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Answers and Suggested Responses
Chapter 5. Climate change—What is happening to the Earth’s climate?
Opening spread

5.1 How do we know the climate is changing?
1
This photograph is most likely to have been taken in summer. In summer the ice sheet melts whilst in winter it freezes. This ice sheet is melting.
2
They may be scientists measuring the extent to which the ice sheet is melting or they might be tourists watching this amazing sight.
3
Many scientists believe that changes in the rate at which the ice sheet melts and refreezes is an indicator of global climate changes.
5.2Why is the climate changing?
1
Air pollution from the refinery’s smoke stacks may be causing changes to the atmosphere. There is a danger of oil escaping from the refinery or from transporting oil to or from the refinery, which would cause changes in the biosphere or hydrosphere.
2
Carbon dioxide from the burning of fossil fuels such as oil is partly responsible for climate changes. Cars and trucks are responsible for the deaths of many animals; and the building of large highways systems can damage or destroy animal habitats, affecting not only the vegetation but the animals that require that vegetation.
3
An ice age occurs when the Earth’s temperature cools, resulting in the expansion of glaciers and ice caps. The last ice age ended about 10 000 years ago and was at its coldest about 18 000 years ago.
5.3How does climate change affect people?
1
It may have become drier as rain patterns have changed over time due to a warming of the Earth’s atmosphere.
2
These people are planting trees to try and slow down the rate of desertification. Answers will vary for the second part of this question.
3
They may be forced to leave this area completely and move to another region. They appear to be quite poor, however, so this would be extremely difficult.
5.4 What can we do about climate change?
1
Solar energy, geothermal, tidal power, hydroelectric electricity. To some extent, nuclear power is a suitable answer to this question.
2
Answers will vary.
3
Answers will vary.

5.1
How do we know the climate is changing?
What do you know about the proof for climate change? 

1
The world’s glaciers and ice sheets are melting more rapidly than at any other time in recorded history.
2
In 2002, the Larsen B ice shelf partially collapsed and broke apart. Scientists believe that this was because the sea water beneath the ice shelf has become warmer.
3
Ice sheets are large areas of frozen ocean attached to a land mass such as Antarctica. They are responsible for keeping the ice that forms on the land from flowing directly into the sea. If they melt or break away from the land then the ice behind them flows directly into the sea causing sea levels to rise.
4
The Rhone glacier has reduced dramatically in size between 1870 and 2006. In 1870 it filled a large valley almost as far as a small village. In 2006 it had all but disappeared but can be seen as a small snowfield high in the mountains many kilometres from the village.
Big Ideas
1
The Intergovernmental Panel on Climate Change (IPCC) brings together thousands of scientific reports that deal with climate change. They use these reports to assess the rate and extent of climate change and its causes and effects. They then release regular reports (every six years) on the findings of these scientific reports and assessments.
2
Droughts and floods may increase in severity and become more frequent. There are more heat waves and larger storms and cyclones. These climatic extremes also occur more frequently.
3
The overall trend is that the Earth’s temperature is increasing. Since 1980 virtually every year has seen an average temperature above the long-term average. This is especially noticeable since 2000 when every year has been more than 0.4°C warmer than average. There were exceptions to this in 1985 and 1986 when the temperature was slightly lower than average.
4
Answers will vary but if the trend shown in source 5.9 continues then the temperature will be approximately 1.1°C warmer than the long-term average. This is about 0.7°C warmer than the 2010 temperature. Using the maps of Greenland’s ice sheet changes between 1992 and 2002 as a guide; by 2060 this ice sheet may have completely disappeared. Using source 5.10 if current sea level trends continue for the next 50 years this would result in a sea level rise of approximately 20mm from the 2000 levels. This may be greater, however, if the predicted melting of the ice sheets accelerate.
5
The healthy coral reef is multi-coloured with a great variety of coral types. There is both plant and fish life in the photograph. The bleached coral reef, however, is white and no plants or fish can be seen. Higher sea temperatures that result from climate change cause the relationship between the animals that build the corals and the corals themselves to break; the corals die as a result. The bleaching occurs when the corals die. 
6
In 2002, approximately 625 000 square km more of Greenland’s ice sheet melted than had done so in 1992. This is an area about 2.7 times larger than the state of Victoria.
7
Answers will vary.
8
Answers will vary.
9
Graphic answer.
10
One of the reasons is that climate and weather are changeable phenomena so that long term trends can be difficult to notice. The changes over a short period of time are very small.

11
Answers will vary.
12
Answers will vary.

13
Answers will vary.
5.2
Why is the climate changing?
What do you know about natural climate change?
1
Although the grave is located in one of the driest places on Earth, there is evidence in the grave of flower pollen. There are also fossil remains of swamp and jungle animals located nearby.
2
Evidence from graves shows that places that are now arid were once much warmer. Evidence for past ice ages include glacial valleys in places now far away from any glacial activity and rocks carried by glaciers in similar locations. It is believed that some animals became extinct because of the effects of global climatic changes.
3
A massive meteorite strike would throw a great deal of dust into the atmosphere. blocking out sunlight for a long period of time.

4 
An ice age is a period of time in the Earth’s history when the climate was cooler and glaciers were larger. The polar ice caps extended much closer to the equator than at present and sea levels were lower as a result
What do you know about human-induced climate change?
1
Anthropogenic means ‘caused by humans.’

2 
Answers will vary.
3
As ice forms, it traps bubbles of air that are then preserved within the ice. In Antarctica, some of the ice is hundreds of thousands of years old. Scientists can extract the trapped air from this ancient ice and analyse it to find out the amount of carbon dioxide in the atmosphere when that ice froze.

4
There is less sea ice forming in the Arctic than in the past. Scientists estimate that the ice covers 1 million square kilometres less than it did 30 years ago.

Big Ideas
1
Human activities that are responsible for adding greenhouse gases include: using motor vehicles, aeroplanes and other means of transport that use fossil fuels as a source of energy; generating electricity from coal, gas and oil; clearing and burning forests; some farming activities; using halocarbons in aerosols and air-conditioning units.
2
These gases collect in the atmosphere because the Earth’s natural processes for disposing of them through green plants cannot cope with the volume of gases being produced. These gases allow heat from the sun in, but trap some of the heat preventing it from escaping. This leads to a gradual heating of the Earth’s atmosphere, which in turn leads to changes in climate.
3
The Arctic and Antarctic ice caps do not currently extend outside of the polar regions and the world’s glaciers are becoming smaller rather than larger.
4
Some of the similarities include the complexity of the reasons for the changes and the climatic changes cause stress for the biosphere which may lead to mass extinctions of plant and animal species.

Some of the differences include the reasons for the climatic changes. Earlier climate changes were due to natural processes while the current changes are due to human activities such as the burning of fossil fuels.

5
There is more photosynthesis occurring in the warmer months. This leads to a noticeable reduction in the amount of carbon dioxide in the atmosphere because plants absorb this gas as part of photosynthesis.
6
Answers will vary.
7
As sea ice melts, it reveals the ocean below. The ocean tends to absorb heat, whereas the sea ice tends to reflect it. More heat is therefore absorbed if there is less sea ice. This absorbed heat then adds to the overall heating of the Earth’s atmosphere, creating warmer atmospheric temperatures. This, in turn, is responsible for the melting of more snow and ice, which flow into the oceans raising sea levels.
8
Answers will vary
9
This graph shows the levels of carbon dioxide in the atmosphere over the last 400 000 years. For most of this time there appear to be natural cyclic changes in the carbon dioxide levels which ranged between 180 and 300 parts per million (ppm). This pattern has been dramatically interrupted in about 1950, when the carbon dioxide levels exceeded 300 ppm. Since then, they have continued to climb and now exceed 380 ppm. This coincides roughly with the increase of fossil fuel burning as a result in changes in the way energy is produced, as occurred in the Industrial Revolution.
10
Answers will vary but some possibilities include: the possible expense of an effective response; a lack of political will; complacency (not being concerned); a lack of understanding about the processes responsible for change and the effects of these changes; many people are unwilling to accept that the current climatic changes are due to human activities.
11
When carbon dioxide levels are high, the Earth is in an interglacial period with warmer temperatures. As carbon dioxide levels fall, temperatures fall.

12
Answers will vary. Some possibilities include emissions trading and using renewable energy sources.

13
Answers will vary.

5.3
How does climate change affect people?
What do you know about climate change and island communities?
1
Because they are so low-lying any rise in sea levels will have a dramatic effect on coastal areas.
2
Individuals and communities that are forced to leave their homes due to the effects of climate change. This may be because of rising sea levels, changes in rainfall patterns or other effects.
3
Sewage treatment facilities and rubbish dumps may be flooded by rising seas, spreading contaminated water. Higher temperatures may also lead to changes in number and distribution of insects carrying disease such as malarial mosquitoes. 

What do you know about climate change and Arctic communities?
1
Many buildings and other infrastructure such as bridges and pipelines have their foundations in ground that was once permanently frozen (permafrost). As temperatures rise and the permafrost melts, these structures are in danger of collapse.

2
About four million.

3
Russia, Finland, Sweden, Norway, Greenland, Canada and the USA.
4
They have made changes to many aspects of their way of including where they live, the transport they use and the type of work they do.
What do you know about climate change and farming communities?
1
Much of our food is grown on irrigated land which is supplied water through a vast network of pipes and dams, particularly in the Murray–Darling Basin.

2
The greatest effect will be changes to the amount of water available for farming. There will be less rain and more evaporation, making the region drier. There will also be fewer frosts and longer droughts.

3
In both regions, conditions will become drier and warmer. In both Australian and the Sahel, many people rely on agriculture for their livelihoods. The key difference, however, is the poverty that exists in this part of Africa compared with the wealth of Australia. This makes the African farmers less able to cope with the effects of climate change.
What do you know about climate change and city communities?
1
Their locations on low-lying flat river deltas.

2
Nine.
3
This shows the devastation of Yangon (Rangoon) harbour following the 2008 cyclone. Fishing boats have been destroyed in the harbour and a small boat with seven men aboard is drifting past. In the short term, people’s lives may have been lost and there were probably many injuries. In the long term, the loss of the fishing fleet may lead to unemployment, loss of income at both individual and regional levels and food shortages.
Big Ideas 

1
City communities.
2
As temperatures rise, ice on land (such as the ice held in the Greenland and Antarctic ice caps) melts and flows as water into the ocean. Warmer water also expands. The combined effect of these two processes is a rise in sea level.
3
They are both coping with the effects of climate change. Both communities are in danger of being forced to become climate change refugees.
4
The LECZ is the Low Elevation Coastal Zone and refers to low lying land in a river mouth adjacent to the coast. As 390 million people worldwide live in the LECZ it is crucial to our understanding of the effects of climate change that we understand the processes that occur in this zone with regards to phenomena such as rising sea levels. 
5
There are many reasons why these regions are home to cities. There is a ready supply of fresh water and fertile soil. The land is generally flat and there is ready access to the interior of the country along the river and to other coastal communities around the world through sea transport links.
6
This photograph shows Kiribati to be a large oval shape. Around the edge of the island can be seen a fringing reef where the waves of the Pacific Ocean are breaking. In places, there are lagoons within the fringing reefs. A thin strip of sand also circles the island. Inside this strip there are large patches of fertile land supporting green vegetation. The large interior of the island is a vast shallow lagoon crossed by deeper channels of water. Kiribati formed as a coral atoll on the top of an ancient volcano. As Kiribati is so low-lying with most land less than one metre above sea level the whole country is at danger of rising sea levels. This will be felt first in the coastal region.
7
For Indigenous people in the Arctic, leading a traditional way of life the potential declines of bird, fish and wildlife populations will be catastrophic.
8
Lake Chad is located on the border of Chad and Cameroon. It previously extended intended Niger and Nigeria. Each of these countries uses the waters of Lake Chad to provide for its people. Countries may disagree on measures to control the use of the water, leading to disputes about its use.
9
Fewer people are dying from the cold in the Arctic region and the hunting season has become longer. Areas once inaccessible due to the build-up of sea ice in the Arctic Ocean are now accessible as shipping routes. This will greatly reduce sailing distances and times between places on opposite sides of the world, such as Western Europe and Eastern Asia.
10
The Inuit of northern Canada and the Kalaallit of Greenland will be most affected by sea ice reductions. The areas that will undergo the greatest temperature rises of over 8°C are located mainly inside the Arctic Circle.
11
Answers will vary.
12
Answers will vary but some possibilities include cruise ship operators in the Arctic, oil and gas developers in the same region and in the renewable energy sector.
13
Impacts on people include: coastal flooding leading to loss of homes, agriculture and fresh water supplies; people forced to leave the area; loss of homes and roads due to coastal erosion.

Impacts of the environment include: flooding of low-lying coastal areas; increased coastal erosion; collapse of river deltas.
14
Answers will vary.

15
Answers will vary.

16
Answers will vary.

5.4
What can we do about climate change?
What do you know about what we can do about the causes of climate change?
1
Because of the concern that reserves of oil and gas would soon run out.
2
The main differences are that it uses a mineral, uranium, as its energy source and that it produces very dangerous waste. 
3
The Three Gorges Dam in China is the world’s largest power plant. It is a hydroelectric power plant which harnesses the energy of flowing water.
4
 The dam is approximately two kilometres long. The lake behind the dam as shown on the map is approximately 14 km long and averages about 3 km in width. This means it is about 42 sq. Km in size. The diversion channel allows ships to pass the dams. Changes to the natural environment include the widening of the river, the cutting for the diversion channel, the drowning of the river valley and the placing of large walls in the flow of the river. Changes to the human environment include the displacement of millions of people from flooded villages, the building of new infrastructure such as the dam wall, a retaining wall at GR985095 and a bridge. There was also many new jobs created in the construction phase and new opportunities when the dam is completed.
What do you know about how we can deal with the effects of climate change? 

1
Building a flood barrier, building a sea wall, working together to have a stronger political voice and moving home.
2
Answers will vary.
3
Some of the advantages would be the lessened danger of flooding and the changing view out of the window. Some of the disadvantages would be accessing the boat across the muddy banks and it also appears rather small and cramped.

4
Answers will vary. Some possibilities include governments or the countries or companies that produce carbon dioxide, but the most realistic answer is the people themselves.
Big Ideas
1
Carbon trading is a system whereby companies and countries buy permits that allow them to emit greenhouse gases. These permits could be bought and sold.
2
The Greenhouse Friendly programme is an Australian government initiative that recognises companies that have reduced their greenhouse gas emissions. This allows these companies to use this in their advertising.
3
Reunion Islanders are dealing with the causes of climate change. By using only energy sources that do not rely on fossil fuels they aim to produce no greenhouse gases. As these gases are the cause of climate change the islanders are dealing with the causes rather than the effects of climate change.
4
Answers will vary.
5
Some of the possibilities include using public transport, walking or biking for transport. Taking shorter showers, turning off appliances not being used, choosing energy-efficient appliances, choosing not to use certain appliances such as heaters and air-conditioners and selecting a non-polluting energy source from your energy company.
6
Yes, this is part of the response to this issue. Trees absorb carbon dioxide and produce oxygen as part of the carbon cycle. This reduces the amount of carbon dioxide in the atmosphere.
7
The responses are: producing all of their electricity from non-emitting sources such as hydro power, solar panels, wind farms and biomass. They will also explore the possibilities of using geothermal energy and energy from the ocean. This electricity will not only power their homes and factories but their transport needs also.
8
As geographers have a good understanding of natural processes they can predict the impact of human activities on these processes. This may be in areas such as the impact of greenhouse gases on the climate or the impact of a hydro dam on a river system. This understanding can also help in assessing the viability and sustainability of alternative energy sources such as geothermal and energy from the ocean. Geographers can also use maps and other images such as remote sensing images to find suitable areas for these alternative energy sources. 
9
Some of the similarities are the global nature of the issues and the changes are both caused by human activities which produce gases harmful to our atmosphere. The main difference is that a global agreement effectively dealt with the gases that are harmful to the ozone layer whereas no such agreement has effectively reduced the harmful greenhouse gases.
10
Visual answer.
11
Visual answer.
12
Answers will vary. 

13
Answers will vary.
14
Answers will vary.

15
Answers will vary.
Transferring ideas: What is happening to the world’s deserts?

5.1 How do we know the deserts are changing?
1
Most of the world’s land area is not vulnerable to desertification, but there are significant areas that are vulnerable in all continents except Antarctica. Regions with a high or very high vulnerability tend to be located in the mid-latitudes in both the northern and southern hemispheres. There is a very high spatial association between areas vulnerable to desertification and existing dry lands. The largest areas are in central Asia which includes countries such as Kazakhstan, Turkmenistan and Iran and in Africa in a region bordering the Sahara Desert. Countries in this region include Burkina Faso, Niger and Chad. There are also significant regions subject to desertification in the United States of America, Australia and southern Africa. There is also a large region in eastern Brazil with a high vulnerability to desertification; this is an exception to the general pattern of desertified areas being located adjacent to existing dry lands.  
2
There is a very high spatial association between existing dry lands and regions with a high and very high vulnerability to desertification.
3
This association exists because the regions adjacent to deserts often have low rainfall and vulnerable soils making them more vulnerable to desertification. Individuals and communities may also be forced to live in these regions as the existing dry lands can no longer support them and this may also contribute to desertification.
5.2 Why are deserts changing?
1
The water table has fallen and so the well has had to be dug deeper and is now in danger of drying up. This is possibly due to the overuse of this resource.

2
The drying up of the well is one of the effects of desertification and the overuse of the water is one its causes.

3
Climate change can lead to a change in rainfall patterns and may cause rainfall to drop or become less reliable in areas vulnerable to desertification. This has already occurred in the Sahel region of northern Africa. Higher temperatures also lead to higher rates of evaporation leading to a further drying of some regions.

5.3 How do changes in deserts affect people?
1
Their homes and roads may become covered with sand, they probably have severe sandstorms when winds blow and agriculture would be difficult in this region.

2
As areas become desertified this may make resources such as fresh water and arable land more scarce leading to conflicts over these resources. People may be forced to leave their traditional regions and resettle in other areas bringing them into contact with other people. This in turn may lead to conflicts between these groups of people.

3
They are both due to human activities impacting on natural processes. Both desertification and climate change impact on agricultural productivity as well as people in cities. Both phenomena require a variety of responses to deal with both the causes and effects.

5.4 What can we do about desertification?
1
Because they tend to involve the people directly affected by the problem. These people tend to have a good understanding of local environments, both natural and human, and they can use this understanding to help deal with the issue. People also tend to be more passionate about solutions that they have helped to design and develop rather than those imposed on them.

2
Carbon trading is a top-down solution.

3
Answers will vary but possibilities include local tree planting, fence building and the terracing of hillsides. In Niger, a key component of their success was the education of farmers in selectively pruning native vegetation rather than clearing vast tracts of land for farming.
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