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Exam tips


Advice on key points in the text to help you learn and recall 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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Summaries





•  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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About this book


Much of the knowledge and understanding needed for AS and A-level geography builds on what you have learned for GCSE geography, but with an added focus on geographical skills and techniques, and concepts. This guide offers advice for the effective revision of the five AS and A-level option topics: Climate change, Disease dilemmas, Exploring oceans, Future of food and Hazardous Earth.


The external exam papers test your knowledge and application of these aspects of physical and human geography. More information on this is given in the Questions & Answers section at the back of this book. To be successful in these topics you have to understand:





•  the key ideas of the content



•  the nature of the assessment material — by reviewing and practising sample structured questions



•  how to achieve a high level of performance within them





This guide has two sections:


Content Guidance: this summarises some of the key information that you need to know to be able to answer the examination questions with a high degree of accuracy and depth. In particular, the meaning of key terms is made clear and some attention is paid to providing details of case study material to help to meet the spatial context requirement within the specification. Students will also benefit from noting the Exam tips that provide further help in determining how to learn key aspects of the course. Knowledge check questions are designed to help learners to check their depth of knowledge — why not get someone else to ask you these!


Questions & Answers: this includes some sample questions similar in style to those you might expect in the exam. There are sample student responses to these questions as well as detailed analysis, which will give further guidance in relation to what exam markers are looking for to award top marks.


The best way to use this book is to read through the relevant topic area first before practising the questions. Only refer to the answers and examiner comments after you have attempted the questions.





Content Guidance



Climate change


How and why has climate changed in the geological past?


The Earth’s climate has always fluctuated but usually over very long timescales and without the influence of human activities.


The Earth’s climate is dynamic


Methods used to reconstruct past climates


A range of evidence is available to inform us about what the climate was like in the past.





•  Marine sediments: fossil shells of foraminifera reveal the temperatures in which they formed.



•  Ice cores: cylinders of ice removed from ice sheets contain bubbles of gas and we can measure the relative proportions of different gases, which mark climate changes.



•  Lake sediments: cores from lake beds contain pollen grains, spores and diatoms (algae), which reveal what plant communities existed in the past.



•  Tree rings: the width of each ring reveals how quickly the tree grew, which reflects past temperatures.



•  Fossils: plants and animals are sensitive to particular climate conditions. Fossils indicate the climate in which they lived.





Past climates reveal periods of greenhouse and icehouse Earth


The Earth’s climate has altered from that of a greenhouse, when carbon dioxide levels, temperatures and sea levels were high, to an icehouse, when the opposite conditions existed.


Long-term changes


About 100 million years ago, during the mid-Cretaceous period, much of the world was subtropical, polar ice caps didn’t exist and carbon dioxide levels were some five times higher than today. Then major tectonic changes occurred, which moved continents and affected ocean circulation. The Earth’s energy budget altered, resulting in a cooling down.
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Exam tip


Make sure you can discuss long-term changes to climate in terms of what happened, when and why.
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Antarctica’s glaciation



Fossils from Antarctica reveal that subtropical conditions existed 40 million years ago. Around 35 million years ago, rapid cooling of the Earth occurred, which culminated in ice sheets accumulating on Antarctica. Three factors were responsible:





1  Antarctica moved towards the South Pole, away from Australia and South America. This allowed an ocean current to flow right around the continent and prevent warmer water further north from coming south.



2  The South Sandwich Island’s submerged volcanic arc affected ocean currents, preventing warmer flows from further north reaching Antarctica.



3  Carbon dioxide levels fell from 1,000–1,200 parts per million (ppm) to 600–700 ppm.





Quaternary glaciation


During the past 2.6 million years, the climate has altered between conditions as warm or even slightly warmer than today (inter-glacials) to long cold episodes (glacials).
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Over the past 450,000 years, four glacials and four inter-glacials occurred (see Figure 1). The most recent glacial, the Devensian, was at its maximum some 20,000 years ago. Ice sheets 1–1.5 km thick extended across the British Isles, leaving just the southern region ice-free but in conditions similar to northern Siberia today.


The Holocene


The Holocene (an inter-glacial) began approximately 11,700 years ago. Its climate included both cool and warm periods. About 6,000 years ago, average global temperature was 1°C to 2°C higher than today. The period 1100–1300 was relatively warm, while the years 1550–1850 are known as ‘the Little Ice Age’ as Europe experienced some very cold winters. Overall, ice has retreated and sea levels risen by some 100–120 m since the Devensian.


How natural forcing has driven climate change


Natural forcings are factors that result in the climate changing. They can either come from outside the Earth or from the Earth itself.


External forcings


Serbian astronomer Milankovitch theorised long-term cycles that affect the amount of solar radiation reaching the Earth’s surface, and the spatial and temporal distribution of that energy. There are three types of Milankovitch cycle:






1  Tilt of Earth’s axis: this varies between 22° and 24.5° over a period of about 40,000 years. The closer to 22°, the fewer seasonal differences there are (summers are cooler, winters are milder). Snow and ice do not melt during the summer and, even with milder winters, can expand. Positive feedback occurs, increasing the amount of radiation reflected, which further lowers temperatures. This forcing correlates with the pattern of glacials and inter-glacials.



2  Earth’s movement on its axis: as the Earth spins on its axis, it wobbles slightly. This is due to gravitational influence from the Moon and Jupiter, occurring around every 22,000 years. The effect alters the amount of solar radiation the Earth receives. Northern hemisphere winters are milder when the Earth is particularly close to the sun, but summers are cooler. Similar climate change to that experienced during the tilting of the Earth’s axis occurs.



3  Earth’s orbit around the sun: this varies from nearly circular to very elliptical. A very elliptical orbit means that there is a significant difference (about 30%) in solar radiation received between winter and summer. Glacial periods correlate to very elliptical orbits.





Internal forcings


Examples of internal forcings include the following:





•  Plate tectonics: starting some 250 million years ago, the super-continent of Pangaea began to break up. As continents drifted, ocean currents shifted, altering the distribution of solar radiation absorbed by the oceans. The changing distribution of land altered the balance between incoming and outgoing solar radiation. For example, as more land moved to higher latitudes in the northern hemisphere, permanent land-based ice cover increased. Positive feedback occurred as global albedo increased, forcing global cooling.



•  Volcanic gases: volcanic eruptions can eject vast quantities of ash and gas into the atmosphere. Ash tends to dissipate in weeks to several months, but reflects solar radiation directly out to space. Ejected sulphur dioxide (SO2) forms sulphate aerosols, which also reflect solar radiation into space. Some volcanic gases act as greenhouse gases. The more material erupted, the greater the impact on climate, but the effects only last for several years.



•  Natural greenhouse gases (GHGs): naturally occurring GHGs include water vapour, carbon dioxide (CO2), methane (CH4) and nitrous oxide (N2O). More CO2 and CH4 lead to warmer conditions, and vice versa. GHGs such as CO2 vary naturally due to several factors. For example, due to the uplift of mountain chains such as the Andes and Himalayas, rainfall increased. Chemical weathering via carbonic acid in rainwater also increased. Vast quantities of CO2 were then transferred from the atmosphere to the long-term sink of marine carbonate sediments. The increase in nutrients from eroded and weathered rock in the oceans led to an explosion of the phytoplankton population, which removed CO2 from the atmosphere. The carbon was buried in sea-floor sediments when these organisms died and sank.



•  Solar output: solar radiation varies and can be assessed using sunspot evidence. The reliable record of sunspot activity from the past 400 years shows a positive correlation between sunspot numbers and levels of solar energy emitted. A regular 11-year cycle in sunspot activity exists. However, the difference between maximum and minimum parts of the sunspot cycle gives roughly 0.1% variation in solar output, too little to alter global climate significantly. Over centuries, sunspot activity is more variable. The ‘Maunder minimum’ period (approximately 1650 to 1720) correlates less sunspot activity with severe winters in Europe.





It is important to note that climate models combining all natural forcing factors do not match the observed changes in temperatures, in particular the global warming of the past 50 years.
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Knowledge check 1


What is the difference between external and internal natural forcing?
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How and why has industrialisation affected global climate?


Global human activity is now so dominant that environmental change is seen as largely human-driven. This has led to the view that the Holocene has ended and we are now experiencing a new geological age: the Anthropocene.


The influence of humans on the climate system


Evidence that the world has warmed since the late nineteenth century


Increases in temperatures


Sea surface temperatures (SSTs), atmospheric and land surface temperatures have all risen. Global surface temperature increased by 0.74°C over the course of the twentieth century. All readings show sharp increases in temperature since 2000 — the ten hottest years on record have all occurred since 1998, nine of these since 2000.
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Exam tip


Websites such as those maintained by NASA, NOAA and the National Snow and Ice Data Center offer detailed and updated material on ice melt. Use these to keep up to date with the latest figures and give your answers authority.
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Shrinking ice sheets and valley glaciers


In Greenland melting outpaces accumulation. The situation in Antarctica is more complex due to its three separate ice sheets. The Antarctic Peninsula ice sheet is melting and a large part of the West Antarctic ice sheet has lost mass, but no clear trend has emerged for the East Antarctic ice sheet.


In mountainous regions (the Alps, the Himalayas) most valley glaciers have been melting. More meltwater results in the acceleration of glacier flow, bringing more ice more quickly to lower altitudes, where temperatures are warmer. For glaciers flowing into the sea, faster flows lead to more ice breaking off at the coast and floating away as icebergs, which then melt.


Rising sea levels


Sea levels have been on the rise since the mid-nineteenth century. For most of the twentieth century, the average rise was 1.0–2.5 mm/year but satellite readings suggest this has increased to 3.0 mm/year. Two factors are responsible.





1  Thermal expansion of water: as SST increases, water density decreases and water expands in volume.



2  Transfer of land ice to the sea: as temperatures rise, ice melts and water flows back to the sea.
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Knowledge check 2


What factors are responsible for sea-level rise?
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To date, about half the sea-level rise is due to thermal expansion of water. Greenland and Antarctic ice melt accounts for some 14%. The rate and extent of ice melt is causing concern, as it is one of the biggest unknowns of global warming.


Increasing atmospheric water vapour


Water vapour is a natural GHG and accounts for some 50% of solar energy absorbed. The amount of atmospheric water vapour is directly related to temperature and rates of evaporation. A warmer world results in greater evaporation and more moisture in the atmosphere. Water vapour, however, does not last long in the atmosphere, since parts of the water cycle operate relatively quickly.


Models suggest that water vapour amounts may double by 2100. Due to positive feedback, roughly twice as much warming will occur than if the water vapour level remained constant.
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Exam tip


Practise drawing a systems diagram to illustrate the positive feedback operating in the relationship between increasing temperatures and the amount of water vapour. You could use this in an essay response.
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Decreasing snow cover and sea ice


Snow measurements taken in early spring allow for the maximum amount of snow accumulation over winter. Since the mid-1960s, the area of snow in the northern hemisphere has declined at 2% per year. Sea ice in the Arctic Circle has reduced by about 0.8% per year in summer and 0.3–0.4% in winter. Its thickness has reduced from nearly 4 m in the early 1980s to 1.9 m in the early 2000s.


Sea ice around Antarctica has a more complex set of changes. At the end of the southern hemisphere winter in 2016, sea ice extent was the second lowest on record. However, the trend during the late twentieth and early twenty-first centuries has been of slight increases of about 0.2% per year. Combining Arctic and Antarctic data shows that there is a steady decline in sea ice overall.


How have anthropogenic GHG emissions changed since pre-industrial times?


Anthropogenic GHG emissions are chiefly those that originate in human activity.



Carbon dioxide (CO2)


Up to about 1800, atmospheric CO2 levels were comparatively stable at around 280 ppm, but by the late 1950s had risen to approximately 316 ppm. Since then CO2 concentrations have continued to rise, reaching 390 ppm in 1990 and passing the 400 ppm level in 2015. The rate at which CO2 levels are rising has been increasing. Half the increase since 1800 has occurred since 1960.
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Exam tip


It is important to stress in any discussion about carbon dioxide that the rate of change in levels of carbon dioxide in the past 100 years is comparable to the natural variations that took thousands of years to occur.
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Methane (CH4)


Methane is produced when organic matter decays in anaerobic (oxygen-free) conditions. Until around 1800, methane levels were about 700 parts per billion (ppb). During the second half of the twentieth century, levels rose from around 1,000 ppb to 1,500 ppb, and are now close to 1,750 ppb.



Nitrous oxide (N2O)


Nitrous oxide has natural and anthropogenic sources, such as burning fossil fuels and nitrogen-based fertilisers. Its atmospheric concentration rose steadily during the industrial period and is currently at roughly 50 ppb, which represents a 16% increase during that period. This level is significant as N2O persists in the atmosphere for up to 150 years and is some 200–300 times more effective in trapping heat than CO2.



Halocarbons: CFCs, HCFCs and HFCs


These gases rarely occur naturally so are almost entirely the result of anthropogenic activities. Their concentration levels are very small when compared with carbon dioxide, but they are some 3,000–13,000 times more effective at trapping heat than is carbon dioxide. Governments have largely controlled CFC use and there have been moves to reduce other halocarbons. However, their persistence in the atmosphere (many decades and up to 400 years) means they will continue to act as GHGs.
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Exam tip


It is important to note the differences in levels of concentration of GHGs and to appreciate how they vary in their global warming potential. Methane is some 25 times more effective at trapping energy than carbon dioxide.





Why have anthropogenic GHG emissions risen?


Population growth


In 1800, the global population was 1 billion. In 2016, it passed 7.4 billion and is expected to reach just over 11 billion by 2100. Not only does this lead to an increase in carbon footprints, the vast majority of people are increasing their carbon output through rising standards of living. For example, the production of food, clothes, clean water and housing all release GHGs into the atmosphere.
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Knowledge check 3


What is the significance of the global warming potential (GWP) of different gases?
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Land-use changes


Large areas of forest have been cut down, releasing carbon but also reducing the Earth’s capacity to absorb carbon. Draining wetlands, increasing the area under cultivation, higher livestock numbers and increased use of landfill account for the release of approximately one-third of all GHGs.


Energy demand


The shift in energy supply to fossil fuels powered the industrial period. We still rely on fossil fuels to supply some 87% of total energy, for example in energy supply, manufacturing, transport, agriculture and domestic demand (see Figure 2).
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How has the balance of anthropogenic GHG emissions changed?


From 1850 to 1960, Advanced Countries (ACs) were responsible for most GHG emissions. The USA was the largest source (some 28% since 1850), but the last 40 years has seen significant regional shifts.


The top ten producers — made up of ACs such as the USA, Japan, South Korea and Canada, and Emerging and Developing Countries (EDCs) such as China, India, Iran and Saudi Arabia — still generate nearly 80% of all carbon dioxide emissions. ACs including the USA, Canada and Australia join EDCs such as the United Arab Emirates and Saudi Arabia in the top ten per person producers. China and India, in particular, have relatively low per person emissions.


Deforestation emissions are difficult to assess. However, when we take deforestation into account, countries such as Brazil and Indonesia are among the leading overall emitters.
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Exam tip


It is important to distinguish between total GHG emissions of a country and per person (capita) emissions. Both figures are significant, as future emission trends might see some substantial alterations to those figures.
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How is the natural greenhouse effect enhanced?


Most GHGs occur naturally. They allow the incoming short-wave radiation from the sun to pass through the atmosphere relatively easily. However, GHGs absorb the long-wave radiation the Earth emits. They act like greenhouse glass, which reflects the sunlight, bouncing the energy around and allowing more heating to occur. Eventually the long-wave radiation makes its way back out to space. Without the natural greenhouse effect, the average temperature at the Earth’s surface would be some 34°C lower.


As atmospheric GHG volume has increased, it has trapped more of the outgoing long-wave radiation. Attention is focused on the role of CO2, as its increase has been so dramatic. But increases in water vapour and methane are also significant in enhancing the greenhouse effect.


Evidence from ice cores indicates that atmospheric CO2 increases before overall global temperatures rise. Research has suggested that for the last four glacial–inter-glacial cycles, CO2 levels increased up to 5,000 years before the ice sheets began to melt.


How do human activities influence the global energy balance?


The balance between incoming and outgoing energy determines the Earth’s temperature. GHGs are critical in this balance, so any change in the atmosphere alters temperatures. Human activity has released considerable volumes of GHGs into the atmosphere over the past 200 years. The global energy balance has been altering as a result, leading to global warming:





•  More outgoing long-wave radiation is absorbed and returned to the Earth’s surface as back radiation, raising temperatures.



•  Evaporation rates rise due to higher temperatures of both water and atmosphere. More latent heat transfers to the atmosphere in water vapour, which further alters the energy balance, as water vapour is a key GHG.



•  Increasing temperatures lead to snow and ice melting. Less incoming solar radiation is reflected back to space but is absorbed by the land and sea, altering the energy balance.



•  Land-use changes, such as deforestation, reduce albedo, increasing energy absorption and so altering the energy balance.
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Case study


For this part of the specification you are required to have case studies of one AC (e.g. Australia, Canada, France, Germany, Japan, the UK, the USA) and one EDC (e.g. Brazil, China, India, Indonesia, Mexico). Your case studies must illustrate:





•  the contribution to anthropogenic GHG emissions from each country



•  the principal activities contributing to GHGs, e.g. power generation, cement manufacture, transport



•  the factors responsible for changes in GHG emissions, including the role of international protocols such as Kyoto or Paris
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Why is there a debate over climate change?


Different agendas shape climate change debates


The very fact that there is debate indicates that countries, organisations and individuals have differing ‘agendas’ or perspectives regarding the nature and causes of climate change.


Historical background to the global warming debate


Historical evidence for global warming


The greenhouse effect was discovered in 1824. By the mid-nineteenth century, it was widely accepted that some gases had a role in trapping heat within the atmosphere.
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Exam tip


It is helpful to know something about the evolution of scientific thought regarding the Earth’s atmosphere, giving context to recent changes in the climate change debate.
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In 1896, Swedish scientist Svante Arrhenius calculated that human activity could lead to global warming through adding CO2 to the atmosphere. In the following decades, scientists believed human influences were minor compared with forcing mechanisms such as sunspots, the Earth’s variable orbit and tilt, and ocean circulation. Many believed that oceans acted as vast sinks for excess CO2, so there was little cause for concern.


In 1958, readings from both the Mauna Loa observatory, Hawaii, and Antarctica provided incontrovertible evidence that atmospheric CO2 levels were steadily climbing. The ‘Keeling curve’ reveals that CO2 has reached its highest level for some 700,000 years.


The global warming debate


Why was there a delay in recognising the impacts that GHG emissions and global warming could have? There are two reasons:





1  The nature of the data of global mean temperature



2  The lack of global environmental awareness





From 1940 to the mid-1970s, global temperature appeared to have a general downward curve. There was concern that the next ice age was beginning. From the late 1970s, significant advances were made in global climate modelling, and palaeoclimate research benefited from more reliable and accurate data, such as from deep-sea sediments. For example, it is now known that cooling in the 1960s and 1970s was due to the sunspot cycle and certain pollutants.


During the early 1980s, the global warming curve increased and by the end of the decade the rate of temperature increase was itself showing dramatic growth, as seen in the famous ‘hockey stick’ graph.


Although there are those that disagree, it is now the scientific consensus that global warming is occurring faster than at any previous time and that human activity is responsible for the increase. During the 1980s, a rise in environmental awareness occurred — the discovery of the hole in the ozone layer over Antarctica, the Chernobyl nuclear accident (1986) and the Exxon Valdez oil spill (1989) made headline news around the world. Global warming soon became a focus for concern, although a powerful denial lobby, involving both politics and business, still exists.




[image: ]


Exam tip


Construct a timeline to plot the key events in the evolution of the global warming debate. This will help you to understand how and why the debate has altered across the decades and bring accuracy to your exam answers.
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The role of governments and international organisations


As climate change affects the entire planet, governments and international organisations have become crucial to the debate and consequent action or inaction.


The UN


Through the UN, thousands of people from a wide variety of disciplines come together to research and share findings. Some key landmarks have included:





•  the 1988 Intergovernmental Panel on Climate Change (IPCC) set up by the UN Environmental Panel and World Meteorological Organisation



•  the UN Framework Convention on Climate Change (UNFCCC), a 1992 international treaty signed by 41 countries at the Rio Earth Summit



•  the 1998 Kyoto Protocol, which set legally binding targets to reduce GHG emissions — a total of 192 countries were involved but some (the USA, China) never ratified the treaty, while Low Income Developing Countries (LIDCs) were not required to cut GHG emissions






The EU


In regards to global warming, the EU is an environmental leader. The European Climate Change Programme (ECCP) sets targets for GHG reduction. It takes 1990 as the base year, setting legally binding targets of a 20% cut in GHG emissions, 20% of electricity from renewables and 20% improvement in energy efficiency by 2050. Progress towards targets varies across countries.


The cornerstone of this policy is the Emissions Trading Scheme (EU ETS). It operates a cap and trade system, and is the world’s first major carbon market. It covers 45% of emissions, mainly CO2 and N2O. Each country has binding targets to reduce the remaining 55% from areas such as agriculture, housing, waste and transport.


The UK


The UK’s Climate Change Act (2008) commits to a reduction in GHGs of at least 80% by 2050 compared with 1990 emission levels. The strategies include:





•  short-term (5-year) carbon reduction targets



•  increasing energy efficiency (improved building insulation, smart meters etc.)



•  investing in low-carbon technologies (carbon capture and storage, renewables such as wind, biomass, solar)



•  carbon taxes (on electricity generated by fossil fuels, especially coal, and vehicle CO2 emissions etc.)






India


India did not ratify Kyoto, arguing that ACs were responsible for the increase in GHG emissions, and that EDCs and LIDCs should not have to pay. India argues that its annual per capita CO2 emission of 1.7 tonnes is well below the global average of 5.0. Its priorities are reducing poverty and improving access to electricity among its population.


Nonetheless, India aims to lower GHG emissions by 20–25% by 2020, compared with its 2005 level. However, the commitment is voluntary and India’s GHG emissions are expected to rise significantly over the next couple of decades.
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Exam tip


Research how countries across the development spectrum are responding to global warming to give your responses balance and authority.
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The role of the media and interest groups


The media


Most people gain knowledge and understanding of issues such as climate change through access to popular media, and media interest in global warming has increased since the late 1980s. Particular political viewpoints tend to colour the media’s reporting on global warming, for example right-leaning media tends to give greater prominence to sceptical opinions.


The media has also found it hard to understand and communicate scientific research methods. The fact that historic data are often recalibrated does not mean that those findings are invalid. For example, satellite data from the 1950s and 1960s have required reappraisal, to account for the contrasts in height above the Earth of different satellites.
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Exam tip


So that you can evaluate points of view, try to decipher the political background of certain media. In this respect, you should treat websites in particular with caution.
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Often reporters do not have the time nor space to provide more than generalisations about scientific research. Thus ‘arguments’ among researchers are presented as serious disagreements or ‘proof’ that the research is flawed.



Interest groups


Interest groups take various positions on climate change. The energy and mining industries have vested interests in maintaining the production of fossil fuels. They have considerable resources to spend on promoting themselves, including influencing decision makers such as politicians.


Other players support GHG reductions through their particular focus on aspects such as the environment or wildlife. Non-governmental organisations (NGOs) such as Christian Aid, Oxfam and Greenpeace operate on both national and international scales. Local media and organisations are also part of the climate change debate.
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Exam tip


Investigate local media and interest groups’ involvement in the climate change debate. They can be effective in supporting a discussion alongside the better-known national and international examples.
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In what ways can humans respond to climate change?


Now that global warming is impacting an ever-increasing number of people, many are focusing on how humans can respond.


An effective response relies on knowing what the future holds


The response to the challenges created by global warming requires intensive preparation. To be effective, plans must be built upon high-quality information.


The importance of the carbon cycle


Carbon is ubiquitous on Earth, forming the basis of 95% of all known compounds. Stores, or sinks and flows of carbon, as well as processes involving carbon, are vital for life on Earth in a number of ways:





•  Life is carbon based.



•  Carbon stores such as carbonate rocks, fossil fuels and ocean sediments lock away carbon for millions of years — part of the slow carbon cycle.



•  Carbon is stored in the atmosphere (e.g. CO2), the oceans (dissolved CO2), soils and living organisms — part of the fast carbon cycle.



•  Green plants and phytoplankton convert CO2 into carbohydrates, thereby beginning the flow of carbon.



•  Decomposition and oxidation maintain the flow of carbon, e.g. CO2 is returned back to the atmosphere.



•  CO2 and CH4 are important GHGs, trapping long-wave radiation in the atmosphere.





Carbon is always on the move, and over long time scales the carbon cycle has a degree of balance. Recently, scientists have been concerned by the speed at which the balance is altering.



How feedback operates to affect climate change


A change in one part of the Earth’s natural systems has consequences across the Earth. This change occurs due to feedback loops, both positive and negative.


Possible positive feedback loops include:





•  increased evaporation → greenhouse effect enhanced → more warming → increased evaporation



•  increased cloud cover (due to more water in atmosphere) → more outgoing long-wave radiation trapped → more warming → increased evaporation



•  decreased albedo (due to ice and snowmelt) → more solar radiation absorbed at Earth’s surface → more warming → decreased albedo



•  increased ocean acidity (due to more CO2 dissolved in oceans) → decrease in capacity of oceans to absorb CO2 → more CO2 in atmosphere → more warming
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