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Examiner tips

Advice from the examiner on key points in the text to help you learn and recall unit content, avoid pitfalls, and polish your exam technique in order to boost your grade.
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Knowledge check

Rapid-fire questions throughout the Content Guidance section to check your understanding.
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Knowledge check answers


Turn to the back of the book for the Knowledge check answers.
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Summary


•  Each core topic is rounded off by a bullet-list summary for quick-check reference of what you need to know.
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Questions & Answers
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About this book

This guide is for students following the Edexcel AS Geography course. It aims to guide you through Unit 1: Global challenges.

The Content Guidance section provides a detailed guide to ‘World at risk’ and ‘Going global’.

The Questions & Answers section provides examples of Section A and Section B questions with outline mark schemes and student responses at different grades, together with examiner comments.

Overview of Unit 1

Unit 1 examines issues associated with ‘World at risk’ and ‘Going global’. This guide provides you with a summary of the key concepts and structures that you need to study the unit effectively and to revise for the exam.

The headings for each of the 14 sections follow the specification closely. In the specification, the left-hand column is what you need to learn — this is the one the examiners will use when setting questions in the exam. The right-hand column suggests how you might study the concepts and gives you a context for your studies.

As well as using your textbook, you need to keep up to date by following key themes such as Polish migration, global trends in hazards or the latest information on climate change, using articles in newspapers and websites.

While the unit looks at issues on a global scale, there are several opportunities for you to carry out locally based research, such as exploring the roots of your community, assessing local hazard risks or looking at how you and your family could reduce your carbon footprint.

This unit has six compulsory in-depth case studies. These are:


•  Global warming in the Arctic (1) and continent of Africa (2)

•  Multiple hazard hotspots in the Philippines (3) and California (4)

•  Migration flows — eastern Europeans to the UK (5), and UK retirement migration to the Mediterranean (Spain) (6)
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Examiner tip

Learn these compulsory case studies as you will be able to use them in Section A or B questions. Look at the specification to see the precise focus.
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Apart from these case studies, which you need to learn in detail, you should learn shorter examples to use in the exam, so that you can support and develop your arguments. It is also well worth building up a vocabulary list of all the key words you learn over the course to improve your understanding of the concepts.


Content guidance

World at risk

‘World at risk’ contains two interlinked strands — global hazards and climate change — which together increase the risk from disasters, especially for the world’s most vulnerable people.


[image: ]
Figure 1 Topic concept map



Global hazards, which can be classified into two major categories, hydro-meteorological and geophysical, cause increasing numbers of disasters around the world. Frequently a number of hazards occur together (i.e. are spatially concentrated). Where the people are already vulnerable, because of poverty and high population densities, multiple-hazard hotspots occur. A study of global trends confirms that the frequency and magnitude of hydro-meteorological disasters is increasing as a result of a possible link to climate change.
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Examiner tip

The diagram shows how global hazards and climate change are interrelated, so think about the links as you are revising.
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Climate change is considered by many to be the world’s greatest problem. Technically, it is a context hazard and therefore a ‘chronic global-scale threat’ to both the environment and people.

This topic explores the causes and impacts of climate change and solutions to the problem. It considers whether recent global warming is unprecedented in the history of climate change and is therefore anthropogenically caused. Short-term climate change encompasses not only global warming but also the impact of oscillations such as El Niño.

Global hazards

Risk and vulnerability in an unequal world


•  Environmental hazards can be defined as ‘the threat posed to humans and the environment by natural events originating in it’. These natural events can be classified in many ways, but it is useful to categorise them as geophysical or hydro-meteorological. Humans invariably make the event worse and there are very few hazards that are caused by purely physical factors.

•  Geophysical hazards are formed by tectonic/geological events (earthquakes, volcanoes and tsunamis).

•  Hydro-meteorological hazards are formed by hydrological (floods) and atmospheric (storms and droughts) processes.

•  Context hazards are widespread threats arising from global environmental changes such as climate change or from a major hazard such as a super-volcano.

•  Disasters are the ‘realisation’ of hazards to cause social impacts such as loss of lives and livelihoods, and economic impacts such as damage to goods and property (i.e. the actual consequences of a hazard).

•  Risk is the probability of a hazard occurring and becoming a disaster as a result of deaths and loss of livelihoods, goods and property (i.e. the likely exposure to a hazardous event).

•  Vulnerability is shaped by the underlying state of human development, including inequalities of income, opportunity and political power, all of which marginalise the poor. Poverty-stricken people frequently depend directly on the land for food (subsistence), live in fragile eco-environments and have poor health and well-being. The result is that high risk is combined with an inability to cope with the adverse impact of natural hazards and climate change (at all levels — individuals, communities and countries). These relationships are summarised in Figure 2.
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Knowledge check 1

Do you understand the difference between a hazard and a disaster?
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Figure 2 Degg’s model



Risks and vulnerability are now greater as a result of climate change, with more hydro-meteorological disaster events, which add to the pressure on countries that have a limited ability to adapt and where coping strategies are already stretched.

Rising risks

The risk equation measures the level of hazard for an area:
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Examiner tip

Learn the risk equation and understand why the risk is getting worse.
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The risk is getting worse for many communities and countries because:


•  the frequency and magnitude of hazards are increasing with climate change

•  vulnerability is increasing as a result of unsustainable development leading to poor land use and environmental degradation

•  the capacity to cope is decreasing owing to poverty and urbanisation



Note that the risk is much lower in economically developed countries. These countries have the resources and technology to provide protection from the worst impacts of disasters.

Recent climate change: the world’s greatest hazard?

It is important to use the correct terminology — see the ‘Climate change survival guide’ below. Climate change can be classified using timescales (long, medium and short term). Short-term or recent climate change, most marked since the 1960s, is not only the result of global warming but also of the increasing impact of atmospheric/oceanic oscillations such as the El Niño/La Niña effect.
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Examiner tip

Be careful not to blame every extreme weather event on global warming. Atmospheric/oceanic oscillations are a more likely culprit. Global warming tends to affect short-term climate trends.
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Climate change survival guide


•  Climate change is any marked trend or shift in climate (average weather over 30 years) that shows a sustained change in the average value for any particular climatic element (rainfall, drought, storminess etc.) Clearly, for longer- and medium-term climate change, evidence other than records of weather measurement has to be used.

•  Climate variability refers to the differences in climate from one year to another. More extreme weather seems to be associated with the current climate.

•  Global warming refers to a consistent recently measured rise in the average surface temperature of the planet (i.e. at the global scale). However, note that neither the rise in temperature nor the related impacts on atmospheric and oceanic circulation are likely to occur uniformly across the globe.

•  The greenhouse effect is a natural process that warms the Earth’s atmosphere due to the trapping of heat that would otherwise be radiated back into space — it enables the survival of life on Earth.

•  An enhanced greenhouse effect occurs when the amount of greenhouse gases (the main ones are water vapour, carbon dioxide, methane, nitrogen oxide and CFCs) increases. Scientists argue that this is almost certainly the result of anthropogenic (human) activity such as the burning of fossil fuels (oil, coal, gas) and it leads to global warming.

•  Fossil fuels are rich in carbon and burning them releases carbon dioxide.

•  The tipping point is the point at which a system switches from one state to another. In terms of climate change, scientists have identified this tipping point as a 2–3°C rise in temperature. This small rise in temperature could be enough to lead to dramatic and possibly cataclysmic changes in the environment which are probably irreversible. For example, the failure of the Gulf Stream to reach northwest Europe would contribute to a much more hazardous world.

•  The ‘hockey stick’ graph shows the average global temperature change going back 1,000 years. It is so called because it shows a long flat period followed by a rapid increase in temperature in the last 50 years.

•  A feedback mechanism is a process whereby the output of a system acts to amplify (positive) or reduce (negative) further output. For example, the melting of Arctic permafrost would lead to the release of large quantities of trapped methane, which would itself lead to further global warming.

•  Global dimming is the phenomenon whereby particles in the atmosphere, largely from industrial pollution, have led to less solar radiation reaching the Earth (in fact this may have masked the initial 1960s global warming).

•  IPCC is the Intergovernmental Panel on Climate Change, which was set up in 1988. It is the central scientific voice on the issue.
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Knowledge check 2

Is the melting of Arctic permafrost a positive or a negative feedback mechanism?
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Ten reasons why recent climate change might be the world’s greatest hazard


1 Climate change is a global problem: all areas of the world will be affected to a lesser or greater degree. However, the impacts are various, and often unique to a particular country.

2 Climate change is a chronic (ongoing) hazard. It will have an enormous range of direct impacts linked to rising temperatures, which can themselves amplify other problems. These include climate belt migration towards the poles, which will have a severe impact on ecology and wildlife and lead to the spread of diseases such as malaria. Rising temperatures also have an impact on both atmospheric and oceanic circulations. Rising ocean temperatures may be a cause of more frequent atmospheric/oceanic oscillations (such as El Niño) and increasing frequency and magnitude of hurricanes.

3 Climate change is not just an environmental problem. It has a range of impacts on societies and economies, threatening their very existence in terms of water availability, food security and health and wellbeing.

4 Climate change is unpredictable. It could become catastrophic depending on whether, or how fast, the tipping point is reached. This depends on both physical and human factors:


•  There are a number of interlocking systems that can affect each other via positive and negative feedback. For example, rising temperatures melt glaciers and ice sheets. This leads to more incoming solar radiation being absorbed by land and sea, because ice and snow have a greater albedo (reflective power) than rock and water. Thus melting of the ice sheet leads to yet more melting — an example of positive feedback. The melting ice sheets could lead to the ocean becoming diluted, which could have an effect on ocean current circulation, thus weakening the warming powers of the North Atlantic Drift (negative feedback).

•  The human factor is related to how effectively the world can mitigate the damaging effects of climate change by reducing the production of greenhouse gases to slow down the rate of global warming. Many people argue that only with radical solutions will the impacts of climate change be halted.



5 Climate change has many indirect impacts too. For example, thermal expansion of the oceans as water expands with heating leads to rising sea levels, a process that may reach catastrophic levels if the large polar ice sheets (Arctic and Antarctica) melt. Rising sea levels have already created the world’s first ‘environmental refugees’ in the islands of the Ganges delta and the South Pacific.

6 Climate change prediction requires successful modelling of the future by scientists in the IPCC for both direct impacts (rising temperatures, more extreme weather) and indirect impacts (rising sea levels, changing ecosystems). The sheer complexity of the calculations makes this process extremely difficult, with huge variations in the scenarios presented. This makes it particularly hard to convince people about the severity of climate change.

7 It is difficult for scientists and researchers to separate the effects of global warming from those of other influences on present-day weather such as the El Niño/La Niña cycle. Many of the changing weather patterns — such as more extremes with greater climate variability, or increasing frequency of droughts, big storms and widespread flooding — may be attributable to global warming, but are more likely to be linked to atmospheric/oceanic oscillations. The droughts and floods in 2007 are an example.

8 Climate change requires global solutions, primarily in tackling carbon emissions. However, there are huge political problems. It is unjust to have a two-speed, unequal world in which more developed countries pollute and less developed countries are vulnerable victims. A further problem is the emergence of China, India and Brazil as rapidly expanding economies, and a resurgent Russia, which feel that their industrial development should not be jeopardised by targets for reducing greenhouse gas emissions.

9 Until recently the issue of climate change was strongly contested. While there is now a broad consensus among scientists, led by the IPCC, that levels of greenhouse gases and global temperatures are rising and that there is a link between them, there are still sceptics. There are two such groups: those who find weaknesses in the data and their interpretation; and those with vested interests (for example, oil companies), which claim that global warming and the resulting hazards are due to factors other than the burning of fossil fuels. However, the awarding of the 2007 Nobel peace prize to Al Gore (who presented the film on global warming An Inconvenient Truth) and to the Chair of the IPCC gave legitimacy to the campaign to take action on climate change.

10 Climate change is a problem of enormous scale and proportions, and so is the world’s most costly problem to solve.
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Knowledge check 3

What is currently the most important reason for rising sea levels? Why is the rate of sea level rise predicted to increase in the future?

Knowledge check 4

When were the major climate conferences in Kyoto and Copenhagen held?
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Global hazard trends

Is the world becoming more hazardous?

The issue

To find out whether the world is becoming more hazardous or not, you need to use statistics from key websites (see below) to discover whether more hazard events are occurring and, if so, of what type and why. Remember that many textbooks use the terms ‘hazard’ and ‘disaster’ interchangeably. There may not be more hazards of all types occurring, but a higher percentage are becoming disasters because they affect increasing numbers of vulnerable people. There is also the fact that hazards and disasters are hot news, and scientists, engineers, governments, insurance companies and risk managers all take great interest in them. It may be that there are not actually more hazards, but more are being reported because of this media interest and the improvements in information and communications technologies.
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Examiner tip

It is up to you to use the various databases and to explore the evidence. Research the databases to get the latest year’s statistics as credit will be given for up-to-date research.
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Disaster statistics

Disaster statistics come from a number of sources. Governments report disaster statistics to UN agencies, e.g. WHO (www.unisdr.org/disaster-statistics/introduction.htm). These quasi-official statistics are supplemented and cross-checked by designated groups that monitor media and internet reports and also field data from NGOs working on the front line.

The pre-eminent authority is CRED (Centre for Research on the Epidemiology of Disasters, www.cred.be), supported by the World Bank. It administers the key database: www.emdat.be/. Both Munich Re (www.munichre.com) and Swiss Re (www.swissre.com), which are re-insurance multinationals, provide disaster databases for their own internal use.



[image: ]



Examiner tip

Note how the rising trend fluctuates and some years such as 2004/5 or 2009/10 seem to be more hazardous. Try to work out why — is it the oscillations or is it to do with where the hazards occurred?



[image: ]



Trends in the number of reported disasters


•  The number of reported natural disasters has risen sharply since the 1960s.

•  This trend is particularly marked for hydro-meteorological disasters. The increase in floods and storms, and more recently in droughts, is responsible for driving the overall trends. Floods and storms together accounted for 70% of all disasters globally in the last 40 years.

•  Geophysical disasters such as earthquakes and volcanoes have increased slightly since the 1970s, possibly as a result of more reporting of disasters and also because of the rising number of vulnerable populations living in hazard-prone areas. However, in general, the trend fluctuates. Indonesia is currently a ‘hotspot’ for tectonic activity, and it has two very active volcanoes. It has experienced five major earthquakes and several tsunamis since 2005. All of these events are the result of a highly mobile plate boundary where the Indian plate is being subducted beneath the Burma plate (at a destructive boundary).

•  Biological hazards (bio-hazards) have also shown an upward trend from a low base, often numerically exceeding geophysical hazards. This may be linked to global warming which leads to more pests and diseases.



[image: ]


Knowledge check 5

Which type of hazard is driving the overall rising trends in disasters?
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Figure 3 Hazard trends, 1900–2005



The reasons for the rising trend in hydro-meteorological disasters are complex and include both physical and human factors.

The media almost always state that the rising trend is a result of global warming, suggesting for example that rising temperatures lead to warmer oceans, thus ‘spawning’ more hurricanes, and cause stronger convectional cells — again creating more hurricanes. Equally, rising temperatures increase evaporation, which in turn contributes increasing rainfall and therefore more flooding.

The IPCC suggests that a more extreme climate (resulting from global warming) will increase the risk from certain hazards. In some cases, it may lead to more severe events (greater magnitude); in other cases, the events may occur more often (higher frequency).

Of equal importance are oscillations such as the El Niño/La Niña cycle. The cycle, which affects winds and ocean currents, lasts for 7–10 years, in which 1–2 years are El Niño years and 1–2 years are La Niña years. The cycle has a variety of effects leading to hazardous weather in many parts of the world (these links are known as tele­connections):


•  During El Niño years there is unusually heavy rain in Peru and California, and dry conditions in Indonesia and Australia (2006 drought).

•  During La Niña years there is unusually heavy rain in Australia and Indonesia, and drought in the Americas (Californian drought and wildfires) and various parts of Africa.

•  Hurricanes in the Atlantic are usually increased in La Niña years and reduced in El Niño years.
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Examiner tip

Get up to date: 2009 was a weak El Niño year and 2010 was a very strong La Niña year. Research the impacts such as floods in Pakistan and eastern Australia.
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Some scientists even suggest that global warming may increase the frequency and intensity of these oscillations.
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Knowledge check 6

Which type of hazards are likely to be a particular danger at the coast?
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Purely human factors also play a significant part in rising trends in disasters. Figure 4 summarises these factors.
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Examiner tip

Think about your compulsory case studies of California and the Philippines. Work through the factors shown and consider whether they have led to increased disaster frequency.
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Figure 4 Human factors increasing disasters



Trends in the social and economic impacts of disasters

The statement ‘Deaths are falling, whereas the number of people affected by disasters is rising and economic losses are escalating’ summarises the situation globally. However, economic development also plays a part. A general statement such as ‘Less developed countries experience more deaths (social costs) and more developed countries experience more damage (economic costs)’ has some truth.
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Figure 5 Global trends in deaths, people affected and economic losses from natural disasters, 1900–2006
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Examiner tip

This is just the sort of diagram you should learn for a Section B answer. Annotate the trends to add explanation.
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Knowledge check 7

What is the difference between an economic and a social impact?
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Falling deaths?

As Figure 5 shows, the number of people reported killed by natural disasters dropped dramatically before the 1970s, but it has levelled off in recent years to a fluctuating trend, with a rise in 2004–05 (mega events). This is largely the result of better disaster management before, during and immediately after the disaster:


•  Before a disaster there is better mitigation (use of hazard-proof/climate-proof structures) and improved disaster preparedness using education, community training and high-technology warning systems.

•  During the disaster — in many cases emergency responses have improved, with local participation in effective disaster relief programmes (e.g. Hurricane Sidr in Bangladesh in 2007).

•  Post-disaster recovery programmes are also better coordinated, often using GIS to pinpoint problems. Studies of the Kashmir earthquake (2005), Hurricane Katrina (2005), Typhoon Nargis (2008) and the south Asian tsunami (2004) do however highlight many problems, but there is no doubt that, especially in developed areas, deaths are minimised by an effective disaster response. Following the Sichuan earthquake in 2008 the Chinese government attempted a prompt disaster response in spite of numerous difficulties.
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Knowledge check 8

Why are there occasional ‘blips’ in the downward trend in deaths, e.g. 2004/5, 2009/10?
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All this is against a backdrop of increasing hazards and disasters, especially from hydro-meteorological causes.

Rising numbers of people affected

The definition of ‘being affected’ includes loss of home, crops, animals, livelihood, and often a decline in health/quality of life for a designated period (usually 3 months).

As Figure 5 shows, in the 1970s on average 100 million people a year were affected by disasters, but in the early twenty-first century this has risen to over 300 million a year (with peaks up to nearly 700 million as a result of the 2004 tsunami and other mega disasters — not shown on the graph). Increased vulnerability due to a less favourable risk equation (see page 8) is responsible for this rising trend, as some 80% of the millions affected are concentrated in areas of low and low-to-medium human development. Countries with the greatest numbers of people affected are almost exclusively less developed countries and new industrialised countries (NICs) such as India and China.

Economic losses from disasters

Economic losses from disasters are growing at a faster rate than the number of disasters. The value of the losses is escalating compared with the insured risks, because hazard-prone areas in general have high insurance premiums, and some businesses and many poor people (who are forced to live in hazard-prone areas) cannot afford or even access insurance. Rising numbers of disasters are occurring in less developed countries where insurance is rarely an option. Mega-disasters such as Hurricanes Andrew and Katrina can lead to huge rises in economic losses for a single year, resulting in a fluctuating but nevertheless overall rising trend.
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Knowledge check 9

Explain why economic losses from disasters are growing at a faster rate than the number of disasters.
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There is a tendency to over-emphasise the economic damage and losses experienced in more developed countries. In absolute terms, there is no doubt that because of the value of possessions, the sophistication of installations and infrastructure, and the scale of domestic insurance claims, the amounts involved in developed countries are large.
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Knowledge check 10

What is the difference in calculating the impact of a disaster in absolute and relative terms?



[image: ]

However, in relative terms, economic damage from natural disasters tends to be higher in less developed countries, mainly because of their high dependence on one or two economic sectors, such as tourism or cash cropping of bananas. The damage forms a very high percentage of their very low annual gross domestic product (GDP). For example, Hurricane Mitch in 1998 caused a 50% loss in GDP for Nicaragua. By contrast, Munich Re estimated that between 1994 and 2003 Japan suffered $166 billion of economic damage from national disasters but this was only 2.6% of its GDP.

Another reason why the rate of economic losses is increasing faster than the occurrence of disasters is the growing economies of NICs such as India, China and the ‘Tiger’ economies of Korea, Taiwan, Singapore and Malaysia.
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Examiner tip

Do try to research your local area. Most areas in the UK have experienced increases in extreme weather (including storms, gales and drought) and both winter and summer floods with landsliding – all possibly related to short-term climate change. Some areas have even experienced earthquakes along old fault lines.
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Global hazard patterns

Exploring local hazards and links to climate change

You must research hazard risks in your local area or another small-scale area. A starting point is your local reference library. Research local records including newspaper archives and websites that record historic and present-day hazard events. You will probably find rising numbers of floods and storms, but less snowfall.

When you are researching climate change you will find it is difficult to get climatological data on changing climates for your local area, but there are a number of websites that provide this information at a regional or national scale. The Climate Research Unit (www.cru.uea.ac.uk) and the Tyndall Centre (www.tyndall.ac.uk) provide useful maps and data for the UK from which you can extract information for your local area.

Another interesting method of research is the science of phenology, which looks at key indicators to measure the response to climate change. Figure 6 summarises some of these indicators. All the results seem to indicate that in recent years (especially 2007) we have had warmer winters and earlier springs. Natural events such as those shown may have moved up to 15 days earlier over the last 30 years. There are a number of useful websites for this type of research (e.g. www.naturescalendar.org.uk, www.cru.uea.ac.uk/cru/info/iccuk and www.ukcip.org.uk).
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Examiner tip

When looking at evidence for global warming it is very easy to get confused. In the UK, January and December 2010 were both very severe months, masking the overall warming trend.
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Figure 6 Possible climate change response indicators



The distribution of the world’s major natural hazards

For each of the major hazards (earthquakes, volcanoes, slides, drought, floods and storms), you need to know the following:


•  The distribution of the occurrence for each hazard. A world map to show this is crucial, as the distribution for each hazard is very different.

•  A clear definition of each of the six types.

•  A basic understanding of the causes of each hazard. For example, for geophysical hazards you need to know how plate tectonics affects the distribution of earthquakes and volcanoes.

•  Some understanding of the likely impacts of each hazard, so that you can weigh up its contribution to disaster statistics (such as deaths and damage) and also see how it affects your case studies of disaster hotspots.
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Knowledge check 11

Which of the six hazards listed (a) kills the most people each year, (b) kills the fewest people each year, (c) is known as the silent killer?
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The distribution of earthquakes

As can be seen from Figure 7 the main earthquake zones are clustered along plate boundaries. The most powerful earthquakes are associated with destructive or conservative boundaries. Earthquakes are a common hazard and can develop into major disasters when they are of high magnitude (i.e. Richter scale 6+) and occur in a densely populated/vulnerable area (e.g. Kashmir, 2005). Earthquakes not only cause primary hazards from ground movement and ground shaking, but also cause secondary hazards such as landslides and even tsunamis (e.g. south Asian tsunami, 2004).
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Figure 7 Distribution of earthquakes



Destructive plate boundaries

Destructive boundaries, where oceanic crust is being subducted beneath a continental plate (e.g. Philippines case study), or where two oceanic or continental plates collide, produce shallow, intermediate and deep earthquakes.

Constructive plate boundaries

Constructive boundaries (where oceanic plates are moving apart) are associated with large numbers of shallow, low-magnitude earthquakes. Most are submarine (under the sea).

Conservative plate boundaries

Conservative boundaries, where the plates slide past each other, produce frequent, shallow earthquakes, sometimes of high magnitude (e.g. along the San Andreas fault system of the western USA).
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Knowledge check 12

Which type of plate boundary (and why) is not associated with severe earthquakes?



[image: ]

Other earthquakes

A small minority of earthquakes occur within plates, usually involving the reactivation of old fault lines (e.g. the Church Stretton fault in Shropshire). Occasionally earthquakes can result from human actions, such as dam or reservoir building, which increase the weight and therefore stress on the land (e.g. in Killari, northern India, in 1993, an earthquake caused by a dam killed 10,000 people).

The distribution of volcanoes

Figure 8 shows the global distribution of active volcanoes. The type of tectonic situation determines the composition of the magma and therefore the degree of explosivity of the eruption, which is a key factor in the degree of hazard risk.

Constructive plate boundaries

Most of the magma that reaches the Earth’s surface wells up as volcanoes at ocean ridges, such as the mid-Atlantic ridge. These volcanoes are mostly on the sea floor and do not represent a major hazard to people except where they emerge above sea level to form islands (e.g. Iceland). The east African rift valley, which is a constructive plate boundary, has a line of 14 active volcanoes, some of which can produce dangerous eruptions (e.g. Mt Nyragongo in the Democratic Republic of Congo, 2002).
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Knowledge check 13

Which type of plate boundary is not associated with volcanicity and why?
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Destructive plate boundaries

Some 80% of the world’s most active volcanoes occur along destructive boundaries. When oceanic plates are subducted beneath continental plates, explosive volcanoes, such as Mt St Helens, are formed. The ‘ring of fire’ around the Pacific has many such volcanoes, including those in the Philippines.
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Figure 8 Global distribution of active volcanoes



Hotspots

Hotspots are localised areas of the Earth’s crust (lithosphere) which have an unusually high heat flow, and where magma rises to the surface as a plume (e.g. Hawaii). As a lithospheric plate moves over the hotspot, a chain of volcanoes is created.
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Knowledge check 14

Name two areas with active volcanoes that are associated with plumes from hotspots and not plate boundaries.



[image: ]

Volcanic hazards

Apart from the local impacts of lava flows the most catastrophic impacts of volcanoes are pyroclastic flows, ash falls, tsunamis and mudflows (e.g. in 1983 mudflows from Nevado del Ruiz killed over 22,000 people).

The distribution of slides

Slides include a variety of mass movements, such as rock slides, debris flows, snow avalanches, and rainfall- and earthquake-induced slides.

Landslides

Landslides are the seventh biggest killer with over 1,400 deaths per year, ranking above both volcanoes and drought. Most landslides occur in mountainous areas, often after abnormally heavy rain and/or seismic activity. Human factors also play a part. Deforestation of hillsides in southeast Asia and building on hillslopes in Hong Kong have both led to widespread slides following rain.
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Knowledge check 15

Explain why the Philippines is such a major landslide area.
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Snow avalanches

Snow avalanches are concentrated in high mountainous areas such as the Southern Alps of New Zealand or the Rockies of North America. Avalanches tend to occur on slopes steeper than 35º. An average of 40 deaths a year in Europe and over 100 in North America are caused by avalanches. Recent research has suggested that global warming may be increasing avalanche occurrence, although trends in deaths have slowed because of effective management.

The distribution of drought

Drought has a dispersed pattern — over one-third of the world’s land surface has some level of drought exposure (see Figure 9). This includes 70% of the world’s people and agricultural value, which means that drought has an effect on global food security.

[image: ]


Knowledge check 16

What is a drought?
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The causes of drought include the following:


•  Variations in the movement of the inter-tropical convergence zone (ITCZ). As the ITCZ moves north and south through Africa it brings a band of seasonal rain. In some years, high-pressure zones expand and block the rain-bearing winds. In southern Ethiopia and Somalia, where farmers depend for food on rain-fed agriculture, famines may result if the summer rains never arrive.

•  El Niño can bring major changes to rainfall patterns. In particular (as in 2006), it can bring drought conditions to Indonesia and Australia.

•  Changes in mid-latitude depression tracks. In temperate regions, depressions bring large amounts of rainfall. However, if blocking anticyclones form and persist, depressions are forced to track further north, leading to very dry conditions. Droughts in the UK and France (1976, 1989–92, 1995, 2003 and 2006) as well as in the US midwest in the 1930s were all related to this cause.





[image: ]



Examiner tip

Describing the distribution of the six major hazards requires some very precise factual knowledge and specialist terminology. Spend time on learning this terminology so that your answer stands out in terms of quality.
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Figure 9 Global distribution of drought-risk areas
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Knowledge check 17

How does ‘continentality’ contribute to drought?
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The distribution of flooding

Flooding is a frequent hazard and is evident in some 33% of the world’s area, which is inhabited by over 80% of its population (Figure 10). Regional-scale, high-magnitude floods are frequent events in India/Bangladesh and China.
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Figure 10 Global distribution of flood-risk areas



The causes of flooding include the following:


•  By far the most common cause is excessive rainfall related to atmospheric processes, including monsoon rainfall and cyclones. In temperate climates, a series of depressions sometimes brings prolonged heavy rainfall.

•  Intense rainfall sometimes associated with thunderstorms can lead to localised flash flooding. These sudden floods can have a devastating effect.

•  El Niño can bring devastating floods, as in Mozambique in 1997 and 2006.

•  Rapid snowmelt can add water to an already swollen river system.



In developing countries flooding may lead to deaths by drowning and disease, des­truction of food crops and infrastructure and loss of homes. In developed countries it disrupts transport and infrastructure, damages livelihoods and creates high insurance costs.

The distribution of storms

Storms include tropical cyclones, mid-latitude storms and tornadoes. Tropical cyclones (hurricanes in the Atlantic) are violent storms between 200 km and 700 km in diameter. They occur in the latitudes 5–20º north and south of the equator. Once generated, cyclones tend to move westward.
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Knowledge check 18

State four facts about the distribution of hurricanes.



[image: ]

Tropical cyclones or hurricanes will only occur over warm ocean (over 26ºC) of at least 70 m depth and at least 5ºN or 5ºS of the equator in order that the Coriolis effect (very weak at the equator) can bring about rotation of air.
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Examiner tip

Use case-study cards to summarise the distributions of the six major hazard types. Try to build up your own world map using overlays to see where you think there are hazard-prone areas and likely hotspots.
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Storms cause damage in several ways, including heavy rain (leading to floods and mudslides), high wind velocity and very low central pressure (leading to storm surges and coastal flooding). They can be devastating in low-lying mega-delta regions (e.g. Hurricane Katrina and Cyclone Nargis).

Disaster hotspots

A disaster hotspot is a country or area that is extremely disaster-prone for a number of reasons, as shown on Figure 11.
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Knowledge check 19

What are the main ways a disaster hotspot can be identified?
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Figure 11 Identification of a disaster hotspot



You need to learn the Philippines and California coast case studies in depth with detailed statistics. Learn how to draw a simple sketch map on which you can annotate key facts about the occurrence and impacts of the range of disasters they experience. For each one, think about the types of hazard and why they are concentrated there (with examples of recent events and the deaths and damage caused). Consider how vulnerability can lead to disasters, and the adaptive capacity of the people and government. The interaction between people and the natural events is the key to understanding their impact.

These two case-study areas have been selected because of the contrast in the types of hazard they experience and their states of development.
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Examiner tip

Learn these in-depth case studies very precisely so that if required you could compare them in terms of hazard types and other factors.
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Table 1 summarises the contrasts between the two areas.


Table 1 The Philippines and California coast compared



	 
	Philippines
	California coast



	Status
	Lower-middle income country
	Wealthiest state of the USA



	Population
	91 million (density 240 per km2, 2,000 per km2 in Manila)
	40 million (2008)



	GDP per capita
	$5,000
	$40,000



	HDI
	0.75
	0.95 (nearly the highest)



	Landscape
	Mountainous country, with crowded coastal lowlands. Consists of 7,000 islands, many very small, spread over latitudes between 5ºN and 20ºN (typhoon belt)
	Coastal area contains the huge conurbations of Los Angeles, San Francisco and San Diego



	Summary
	Classic hotspot where typhoon belt interacts with mobile plate boundary in a rapidly developing country; El Niño/La Niña cycles increase range of hazards
	Elongated area ranging from subtropical in north to tropical in south; major tectonic hotspot, which is also subject to extreme weather hazards brought by El Niño/La Niña oscillations






Compulsory case study: The Philippines


•  Typhoons are the main hazard (20 per year).

•  Volcanic eruptions are explosive with dangerous lahars (mudflows).

•  Earthquakes are common (100% of country at risk).

•  Occasional droughts associated with El Niño years.

•  Landslides are common in mountain areas.

•  The Philippines is a densely populated, rapidly developing country.

•  Vulnerability is increased by poverty, deforestation, poor land management and rapid urbanisation.




Advice on drawing your Philippines map


•  Practise drawing the outline of the islands (hard!)

•  Add the earthquake risk (whole country, but concentrated near plate boundary).

•  Indicate areas at greatest risk from typhoons. Essentially the south is less at risk and the northeast at greatest risk. Note the season/months.

•  Mark on and name key volcanoes, e.g. Pinatubo, Taal and Mayon (17 are active).

•  Mark on Manila (megacity).

•  Annotate central highland area as a site of landslides, e.g. Leyte.

•  Annotate small islands as sites of local tsunami risk, e.g. Biltran.
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Knowledge check 20

Why is the greatest risk from typhoons found in the northern Philippines?

Knowledge check 21

Describe the type of plate movement experienced in the Philippines and explain how it leads to volcanoes.
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Figure 12 Sketch map of the Philippines



Table 2 shows the types of disasters the country experiences.


Table 2 Disasters in the Philippines, 1905–2007
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Compulsory case study: The California coast

Figure 13 summarises the risks and the links between them.


•  Earthquakes are the main risk. Large shallow earthquakes occur along the swarm of faults associated with the San Andreas fault — a conservative plate boundary.

•  River floods occur in El Niño years, and droughts and wildfires in La Niña years.

•  Fogs occur in the San Francisco Bay area.

•  Landslides are a frequent secondary hazard from floods or earthquakes.

•  Coping capacity is high in this wealthy area, with much high-tech disaster preparedness, and state-wide drills for ‘the big one’.

•  Economic costs of major disasters are high, especially if disaster strikes in a megacity.
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Knowledge check 22

Which type of hazard do you consider poses the greatest risk for California?

Knowledge check 23

Which type of disaster does ‘the big one’ refer to?
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Figure 13 Disaster web for the California coast



Points to consider about multiple hazard zones

What is the effect of being a multiple hazard/disaster hotspot?


1 The hazards often occur as part of a complex web, making their impact greater and more complex to manage.

2 The frequency of events does not always make the impact easier to manage, although in wealthy countries systems can be put in place (contrast California with the Philippines, which only has good systems for geophysical hazards).

3 The magnitude of the hazard event, and the human geography of the area in which it occurs, are still probably the most important factors.
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Examiner tip

If there is a recent hazard event within your case study area make sure you research it in order to add topicality to your answer.
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Climate change and its causes

Putting short-term climate change (global warming) in context

Climate change occurs at a range of different timescales, as shown in Figure 14.
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Figure 14 Climate change timescales
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Examiner tip

Make yourself a table of the three timescales, giving details. Then list all the different types of evidence you could use to support climate change.
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Climate change timescales and how the evidence is gathered


•  Long-term (geological) — this essentially refers to the cycle of ice ages, which began some 450,000 years ago. Ice ages and the warmer periods in between them, known as interglacials, occurred at almost regular intervals throughout the geological period known as the Quaternary period.

      The best evidence for long-term climate change comes from ice cores from the Greenland and Antarctic ice sheets. Air can be sampled from bubbles trapped in the ice as it was laid down over thousands of years, and carbon dioxide levels in the former atmosphere can be reconstructed. During the ice ages carbon dioxide levels are very low (180 ppm) but in the warm interglacials they rise to 280 ppm. (Present-day levels are around 384 ppm.) Further evidence is provided by pollen extracted from sediment cores from peat bogs. Pollen grains are preserved in waterlogged peat. Different-shaped pollen grains signify different trees, some of which lived in Arctic conditions (birch) and others in warmer conditions. Unfortunately, the evidence is incomplete and long sequences are rare.

•  Medium-term (historical) For the period between AD 1000 and 1850, there is no direct climate evidence so scientists rely on a series of proxy records to reconstruct the climate. For example, evidence from paintings, poems, diaries etc. suggests that there was a ’Little Ice Age’ from around 1500 to 1800 during which the Thames froze over regularly.




    The pattern of retreating glaciers can also be seen from paintings of the Alps, suggesting that their most recent maximum extent was around 1850. Records of dates of French grape harvests have been used to identify warm and cold periods, and the thickness of tree rings is also an excellent indicator. In higher temperatures, with more sunlight and abundant precipitation, trees grow well and have thicker tree rings, whereas in colder periods their growth is stunted. For some trees, such as the ancient bristlecone pines in western USA, evidence goes back 4,500 years.




•  Short-term (recent) is much more straightforward to analyse. Quality instrumental records have existed for the last 100 years, as have detailed records of the response of ice sheets and glaciers. The ice sheets of Greenland, the Canadian Arctic and Antarctica are all aerially surveyed and monitored continuously. Air and ocean temperatures are recorded and ecosystem changes are monitored because their disappearance would have such an impact on world systems.
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Knowledge check 24

What do you understand by a proxy record?
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The drivers of climate change

Natural causes are the main drivers of long-term and medium-term climate change.

It is generally accepted that Milankovitch cycles (orbital eccentricity, axial precision and axial tilt) are the basic cause of long-term climate change. These are variations in the Earth’s orbit around the sun that cause a change in the amount, distribution and seasonal timing of solar radiation. The theory is named astronomical forcing. In support of the theory is the regular pattern of ice ages and interglacials. The actual impact of these orbital changes is enough to change global temperatures by 0.5ºC, whereas records show that ice ages were about 5ºC colder than the interglacials. The cycles may have been just enough to trigger these more substantial climate changes. For example, feedback mechanisms (such as greater reflection of solar radiation from increased snow cover that has a higher albedo) could tip the Earth into an ice age.

Medium-term climate change in historical times, which includes the Medieval Warm Period and the Little Ice Age, has been linked to changes in solar output at timescales longer than the regular 11-year sunspot cycle. Sunspots (dark spots on the sun’s surface caused by intense magnetic storms) have been well recorded over the last 400 years. It would seem that the Little Ice Age could be linked to a long period with almost no sunspot activity.
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Knowledge check 25

If there are many sunspots, what impact does this have on medium-term climate change?
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Volcanic activity at a super-volcano scale can also alter global climate. Volcanoes eject huge volumes of ash, water vapour, sulphur dioxide and carbon dioxide into the atmosphere, which reduces the amount of sunlight received at the Earth’s surface. However, even for a very large eruption such as that of Krakatau in the nineteenth century, the temperature changes are short-lived (1–2 years). Patchy historic records do suggest increased volcanic activity during the Little Ice Age but this is unlikely to be its cause.

[image: ]


Knowledge check 26

Why has volcanic activity been discounted as a major cause of climate change?
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Short-term climate change could be part of the longer-term cycle of natural causes. However, scientific opinion increasingly supports the view that the unprecedented scale and rate of change is linked to the huge rise in greenhouse gas emissions and is therefore a direct result of the enhanced greenhouse effect (atmospheric forcing). Concentrations of carbon dioxide, ozone, methane, nitrous oxide and chlorofluorocarbons in the atmosphere have grown significantly since pre-industrial times as a result of human activity. These contribute to the enhanced greenhouse effect (Figure 15).
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Knowledge check 27

Explain the difference between astronomic and atmospheric forcing.
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Figure 15 The enhanced greenhouse effect
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Knowledge check 28

What is the greenhouse effect and what has caused it to be recently enhanced?
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Eight key questions on climate change for you to consider


1 Is short-term climate change part of the longer-term cycle of climate change or is it happening at an unprecedented rate and therefore something special?

2 Is this short-term climate change caused by natural or human (anthropogenic) causes?

3 What is causing global warming?

4 Is there any interconnection between global warming and oscillations such as the El Niño Southern Oscillation (ENSO)?

5 Why are the impacts of climate change so difficult to predict?

6 How and why do they differ from place to place and how are they likely to change over time?

7 What makes climate change the world’s most difficult problem to solve? Why does this cause conflict?

8 Will we reach the tipping point or come back from the brink?



The impacts of global warming

Direct impacts

The two compulsory case studies emphasise the scale of the environmental, social and economic impacts of global warming. The Arctic has been selected because the environmental impacts are happening here and now. It is both a ‘barometer’ of environmental impacts and an early warning as to what the rest of the world might face. In contrast the continent of Africa is only expected to have average rises of 2–3ºC by 2100, but the social and economic impacts are made far worse by the sensitivity of the environment, the vulnerability of the people and their low adaptive capacity to issues such as drought, water shortages, food insecurity, worsening health, debt and endemic poverty.

Compulsory case study: Environmental and ecological impacts of climate change on the Arctic region

In the past few decades, average Arctic temperatures have risen at twice the rate of the rest of the world (3–4ºC in the last 50 years in Alaska and northwest Canada). Over the next 100 years they could rise a further 3–5ºC over land and up to 7ºC over the oceans. This is already leading to the melting of the Greenland ice sheet (see Figure 16). The Arctic Impact Assessment website (www.acia.uaf.edu) provides detailed information.
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Figure 16 Arctic region: summary of key changes



Impacts on natural systems


•  Vegetation shifts. Vegetation zones are predicted to shift northwards. This shift will destabilise existing food webs. The longer, warmer growing season will benefit Arctic agriculture although soils will be a limiting factor.

•  Thawing permafrost. Up to 40% of total permafrost is expected to thaw, especially in Siberia. In some areas, lakes and rivers will drain. This will have an impact on species, particularly freshwater fish such as the Arctic char and lake trout.

•  Increasing fires and insects. Global warming will increase forest fires and insect-caused tree death, which may have an impact on old-growth forest, a valuable habitat.

•  Ultraviolet impacts. Increased ultraviolet (UV) radiation will reach the Earth’s surface as snow and ice cover is lost. UV radiation destroys phytoplankton at the base of the marine food chain.

•  Carbon cycle changes. The replacement of Arctic vegetation with more forests will lead to higher primary productivity and increased carbon dioxide uptake, but increased methane emissions could counterbalance this positive impact.

•  Other impacts. Increased coastal erosion as thawing permafrost weakens the coast, and there are more waves and storm surges as the protection of sea ice is lost.



[image: ]


Knowledge check 29

Why will vegetation zones such as the Taiga (boreal forest) shift further north?
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Examiner tip

Ring the key ecological words (i.e. to do with plants and animals) and the key environmental words. This is what the Arctic case study is about.
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Impacts on animal species


•  Species will shift north with forests. Some species are likely to suffer major decline.

•  Marine species dependent on sea ice, including polar bears and ice-living seals, will decline. Birds like geese will have different migration patterns.

•  Land species adapted to the Arctic climate, including Arctic fox and caribou, are at risk.



Impacts on society

The ecological and environmental changes described above will mean:


•  loss of hunting culture and decline of food security for indigenous peoples

•  need for herd animals to change their migration routes

•  enhanced agriculture and forestry

•  the Arctic will become more accessible, and vulnerable to exploitation for oil, gas, fish and other resources



Compulsory case study: Socioeconomic impacts of climate change on the continent of Africa

Africa is the continent that makes the least contribution to global warming, yet it is the most vulnerable to climate change. Much of its population is dependent on climate-sensitive resources such as local water and ecosystems, and has a limited ability to respond to changing climate because of poverty.

It is predicted that temperatures in Africa overall will rise by around 3ºC by 2100. Rainfall is likely to increase in the equatorial region but decrease to the north and south of that band.
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Knowledge check 30

Explain why climate change will have such a major impact on the continent of Africa.
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Figure 17 summarises Africa’s vulnerability to global warming.
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Figure 17 Global warming impacts in Africa
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Examiner tip

Examine Figure 17 in detail so that for each impact you are able to locate examples, e.g. of where there will be food insecurity issues. Remember Africa is a continent with many different countries, all experiencing different impacts.
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•  Water issues. Life in Africa is regulated by access to water for agriculture, domestic use and hydroelectric power. Demand outstrips supply of water for 25% of Africans. However, enough water is available in most parts of Africa. Poverty is the key reason why millions have no access to safe and reliable water supplies. Water stress could lead to wars, global migration and famine.

•  Food insecurity. Seventy per cent of the population are subsistence farmers, many of whom will not be able to feed themselves should water supplies dry up, pasture quality deteriorate or crops fails. Increased locust plagues may also threaten food supplies.

•  Natural resources. Poor people, especially those living in marginal environments, depend directly on wild plants and animals to support their way of life. Loss of biodiversity due to climate change will threaten them.

•  Health. Vector-borne diseases (e.g. malaria) and water-borne diseases (e.g. diarrhoea) could increase with climate change, overloading inadequate healthcare systems.

•  Development of coastal zones. Movement of environmental refugees from the countryside puts pressure on the coastal zones; 60% of Africans live in coastal zones, many of which are at risk of coastal erosion and flooding. The threat from these is likely to increase as a result of rising sea level. If the coastal zones were flooded, much of the continent’s infrastructure of roads, bridges and buildings would also be lost.

•  Poverty. At the root of Africa’s vulnerability is poverty. The problem is made worse by conflicts (e.g. Darfur). An unjust trading system forces many countries to sell their exports at a low price. Above all, the burden of unpayable debt means that no money is available for the mitigation of climate impacts and the introduction of adaptive strategies.
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Knowledge check 31

What is likely to be the benefit of global warming for East Africa?

Knowledge check 32

Why are rising sea levels said to be an indirect impact of global warming?
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Indirect impact: rising sea levels

Predicting sea-level rise is complex and uncertain. It is caused by both thermal expansion of the oceans (increase in volume with warming) and melting ice sheets. Some areas are particularly vulnerable to rising sea levels:


•  the world’s largest deltas, e.g. Brahmaputra/Ganges in Bangladesh, Nile and Mississippi; these have large populations and high risk of exposure to storm surges, flooding and sea-level rise

•  small low-lying islands (coral atolls in the Indian and Pacific Oceans)

•  areas close to sea level that are already heavily defended, e.g. the Netherlands and eastern England (the Wash)

•  places such as Hong Kong and Singapore, where new developments have been built on reclaimed coastal land
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Knowledge check 33

What is an environmental refugee? Why are the Char Islands and Tegua the first locations where they have been registered?
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Examiner tip

Many of you will be studying ‘Crowded coasts’ as an option in Unit 2, so you can use some examples that you have studied for that unit. For the Unit 1 exam, you will need several brief examples of the impact of rising sea levels on different coastlines.
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The first environmental refugees have already been registered from the Char Islands of Bangladesh and Tegua in the South Seas (2006).

Predicting emissions and their likely impact

The Intergovernmental Panel on Climate Change (IPCC), first formed in 1988, collects data on greenhouse gas concentrations, sea levels and ice stores. As the prediction of climate change is so uncertain, the IPCC envisages different possibilities based on a range of emissions scenarios (Figure 18).


•  High emissions scenario: rapid economic growth, increasing populations, reliance on fossil fuels and business as usual.

•  Medium-high emissions scenario: more self-reliance, increasing populations and economic growth.

•  Medium-low emissions scenario: population growth slows, clean and efficient technology, reduction in use of fossil fuels.

•  Low emissions scenario: local solutions to sustainability, slower rate of population increase, less rapid technological change.
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Knowledge check 34

Why is it necessary for the IPCC to have a number of emissions scenarios?
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Why the uncertainty?

Predictions of emissions levels and their impacts are difficult, because it is hard to predict the following:


•  the level and nature of economic development, particularly in countries like India and China, which will determine greenhouse gas (GHG) emissions

•  what degree of international action will be taken to reduce emissions

•  the inertia in the system — even if GHG emissions stabilise, climate change will continue

•  the impact of positive feedback, for example as permafrost areas thaw due to global warming the powerful GHG methane will be released, increasing warming still further
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Figure 18 Climate change predictions by the IPCC



Too late to act?

The scientific evidence points to increasing risk of serious, irreversible impacts from climate change. The point when change becomes irreversible and catastrophic is called the tipping point.

[image: ]


Knowledge check 35

Explain why even under a low emissions scenario, global temperatures are expected to rise by nearly 2ºC by 2100.
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The current level (2011) of greenhouse gases in the atmosphere is around 400 ppm carbon dioxide equivalent. Even if the annual flow of emissions did not increase beyond today’s rate, the stock of greenhouse gases in the atmosphere could reach 550 ppm carbon dioxide equivalent by 2050. However, the annual flow of emissions is accelerating as fast-growing economies invest in a high-carbon infrastructure and as demand for energy and transport increases around the world. The level of 550 ppm could be reached as early as 2035. At this level there is a strong chance of a global average temperature rise exceeding 2ºC, which many regard as the tipping point for temperatures. Remember: the Arctic is already showing this profile of accelerating change.

Under a business-as-usual scenario with no serious attempt at mitigating the impacts, greenhouse gases could more than treble by 2100, giving at least a 50% risk of exceeding a 5ºC global average temperature change in the following decades. This huge rise would take humans into unknown territory — disaster on an unimaginable scale.
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Examiner tip

In the next section (on coping with climate change), a number of solutions are outlined. Beware of ‘total doom and gloom’. The following websites are useful for reference: www.iied.org and www.oxfam.org.uk.
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Coping with climate change

The role of mitigation and adaptation strategies

Mitigation involves reducing the output of greenhouse gases and increasing the size of greenhouse gas sinks. It is a longer-term solution.

Examples of mitigation strategies include:


•  setting targets to reduce carbon dioxide emissions

•  developing energy-efficient strategies in all economic sectors

•  switching to renewable energy sources such as wind power

•  ‘capturing’ carbon emissions from power stations and storing them

•  enhancing the size of carbon sinks, for example by afforestation



Arguments for mitigation are strong as it is necessary to avoid irreversible climate change and mitigation is the ultimate long-term solution. For mitigation to work, it has to take place at all scales, from local to global. Figure 19 shows the scales of mitigation and the key players.
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Figure 19 Scales of mitigation
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Knowledge check 36

Give one example of a mitigation strategy for each of the four scales shown.
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Adaptation means changing our lifestyles and businesses to develop strategies to cope with the increasing dangers from climate change — rising temperatures, more extreme weather, increasing water, food and health insecurity, and rising sea levels. It is an immediate solution.
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Knowledge check 37

Explain why adaptation is seen as a more immediate solution than mitigation.
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Examples of adaptation strategies include:


•  coastal defences or managed retreat of a coastline vulnerable to sea-level rise

•  developing a second generation of drought-resistant GM crops

•  enlarging conservation zones or developing wildlife corridors to allow for shifting ecosystems and habitats



There are strong arguments for adaptation (i.e. climate proofing). Many scientists argue that the effects of climate change are happening already (as in the Arctic) and even if humans stopped polluting the atmosphere now climate change would continue. Adaptation and mitigation go hand in hand and both are needed.
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Examiner tip

For further details of mitigation and adaptation strategies, explore the IPCC website.
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Key players in managing climate change

Kyoto Protocol: governments reaching global agreement?

At the 1992 Rio Earth Summit, the UN Convention Framework on Climate Change was agreed. It aimed ‘to achieve stabilisation of greenhouse gas concentrations at a low enough level to prevent dangerous anthropogenic interference with the world’s climate systems’. It led to the agreement of the Kyoto Protocol in 1997.

However, putting this framework into practice led to extremely complex and ongoing negotiations. Many countries delayed signing the treaty because they felt cutting emissions would damage their economies. Russia did not sign until 2005 and Australia, the second largest per capita polluter, did not sign until 2007. The USA, which produces 25% of global emissions, initially signed but withdrew in 2002 following the election of George Bush.

Complex systems were introduced allowing ‘trading’ of carbon credits: that is, buying unused emissions from other countries or businesses. Carbon sinks, such as planting forests, were allowed, so that countries can ‘offset’ emissions. Critics argue that both of these systems allow polluters to continue to pollute.

Overall reductions in emissions have been under 1%, largely because of increasing emissions from countries such as China, India and Brazil, which were not obliged to cut emissions. Discussions at the 2009 Copenhagen Climate Change Conference proved very complex and many issues surrounding mitigation responsibilities remain unresolved.
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Examiner tip

Research the Copenhagen and Cancun Climate Conferences so you can update your knowledge and see whether progress has been made or not.
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Big businesses

Some transnational corporations (TNCs) are bigger economically than developing countries and their actions wield enormous economic power. Initially, big oil and car companies were opposed to cutting emissions, arguing that reducing pollution would cost money, profits and jobs. Now, however, leading TNCs produce annual environmental reports and many are committed to greener growth. For example, General Electric, the world’s largest company, has committed itself to double its research and development spending on clean technologies, double its revenue from renewables and energy-efficient products and reduce its greenhouse gas emissions by 30% by 2012. This change of attitude can be explained by pressures from customers and investors and the need to display a good public image. There are big profits to be made in renewables and new clean technology. Incentives are available for offsetting schemes and clean development mechanisms, and governments are increasingly taxing carbon emissions.
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Knowledge check 38

What is meant by greener growth?
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National governments

National governments play a vital role in developing strategies to reduce emissions, by:


•  promoting energy-efficient technology, e.g. ecobuildings, green transport

•  encouraging energy generation from nuclear power (France), renewables (Scandinavia and UK) or biofuels (USA) instead of fossil fuels

•  promoting carbon storage by sequestration of power-station emissions (Norway) and creation of sinks by tree planting

•  awarding huge grants for developing carbon-neutral ecotowns

•  legislation and fiscal policies, e.g. taxing pollution



Local governments

Local governments tend to reflect the strategies of their national governments. In the UK, London has led the way with legislation such as the congestion charge. Leicester is the UK’s first environmental city. Figure 20 shows a range of emission-reducing schemes available to local authorities.
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Figure 20 How a city can reduce greenhouse gas emissions
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Knowledge check 39

Chose four of the strategies shown in Figure 20 and explain how they help cities reduce GHG emissions.
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Examiner tip

Research the Sustainable Cities website and add to the strategies.
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Areas throughout the world have developed Local Agenda 21, which emerged from the 1992 Rio Earth Summit. It encourages local authorities to implement a raft of sustainable strategies to improve the environment and reduce carbon emissions. Many people are encouraged by positive local actions on recycling, green transport and small-scale schemes (e.g. combined heat and power) to do their bit for climate change.
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Examiner tip

Look at the websites of some NGOs which campaign on climate change (e.g. Camp for Climate Action, Eco Equity). Find out what their role is and how they campaign. Assess the degree of bias in their information.
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NGOs

Most environmental NGOs operate in advocacy and education roles to bring pressures on governments and individuals to act. They campaign on the causes, impacts and solutions to climate change for a number of environ­mental and socio-political reasons.

Individuals

The key to getting individuals involved in cutting emissions is education. Cal­culating the carbon footprint (the amount of carbon dioxide emitted by an individual or a family or school each year) is a very good personal check on performance. It creates an opportunity to reduce the footprint by changing patterns of consumption and transport use, by installing energy-efficient systems and, if all else fails, by offsetting carbon-emitting actions. However, many of these changes may be challenging, sometimes even impossible to implement. Think about some of the following ideas:


•  walking, cycling or taking the bus/train to work or college, i.e. not using the car

•  buying locally produced food — often at higher prices and with limited choice

•  switching energy supplies to renewables — this is costly

•  becoming energy efficient in the home, e.g. not leaving the television on standby, not using the tumble dryer in summer
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Knowledge check 40

How does a carbon footprint differ from an ecological footprint?
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The challenge of global hazards for the future

The enormity of the challenge

Global warming and oscillations like El Niño and La Niña are causing rising numbers of hydro-meteorological hazards (wind storms, drought and floods). The increasing numbers of vulnerable people, who have low adaptive capacity, mean that these hazards frequently develop into disasters.

Water shortages

Climate change will exacerbate water stress (lack of a safe, reliable supply), which is currently experienced by some 40% of the world’s people. As a result of rising temperatures, greater incidence of drought or loss of supplies from glaciers, around half a billion more people will experience a physical shortage of water, i.e. demand exceeding supply. As poverty levels rise, there may be many more people not able to afford clean water, i.e. an economic shortage of water. Water is needed not only by people themselves but also for their rainfed agriculture and stock. Water shortage will have a profound effect on food security.

[image: ]


Knowledge check 41

What is meant by rainfed agriculture?

Knowledge check 42

What is the difference between physical and economic water shortage?
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Food insecurity

Food insecurity means people’s inability to access an adequate diet. Climate change will exacerbate famine in parts of Africa, South America and south Asia, as an increase in extreme weather events leads to falling yields in cereals. Rising poverty will mean that fewer people can afford to access food and more will rely on food aid. Climate change has not only led to reductions in crop yields. The desire to cut emissions has also led to the planting of millions of hectares of maize/soy beans/sugar cane for biofuels at the expense of growing cereals for food.
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Knowledge check 43

What are biofuels?

Knowledge check 44

State one reason why biofuels are considered eco friendly and one reason why their growth is causing such concern.
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The relationship between global warming and food security is complex. The growing of cash crops (notably tea) in some regions will be affected by changing conditions, but elsewhere there will be some benefits, such as a longer growing season in the Arctic and more rainfall in Kenya.
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Knowledge check 45

What is intermediate technology?
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In theory, agriculture should be able to adapt to climate change using a variety of technologies, from intermediate technology such as soil conservation schemes in Mali, to high technology such as the long-awaited second generation of drought-resistant/salt-tolerant GM crops. The reality is that ecosystems are extremely sensitive, the vulnerability of people high, and the adaptive capacity limited in the developing world.
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Knowledge check 46

Why are second generation GM crops long awaited?
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Tackling the challenge

A number of sustainable strategies can be used to tackle climate change. However, many of them have costs as well as benefits. Green strategies include a range of so-called ‘eco-friendly’ projects.

Tree planting

Trees act as a ‘sink’ by taking in carbon dioxide and ‘fixing’ it in the form of hydrocarbons (plant matter). However, the benefits are not felt for at least 10 years as a growing tree releases more carbon dioxide than it absorbs, especially if the ground vegetation is burned for the initial tree planting. Under the Kyoto Protocol, countries are not prohibited from deforestation, yet they can claim carbon credits for new planting, while in reality releasing carbon dioxide.

Renewable energy projects

These cut down on the use of fossil fuels. Some small-scale projects — such as solar panels, microhydro turbines, biogas converters and wind turbines — are of vital importance to remote areas in developing countries, revolutionising the quality of life of the rural poor.
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Examiner tip

Use the Practical Action website to read up about some of these rural small-scale renewable energy projects.
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Any large-scale schemes, such as the Three Gorges dam in China or the new mega dam proposed for the River Congo, have all kinds of environmental and ecological costs, as well as the obvious benefits of providing large quantities of ‘green’ electricity along with flood control, irrigation and tourism. In some countries that depend on hydroelectric power (HEP), there is concern that climate change will render HEP schemes useless because of drought affecting water supplies.

The most contentious development is probably that of biofuels. There are two groups of the so-called first generation of biofuels: biodiesel is usually made from soya beans or rapeseed, which is added to conventional diesel; bioethanol is made from corn (USA) and sugar cane (Brazil). There are huge concerns about the environmental damage and impacts on biodiversity resulting from destruction of rainforests or draining of wetland areas to grow these biofuel crops in countries such as Brazil or Indonesia. They also exacerbate the food-security crisis where they are grown instead of food crops such as wheat or rice. The question has to be asked whether the costs of growing biofuel crops outweigh the benefits and whether it is a truly ‘green’ fuel. In the USA, the main driver seems to be combating the rising price of oil rather than reducing greenhouse gas emissions.

Wind farms produce green electricity but large areas of turbines are required to generate comparatively modest amounts of power. Some of the best sites in terms of wind occur in areas of outstanding natural beauty and development of wind farms is hotly opposed in such locations. Recently a large scheme in the peatlands of the Isle of Lewis in the Outer Hebrides was rejected on environmental grounds, with 11,000 residents signing a petition against it.
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Examiner tip

Always look at the pros and cons of all renewable energy schemes.
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A major problem with renewable sources of energy is that they tend to be more expensive than fossil fuels. Nuclear power is another option, but opinion is sharply divided as to whether it is a green option, because of waste and safety issues.

Community-based strategies

These often work well as they are developed in a ‘bottom-up’ fashion by the community, as opposed to being forced upon them by higher authorities — that is, they are proactive. Communities in countries at all stages of development can take the initiative in producing schemes that mitigate or adapt to climate change. The only problem about bottom-up schemes is that they are often locally based and not easily replicated everywhere. Their success also depends on the energy of a ‘hard core’ of leaders and organisers to motivate the community.
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Knowledge check 47

Why do people support bottom-up strategies?



[image: ]

Examples include the creation of low carbon communities in towns and villages such as Wolvercote (Oxfordshire), and polythene-bag-free towns such as Modbury (Devon). There are numerous community-based initiatives, frequently financed by NGOs, in dev­eloping countries. These are known as capacity building schemes, which teach local people to adapt to climate change. Community forest projects are also widespread.

Energy efficiency

This is possibly the most effective way forward, although initial costs of any scheme are high. Long-term energy efficiency not only reduces emissions, but it actually cuts costs and improves local pollution levels. Avoiding dirty development in the first place is clearly the way ahead for developing countries.

Methods of increasing energy efficiency include:


•  remodelled factories with clean, efficient industrial processes and optimum use of energy

•  redesigned houses with modern boiler systems and full insulation

•  greener and more efficient power stations

•  green transport using new, greener fuels (hybrid technology or hydrogen-powered)

•  use of recycling, e.g. waste heat from incineration for central heating systems
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Knowledge check 48

Why is energy efficiency the most effective way forward?
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One word of warning: India and China, because of their huge size (their combined populations comprise one-third of the world’s people, 2.5 billion) and rapid economic growth (average of 6–10% per year) have a critical role to play in controlling emissions. Even if all the more developed countries cut their emissions drastically the following statistics suggest that the economic growth of China and India will lead to more emissions:


•  The increase in China’s greenhouse gas emissions from 2000 to 2030 will nearly equal the increase from the entire industrialised world. In 2008 China became the world’s number one greenhouse gas emitter.

•  India’s greenhouse gas emissions are estimated to rise by 70% by 2025, with India’s energy consumption rising even faster than China’s.

•  Both India and China are desperate for energy to fuel their economic expansion, in order to bring their citizens out of poverty and improve the quality of their lives — 40% of India’s population currently lack regular access to electricity. Environmental concerns inevitably lag behind the need for growth, but both countries are concerned about pollution and energy shortages.
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Examiner tip

China has begun to make huge progress as a developer of wind and solar technology. Find out about China’s strategies for the future and the impact these could make on GHG emissions.
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Solutions in a more hazardous world

The Hyogo Framework for Action (Figure 21) was developed in 2005 by the World Conference on Disaster Reduction held in Kobe, Japan. At its heart is risk reduction by building resilience to disasters and by overcoming the underlying factors that lead to vulnerability, notably poverty. Their aim is to exploit the Kyoto mechanisms, such as the Special Climate Change Fund and the Clean Development Mechanism, to allow developed countries to pay for greenhouse gas cutting projects in return for carbon credits.
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Figure 21 The Hyogo Framework for Action
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Knowledge check 49

How did the Hyogo Framework get its name?
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The framework can be applied at all scales, from local to international. In Unit 2 you will be investigating recurring hazard events — either river flooding or the impact of coastal storm surges. At an international scale, a mega-disaster such as the 2004 south Asia tsunami can be researched, looking at how the new coastal zoning and coastal economic development schemes, and the Indian-built tsunami early warning systems, have fulfilled the three priorities for action in the Hyogo Framework. At a regional scale you could research poverty in sub-Saharan Africa to see how the various countries are using the framework and at a local scale you could look at flooding and the manage­ment of flood risk (using the Environment Agency website: www.environment-agency.gov.uk).

In conclusion, Figure 22 summaries the importance of an integrated approach to management of the rising risk from climate change and hydro-meteorological hazards.


[image: ]
Figure 22 The importance of an integrated response to risk management
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Knowledge check 50

Explain how the triple dividends result from the response shown.
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Summary

World at risk




•  Rising risks result from an increasingly unfavourable risk equation. The increasing impacts of short-term climate change have led to extreme weather causing more hydro-meteorological hazards. The level of vulnerability is increasing, whereas people’s capacity to cope is decreasing, especially in developing nations.

•  Global trends: the number of disasters is increasing, especially hydro-meteorological disasters. The number of people affected has increased. Deaths from disasters have levelled out, largely because of improved management of major hazard events. Economic losses have dramatically increased.

•  Global patterns: the distribution of geophysical hazards is largely explained by plate tectonics. The distribution of hydro-meteorological hazards is explained by the occurrence of particular meteorological and climatic conditions. Slides can be caused by geophysical activity and extreme weather events in mountain areas. Where several different types of hazard occur in an area with vulnerable people, multiple disaster hotspots occur. An in-depth study of California and the Philippines illustrates this.

•  Climate change can be classified into: long-term change caused by the Milankovitch cycles — evidence comes from ice cores. Medium-term historical change is thought to be caused by sunspot activity — evidence comes from proxy records. Recent short-term climate change is caused by oscillations such as El Niño/La Niña, and global warming. The latter is increasingly linked to anthropogenic causes, i.e. rising levels of GHGs. Evidence comes from direct measurements.

•  The Arctic is experiencing ecological and environmental impacts as temperatures rise at twice the rate of the rest of the world.

•  The continent of Africa shows how the vulnerability of the people can magnify the socioeconomic impacts.

•  Indirect impacts include rising sea levels.

•  Climate change is an uncertain science as predicting the level of GHG emissions and their likely impact is complex.

•  Solutions to climate change include shorter term local adaptations and longer term mitigation.

•  Solutions rely on a range of actions from key players operating at all scales from local to global.

•  Chronic hazards such as short-term climate change provide a huge challenge for the future and rely on the development of sustainable strategies for disaster management.
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