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Getting the most from this book
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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.



[image: ]




[image: ]



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.


[image: ]

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
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The role of governments and international organisations


The UN



•  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



The UK



•  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
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The role of the media and interest groups

The media
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Interest groups
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In what ways can humans respond to climate change?


An effective response relies on knowing what the future holds


The importance of the carbon cycle



•  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.




How feedback operates to affect climate change




•  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

•  permafrost thaws → release of vast amounts of CH4 and CO2 stored in previously frozen permafrost → these GHGs increase warming

•  methane hydrates released from ocean sediments as oceans warm → methane a potent GHG → more warming

•  decrease in forest cover due to increase in aridity in some areas → CO2 released as trees decompose and less CO2 stored in biomass → more warming





•  increased cloud cover (due to more water in atmosphere) → more incoming solar radiation reflected back into space → lower temperatures

•  increased aerosols in atmosphere due to fossil burning → more incoming solar radiation reflected back into space → lower temperatures

•  increased area of forest (due to warming of high latitudes and more CO2) → more CO2 stored in biomass
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The outlook for GHG emissions and implications for global temperatures and sea levels


Mean global temperature changes


Mean global sea-level changes



[image: ]



[image: ]



Climate change impacts are global and dynamic

The implications for people and the environment


Ecosystems


Marine ecosystems




Terrestrial ecosystems
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Human health




Extreme weather



•  Tropical storms: there is evidence for an increase in the number and intensity. Rising SSTs fuel tropical storms. Higher rates of evaporation generate more water vapour, which carries vast amounts of latent energy into the atmosphere that, when released during condensation, powers tropical storms.

•  Monsoon: temperature contrasts between the oceans and continents drive the monsoon. Climate models predict that this contrast will widen when, during summer, continents warm more than oceans; reduced snow cover on the Tibetan plateau increases temperature differences between land and sea, and warmer seas and air increase evaporation so that the atmosphere carries more water vapour. The predictions are for increases in average rainfall, the number of days with very heavy rain, and in year-on-year monsoon variability.

•  Heat waves and droughts: heat waves, such as that seen in 2003 in Europe (with an estimated 35,000 dead) are likely to be average summer temperatures by 2050. As precipitation becomes more unpredictable, drought will increase.

•  Mid-latitude storms: there is evidence that regions such as north-west Europe have become stormier over the past 50 years, with more intense rainfall.



People and environments: vulnerability

People



•  Subsistence farmers: as the climate moves to new averages in temperature and precipitation, people will become more vulnerable unless their ability to cope increases. In general, ACs and some EDCs are likely to have the resources to cope, whereas vulnerability among the LIDCs is already an issue and will become ever more serious. In particular, subsistence or semi-subsistence farmers are at great risk, as most rely on direct rainfall for their crops and livestock to survive.

•  Marginal locations: those living in marginal locations are at greatest risk as they already face great variability in weather and have few resources to fall back on when an extreme event occurs. Locations in ACs, such as the prairies in the USA or steppes in Russia (EDC), are at risk of becoming more marginal for agriculture if rainfall becomes more erratic.

•  Coastal regions: those living in coastal regions or on small, low-lying islands are vulnerable to rising sea level. This is true for locations across the development continuum, although ACs possess greater resources (such as sea defences) for reducing vulnerability.

•  The Arctic: indigenous peoples are extremely vulnerable, as sea ice thins and its area shrinks. Traditional ways of life are increasingly threatened.

•  Urban dwellers: the built environment absorbs, stores and releases heat energy and wind speeds are lower, making urban dwellers, in particular the elderly, the young and the chronically ill, more vulnerable.



Environments


Mitigation and adaptation strategies for dealing with the risks from climate change


Mitigation strategies to cut GHG emissions

Energy efficiency and conservation



•  improving vehicular fuel efficiency

•  encouraging the use of public transport

•  stricter regulations on building insulation

•  improving the efficiency of coal-fired electricity plants (currently about 32% up to 60%)
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Fuel shifts and low-carbon energy sources



•  coal for gas in power stations (less CO2 emitted)

•  nuclear for fossil fuel in power generation

•  wind power for fossil fuel in power generation

•  photo-voltaic (solar) for fossil fuel in power generation

•  biomass fuel for fossil fuel in power generation

•  tidal and wave power generation for fossil fuels (not commercially viable at present)

•  geothermal and ground-sourced heat pumps.



Carbon capture and storage (CCS)


•  introduce CCS at coal-fired power stations



Forestry


•  decrease deforestation rates in tropical regions and increase afforestation in all areas of the world



Geoengineering



•  fertilising oceans with iron to stimulate phytoplankton growth, which absorbs carbon dioxide so that it is stored in deep ocean sediments when the organisms die

•  mirrors in space to deflect incoming solar radiation

•  injecting aerosols into the atmosphere to reflect incoming solar radiation

•  producing artificial plastic trees that absorb CO2, which can then be stored




Adaptation strategies to reduce people’s vulnerability


Retreat



•  managed realignment, relocating buildings and agriculture, and creating new habitats

•  abandoning low-lying coastal locations altogether

•  zoning vulnerable floodplain locations to prevent building



Accommodate



•  Agriculture: growing more drought-resistant crops, possibly genetically modified (GM), zero tillage, crop rotation, planting hedges to reduce wind speeds, which in turn reduces evapotranspiration

•  Water supply and use: increasing the collection, storage and recycling of water e.g. grey water, more efficient use of water in machines, reducing losses through better detection and swift repair of leaking pipes, desalinisation, inter-basin transfer



Protect



•  hard engineering, e.g. flood defences such as storm surge barriers, dams, levees

•  soft engineering, e.g. encouraging mangrove, saltmarsh and sand dune growth to absorb wave energy, and afforestation in upland areas to store water and slow its path through the basin

•  health measures to protect against migrating insect vectors of disease, e.g. reduce breeding sites, use pesticides and increase access to vaccination

•  health measures to protect against extreme heat, e.g. increased use of air conditioning
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Economies
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•  Australia, Canada, Germany, Japan, the USA (ACs)

•  Brazil, Egypt, Indonesia, Russia (EDCs)

•  Bangladesh, Chad, Maldives, Vietnam (LIDCs)





•  current socioeconomic and environmental impacts due to climate change

•  the opportunities and threats these impacts present

•  the technological, socioeconomic and political challenges associated with effective mitigation and adaptation strategies
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Can international responses to climate change ever work?

Effective implementation depends on policies and cooperation at all scales


Geopolitics associated with human responses to climate change

The IPCC



•  the science behind climate change

•  the environmental and socioeconomic impacts (positive and negative) of climate change and options for adapting to it

•  policy options as regards limiting GHG emissions




The success of international directives

The Kyoto Protocol



•  Reductions in GHG emissions did not go far enough: given the countries not signed up, targets needed to be much more ambitious.

•  No enforcement: like many international directives, how can sanctions be applied to countries that sign up and then do not comply?

•  No USA: it is the second-highest national emitter and one of the highest per capita. Successive US governments have either been opposed to cuts or faced very strong domestic opposition.

•  Focus on the largest emitters: fewer than 20 countries emit some 80% of global GHG emissions. It’s suggested that trying to obtain an agreement covering over 150 countries is not that helpful, or realistic.

•  National vs sector emissions: it may be more suitable to get agreements by sector in order to limit emissions per tonne of product, such as steel or cement.



Carbon trading and carbon credits




National and subnational (regional) policies
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•  a phased programme to eliminate fossil fuel power stations, short-term switch to gas

•  stringent laws regarding vehicle emissions (target of 15% electric/hydrogen fuel/compressed natural gas cars by 2020)

•  target of 33% electricity from renewables by 2020

•  cap and trade scheme covering 85% of carbon polluters in the state — second-largest after the EUETS
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•  The Earth’s climate is dynamic, changing throughout geological time.

•  Various natural forcing factors operate across long time scales (geological).

•  There are several methods used to reconstruct past climates.

•  Humans have influenced the climate system to such an extent that the current geological epoch is known as the Anthropocene.

•  Human activity has added GHGs to the atmosphere, enhancing the natural greenhouse effect.

•  Different agendas shape the debate over climate change.

•  Climate modelling is important in planning responses to climate change.

•  Impacts of climate change are dynamic and global.

•  Mitigation and adaptation strategies reduce and manage risks.

•  Geopolitics is a key influence on responses to climate change.
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Disease dilemmas

What are the global patterns of disease and can factors be identified that determine these?

Classification of diseases and their geographical distribution

Disease classification





	Disease classification
	Mode of transmission/cause
	Examples



	Infectious
	A disease caused by pathogenic microorganisms such as bacteria, viruses, parasites or fungi. These can be spread directly or indirectly from one person to another.
	Influenza, pneumonia, malaria, TB, HIV/AIDS, poliomyelitis, yellow fever, measles, cholera, Zika virus



	Non-infectious
	A non-communicable disease, not caused by pathogens. Diet, environment, lifestyle, age, gender and inherited genetics affect the risk.
	Asthma, diabetes, cancer, stroke, cystic fibrosis



	Communicable
	A disease that spreads from host to host. Pathogens passed from person to person or from animal to person can cause it.
	Common cold, Ebola, rabies, influenza, HIV/AIDS, hepatitis, poliomyelitis, TB



	Non-communicable
	A disease that cannot spread between people because it is non-infectious or non-contagious. Lack of physical activity, smoking or poor diet, exposure to air pollution, genetic defects, age and gender may increase the risk.
	Diabetes (types 1 and 2), coronary heart disease, osteoporosis, Alzheimer’s, asthma, lung cancer, leukaemia, skin cancer



	Contagious
	An infectious disease caused by bacteria and spread by direct physical contact or indirect contact between people.
	Common cold, influenza, HIV/AIDS, typhoid, plague, rubella, TB



	Non-contagious
	Diseases not due to disease-causing organisms but caused by genetics, diet, lifestyle or environment.
	Genetic diseases such as sickle-cell disease or cystic fibrosis, and cardiovascular disease, skin cancer






•  Endemic diseases: these exist permanently in a geographical area or in a specific human group. The disease is not necessarily present at a high level of occurrence but it can always be found in that population. For example, malaria is endemic in many parts of Africa.

•  Epidemics: disease outbreaks that spread quickly through the population of a geographical area affecting a large number of people at the same time (e.g. Ebola epidemic in west Africa, 2013).

•  Pandemics: epidemic disease outbreaks that spread worldwide, for example when a new virus emerges for which most people do not have pre-existing immunity (e.g. H1N1 flu virus, 2009–10).
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Global distribution of diseases

Malaria






HIV





	WHO region
	Adults and children estimated to be living with HIV (millions)
	Deaths due to HIV/AIDS



	Africa
	
	



	Southeast Asia
	
	



	The Americas
	
	



	Europe
	
	



	Western Pacific
	
	



	Eastern Mediterranean
	
	






•  limited funding and availability of drugs

•  insufficient numbers of trained medical staff, especially in rural areas

•  high birth rates among infected women

•  high levels of illiteracy





•  self-testing for HIV where testing may not otherwise be available

•  anti-retroviral treatment

•  elimination of mother-to-child transmission of HIV




Tuberculosis
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Diabetes





Cardiovascular disease





Disease diffusion, including the Hägerstrand model

Types of diffusion



1  Primary stage: there is strong contrast in disease incidence between the area of outbreak and more remote areas.

2  Diffusion stage: diffusion is centrifugal — new centres of disease outbreak occur at distance from the source and this reduces the spatial contrasts of the primary stage.

3  Condensing stage: the number of new cases is more equal in all locations, irrespective of distance from the source.

4  Saturation stage: diffusion decelerates as the incidence of the disease reaches its peak.





•  Expansion diffusion: the disease spreads from one place to another, forming new areas of prevalence, and it remains in the area of outbreak, possibly even intensifying there.

•  Relocation diffusion: the disease moves to new areas but does not remain in the area of outbreak.

•  Contagious diffusion: distance is a factor in the spread of contagious diseases — there is greater chance of a contagious disease being passed on to people living near the source than those further away.

•  Hierarchical diffusion: a disease may be transmitted, usually down the urban hierarchy, from larger, more accessible towns to more remote, rural villages.




Barriers to diffusion
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The relationship between physical factors and prevalence of disease

Global patterns of temperature, precipitation, relief and water sources affect patterns of disease



•  Climate: temperature, rainfall and humidity influence habitats of disease vectors. For example, the Anopheles mosquito, which transmits malaria, and the tsetse fly, which transmits sleeping sickness, are both endemic in tropical conditions.

•  Relief: the influence of altitude on temperature and rainfall regimes affects vector habitats. For example, in Ethiopia at over 2000 m it is usually too cold for P. falciparum to develop in the mosquito vector.

•  Water sources: stagnant water affects prevalence of water-borne diseases, such as Guinea worm disease.
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Physical factors can influence vectors of disease









1  Rainfall: female Anopheles mosquitos lay their eggs in water — these hatch into larvae. The abundance of aquatic habitats, ideally unpolluted fresh water, depends on collection of water that is not flowing, such as puddles towards the end of, or just after, the rainy season.

2  Temperature: where average temperatures are between 18°C and 40°C the mosquito takes more blood meals and increases the number of eggs laid, increasing the number of vectors. The larvae develop faster at higher temperatures and so the parasite has more time to complete its life cycle inside the mosquito.

3  Relative humidity (RH): where average monthly RH is over 60%, often increased by vegetation growth, the mosquito has a better chance of survival and becomes more active.



How seasonal variations influence disease outbreaks



•  Malaria: outbreaks are closely linked to seasonal changes in rainfall. Relatively sudden transmission of P. falciparum occurs where seasonality is most marked, such as in tropical areas that are further from the equator in Africa or following monsoonal rainfall in Asia.

•  Sleeping sickness: in the woodland savanna of west and central Africa, outbreaks occur in the wet season when the tsetse fly vector can live longer. There is significant regression of both vector and parasite in the dry season.




Climate change provides conditions for emerging infectious diseases





The conditions for zoonotic infectious diseases



•  direct contact with animals, such as dog or bat bite (rabies)

•  insect vector bites, such as mosquitos (yellow fever)

•  contaminated food or water — a wide range of diseases, such as typhoid, dysentery, cholera and gastroenteritis, can be transmitted to humans by organisms that thrive in water contaminated by human faeces
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Natural hazards can influence the outbreak and spread of disease
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•  the geographical area affected by the hazard and its influence on risk and outbreak of the chosen disease

•  environmental and human factors that have affected the spread of the disease — these could include climate, water supply, population density and poverty levels

•  the disease’s short- and long-term effects on local residents

•  national and international strategies to minimise impacts of the disease
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Is there a link between disease and levels of economic development?

As countries develop, the ratio of communicable diseases to non-communicable diseases changes






Epidemiological transition





1  The Age of Pestilence and Famine

2  The Age of Receding Pandemics

3  The Age of Degenerative and Man-made Diseases
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Reasons for global contrasts in prevalence of communicable and non-communicable diseases



•  poverty of state governments — insufficient sustainable finance and lack of resources to increase the scale of interventions can cause epidemics, especially EIDs

•  inadequate sanitation

•  lack of access to clean drinking water

•  limited access to education

•  poor diets lead to malnutrition and undernutrition — deficiency of nutrients in the diet may cause rickets (vitamin D), beriberi (vitamin B1) and scurvy (vitamin C), and these diseases increase susceptibility to infections

•  tropical or subtropical climates ideal for disease vectors, and an inability to remove stagnant water sources

•  household poverty, poor quality housing and overcrowding





•  successful reduction or elimination of communicable diseases — this is partly the result of government wealth and affluence of households, enabling investment in medical advances and treatments

•  high standards of living including sanitation, clean water supplies and good nutrition

•  education and awareness of potential medical conditions
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•  causes of air pollution

•  the impact of air pollution on incidence of cancers

•  national solutions

•  global solutions



[image: ]




[image: ]



[image: ]



How effectively are communicable and non-communicable diseases dealt with?

The causes, impacts and success of mitigation and response strategies
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•  environmental and human causes of the disease

•  prevalence, incidence and patterns of the disease

•  socioeconomic impacts of the disease

•  government and international agencies’ direct and indirect strategies to mitigate against the disease and respond to outbreaks

•  varying levels of success of these strategies
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How far can diseases be predicted and mitigated against?

Increasing global mobility affects disease diffusion and response capability


The role of international organisations in combating disease




•  cooperating with the WHO, state governments, CSOs and local communities to operate the Integrated Management of Childhood Illnesses (IMCI) strategy

•  delivering Sustainable Development Goals (SDGs — including SDG 3, good health and well-being) and Millennium Development Goals (MDGs — especially MDG 4, reducing infant mortality, and MDG 6, malaria control)

•  conducting research in assessment of shifting disease burdens — UNICEF monitors global and national data concerning child health

•  combating HIV/AIDS through education programmes, helping prevent mother-to-child transmission

•  providing financial and technical support

•  intervention in healthcare and nutrition through immunisation, prevention and control of malaria, control and treatment of diarrhoeal and respiratory diseases, eradication of Guinea worm disease, preventing anaemia and promoting breast feeding





•  provision of fresh water and shelter

•  supply of medicines, medical equipment, and vitamin A and micronutrients that help prevent malnutrition

•  supply of insect-treated nets in malaria-infested areas
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A disease outbreak at a global scale
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•  causes and effects of the outbreak

•  the NGO’s response — this should include its overall strategy for the country and its specific work with local communities and households
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Mitigation strategies to combat global pandemics


The effects of physical barriers on disease mitigation strategies




•  limiting the spread of disease, since population movement is restricted

•  restricting disease vector habitats

•  reduced risk of infection due to lack of outside contact for isolated villages in rural peripheries, in mountain valleys or within tropical rainforest

•  disease outbreaks occurring within an isolated community, which are more likely to be contained





•  restricting movement of medical assistance and emergency aid in the event of an outbreak

•  delay of humanitarian response to disease outbreaks following natural hazards — for example, an earthquake may cause landslides, blocking roads or airports

•  excess water as a result of river flooding or monsoonal rain, which may leave standing water that provides breeding habitats for mosquitoes and other water-borne, disease-carrying vectors

•  flood waters restrict movement of aid workers, medicines, food and fresh water into severely affected areas

•  lack of outside contact for isolated communities, which may reduce immunity — on contact with infected outsiders any introduced disease can spread quickly, affecting a high proportion of the population



Mitigation strategies of government and international agencies to combat global pandemics









•  assessment of risk, to devise responses and recovery actions based on surveillance and monitoring of previous outbreaks

•  encouragement and advice for every country to create a national pandemic preparedness plan

•  advice on selection of strains for new vaccine production under the Global Action Plan for Influenza Vaccines

•  guidance on treatment of patients, establishing education programmes and use of rapid diagnostic tests for screening at a country’s entry or exit points

•  plans for high-density populations such as in refugee camps, including public health advice regarding social distancing, hand hygiene and household ventilation — this helps to delay the spread of influenza and reduces the number of deaths





•  public guidance for international travel

•  guidance for business and work places

•  coordination of collective action of government, essential services, businesses, media, other public, private and voluntary organisations and local communities

•  encouragement of the public to follow government advice by adopting basic hygiene measures and reducing personal risk of catching or spreading the virus

•  prediction of impacts such as the probable number of infected people, number of additional deaths, and social and economic disruption



Can diseases ever be fully eradicated?

Nature provides medicines to treat disease


Medicines from nature: their habitats and growing conditions
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•  growing conditions

•  medicinal importance for treatment of disease

•  international trade

•  sustainability of its use
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Conservation issues relating to international trade in medicinal plants





•  over-harvesting of wild plants rather than cultivated sources for herbal medicines and manufacture of pharmaceutical drugs

•  obtaining samples for continued research to develop new medical products

•  habitat loss, often caused by deforestation of tropical rainforest

•  diminishing biodiversity

•  endangering species survival

•  disruption or loss of natural ecosystems
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Top-down and bottom-up strategies that deal with disease risk and eradication


Strategies for disease eradication at global and national scales




•  diagnosis is relatively easy

•  the host is restricted to stagnant water bodies

•  intervention is simple, cost-effective and easy to implement

•  geographical distribution is limited

•  transmission is seasonal

•  there is no animal reservoir

•  LIDC governments are willing to provide political backing and financial commitment





•  mapping all endemic villages

•  encouraging community-based surveillance for immediate detection and reporting

•  intervention to ensure access to safe water, health education and vector control

•  establishing global databases to monitor the epidemiological situation

•  managing certification for global eradication country by country
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•  global structure and operations

•  research and development (R&D), including any scientific breakthroughs

•  patented drugs

•  drug manufacture

•  global flows of distribution
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Impact of grassroots strategies in combating disease risk
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•  The incidence of specific diseases can be mapped to show their spatial distribution at different scales from local to global.

•  Physical, economic, social and political factors influence the spread of disease.

•  Climate change can lead to re-emergence of infectious diseases and their diffusion.

•  Natural hazards can lead to the outbreak and spread of diseases.

•  There is a relationship between disease and level of economic development. Epidemiological transition involves a decrease in prevalence of communicable diseases and an increase in prevalence of non-communicable diseases. These changes are explained by interaction of physical, economic, social and political factors.

•  International organisations and national governments implement a range of strategies to mitigate against both communicable and non-communicable diseases, with varying degrees of success.

•  The WHO and other international organisations, including NGOs, have developed strategies for response to, and combating the spread of, disease outbreaks.

•  Physical barriers of the natural environment have positive and negative impacts on strategies to mitigate against pandemics.

•  Medicines derived from nature have been in use for millennia. Increased demand for medical plants and their international trade have threatened their sustainability.

•  Strategies for disease eradication include ‘top-down’ and ‘bottom-up’ approaches.
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Exploring oceans

What are oceans’ main characteristics?


The world’s oceans are a distinctive feature of the Earth
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Ocean basin relief
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•  Continental shelf: average width 70 km, very shallow gradient about 2 m/km

•  Continental slope: average width 16 km, steep gradient about 70 m/km

•  Continental rise: varies in width, very gently sloping

•  Abyssal plain: vast, relatively flat areas making up about half of the Earth’s surface, deepest parts of the oceans

•  Seamounts: chains of mountains and isolated peaks, some rising > 3,000 m from abyssal plain

•  Guyots: flat-topped peaks once above the ocean sea surface before erosion reduced their height below sea level and many sank below ocean surface

•  Mid-oceanic ridges: long chains of mountains crossing the abyssal plain, rift valley along the centre of ridge. In places, transverse faults run across the ridge (up to 1,600 km long)





Horizontal and vertical variations in ocean water

Salinity



Temperature


Warm and cold ocean surface currents
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The circulation in the North Atlantic




Changes in factors influencing oceanic biodiversity

Changes in light and temperature


Changes in nutrient levels




Ocean biodiversity
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The Antarctic deep-water ecosystem
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Saltmarsh inter-tidal ecosystems


What are the opportunities and threats arising from the use of ocean resources?

Ocean biological resources can be used in sustainable and unsustainable ways

The ‘value’ of biological resources





	Ecosystem service categories
	Definition



	Provisioning services
	Direct products of ecosystems, e.g. food



	Regulating services
	Benefits from natural regulation, e.g. carbon dioxide



	Cultural services
	Non-material benefits obtained from natural systems, e.g. swimming in the sea or looking at scenery



	Supporting services
	Ecosystem processes that support other services, e.g. nutrient cycling
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•  the use and management of the resource

•  how the stakeholders’ values, attitudes, socioeconomic status and political context influence the resource’s use and management

•  the resource’s resilience and key thresholds to initiate management
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The use of ocean energy and mineral resources is a contested issue


Non-renewable ocean resources: oil and gas






•  employment opportunities

•  wealth creation

•  raw materials for a wide range of products, e.g. fertilisers, paints, plastics, medicines

•  rigs that act as artificial reefs, increasing local marine species populations





•  over-dependence of local communities on this one industry

•  visual impact, e.g. storage tanks and refineries

•  oil spills

•  ecosystem disturbance, e.g. underwater noise
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Renewable ocean resources: tides and waves


Tidal energy




Wave energy
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Sea-floor mining: the final frontier?
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Governing the oceans poses issues for the management of resources


How is the ocean owned?
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Marine reserves
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How and in what ways do human activities pollute oceans?

Pollutants that affect the ocean system


Fossil fuel burning at sea




Domestic and industrial pollutants




Nuclear waste
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Offshore oil production and transport pose threats to people and the environment
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•  impacts on the physical environment and marine ecosystems

•  impacts on human activities, such as fishing and tourism

•  management of the oil spill and its impacts
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The pattern of ocean currents can disperse and concentrate pollution
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•  the causes of the accumulation of plastic in the ocean gyre

•  impacts on marine ecosystems
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How is climate change impacting the ocean system?


Climate change is altering the nature of the ocean’s water


Ocean acidification


Impacts on marine ecosystems




Impacts on people




Warming oceans and coral ecosystems



Threats to biodiversity



•  coral bleaching

•  rising sea level, which increases water depth, reducing light levels

•  increased wave energy from more intense storms, which mechanically damages reefs

•  ocean acidification, which reduces coral’s ability to build carbonate structures



Threats to local communities



•  absorb wave energy thus protecting land behind them

•  are where fish breed and develop, which are then protein sources

•  offer tourism opportunities, which support local communities
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Climate change is altering sea levels



Recent sea-level change




•  Thermal expansion of water: as water temperature rises, its density decreases and its volume increases. To date, this is the primary cause of sea-level rise.

•  Melting of glaciers/ice caps, e.g. in the Andes and Himalayas: as the atmosphere warms, ice melts and the water released flows into the oceans.

•  Melting of Antarctic and Greenland ice sheets: a complex picture made up of the margins melting and thinning while the central areas are slightly thickening. Meltwater flows into the oceans.
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•  threats to island communities

•  impacts on communities

•  adaptations by governments and communities in both the short and long term
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Climate change is altering high-latitude oceans


Why does sea water freeze at high latitudes?




The relationship between global warming and sea ice
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•  geopolitical implications of changes in ice cover in the region

•  impact on indigenous people

•  threats and opportunities posed by the opening up of ocean route-ways and increasing access to ocean-bed minerals

•  management of the changing geography of the Arctic through international organisations
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How have socioeconomic and political factors influenced the use of oceans?

Oceans are vital elements in the process of globalisation


Global shipping routes


Factors influencing global shipping routes



•  the shape of coastlines

•  winds

•  ocean currents

•  water depth, including the presence of offshore reefs

•  sea ice and icebergs





The direction and type of trade across the oceans
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Marine technology: a revolution in transport




Submarine cables: unseen connections


Oceans are important spaces where countries challenge each other



China’s growing naval power


The South China Sea: a marine conflict zone
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Oceans present hazardous obstacles to human activities


Twenty-first-century piracy and its management





Oceans as escape routes for refugees


Boat refugees in the Mediterranean and Asia
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•  Oceans are a distinctive feature of the Earth, with an underwater landscape.

•  Salinity and temperature vary both with depth and from one location to another.

•  There is a system of interconnected warm and cold currents, both at the surface and deep within oceans.

•  Light and nutrient levels vary with depth and from one place to another, so influencing biodiversity.

•  Biological ocean resources can be used in sustainable or unsustainable ways.

•  Energy (renewable and non-renewable) and mineral resources are exploited within the oceans and can lead to contested issues.

•  Governing the oceans is not straightforward and a significant concern.

•  Human activities can pollute oceans, such as via offshore oil exploitation.

•  Ocean currents can both disperse and concentrate pollution.

•  Climate change is altering the ocean’s water and levels, so threatening marine ecosystems and human communities.

•  Oceans play a vital role in globalisation.

•  Oceans are hazardous spaces for some human activities, and conflict can arise when countries challenge each other in these regions.
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