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Teaching program—Chapter 5: Climate change 

Unit 1

	Big Idea
	Key knowledge and skills
	Resources
	VELS standards (adapted)

	How do we know the climate is changing?


	Geography

1
Introduction to the concept of global change

2
The observed effects of climate change

3
The proof for climate change including higher global temperatures, rising sea levels, bleaching of coral reefs  and a melting cryosphere (glaciers and ice caps).

Thinking processes

1
Interpreting a geographic sketch

2
Challenging previously held notions about climate variability

3
Using a range of geographic techniques such as estimating area and sketching to complete set tasks.

	Oxford Big Ideas

Geography Level 6

Pages 130-139

Suggested answers to all unit activities at www.oxfordbigideas.com
Worksheet 5.1 The not so great barrier reef? Available at www.oxfordbigideas.com
Interactive whiteboard activity ‘What is happening to the world and its climate?’ from www.oxfordbigideas.com 
	Geography

· Explain the operation of the climate system and its interaction with human activities

· Evaluate the consequences of the interaction of the climate system and human activities 

· Develop a policy designed to respond to the interaction of human activities and the climate system

· Use evidence based o their enquiries and geographic language and concepts

· Accurately interpret information on different types of maps and photographs at a range of scales, and use map evidence to support explanations, draw inferences and predict associated outcomes
Thinking Processes

· Discriminate in the way they use a variety of information in different forms

· Generate questions that explore different perspectives on the issue of climate change

· Explain conscious changes that may occur in their own and others’ thinking and analyse alternative perspectives and perceptions
Personal Learning

· Work independently to implement a range of strategies, as appropriate, to maximise their learning.



	Learning sequence

Lesson 1 – Changes in the Earth’s climate

1
Begin with a brainstorm on what the students already know (or think they know) about climate change. Write all the ideas on the white board even if they seem incorrect or far-fetched. Students write them all down and then colour code them using coloured pens or highlighters. One colour for those things they know to be true, another for those things they believe are false and another for those they are unsure about. Discuss those in the final category and use them to develop a list of things you would like to learn while studying climate change.

2
Read pages 130 and 131 and complete the activities. There are suggested responses on the Big Ideas website for these activities and for all activities in the textbook.




	3
Read pages 132 and 133 of the textbook. Students interested in finding out more about the ways in which the ancient residents of Machu Picchu observed the stars and sun can visit the following website: http://sunearthday.nasa.gov/2005/locations/machupicchu.htm  This NASA site contains information about 29 observatories—from ancient ones such as Stonehenge to modern satellites.

4
The Zooming In box on page 133 is designed to provide a link between scientific advancements and the students’ personal lives. There are many urban myths about the advancements made by the Apollo missions; those discussed in the box have been verified by NASA. Read this box and ask students how satellite images can help us better understand climate change. Use Source 5.7 as a stimulus in answering this question and then look also at Source 5.12 on page 138 and Source 5.45 on page 154 for further examples. Use the spatial concept of spatial change over time to show the importance of using two images taken over time to accurately observe change.

5
Look closely at Source 5.8. All of the changes described were included in the 2007 IPCC report. Make sure that students understand who the IPCC is and what they do. The report is available at http://www.ipcc.ch/index.htm While there, read the information in the ‘Organisation’ tab which outlines the neutrality of the IPCC.  Use the Interactive White Board activity available on the Big Ideas website to show each of the impacts of climate change described on this diagram. Complete activity 7 on page 139.
Lesson 2 – Some of the proof for climate change
1
Read the text under the heading ‘The proof for climate change’ on page 136. This outlines the importance of considering changes from a global, rather than a local, perspective. Discuss why this is important when studying global phenomenon such as climate change. Apply this understanding to other global phenomena such as desertification, population change or refugees.

2
Read ‘The Earth is getting hotter’ and look at Source 5.9. Why do you think some climate change sceptics believe that this graph does not show global climate change? Complete activities 3 and 4 from page 139.

3
Read ‘The world’s seas are changing’ and look at Source 5.10. Brainstorm the likely effects of a rise in sea levels on people and environments. Make sure that students go beyond ‘flooding’ as a response. Use source 5.8 as a stimulus (e.g., how would a sea level rise affect these communities?). 

4
 Read ‘The ice is melting.’ The permanently frozen parts of the world such as ice caps and glaciers are sometimes referred to as the cryosphere. There is a great educational website about the cryosphere at http://nsidc.org/cryosphere/, which includes the ways in which changes in the cryosphere are being used to monitor climate change. Read pages 137 and 138 and complete the activities on page 138. Students could further research changes in the Greenland ice cap, the Larsen B ice shelf and the Rhone glacier. Perhaps groups could take each of these a case study and then report back to the rest of the class. Look for similarities and differences between changes at each of these locations. Further case studies such as the dramatic changes to the Jakobshavn Glacier in western Greenland can also be easily found on the NSIDC website listed earlier.

5
Complete the Big Ideas activities on page 139. Activity 5 requires you to download and distribute a worksheet on the effects of climate change on the great barrier reef. This available on the Big Ideas website.



Teaching program—Chapter 5: Climate change 

Unit 2

	Big Idea
	Key knowledge and skills
	Resources
	VELS standards (adapted)

	Why is the climate changing?

	Geography

1
Natural changes in Earth’s climate over the last million years, including evidence for these changes.

2
Possible factors for these natural changes as evidenced through mass extinctions.

3
Human induced climate change.

4
The carbon cycle and human impacts on this cycle.

5
Evidence for human-induced climate change.

6
Impacts of climate change on the Arctic region.

Thinking processes

1
Interpreting geographic data in a variety of forms

2
Challenging previously held notions about climate variability.

	Oxford Big Ideas

Geography Level 6

Pages 140-147

Suggested answers to all unit activities at www.oxfordbigideas.com
Worksheet 5.2 What killed the dinosaurs?  Available at www.oxfordbigideas.com
Worksheet 5.3 How much can a polar bear?  Available at www.oxfordbigideas.com

	Geography

· Explain the operation of the climate system and its interaction with human activities

· Evaluate the consequences of the interaction of the climate system and human activities 

· Use evidence based o their enquiries and geographic language and concepts

· Accurately interpret information on different types of maps and photographs at a range of scales, and use map evidence to support explanations, draw inferences and predict associated outcomes
Thinking Processes

· Discriminate in the way they use a variety of information in different forms

· Generate questions that explore different perspectives on the issue of climate change

· Explain conscious changes that may occur in their own and others’ thinking and analyse alternative perspectives and perceptions


	Learning sequence

Lesson  – Natural climate change

1
What do students already know about ice ages? How many do they think there have been? Do they know what caused them? Do they think an ice age killed the dinosaurs?

2
Discuss the long-term variability of the Earth’s climate using the resources on pages 140-141. Many climate change skeptics have used the evidence for natural climate change as an explanation for the current changes in climate. The difference now is the rate of warming, rather than the warming itself. The desert graves found in Niger were widely reported in newspapers and magazines. The New Scientist report is at http://www.newscientist.com/article/mg19926704.200-stone-age-mass-graves-reveal-green-sahara.html National Geographic magazine ran a full feature on these finds with some great photographs in the September 2008 issue. The online version is at http://ngm.nationalgeographic.com/2008/09/green-sahara/gwin-text which also includes links to other resources including a video.

3
Read the possible explanations for the mass extinction of the dinosaurs and download the worksheet on this event. Complete activity 6 on page 147.

4
Analyse the graph on page 141 (source 5.18). Note the temperature difference between the coldest time in the last ice age when ice caps extended into the mid-latitudes and the temperature now is only about 5°C. Most people would assume that the temperature difference would be much greater. Colder temperatures also have other major impacts on the Earth’s natural processes. With less energy, for example, there is much less evaporation and the Earth becomes much drier. This causes forests to decline and to be replaced by grassland and desert areas. Sea levels also fall, effectively creating land bridges between continents allowing animals to move into new habitats. A basic understanding of the water cycle is necessary to understand these and other changes. There is a nice simple explanation of the last ice age at http://www.ace.mmu.ac.uk/eae/Climate_Change/Older/Ice_Ages.html 

5
Complete the activities ‘What do you know about natural climate change’ on page 141.


	Lesson 2 – Human induced climate change

1
A good place to start on this ‘hot’ topic is to make sure that students understand the natural carbon cycle. This is explained on page 143 in the paragraphs beginning ‘Carbon is an essential chemical...’ This has probably been covered in a science course as Level 5 VELS science standard includes ‘Students explain the relationships, past and present, in living and non-living systems, in particular ecosystems, and human impact on these systems. They analyse what is needed for living things to survive, thrive or adapt, now and in the future.’ It may be useful to illustrate the linkages between green plants and animals using images and arrows.

2
Examine the sketch showing anthropogenic climate change (source 5.19). Emphasise the ways in which human activities impact on this natural system. 

3
Examine the map showing carbon dioxide emissions by country (source 5.20). Describe this pattern and offer some possible explanations for this pattern. Compare this map to source 1.46 on page 29. Is there a spatial association between population density and carbon dioxide emissions? Now compare the carbon dioxide map to source 6.33 on page 187 showing the percentage of the population in each country living on more than US$200 a day. Describe the spatial association between these two variables.

4
A key geographic concept implied here is that of sustainability, in particular the sustainable use of resources. Sustainability can be defined as ‘a concept that suggests that development can proceed as long as the rate of use of natural resources does not exceed the rate at which the resources can be replaced nor does it affect the quality of other aspects of the natural and human environment and so compromise the needs of future generations.’ (VCAA Geography study design). Discuss how this concept can be applied to human use of fossil fuels and our ‘use’ of the environment. This serves as a useful introduction the VCE Unit 3 studies.
5
Examine source 5.21 showing temperature changes observed on each continent. Is there a link between low emitting continents (as seen in source 5.20) and comparatively low temperature changes? Attempt to explain the pattern.

6
The Keeling Curve described on page 143 and shown in source 5.22 is one of the most famous pieces of climate science. The Mauna Loa observatory is part of the US National Oceanic and Atmospheric Administration (NOAA) network and its website is at http://www.mlo.noaa.gov/ This includes live camera feeds and live carbon dioxide readings. Students could use recent data to continue the graph in source 5.22 to the current day and describe recent trends.

7
Read the information on climate change in the Arctic. This focuses on change in the natural environment and gives students a base on which to establish later learning on the effects of climate change on people who live in the Arctic region. This is a good example of the deep learning principle so ensure that students understand the natural changes at this stage. The reduction in size and thickness of the Arctic ice cap has been well documented and widely reported. The resources on these pages give the background to this but students should be given the opportunity to research this further. 

8
Download the worksheet on polar bears on the website and complete these activities. There is a wonderful article on the impact of climate change on polar bears at http://www.actionbioscience.org/environment/derocher.html Polar bears have become the ‘poster animal’ for the effects of climate change, much as pandas were used to alert the world about habitat destruction in past decades. Students must be encouraged to consider other species as being threatened by the effects of climate change. The Red List, available on the internet, allows you to search the database of endangered animals by several criteria including climate change. This could be used as the basis for further research.

9
Complete the activities on page 146 and 147.
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Unit 3

	Big Idea
	Key knowledge and skills
	Resources
	VELS standards (adapted)

	How does climate change affect people?

	Geography

1
The effects of climate change on small island communities, with an emphasis on rising sea levels.

2
The effects of climate change on Arctic communities with an emphasis on melting sea ice.

3
The effects of climate change on farming communities with an emphasis on changing rainfall patterns.

4
The effects of climate change on cities, particularly those in the LECZ.

Thinking processes

1
Interpreting satellite images

2
Using a range of geographic techniques such as estimating area and sketching to complete set tasks.

3
Applying theories about the effects of climate change to real life situations

	Oxford Big Ideas

Geography Level 6

Pages 148-157

Oxford Atlas Project 3.

Suggested answers to all unit activities at www.oxfordbigideas.com

	Geography
· Explain the operation of the climate system and its interaction with human activities

· Evaluate the consequences of the interaction of the climate system and human activities 

· Use evidence based on their enquiries and geographic language and concepts

· Accurately interpret information on different types of maps and photographs at a range of scales, and use map evidence to support explanations, draw inferences and predict associated outcomes
Thinking processes

· Discriminate in the way they use a variety of information in different forms

· Generate questions that explore different perspectives on the issue of climate change

· Explain conscious changes that may occur in their own and others’ thinking and analyse alternative perspectives and perceptions


	Learning sequence

Lesson 1 – Effects of climate change on island and Arctic communities

1
This unit focuses on the real and predicted effects of climate change on four distinctive human environments: small island communities, Arctic communities, farmers and city dwellers. The aim is to show the spread and scale of these effects. Students should appreciate that this is a truly global phenomena, that every individual or community will be affected. The other main point is that these communities are already being impacted by climate change. A useful starting activity is to scan recent copies of newspapers, either online or paper copies for stories about climate change. A great deal of these stories will be about the difficulties in finding solutions (maybe save these for the next unit) but there will also be articles dealing with the effects of climate change. Ask students to classify these in some way. For example they could be grouped according to location or severity. 

2
Read pages 148-150 that deals with the effects of climate change on small island communities. On a map of the Pacific Ocean locate and label Tuvalu, Kiribati and the Torres Strait Islands. As a geographical oddity note that Kiribati is the only country of the world in four hemispheres as it straddles both the equator and the International date Line.

3
Use the star diagram at the top of page to draw a sketch, similar in style to source 5.8 on pages 134 and 135, showing the effects of climate change on small island communities.

4
This may be one of the few times that students study the islands in the Torres Strait. You may like to use the opportunity to research the indigenous people of this region and to consider issues such as sovereignty of these islands.

5
Complete the activities on page 151.


	6
The section on the effects of climate change on Arctic communities builds on earlier concepts regarding the changes in the natural environment in this region. You may like to review this earlier work. It may be tempting for students to think about the Arctic region in the same way that they consider Antarctica: a vast block of ice with no one there! Begin with maps of the region (e.g. Oxford Atlas Project 3 pages 174-175) showing that the Arctic is an ocean surrounded by continents whereas Antarctica is a continent surrounded by oceans. The emphasis is therefore quite different. In Antarctica the concern is about melting ice on land, whereas the concern is centred on melting sea ice. 

7
Another commonly held misconception is that the Arctic is home to only a very few people. Read page 151 which points out that four million people live inside the Arctic Circle. The map on page 152 shows the large number of indigenous groups that live in this region. Each student could be given one of these indigenous cultures to research and to find information about their way of life and the possible impacts of climate change on this way of life. The Arctic Council has produced a detailed study of the impacts of climate change on the Arctic region and this can be found at http://www.acia.uaf.edu/
8
Complete the activities on page 153.

Lesson 2 – Effects of climate change on farming and urban communities

1
The water resources of the Murray-Darling Basin are studied in detail in VCE Geography Unit 3. This is a good opportunity to introduce this region and its importance. Locate this region on a map of Australia. 

2
The description of the Sahel region of Africa outlines one of the regions of the world where the effects of climate change are predicted to be the most severe. Brainstorm and discuss the possible reasons for this severity. Focus on both the natural processes and the human activities that occur in this region. Source 5.26 on page 145 and source 5.16 on page 140 both show this region.

3
Estimate the area of Lake Chad that has disappeared between 1963 and 2007. This could be shown on an overlay map of the region. Use Google earth to examine this region in more detail. By zooming in it is possible to examine land use this region and to note the high population density in the region.

4
Complete the activities on page 155.

5
Read the section on the impact of climate change on urban communities. This section focuses on the Asian region so students can locate and label each of the regions and countries described on an outline map of the region. Chapter 7 contains a great deal of information and activities about urban communities in this region.

6
Complete the activities on page 156 and the Big Ideas activities on page 157. 
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Unit 4

	Big Idea
	Key knowledge and skills
	Resources
	VELS standards (adapted)

	What can we do about climate change?
	Geography

1
Dealing with the causes of climate change with a particular focus on reducing greenhouse gas emissions. These responses include use alternatives to fossil fuels for energy, carbon trading schemes and reducing energy use.

2
Reading and interpreting a topographic map and a satellite image.

3
Dealing with the effects of climate change particularly rising sea levels.

Thinking Processes

1
Using and applying a range of geographic techniques such as map and image interpretation to respond to set tasks.

2
Selecting correct techniques when responding.

3
Developing a point of view about dealing with climate change.

	Oxford Big Ideas

Geography Level 6

Pages 158-165

Oxford Atlas Project 3
Suggested answers to all unit activities at www.oxfordbigideas.com
Worksheet 5.4 Working with a topographic map.  Available at www.oxfordbigideas.com

	Geography

· Explain the operation of the climate system and its interaction with human activities

· Evaluate the consequences of the interaction of the climate system and human activities and responses to these consequences

· Use evidence based on their enquiries and geographic language and concepts

· Accurately interpret information on different types of maps and photographs at a range of scales, and use map evidence to support explanations, draw inferences and predict associated outcomes
Thinking processes

· Discriminate in the way they use a variety of information in different forms

· Generate questions that explore different perspectives on the issue of climate change

· Explain conscious changes that may occur in their own and others’ thinking and analyse alternative perspectives and perceptions
Civics and Citizenship

· Draw on a range of resources to articulate and defend their own opinions about climate change

· Contest, where appropriate, the opinions of others

· Develop an action plan to deal with climate change which includes raising public awareness of the issue




	Learning sequence

Lesson 1 – Dealing with the causes of climate change

1
First, ensure that students understand the differences between dealing with the causes and dealing with the effects of an environmental issue. Brainstorm other examples of this idea at a range of scales. An obvious example is rubbish in the school yard. You can either put lots of bins out and strictly enforce the proper use of them (dealing with the causes) or you can hire staff or conscript students to pick up the rubbish (dealing with the effects). Which is more effective? Which is fairer? Which is more sustainable in the long term?

2
The story about Reunion Island can be supplemented with another island community that has become carbon neutral and may serve as an example to other communities and nations. Samso Island in Denmark was featured in a Foreign Correspondent episode on 3 November 2009. The transcript for the programme and other links is at http://www.abc.net.au/foreign/content/2009/s2732204.htm View the section on Samso island and use this to initiate a discussion about the practicality of this scheme for other places, particularly Australia.


	3
A number of carbon neutral energy sources are introduced on pages 159-161 including nuclear energy, hydroelectricity, wind and geothermal energy. Other possibilities include solar energy, tidal and wave energy and biomass. Divide the class into groups and allocate each group one of these power sources. Each group has the task of ‘selling’ their energy as the ‘Energy of the Future’ by convincing the Australian Government to reduce our reliance on fossil fuels by investing heavily in their energy source. Here is a suggested procedure:
(
Each group researches an energy source and in order to present the information to the rest of the class. A great starting point is http://www.renewable-energy-sources.com/ This includes information on the cost of each energy source. This must be included in each group’s presentation.

(
One member of each group is nominated as the spy and it is their task to find out all the disadvantages of the other energy sources being looked at by the other groups. 

(
Each group then makes a presentation to the class on their energy source, using a presentation programme such as PowerPoint or MovieMaker. The aim is to sell the positives of their energy source. The presentation should include examples from around the world of this energy source being used successfully to generate electricity.

(
While each group is presenting the spies in the room quietly slip their ‘dirt files’ to the government official (represented by the teacher) outlining the problems with the energy source being presented.

(
Students watching each presentation divide a page of their notebook in half and make notes on the advantages of each power source in the left hand column as outlined in the presentation. When the presentations are all completed the government official then opens the dirt files and shares the information with the class about each power source. Students list these disadvantages in the other column in their notes.

(
Each group then has three minutes to meet and discuss what the spies had to say about their energy source and 1 minute to respond to these claims to the class.

(
Each student then ranks the energy sources from the best one for Australia to the worst. They cannot include their own. Use these rankings to decide on an overall winner and present them with a large novelty cheque! 

4
A brief introduction to carbon trading is on page 162. This is seen by many as the most sustainable option in dealing with carbon emissions. Students could research schemes around the world including that proposed by the Australian Federal Government. One of the important aspects of the Kyoto Protocol (1997) was the supposed implementation of an emissions trading scheme as a market based mechanism for dealing with climate change. This is an ideal place to introduce the Kyoto Protocol and consider its successes and shortcomings. Australia’s role was a controversial one in the meetings that lead to the Protocol and students should be made aware of this. There have been further attempts to reach a lasting international agreement on reducing carbon emissions at meetings such as those held in Bali (2007) and Copenhagen (2009). These are conducted by the UN and the website for these conventions is at http://unfccc.int/2860.php 

5
Complete the activities on page 162.

6
Download a copy of Worksheet 5.4 on working with the topographic map on page 160.

7
Using the Zooming In box at the top of page 163 as a starting point students may like to use an online calculator to estimate their carbon footprint. You might also like to encourage them to form an action group to raise awareness about climate change in the school community and steps that can be taken to deal with the issue at an individual, home or school level. Students can track their emissions by using their home energy bills and challenge themselves to reduce these over time.




	Lesson 2 –Dealing with the effects of climate change

1
Begin by revising the effects of climate change as outlined earlier in this chapter. Make a list of all of these and supplement them with brainstorming about ‘downstream effects’. An example of this is the retreating of the world’s glaciers. While this would seem to be of little consequence to human activities (students in Australia may have a fairly poor understanding of glaciers at all!) this is not really the case. Glaciers are an important store of fresh water for many communities. There is a list of the ways in which glaciers are used in South America on page 168 of the Oxford Atlas Project 3.

2
You can use this list (which should be pretty long by now) in a number of ways to help students make sense of all these effects. Write each one onto a piece of card and blue tack them onto the class whiteboard. In groups, students can move these around and then draw labeled arrows between each one showing how these are interrelated and how changes in one area of the environment can lead to changes in another. This is a great way to introduce the concept of spatial interaction.

3
Students could also classify the list into effects on human activities (e.g. flooding of coastal communities) and effects on the natural environment (melting of the Greenland ice sheet, glacial retreat. Etc.). Other methods of classify include short term and long term; local, national and global.

4
Read pages 163 and 164 and match each attempt to deal with the effects of climate change with the list of these effects. This should be supplemented with information from other sources. For example, one of the issues associated with climate change is the change in rainfall patterns and the impacts of this on farming and city communities. Many state governments have responded to this by building desalination plants or pipelines. Encourage students to find other such examples of individuals and communities dealing with the effects of climate change at a range of scales. Which have been effectively dealt with somewhere in the world, which have not? This should lead to a class discussion on whether or not these sorts of solutions can be effective in the long term and whether or not they are practical or sustainable.

5
For each of those effects for which there appears to be no immediate response students can suggest why this might be the case and suggest some possible solutions. 

6
Complete the activities on page 164 and the Big Ideas activities on page 165. 
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Transferring ideas: Deserts – What is happening to the world’s deserts?
	Big Idea
	Key knowledge and skills
	Resources
	VELS standards (adapted)

	What is happening to the world’s deserts?

	Geography

1
Introduction the global phenomena of desertification.

2
Analysis of a world map showing regions of the world vulnerable to desertification.

3
 Introduction to some of the causes and some of the effects of desertification.

4
Introduction to some responses to this issue.

Thinking processes

1
Applying skills and knowledge gained while examining climate change to a new but related global phenomenon.

2
Selecting correct techniques when completing set geographic tasks such as describing and explaining a pattern on a map.

3
Understanding and applying geographic language such as spatial association

	Oxford Big Ideas

Geography Level 6 pages 166-167
Oxford Atlas Project 3
Suggested answers to all unit activities at www.oxfordbigideas.com

	Geography

· Evaluate the consequences of the interaction of the climate system and human activities 

· Develop a policy designed to respond to desertification

· Use evidence based on their enquiries and geographic language and concepts

· Accurately interpret information on maps and photographs at a range of scales, and use map evidence to support explanations, draw inferences and predict associated outcomes
Thinking

· Discriminate in the way they use a variety of information in different forms

· Generate questions that explore different perspectives on the issue of desertification

· Explain conscious changes that may occur in their own and others’ thinking and analyse alternative perspectives and perceptions



	Learning sequence

Lesson 1 

1
The information on these pages is intended to encourage students to apply their skills and knowledge to a different global phenomenon: desertification. Before beginning, brainstorm what students already know about desertification.

2
Complete the activities on these pages, suggested answers and an assessment rubric are available on the website.

3
The suggested structure of this transferring ideas example and the climate change chapter can be applied at any global phenomenon. What do we already know, why is change occurring, what are the effects of these changes and how can we respond? This follows closely the VCE study design for Unit 4 geography. Students could practice designing their own ‘transferring ideas’ section on another global phenomenon such as overfishing, coral reef destruction or acid rain.
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