Protocol: the outcome of a meeting in 1997 in which over 100 governments signed a ‘Climate Change Protocol’. This set specific legally binding targets for pollution mitigation and proposed schemes to enable governments to reach these targets. Most governments agreed that by 2010 they should have reduced their atmospheric pollution levels of greenhouse gas emissions to those present in around 1990.


LULUCF (land use, land-use change and forestry): defined by the UN Climate Change Secretariat as ‘a greenhouse gas inventory sector that covers emissions and removals of greenhouse gases resulting from direct human-induced land use, land-use change and forestry activities’.


Milankovitch cycles: changes in the surface temperature of the Earth due to variations in the orbit and axis tilt over time, which lead to changes in the amount and distribution of solar radiation received by the Earth.


Mitigation: the reduction in output of greenhouse gases and/or increasing the size and amount of greenhouse gas storage or sink sites.


Permafrost: ground in which the temperature has been below freezing for more than 2 years.


Renewable obligation certificate (ROC): a regime within the UK whereby energy suppliers face an increasing requirement year on year to supply a rising proportion of renewable energy, reaching 20% by 2020.


Stern Review: a report commissioned by the UK government in 2006 to discuss the effect of climate change and global warming on the world economy, following the first three IPCC reports.


Sunspots: dark spots that appear on the Sun’s surface, caused by intense magnetic storms. The effect of sunspots is to blast more solar radiation (insolation) towards the Earth.


Tipping point: the theoretical point after which the effects of climate change become irreversible.


UNFCCC: the United Nations Framework Convention on Climate Change agreed at the Earth Summit in Rio de Janeiro in 1992.


WHO: the World Health Organization.


Websites


www.ukcip.org.uk — The UK Climate Impacts Programme (UKCIP) helps organisations to adapt to climate change. UKCIP is mainly funded by the Department for Environment, Food and Rural Affairs (DEFRA). Other contributors include the Environmental Change Institute (Oxford University) and the UK Government’s Knowledge Transfer Partnership scheme.


www.arctic-council.org — The Ottawa Declaration of 1996 formally established the Arctic Council as a high-level intergovernmental forum to provide a means for promoting cooperation, coordination and interaction among the Arctic States, with the involvement of the Arctic Indigenous communities and other Arctic inhabitants on common Arctic issues, in particular issues of sustainable development and environmental protection in the Arctic. Member States of the Arctic Council are Canada, Denmark (including Greenland and the Faroe Islands), Finland, Iceland, Norway, Russian Federation, Sweden and the USA.


www.antarctica.ac.uk — The British Antarctic Survey (BAS) is one of the world’s leading environmental research centres, and is responsible for the UK’s national scientific activities in Antarctica.


www.naturescalendar.org.uk — Nature’s Calendar, from the Woodland Trust, is the home for thousands of volunteers who record the signs of the seasons where they live. It could mean noting the first ladybird or swallow seen in your garden in spring, or the first blackberry in your local wood in autumn. You could participate in their research.


www.bbc.co.uk/springwatch — This is the BBC’s own version of the above, based on the popular BBC2 series. It contains a separate area called ‘Bloom’, which examines the theme of climate change, especially in terms of actions that can be taken by individuals.


www.metoffice.gov.uk/climate/uk/averages — The World Meteorological Organization (WMO) requires the calculation of averages for consecutive periods of 30 years, with the latest covering the 1961–1990 period. However, many WMO members, including the UK, update their averages at the completion of each decade. These averages help to describe the climate and are used as a base with which current conditions can be compared. Use the links to see a selection of station, district and regional averages or UK and regional maps for a wide range of weather elements.


www.ceh.ac.uk/data/nrfa/index.html — The Centre for Ecology and Hydrology’s website can be used to explore records of over 50000 individual years of daily and monthly river flow data, deriving from over 1300 gauging stations. These hydrological data underpin the sustainable exploitation and management of water resources and river systems in the UK.


http://royalsociety.org — The Royal Society is an independent scientific academy of the UK and Commonwealth dedicated to promoting excellence in science. It has published several reports on climate change, summarising current thinking on the issue.


www.tyndall.ac.uk — The Tyndall Centre for climate change research brings together scientists, economists, engineers and social scientists, who together are working to develop sustainable responses to climate change through inter-disciplinary research and dialogue on both a national and international level — not just within the research community, but also with business leaders, policy advisors, the media and the public in general.


www.foe.co.uk — Friends of the Earth is a major environmental pressure group. Here you will find a mass of information on climate change, but note that much of this is written from a particular viewpoint.


www.ipcc.ch — The official website of the Intergovernmental Panel on Climate Change. You will find full versions, as well as separate elements, of their Assessment Reports, including information on the process towards their Fifth Assessment Report. Try not to be overwhelmed by the sheer mass of information contained here.





Part 1



Why is climate change a controversial issue?


The climate change controversy concerns the nature, causes and consequences of global warming. The disputed issues include the causes of increased global average air temperature, especially since the mid-twentieth century, whether this warming trend is unprecedented or within normal climatic variations, and whether the increase is wholly or partially a result of human activity. Additional disputes concern estimates of climate sensitivity, predictions of additional warming, and what the consequences of global warming will be. The debate is vigorous in the popular media and at a policy level, with individuals, businesses, national governments and supranational organisations all being involved.


There has been a debate among public commentators about how much weight and media coverage should be given to each side of the controversy. Andrew Neil of the BBC stated that: ‘There’s a great danger that on some issues we’re becoming a one-party state in which we’re meant to have only one kind of view. You don’t have to be a climate-change denier to recognise that there’s a great range of opinion on the subject.’ In June 2007, an Ipsos Mori poll conducted in the UK found that 56% of respondents believed that scientists were still questioning climate change. The survey also suggested that terrorism and crime were of more concern than climate change. A recent Canadian survey reported that the public has a poor understanding of the science behind global warming. This is despite recent publicity through various means, including the films An Inconvenient Truth and The 11th Hour. An example of this poor understanding is confusion between global warming and ozone depletion.


There are variations in opinions around the world. A 15-nation poll conducted in 2006 by Pew Global found that:




There is a substantial gap in concern over global warming — roughly two-thirds of Japanese (66%) and Indians (65%) say they personally worry a great deal about global warming. Roughly half of the populations of Spain (51%) and France (46%) also express great concern over global warming, based on those who have heard about the issue. But there is no evidence of alarm over global warming in either the United States or China — the two largest producers of greenhouse gases. Just 19% of Americans and 20% of the Chinese who have heard of the issue say they worry a lot about global warming — the lowest percentages in the 15 countries surveyed. Moreover, nearly half of Americans (47%) and somewhat fewer Chinese (37%) express little or no concern about the problem.





On the other hand, a 47-nation poll conducted by the same organisation in 2007 found that: ‘Substantial majorities in 25 of 47 countries say global warming is a “very serious” problem.’


The controversy concerning the science


Environmental groups, many governmental and non-governmental organisation (NGO) reports, and the non-US media often state that there is virtually unanimous agreement in the scientific community in support of human-caused global warming, although there is less agreement on the specific consequences of this warming. On the other hand, opponents maintain that most scientists either consider global warming unproven or dismiss it altogether, or they highlight the dangers of focusing on only one viewpoint in the context of unsettled science. Others maintain that either proponents or opponents have been stifled or driven underground.


The majority of climate scientists agree that global warming is caused primarily by human activities such as deforestation and burning fossil fuels. The conclusion that global warming is caused mainly by human activity, and will continue if greenhouse gas emissions are not reduced, has been endorsed by more than 50 scientific societies and academies of science, including all the national academies of science of the major industrialised nations and the Intergovernmental Panel on Climate Change (IPCC), established by the United Nations and World Meteorological Organization.


However, others have challenged the claim that scientific consensus has been reached. For example, Richard Lindzen wrote in the Wall Street Journal in 2006:




Scientists who dissent from the alarmism have seen their grant funds disappear, their work derided, and themselves libelled as industry stooges, scientific hacks or worse. Consequently, lies about climate change gain credence even when they fly in the face of the science that supposedly is their basis.





Furthermore, some sceptics have compared the theory with a political dogma. Emeritus Professor Philip Stott wrote: ‘Global warming has become the grand political narrative of the age, replacing Marxism as a dominant force for controlling liberty and human choices.’


There has been further controversy as each side of the debate has been accused of falsifying lists of supporters of its views, with several scientists being listed without either their knowledge or consent. There has been accusation and counter-accusation, much of which is linked to the availability of funding for further research, as well as funding to try to highlight strengths and weaknesses in the opposing view’s scientific processes. Similarly, in some parts of the world, for example the USA, there have been accusations that scientific reports regarding climate change have been suppressed in order to play down its importance. Politics and science seem to be overlapping significantly in this context.


Political, economic and social aspects of the controversy


As more evidence has become available over the existence of global warming, debate has moved to further controversial issues, including:




•  the possible economic, social and environmental impacts of climate change


•  the appropriate response to climate change


•  whether decisions on dealing with climate change require less uncertainty





The other point that leads to major controversy — because it could have significant economic impacts — is whether action (usually restrictions on the use of fossil fuels to reduce emissions of carbon dioxide) should be taken now or in the near future, and whether those restrictions would have any meaningful effect on global temperature. A strictly economic argument for or against action on climate change is, at best, limited because it fails to take into consideration other potential impacts (e.g. social and environmental) of any change.


The Kyoto Protocol is the most prominent international agreement on climate change and is also, in itself, controversial. Some argue that it goes too far, or not far enough, in restricting emissions of greenhouse gases. Another area of controversy is the fact that China and India, the world’s two most populous countries, both ratified the protocol but, under the present agreement, are not required to reduce or even limit the growth of their carbon emissions. Nevertheless, China is the world’s second largest producer of greenhouse gas emissions and India is the fourth. Various predictions see China overtaking the USA in total greenhouse emissions by 2010. The only major developed nation that has signed but not ratified the Kyoto Protocol is the USA. The countries with no official position on Kyoto are mainly African countries with underdeveloped scientific infrastructure, or are oil producers.


Another debate that is emerging is whether the world should adapt to climate change, or attempt to mitigate (moderate) it by, for example, reducing the consumption of fossil fuels. Once again economic factors come to the fore. Danish academic Bjørn Lomborg says:




Despite our intuition that we need to do something drastic about global warming, we are in danger of implementing a cure that is more costly than the original affliction: economic analyses clearly show that it will be far more expensive to cut carbon dioxide emissions radically than to pay the costs of adaptation to the increased temperature.





Others argue that if developing nations reach the wealth levels of the USA, this could greatly increase consumption of fossil fuels and carbon dioxide emissions. In the next few decades as their economies grow, large developing nations such as India, China and Brazil are predicted to become major emitters of greenhouse gases.


In the early twenty-first century in the USA, the Bush administration supported an adaptation-only policy. While eventually recognising that most of the blame for recent global warming was due to human actions, it did not propose any major shift in the policy on greenhouse gases. Instead, it recommended adapting to inevitable changes, rather than making rapid and drastic reductions in greenhouse gases to limit warming. Some have found this attitude disingenuous and indicative of an inherent bias against prevention (i.e. reducing emissions/consumption) and for prolonging profits to the oil industry at the expense of the environment. UK journalist George Monbiot says:




Now that the dismissal of climate change is no longer fashionable, the professional deniers are trying another means of stopping us from taking action. It would be cheaper, they say, to wait for the impacts of climate change and then adapt to them.





For many, the inauguration of Barack Obama in 2009 brought a new sense of optimism in the world — he is seen as a ‘green’ president.


Others have written of how the increasing use of words such as ‘catastrophic’ and ‘irreversible’ has affected the public discourse around climate change. One scientist, Mike Hulme, wrote:




I have found myself increasingly chastised by climate change campaigners when my public statements and lectures on climate change have not satisfied their thirst for environmental drama and exaggerated rhetoric.





This book seeks to examine the main elements of the issue in a balanced manner: the extent of climate change, the reasons for this change, the consequences of climate change, and the ideas and practices to address it. The focus of this series is one of using up-to-date case studies to reinforce understanding. Hence, place-specific case studies are important. However, bearing in mind the range of opinion that exists, an important feature of this topic is that such case studies should also include varying viewpoints on this controversial issue.
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Using case studies 1


Question


‘Climate change is one of the most discussed issues of our time.’ Explain why this is so.


Guidance


One of the most demanding skills you face on an A-level course, and one that continues into higher education, is the ability to present a balanced argument. Climate change, or global warming as it is often referred to in the media, is an issue that is causing a great deal of debate with strongly held views of protagonists on either side, and, in the middle. There is so much opportunity for debate:




•  the science of its cause


•  the possible impacts


•  the possible solutions


•  the decisions that may have to be taken at a variety of levels


•  the language that is used by all sides in presenting their case


•  whether ‘Joe Public’ actually cares





Before you embark on the rest of this book, compile a table (see example below) that summarises the views from both ‘camps’ — those who think it is of serious concern to the planet and those who think it is just ‘hot air’. We will revisit this type of exercise at the end of the book.






	Source of debate

	Serious concern

	Of little concern






	The science

	 

	 






	The impacts

	 

	 






	The solutions

	 

	 






	The decisions etc.
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Part 2



How and when has climate changed?


Climate change can be assessed across a variety of timescales:




•  long-term (or geological) — over several hundreds of thousands to millions of years


•  medium-term (or historical) — within the last few thousand years


•  short-term (or recent) — within the last few decades







Case study 1 LONG-TERM CLIMATE CHANGE


The best evidence for this comes from Greenland and Antarctic ice cores. Cores removed from ice sheets reveal layers going down through the ice. Each layer records a season of snowfall, buried and compressed by later falls.


The 3200m East Antarctic core records the climate of the last 800000 years. Air bubbles trapped in the ice contain atmospheric carbon dioxide and the ice itself preserves a record of oxygen isotopes. Figure 2.1 shows how low concentrations (180 parts per million (ppm)) of carbon dioxide occur naturally during glacial (cold) periods and high concentrations (280ppm) during interglacial (warm) periods. It is clear that atmospheric carbon dioxide levels are higher now (380ppm) than at any time for over half a million years.


Figure 2.1 Atmospheric carbon dioxide concentration measured from the Vostok ice core, also from East Antarctica
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Another method is to examine oxygen isotope levels in ocean-floor deposits. Core samples from the ocean floor reveal shifts in animal and plant populations, which indicate climatic change. The ratio of the isotopes oxygen-18 to oxygen-16 in calcareous ooze can also be measured. During colder phases, water evaporated from the oceans and precipitated onto the land eventually forms glacial ice. Water containing the lighter oxygen-16 isotope is more easily evaporated than that containing heavier oxygen-18. As a result, the oceans have a higher concentration of oxygen-18, while the ice sheets and glaciers contain more of the lighter oxygen-16. During warmer periods, the oxygen-16 held in the ice is released and returns to the oceans, balancing out the ratio. Studies of isotope curves showing the ratio of oxygen-16 to oxygen-18 therefore give a picture of climate change.


Recent investigations have suggested that isotope variations are an indication of changes in the volume of ice, rather than water temperature. However, as ice volume itself reflects climatic conditions, such studies have tended to confirm earlier findings.


Scientists have found that the results of climate fluctuations identified by both these methods correlate well. Therefore, climate change has been a feature for a very long period of time.







Case study 2 MEDIUM-TERM CLIMATE CHANGE


Studies related to changes in vegetation provide strong evidence of climate change over this time period.


Pollen extracted from sediment cores in peat bogs and lake beds records the ecology of the past. Pollen grains are preserved in waterlogged sediments, which are anaerobic (oxygen-free). Each plant species has a distinctively shaped pollen grain that can be identified. In the UK, pollen sequences have shown that ecosystems have changed in response to climate change. Tundra ecosystems were present in past glacial periods, whereas forest gradually colonised areas as interglacial conditions developed (see Table 2.1). However, long pollen sequences are rare and vegetation change may ‘lag’ behind climate change.
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