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10 Introducing environmental
change and management

10.1 Overview

TO COME

10.1.1 Introduction
Across the world, humans have caused many
environmental changes: pollution, land degradation
and damage to aquatic environments. People
have different points of view, or world views, on
many of these changes. Climate change is a major
environmental change as it affects all aspects of
the biophysical environment, such as plants and
animals; our land; inland water resources; coastal,
marine and urban environments. It is vital that we
respond intelligently to, and effectively manage, all
future environmental changes to minimise negative
social and economic impacts.

Human-induced climate change has led to increased severe weather events such as drought. Rivers can
dry up, with consequent loss of plant and animal life.

Video eLesson What are we doing? (eles-1707)

eWorkbook Customisable worksheets for this topic

LEARNING SEQUENCE
10.1 Overview
10.2 Interacting with the environment

10.3 SkillBuilder: Evaluating alternative responses
10.4 Is climate change heating the Earth?
10.5 Tackling climate change
10.6 Is Australia’s climate changing?

10.7 SkillBuilder: Drawing a futures wheel

10.8 Thinking Big research project: <title to come>
10.9 Review

To access a pre-test and starter questions and receive immediate, corrective feedback and sample responses
to every question, select your learnON format at www.jacplus.com.au.
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10.2 Interacting with the environment
10.2.1 How much space do we need?

FIGURE 1 Humanity crowded onto the island of Cyprus

JORDAN

LEBANON

EGYPT

ISRAEL

SYRIA

CYPRUS

TURKEY
GREECE

BULGARIA

MEDITERRANEAN SEA

BLACK SEA

0 300 600 km

Source:  Map by Spatial Vision

If you gathered together all 7.7 billion humans
from around the world and gave each person
a space of one square metre, the island of
Cyprus, which is approximately 8000 square
kilometres, would provide standing room for
everyone (see FIGURE 1). Clearly this would be
impractical, and providing services to ensure
human wellbeing in an area with a density of
almost 1 000 000 per square kilometre would
be impossible.

While it is unrealistic to suggest that
0.005 per cent of the total space on Earth is
sufficient for humanity, it suggests we need
to think about how little personal space we
occupy as an individual and, more importantly,
how our needs for the earth’s resources can
only be satisfied by major modifications to
biomes.

10.2.2 Human interaction
with the environment
Over 200 years ago, an English scholar named
Thomas Malthus proposed that England’s
population growth would eventually outstrip
agricultural production. Malthus’s earth-
centred environmental worldview foretold
of problems with supplies of food and warned
that there would be more deaths because of famine and wars over resources. In 1798 he wrote, ‘The power
of population is so superior to the power in the earth to produce subsistence for man . . .’ At the time
Malthus wrote his thesis, England was moving into a period known as the Industrial Revolution; a time
when the human-centred environmental worldview of the government and leaders of industry considered
the Earth’s resources as limitless and that the development of the economy should take priority over the
preservation of the natural world.

Today, many environments have become overloaded with the growing demands for food, land and other
resources. This pressure on biomes and ecosystems has led to land degradation, with a consequent loss
of habitats and biodiversity. Further consequences of this change are a reduction in human wellbeing and
a struggle for social justice as land becomes unproductive because of overuse. Nevertheless, we should
remember that change can happen naturally as well as being induced by humans.

Some topics that can help us explore change and the need for careful management include marine
environments and coasts, the land, inland waters, and urban or built environments (see FIGURE 2).
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FIGURE 2 Interaction of environmental change with human wellbeing
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10.2.3 What are ecological services?

FIGURE 3 Ecological services
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A new view of the relationship between the
environment and people is one of an ecological
service or ‘what nature provides for humanity’.

Ecological services can be thought of as
biological and physical processes that occur in
natural or semi-natural ecosystems and maintain
the habitability and livelihood of people on the
planet. These services are shown in FIGURE 3.

Understanding the link (interconnection)
between ecological services and human action
is important as it can lead to more sustainable
practices. The idea of ecological management
takes an earth-centred environmental
worldview, promoting stewardship or custodial
management. This view considers caring for
the land and the ecological services it provides
as paramount. By applying this earth-centred
viewpoint to human uses and management
of the environment, future options for human
wellbeing will be sustainable. The question
is: how do we evaluate human impacts on the
environment and what management strategies
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can be implemented to reverse damage and create a sustainable future? As such, we need to consider
the costs and benefits, or more simply, the advantages and disadvantages of changes we make to the
environment, as there will be consequences in terms of economic viability and social justice.

What is the ecological footprint?
The ecological footprint is one means of measuring human demand for ecological services. The footprint
takes into account the regenerative capacities of biomes and ecosystems, which are described as the Earth’s
biocapacity. The footprint is given as a number, in hectares of productive land and sea area, by measuring
a total of six factors, as shown in FIGURE 4. The ecological footprint is a useful indicator of environmental
sustainability.

FIGURE 4 Measuring the Earth’s ecological footprint
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FIGURE 5 compares the ecological footprint with biocapacity. The elephants represent each region’s
footprint (per capita) and the balancing balls represent the size of the region’s biocapacity (per capita). The
dark green background represents the gross footprint of regions that exceed their biocapacity, and the light
green background represents those regions that use less than their biocapacity.

In 2018 the total ecological footprint was estimated at 1.7 planet Earths, which means that humanity
used ecological services at 1.7 times the biocapacity of the Earth to renew them. The 1.7 ecological
footprint figure represents an average for all regions of the Earth. However, the United States, which has
an ecological footprint of 8.2, is well above this average. This level of resource use is not sustainable into
the future, and raises questions of economic viability, environmental benefit and social justice. FIGURE 6

shows a map of the Earth’s ecological debt. Note that there is a strong relationship between ecological
Pdf_Folio:4
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FIGURE 5 Biocapacity and ecological footprint
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FIGURE 6 Ecological debt map
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footprint and a country’s wealth and/or population. For example, the United States and much of Europe
and Japan are wealthy countries with large ecological footprints and small biocapacities. China and India
are highly populated countries with large ecological footprints and small biocapacities. Australia and
New Zealand have minimal ecological footprints because they have relatively small populations and
high biocapacities.

What is a sustainable world?
A range of indices have been developed in recent years to examine the link between ecological services,
human wellbeing and sustainability. These include the Human Development Index (HDI), the Sustainable
Society Index (SSI) and the Happy Planet Index (HPI), and each gives a slightly different perspective on
human activity and/or sustainability.

The Sustainable Society Index says that sustainable human action must:
1. meet the needs of the present generation yet not compromise the ability of future generations to meet

their own needs
2. ensure that people have the opportunity to develop themselves in a free, well-balanced society that is in

harmony with nature.
The Sustainable Society Index gives values to 21 factors across a range of social, political, economic and

environmental considerations. It is worthwhile investigating these indices as they put forward many sound
ideas about human wellbeing and the sustainability of the ecological services of the natural world.

10.2 ACTIVITI ES
1. Complete the Treading lightly eWorksheet to explore this subtopic’s themes further.

Examining, analysing, interpreting
2. Indian activist and leader of the movement against British rule in India, Mahatma Gandhi suggested that the

Earth provides enough to satisfy everyone’s needs, but not everyone’s greed. Provide an argument with an
earth-centred viewpoint about this quote and then a counter-argument based on a human-centred
viewpoint. Ensure that your arguments are logical, clearly expressed and supported by evidence. Discuss
and compare your arguments with a partner. [Critical and Creative Thinking Capability]

Interactivity Nature’s bounty (int-3287)

Deepen your understanding of this topic with related case studies and questions.
• Investigating Australian Curriculum topics > Year 10: Environmental change and management > Global biodiversity >

Global biodiversity
• Investigating Australian Curriculum topics > Year 10: Environmental change and management > Indigenous Australians

— Caring for Country

10.2 EXERCISES
Geographical skills key: GS1 Remembering and understanding GS2 Describing and explaining GS3 Comparing and
contrasting GS4 Classifying, organising, constructing GS5 Examining, analysing, interpreting GS6 Evaluating, predicting,
proposing
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10.2 Exe rcise 1: Check your understanding
1. GS1 Define ‘ecological service’
2. GS1 What is an ecological footprint?
3. GS2 Explain the concept of biocapacity.
4. GS1 What does one global hectare (gha) represent?
5. GS2 Outline the four ecological services.

10.2 Exer cise 2: Apply your understanding
1. GS2 What are the main criteria that the Sustainable Society Index (SSI) uses to qualify sustainable human

action?
2. GS6 Refer to FIGURE 5.

(a) What reasons can you suggest for the United States having such a large ecological deficit?
(b) Is Australia in ecological deficit or reserve? How might this be explained?

3. GS5 Study FIGURE 6. Name three countries with biocapacity exceeding ecological footprint by over 150 per
cent. What features of these countries might account for this position?

4. GS5 Refer to FIGURE 6. Of the world regions identified on the map, which ones have ecological footprint in
excess of biocapacity? Why might this be the case?

5. GS2 Outline six factors that are considered when measuring ecological footprint.

Try these questions in learnON for instant, corrective feedback. Go to www.jacplus.com.au.

10.3 SkillBuilder: Evaluating alternative responses

What are alterna tive responses?

A special environment 

The island’s special features include:

• long surf beaches and rocky headlands

• about 40 crystal-clear freshwater lakes. 

Some of these are perched lakes (that 

is, they sit, or perch, on an impermeable 

layer of rock or hardened organic matter 

lying above the watertable). There are 

also ‘window’ and barrage lakes. Window 

lakes appear when depressions in the 

land surface dip below the watertable, 

thus exposing part of it. Barrage lakes 

form when shifting sand dunes block 

running water and cause it to pool. 

• many streams and creeks

• 
in length

coloured sand cliffs, some 35 kilometres

• salt pans, lagoons, mangrove forests 

and wetlands

• thick rainforests, some of which are so 

dense that sunlight does not penetrate 

the canopy

• offshore seagrass beds to support 

colonies of dugong

• over 25 species of mammals, including 

dingoes thought to be the purest strain 

of the species in Australia

• over 350 species of birds. One of 

Australia’s rarest birds, the endangered 

ground parrot, is found on the island.

• vast sandblows (that is, tracts of sand 

moved by the wind) and lofty sand dunes.

Past land uses 

Fraser Island once had a sand-mining 

industry (mining its tracts of mineral-rich 

black sand). This was stopped in 1976 

following a federal government inquiry. 

There was also a timber industry, disbanded 

in December 1991 by the Queensland 

Government after a separate inquiry.

Tourists 

Hundreds of thousands of tourists now 

visit the Fraser coast region every year, 

injecting some $366 million into the region 

in 1999. It is estimated that 32 per cent of 

this visitor expenditure was contributed 

by tourists to Fraser Island itself.  The 

most obvious risks that tourism brings to 

the national park have to do with land-

Ecotourism facilities 

and Village has the highest level of 

accreditation as an ecotourism facility. 

An environmental impact statement was 

prepared before the proposed facility was 

approved for construction.

Dingo management 

In the past, many tourists fed the dingoes 

that roam the island. In April 2001, 

however, a young boy was tragically killed 

by dingoes. Tourists are now provided with 

a ‘Dingo Smart’ brochure, and are heavily 

to encourage its attention. Any dingoes 

known to be a problem are culled. 

Managing camping facilities 

There are six government-owned 

clearing, waste, increased traffic and

disturbance of the islan’s flora and fauna.

The island’s Kingfisher Bay Resort

fined if caught feeding a dingo or trying

camps —  at Central Station, Lake

Boomanjin (the largest perched lake in 

the world), Lake McKenzie, Dundubara, 

Waddy Point and Wathumba — and two 

that are privately owned. People can also 

camp on a restricted number of beach 

areas, but not within 50 metres of a creek, 

stream or lake. Beach camping areas are 

temporarily closed sometimes to allow 

vegetation to regrow or to halt erosion.

Managing four-wheel drive vehicles 

Four-wheel drive vehicles are needed to 

travel around the island. Left unmanaged, 

these large vehicles could have a 

fauna and on levels of erosion, especially 

significant impact on the island’s flora and

because touring parties tend to drive in 
the same areas. It is the most attractive 

parts of the island that are often the most 

vulnerable. 

All vehicles travelling on the island 

have to display a purchased permit and, 

more recently, driving and parking on 

sand dunes have been made illegal. The 

Environmental Protection Agency has 

started a campaign to educate four-wheel 

drivers about the impacts their vehicles 

have on the island’s environment.

Government funding 

In 2004, the Australian government’s 

Natural Heritage Trust granted 

provide environmentally friendly amenities 

$300 000 to reduce road-related erosion,

and better direct pedestrian movement 

around Fraser Island. Barriers along the 

sides of the island’s roads and better 

planning have reduced the degree of 

erosion from run-off. The idea was partly 

to make pedestrian travel a more 

attractive option, as well as draw 

pedestrians away from the island’s 

vulnerable dunes. To do this, boardwalks 

were built along the banks of Eli Creek 

Stretches of dunes are also regularly 

(see the photograph on page 26).

closed for rehabilitation. Although the 

potential threat from tourism-related 

erosion remains, the stability of the 

island’s sand dunes is improving.
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Please tourists, don’t pee in the lake 

but did she also tell you it’s bad to pee in a lake? Down in Australia, the 

So, we’re sure your momma told you not to pee in the swinning pool—

beautiful Basin Lake on Fraser Island off Queensland isn’t doing well 

these days, and one of the causes is high levels of urine in the water. 

and that’s led the Queensland Parks and Wildlife Service to consider 

The official word is that too many tourists are using the lake as a toilet

closing one of the access tracks to reduce visitor numbers. Right now 

from the lake; whatever goes in, stays in. Our alternative suggestion is 

35 000 people visit the lake every year and since there’s no in-or outflow

to simply stick up a big notice advertising the current urine levels in the 

lake. We’re fairly sure most people would skip the swim.

Source: Fraser Island Travel Guide, 17 October 2008.
Visitor numbers to Fraser Island

Alternative responses are a range of different
ideas/opinions on an issue. Evaluating ideas involves
weighing up and interpreting your research to reach a
judgement or a decision based on the information.

Select your learnON for mat to access:
• an overview

of the skill and its application in Geography
(Tell me)

• a video
and a step-by-step process to explain the skill
(Show me)

• an activity
and interactivity for you to practise the skill
(Let me do it)

• questions
to consolidate your understanding of the skill.

Video eLesson Evaluating alternative responses (eles-1744)

Interactivity Evaluating alternative responses (int-3362)
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10.4 Is climate change heating the Earth?
10.4.1 Climate change and global warming

FIGURE 1 Consequences of changes in the global climate

Source: Bureau of Meteorology and CSIRO

The world’s climate has been
changing for millions of years but,
more recently, the concentration of
greenhouse gases in the atmosphere
has increased, leading to global
warming. It is believed that human
activity, particularly burning fossil
fuels such as coal and oil, have led
to what is known as the enhanced
greenhouse effect, which is heating
the Earth and its atmosphere. Despite
ongoing debate about the nature and
extent of climate change, the majority
of the scientific community agrees
that global warming and climate
change exist and will result in ongoing
changes to world weather patterns
and the longer-term climates from
the equatorial to polar regions. The
wider consequences of global warming
will also lead to environmental change
across a wide range of biophysical
systems (see FIGURE 1).

FIGURE 2 Global temperature change to 2017
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mean surface temperature
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0

Source: IPCC special report: Global Warming of 1.5°C: Summary for
Policymakers, figure a), page 8

Climate, which can be defined as the
yearly changes in the Earth’s atmosphere,
is highly variable over the Earth’s surface.
As such, climates in the tropics contrast
markedly with climates near the poles.
Climate also varies over extensive periods
of time, and scientists have described these
changes, which date back millions of years,
long before the emergence of the human
species, as  warm periods and ice ages.
Currently the Earth is in a warm period,
having moved out of ice age conditions
as recently as 6000 years ago. Today we
realise that human activity is increasing
the rate of global warming leading to
climate change, particularly in the past few
hundred years, and this can have serious
consequences for the planet (see FIGURE 2).

10.4.2 The greenhouse effect
The greenhouse effect is the mechanism where solar energy is trapped by water vapour and gases in the
atmosphere, heating the atmosphere and helping to retain this heat, as in a glasshouse. The three most
important gases respons ible for the greenhouse effect are carbon dioxide, nitrous oxide and methane.
Pdf_Folio:8
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Without this greenhouse effect, the atmosphere would be much cooler, and ice age conditions would prevail
over the planet, making life as we know it impossible (see FIGURE 3).

FIGURE 3 How the greenhouse effect works
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Human activity and the enhanced greenhouse effect
Changes in the balance of the greenhouse gases are a natural event, leading to the different climatic
conditions on the planet as experienced over geological time. The issue today is how much impact human
activity is having on the natural cycle of events, and how this activity is leading to climate change and
global warming.

The term ‘the enhanced greenhouse effect’ has been developed to show that heating of the atmosphere is
moving at a rate that is above what could be expected by natural processes of change (see FIGURE 4). Recent
research by government and non-government organisations has indicated that all parts of the world are
vulnerable to the impacts of the enhanced greenhouse effect and associated climate change. Six key risks
that have been identified in Australia alone include higher temperatures, sea level rise, heavier rainfall,
greater wildfire risk, less snow cover, reduced run-off over southern and eastern Australia, and more intense
tropical cyclones and storm surges along the coast.
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FIGURE 4 The enhanced greenhouse effect

2

6
7

9

1

3

4

5

8

10

SOURCE 1 Modern artist’s interpretation of a typical trench system
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 A  Trenches were generally designed in a zigzag pattern; this helped to protect the trench against enemy attack.

 B  Trench toilets were called latrines. They were usually pits 1.5  metres deep, dug at the end of a short gangway. 
Each company had two sanitary personnel whose job it was to keep the latrines in good condition. Offi cers 
gave out sanitary duty as a punishment for breaking army regulations.

 The British army employed 300  000 fi eld workers to cook and supply the food for the troops. However, in 
many instances there was not enough food for the workers to cook. Rations were regularly cut and of a poor 
standard. The bulk of the diet in the trenches was bully beef (canned corned beef), bread and biscuits.

France fi nds allies
From 1888 Germany’s foreign policy took a new direction. When Germany failed to renew a treaty 
(see SOURCES 3 and 4). Alarmed by Germany’s move, Britain signed the Entente Cordiale with Russia 
linked up in the Triple Entente. Confl icting French and German interests in North Africa and confl icting 
Russian sions would erupt into war.

Blood pressure varies throughout the day and can be affected by certain factors such as physical 
activity and stress. It is therefore important to have blood pressure tested regularly.

Either systolic or diastolic pressure can be used to determine which category a person’s blood pressure 
fi ts into. A person with high blood pressure has hypertension, a common health concern throughout 
the world. The blood of a person with hypertension does not fl ow through the blood vessels as easily as 
someone with normal blood pressure. This may mean that their heart and kidneys (which regulate blood 
pressmay be restricted. Hypertension is a contributing factor to many conditions, including cardiovascular 
disease such as heart attack and stroke, and kidney failure. These conditions cause many deaths in 
Australia. Hypertension has been called the ‘silent killer’ because it has no symptoms. Regular check-ups 
are the only way to monitor blood pressure. Hypertension can be controlled with medication and lifestyle 
changes. According to Australia’s health 2014, hypertension was the most condition by GPs and nearly 
eight per cent of the burden of disease in Australia in 2003 was attributable to hypertension.

16 HSC CORE 1 Health priorities in Australia

 I
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etc, especially in Geography titles, can't be edited) 
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1 Heat from the sun

SOURCE 1 Modern artist’s interpretation of a typical trench system
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 A  Trenches were generally designed in a zigzag pattern; this helped to protect the trench against enemy attack.

 B  Trench toilets were called latrines. They were usually pits 1.5  metres deep, dug at the end of a short gangway. 
Each company had two sanitary personnel whose job it was to keep the latrines in good condition. Offi cers 
gave out sanitary duty as a punishment for breaking army regulations.

 The British army employed 300  000 fi eld workers to cook and supply the food for the troops. However, in 
many instances there was not enough food for the workers to cook. Rations were regularly cut and of a poor 
standard. The bulk of the diet in the trenches was bully beef (canned corned beef), bread and biscuits.

France fi nds allies
From 1888 Germany’s foreign policy took a new direction. When Germany failed to renew a treaty 
(see SOURCES 3 and 4). Alarmed by Germany’s move, Britain signed the Entente Cordiale with Russia 
linked up in the Triple Entente. Confl icting French and German interests in North Africa and confl icting 
Russian sions would erupt into war.

Blood pressure varies throughout the day and can be affected by certain factors such as physical 
activity and stress. It is therefore important to have blood pressure tested regularly.

Either systolic or diastolic pressure can be used to determine which category a person’s blood pressure 
fi ts into. A person with high blood pressure has hypertension, a common health concern throughout 
the world. The blood of a person with hypertension does not fl ow through the blood vessels as easily as 
someone with normal blood pressure. This may mean that their heart and kidneys (which regulate blood 
pressmay be restricted. Hypertension is a contributing factor to many conditions, including cardiovascular 
disease such as heart attack and stroke, and kidney failure. These conditions cause many deaths in 
Australia. Hypertension has been called the ‘silent killer’ because it has no symptoms. Regular check-ups 
are the only way to monitor blood pressure. Hypertension can be controlled with medication and lifestyle 
changes. According to Australia’s health 2014, hypertension was the most condition by GPs and nearly 
eight per cent of the burden of disease in Australia in 2003 was attributable to hypertension.
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2 Heat trapped by greenhouse gases

SOURCE 1 Modern artist’s interpretation of a typical trench system

 A

 B

 C

 D

 E

 F

 G  H

 I

 F

 K J

 A  Trenches were generally designed in a zigzag pattern; this helped to protect the trench against enemy attack.

 B  Trench toilets were called latrines. They were usually pits 1.5  metres deep, dug at the end of a short gangway. 
Each company had two sanitary personnel whose job it was to keep the latrines in good condition. Offi cers 
gave out sanitary duty as a punishment for breaking army regulations.

 The British army employed 300  000 fi eld workers to cook and supply the food for the troops. However, in 
many instances there was not enough food for the workers to cook. Rations were regularly cut and of a poor 
standard. The bulk of the diet in the trenches was bully beef (canned corned beef), bread and biscuits.

France fi nds allies
From 1888 Germany’s foreign policy took a new direction. When Germany failed to renew a treaty 
(see SOURCES 3 and 4). Alarmed by Germany’s move, Britain signed the Entente Cordiale with Russia 
linked up in the Triple Entente. Confl icting French and German interests in North Africa and confl icting 
Russian sions would erupt into war.

Blood pressure varies throughout the day and can be affected by certain factors such as physical 
activity and stress. It is therefore important to have blood pressure tested regularly.

Either systolic or diastolic pressure can be used to determine which category a person’s blood pressure 
fi ts into. A person with high blood pressure has hypertension, a common health concern throughout 
the world. The blood of a person with hypertension does not fl ow through the blood vessels as easily as 
someone with normal blood pressure. This may mean that their heart and kidneys (which regulate blood 
pressmay be restricted. Hypertension is a contributing factor to many conditions, including cardiovascular 
disease such as heart attack and stroke, and kidney failure. These conditions cause many deaths in 
Australia. Hypertension has been called the ‘silent killer’ because it has no symptoms. Regular check-ups 
are the only way to monitor blood pressure. Hypertension can be controlled with medication and lifestyle 
changes. According to Australia’s health 2014, hypertension was the most condition by GPs and nearly 
eight per cent of the burden of disease in Australia in 2003 was attributable to hypertension.
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3 Heat radiating back into space

SOURCE 1 Modern artist’s interpretation of a typical trench system

 A
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 A  Trenches were generally designed in a zigzag pattern; this helped to protect the trench against enemy attack.

 B  Trench toilets were called latrines. They were usually pits 1.5  metres deep, dug at the end of a short gangway. 
Each company had two sanitary personnel whose job it was to keep the latrines in good condition. Offi cers 
gave out sanitary duty as a punishment for breaking army regulations.

 The British army employed 300  000 fi eld workers to cook and supply the food for the troops. However, in 
many instances there was not enough food for the workers to cook. Rations were regularly cut and of a poor 
standard. The bulk of the diet in the trenches was bully beef (canned corned beef), bread and biscuits.

France fi nds allies
From 1888 Germany’s foreign policy took a new direction. When Germany failed to renew a treaty 
(see SOURCES 3 and 4). Alarmed by Germany’s move, Britain signed the Entente Cordiale with Russia 
linked up in the Triple Entente. Confl icting French and German interests in North Africa and confl icting 
Russian sions would erupt into war.

Blood pressure varies throughout the day and can be affected by certain factors such as physical 
activity and stress. It is therefore important to have blood pressure tested regularly.

Either systolic or diastolic pressure can be used to determine which category a person’s blood pressure 
fi ts into. A person with high blood pressure has hypertension, a common health concern throughout 
the world. The blood of a person with hypertension does not fl ow through the blood vessels as easily as 
someone with normal blood pressure. This may mean that their heart and kidneys (which regulate blood 
pressmay be restricted. Hypertension is a contributing factor to many conditions, including cardiovascular 
disease such as heart attack and stroke, and kidney failure. These conditions cause many deaths in 
Australia. Hypertension has been called the ‘silent killer’ because it has no symptoms. Regular check-ups 
are the only way to monitor blood pressure. Hypertension can be controlled with medication and lifestyle 
changes. According to Australia’s health 2014, hypertension was the most condition by GPs and nearly 
eight per cent of the burden of disease in Australia in 2003 was attributable to hypertension.
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4 Greenhouse gases produced by power stations burning fossil fuels

SOURCE 1 Modern artist’s interpretation of a typical trench system

 A
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 A  Trenches were generally designed in a zigzag pattern; this helped to protect the trench against enemy attack.

 B  Trench toilets were called latrines. They were usually pits 1.5  metres deep, dug at the end of a short gangway. 
Each company had two sanitary personnel whose job it was to keep the latrines in good condition. Offi cers 
gave out sanitary duty as a punishment for breaking army regulations.

 The British army employed 300  000 fi eld workers to cook and supply the food for the troops. However, in 
many instances there was not enough food for the workers to cook. Rations were regularly cut and of a poor 
standard. The bulk of the diet in the trenches was bully beef (canned corned beef), bread and biscuits.

France fi nds allies
From 1888 Germany’s foreign policy took a new direction. When Germany failed to renew a treaty 
(see SOURCES 3 and 4). Alarmed by Germany’s move, Britain signed the Entente Cordiale with Russia 
linked up in the Triple Entente. Confl icting French and German interests in North Africa and confl icting 
Russian sions would erupt into war.

Blood pressure varies throughout the day and can be affected by certain factors such as physical 
activity and stress. It is therefore important to have blood pressure tested regularly.

Either systolic or diastolic pressure can be used to determine which category a person’s blood pressure 
fi ts into. A person with high blood pressure has hypertension, a common health concern throughout 
the world. The blood of a person with hypertension does not fl ow through the blood vessels as easily as 
someone with normal blood pressure. This may mean that their heart and kidneys (which regulate blood 
pressmay be restricted. Hypertension is a contributing factor to many conditions, including cardiovascular 
disease such as heart attack and stroke, and kidney failure. These conditions cause many deaths in 
Australia. Hypertension has been called the ‘silent killer’ because it has no symptoms. Regular check-ups 
are the only way to monitor blood pressure. Hypertension can be controlled with medication and lifestyle 
changes. According to Australia’s health 2014, hypertension was the most condition by GPs and nearly 
eight per cent of the burden of disease in Australia in 2003 was attributable to hypertension.
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5 Greenhouse gases produced by industry burning fossil fuels

SOURCE 1 Modern artist’s interpretation of a typical trench system

 A
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 I

 F

 K J

 A  Trenches were generally designed in a zigzag pattern; this helped to protect the trench against enemy attack.

 B  Trench toilets were called latrines. They were usually pits 1.5  metres deep, dug at the end of a short gangway. 
Each company had two sanitary personnel whose job it was to keep the latrines in good condition. Offi cers 
gave out sanitary duty as a punishment for breaking army regulations.

 The British army employed 300  000 fi eld workers to cook and supply the food for the troops. However, in 
many instances there was not enough food for the workers to cook. Rations were regularly cut and of a poor 
standard. The bulk of the diet in the trenches was bully beef (canned corned beef), bread and biscuits.

France fi nds allies
From 1888 Germany’s foreign policy took a new direction. When Germany failed to renew a treaty 
(see SOURCES 3 and 4). Alarmed by Germany’s move, Britain signed the Entente Cordiale with Russia 
linked up in the Triple Entente. Confl icting French and German interests in North Africa and confl icting 
Russian sions would erupt into war.

Blood pressure varies throughout the day and can be affected by certain factors such as physical 
activity and stress. It is therefore important to have blood pressure tested regularly.

Either systolic or diastolic pressure can be used to determine which category a person’s blood pressure 
fi ts into. A person with high blood pressure has hypertension, a common health concern throughout 
the world. The blood of a person with hypertension does not fl ow through the blood vessels as easily as 
someone with normal blood pressure. This may mean that their heart and kidneys (which regulate blood 
pressmay be restricted. Hypertension is a contributing factor to many conditions, including cardiovascular 
disease such as heart attack and stroke, and kidney failure. These conditions cause many deaths in 
Australia. Hypertension has been called the ‘silent killer’ because it has no symptoms. Regular check-ups 
are the only way to monitor blood pressure. Hypertension can be controlled with medication and lifestyle 
changes. According to Australia’s health 2014, hypertension was the most condition by GPs and nearly 
eight per cent of the burden of disease in Australia in 2003 was attributable to hypertension.
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6 Greenhouse gases produced by transport burning fossil fuels

SOURCE 1 Modern artist’s interpretation of a typical trench system

 A

 B

 C

 D

 E
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 G  H
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 A  Trenches were generally designed in a zigzag pattern; this helped to protect the trench against enemy attack.

 B  Trench toilets were called latrines. They were usually pits 1.5  metres deep, dug at the end of a short gangway. 
Each company had two sanitary personnel whose job it was to keep the latrines in good condition. Offi cers 
gave out sanitary duty as a punishment for breaking army regulations.

 The British army employed 300  000 fi eld workers to cook and supply the food for the troops. However, in 
many instances there was not enough food for the workers to cook. Rations were regularly cut and of a poor 
standard. The bulk of the diet in the trenches was bully beef (canned corned beef), bread and biscuits.

France fi nds allies
From 1888 Germany’s foreign policy took a new direction. When Germany failed to renew a treaty 
(see SOURCES 3 and 4). Alarmed by Germany’s move, Britain signed the Entente Cordiale with Russia 
linked up in the Triple Entente. Confl icting French and German interests in North Africa and confl icting 
Russian sions would erupt into war.

Blood pressure varies throughout the day and can be affected by certain factors such as physical 
activity and stress. It is therefore important to have blood pressure tested regularly.

Either systolic or diastolic pressure can be used to determine which category a person’s blood pressure 
fi ts into. A person with high blood pressure has hypertension, a common health concern throughout 
the world. The blood of a person with hypertension does not fl ow through the blood vessels as easily as 
someone with normal blood pressure. This may mean that their heart and kidneys (which regulate blood 
pressmay be restricted. Hypertension is a contributing factor to many conditions, including cardiovascular 
disease such as heart attack and stroke, and kidney failure. These conditions cause many deaths in 
Australia. Hypertension has been called the ‘silent killer’ because it has no symptoms. Regular check-ups 
are the only way to monitor blood pressure. Hypertension can be controlled with medication and lifestyle 
changes. According to Australia’s health 2014, hypertension was the most condition by GPs and nearly 
eight per cent of the burden of disease in Australia in 2003 was attributable to hypertension.
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7 Greenhouse gases released by logging forests and clearing land

SOURCE 1 Modern artist’s interpretation of a typical trench system

 A
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 A  Trenches were generally designed in a zigzag pattern; this helped to protect the trench against enemy attack.

 B  Trench toilets were called latrines. They were usually pits 1.5  metres deep, dug at the end of a short gangway. 
Each company had two sanitary personnel whose job it was to keep the latrines in good condition. Offi cers 
gave out sanitary duty as a punishment for breaking army regulations.

 The British army employed 300  000 fi eld workers to cook and supply the food for the troops. However, in 
many instances there was not enough food for the workers to cook. Rations were regularly cut and of a poor 
standard. The bulk of the diet in the trenches was bully beef (canned corned beef), bread and biscuits.

France fi nds allies
From 1888 Germany’s foreign policy took a new direction. When Germany failed to renew a treaty 
(see SOURCES 3 and 4). Alarmed by Germany’s move, Britain signed the Entente Cordiale with Russia 
linked up in the Triple Entente. Confl icting French and German interests in North Africa and confl icting 
Russian sions would erupt into war.

Blood pressure varies throughout the day and can be affected by certain factors such as physical 
activity and stress. It is therefore important to have blood pressure tested regularly.

Either systolic or diastolic pressure can be used to determine which category a person’s blood pressure 
fi ts into. A person with high blood pressure has hypertension, a common health concern throughout 
the world. The blood of a person with hypertension does not fl ow through the blood vessels as easily as 
someone with normal blood pressure. This may mean that their heart and kidneys (which regulate blood 
pressmay be restricted. Hypertension is a contributing factor to many conditions, including cardiovascular 
disease such as heart attack and stroke, and kidney failure. These conditions cause many deaths in 
Australia. Hypertension has been called the ‘silent killer’ because it has no symptoms. Regular check-ups 
are the only way to monitor blood pressure. Hypertension can be controlled with medication and lifestyle 
changes. According to Australia’s health 2014, hypertension was the most condition by GPs and nearly 
eight per cent of the burden of disease in Australia in 2003 was attributable to hypertension.

16 HSC CORE 1 Health priorities in Australia

 I

VERSO example of art that exceeds the text area width — please note that:
• this is only to be done if the existing art must stay at the larger size (e.g. some maps 
etc, especially in Geography titles, can't be edited) 
•  the oversized art is left-aligned to the text area and can extend into the inside 
margin if necessary
• the source/caption box doesn't extend beyond the text area

8 Methane escaping from waste dumps

SOURCE 1 Modern artist’s interpretation of a typical trench system

 A

 B

 C

 D
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 F

 G  H
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 K J

 A  Trenches were generally designed in a zigzag pattern; this helped to protect the trench against enemy attack.

 B  Trench toilets were called latrines. They were usually pits 1.5  metres deep, dug at the end of a short gangway. 
Each company had two sanitary personnel whose job it was to keep the latrines in good condition. Offi cers 
gave out sanitary duty as a punishment for breaking army regulations.

 The British army employed 300  000 fi eld workers to cook and supply the food for the troops. However, in 
many instances there was not enough food for the workers to cook. Rations were regularly cut and of a poor 
standard. The bulk of the diet in the trenches was bully beef (canned corned beef), bread and biscuits.

France fi nds allies
From 1888 Germany’s foreign policy took a new direction. When Germany failed to renew a treaty 
(see SOURCES 3 and 4). Alarmed by Germany’s move, Britain signed the Entente Cordiale with Russia 
linked up in the Triple Entente. Confl icting French and German interests in North Africa and confl icting 
Russian sions would erupt into war.

Blood pressure varies throughout the day and can be affected by certain factors such as physical 
activity and stress. It is therefore important to have blood pressure tested regularly.

Either systolic or diastolic pressure can be used to determine which category a person’s blood pressure 
fi ts into. A person with high blood pressure has hypertension, a common health concern throughout 
the world. The blood of a person with hypertension does not fl ow through the blood vessels as easily as 
someone with normal blood pressure. This may mean that their heart and kidneys (which regulate blood 
pressmay be restricted. Hypertension is a contributing factor to many conditions, including cardiovascular 
disease such as heart attack and stroke, and kidney failure. These conditions cause many deaths in 
Australia. Hypertension has been called the ‘silent killer’ because it has no symptoms. Regular check-ups 
are the only way to monitor blood pressure. Hypertension can be controlled with medication and lifestyle 
changes. According to Australia’s health 2014, hypertension was the most condition by GPs and nearly 
eight per cent of the burden of disease in Australia in 2003 was attributable to hypertension.
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9 Methane from ruminant (cud-chewing) livestock, e.g. cattle, sheep

SOURCE 1 Modern artist’s interpretation of a typical trench system
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 A  Trenches were generally designed in a zigzag pattern; this helped to protect the trench against enemy attack.

 B  Trench toilets were called latrines. They were usually pits 1.5  metres deep, dug at the end of a short gangway. 
Each company had two sanitary personnel whose job it was to keep the latrines in good condition. Offi cers 
gave out sanitary duty as a punishment for breaking army regulations.

 The British army employed 300  000 fi eld workers to cook and supply the food for the troops. However, in 
many instances there was not enough food for the workers to cook. Rations were regularly cut and of a poor 
standard. The bulk of the diet in the trenches was bully beef (canned corned beef), bread and biscuits.

France fi nds allies
From 1888 Germany’s foreign policy took a new direction. When Germany failed to renew a treaty 
(see SOURCES 3 and 4). Alarmed by Germany’s move, Britain signed the Entente Cordiale with Russia 
linked up in the Triple Entente. Confl icting French and German interests in North Africa and confl icting 
Russian sions would erupt into war.

Blood pressure varies throughout the day and can be affected by certain factors such as physical 
activity and stress. It is therefore important to have blood pressure tested regularly.

Either systolic or diastolic pressure can be used to determine which category a person’s blood pressure 
fi ts into. A person with high blood pressure has hypertension, a common health concern throughout 
the world. The blood of a person with hypertension does not fl ow through the blood vessels as easily as 
someone with normal blood pressure. This may mean that their heart and kidneys (which regulate blood 
pressmay be restricted. Hypertension is a contributing factor to many conditions, including cardiovascular 
disease such as heart attack and stroke, and kidney failure. These conditions cause many deaths in 
Australia. Hypertension has been called the ‘silent killer’ because it has no symptoms. Regular check-ups 
are the only way to monitor blood pressure. Hypertension can be controlled with medication and lifestyle 
changes. According to Australia’s health 2014, hypertension was the most condition by GPs and nearly 
eight per cent of the burden of disease in Australia in 2003 was attributable to hypertension.
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10 Nitrous oxide released from fertilisers and by burning fossil fuels

Deepen your understanding of this topic with related case studies and questions.
• Investigate additional topics > Climate change > Causes of climate change
• Investigate additional topics > Climate change > Larsen Ice Shelf break-up
• Investigate additional topics > Climate change > Impacts on polar bears

10.4.3 What can we do? 
A switch to renewable energy sources such as solar, wind, water (hydro) and geothermal (heat from
inside the Earth’s crust) will lead to sustainable energy use in the future, reduce carbon emissions into
the atmosphere and thereby reduce the enhanced greenhouse effect. At the household level, using energy-
efficient light bulbs and appliances and purchasing solar panels to produce hot water and electricity can lead
to a significant reduction in greenhouse gas emissions. You could even think of purchasing a new motor
vehicle that uses electricity or has a higher fuel efficiency rating.
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Deepen your understanding of this topic with related case studies and questions.
• Investigate additional topics > Climate change > Climate change and Australia
• Investigate additional topics > Climate change > Global warming and Antarctica

10.4 ACTIVITIES
1. In groups, prepare a report that explains how the enhanced greenhouse effect operates, based on the

information in FIGURE 4 in section 10.4.2. You may wish to carry out further research also. Prepare a
presentation for the class that includes your suggestions about what we can do to reduce the impacts of the
enhanced greenhouse effect. Examining, analysing, interpreting

2. Research the scientific debate on climate change and global warming, and present cases for both sides of
the argument. Examining, analysing, interpreting

10.4 EXERCISES
Geographical skills key: GS1 Remembering and understanding GS2 Describing and explaining GS3 Comparing and
contrasting GS4 Classifying, organising, constructing GS5 Examining, analysing, interpreting GS6 Evaluating, predicting,
proposing

10.4 Exerci se 1: Check your understanding
1. GS1 What are the differences between climate change and global warming?
2. GS1 What is the greenhouse effect and what are the three atmospheric gases responsible for this effect?
3. GS1 What would happen to the Earth if there was no greenhouse effect?
4. GS2 What changes have occurred to the Earth’s climate over geological time?
5. GS2 Why would sea levels be much lower in an ice age period?

10.4 Exerc ise 2: Apply your understanding
1. GS2 What role do trees play in the carbon cycle and in controlling the level of greenhouse gases?
2. GS6 What impacts will global warming, and in particular higher water temperatures, have on a marine

ecosystem such as the Great Barrier Reef?
3. GS6 Refer to FIGURE 2, which shows average global temperatures.

(a) What is the time period shown in the graph?
(b) In which year did the highest average temperature and lowest average temperature occur?
(c) What is the general trend shown by the graph?

4. <Content to come – leave 2 lines>

5. <Content to come – leave 2 lines>

Try these questions in learnON for instant, corrective feedback. Go to www.jacplus.com.au.

10.5 Tackling climate change
10.5.1 Global action
Climate change is a global phenomenon. The greenhouse gases produced in one country spread through
the atmosphere and affect other countries. Action by only a few countries to reduce greenhouse gases will,
therefore, have little impact — it requires international cooperation, especially by the largest polluters.

Since the 1990s, countries have met at the United Nations Intergovernmental Panel on Climate Change
(IPCC) conferences and agreed to take steps to reduce emissions of greenhouse gases. An early conference
developed the Kyoto Protocol, an agreement that sets targets to limit greenhouse gas emissions, and 128
countries have agreed to this Protocol. Further conferences in 2009 in Copenhagen, Denmark, 2010 in
Cancun, Mexico and in 2015 in Paris led to an important new direction, with all countries agreeing to
Pdf_Folio:11
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contain global warming within 2 °C. This means that emissions of CO2, which were at 395 parts per million
(ppm) in 2013, must be kept below 550 ppm to reach this target. If no actions (mitigation measures) are
taken, temperatures could increase by 5 °C, as shown in FIGURE 1. To date, 192 of the world’s 196 countries
have signed the Kyoto Protocol, however, close to half have modified their commitment to reach targets for
greenhouse emission reductions set for 2020. The United States has signed the Protocol but has not ratified
emission targets and Canada has withdrawn from the Protocol.

FIGURE 1 Global average temperature outcomes for three
emissions cases, 1990–2100
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Source: The Garnaut Climate Change Review 2008, p. 88

To meet the greenhouse gas emissions targets defined by these agreements, countries must make changes
that reduce their level of emissions. They can also meet the targets in two other ways:

1. A country can carry out projects in other countries that reduce greenhouse gas emissions and offset
these reductions against their own target.

2. Companies can buy and sell the right to emit carbon gases. For example, a major polluter, such as a
coal power station, is allowed to emit a certain amount of greenhouse gases. If it is energy efficient,
and emits less than its limit, it gains carbon credits. It has the right to sell these credits to another
company that is having difficulty reducing its emissions. Companies can also gain credits by investing
in projects that reduce greenhouse gases (such as renewable energy), improve energy efficiency, or that
act as carbon sinks (such as tree planting and underground storage of CO2).

10.5.2 Australia’s action
The Garnaut Report 2011 and the findings of the 2018 IPCC state that it is in Australia’s national interest to
do its fair share in a global effort to mitigate climate change (see TABLE 1). The findings of the 2011 report
were confirmed at the IPCC meeting in Paris in 2015. In 2019, the Australian Government announced
the Climate Solutions Package, a $3.5 billion investment to deliver on Australia’s 2030 Paris climate
commitments. The plan will help Australia’s meet its Kyoto Protocol commitments by:
• providing a $2 billion Climate Solutions Fund to reduce greenhouse gases across the economy through

the existing Emissions Reduction Fund, giving farmers, small businesses and Indigenous communities
the chance to improve the environment and benefit from new revenue opportunities

• securing our energy future through investments in a high-tech expansion of the Snowy Mountains
Scheme and a second interconnector, Marinus Link, between Victoria and Tasmania

• helping households and businesses improve energy efficiency
• implementing a National Electric Vehicle Strategy to ensure a planned and managed transition to new

vehicle technology and infrastructure
• helping create green and clean local environments by supporting local communities.
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TABLE 1 Potential impacts for each of the three emissions cases by 2100

Emissions case 450 ppm 550 ppm No action

Likely range of temperature increase from 1990 level 0.8–2.1°C 1.1–2.7°C 3–6.6°C

Percentage of species at risk of extinction 3–13% 4–25% 33–98%

Area of reefs above critical limits for coral bleaching 34% 65% 99%

Likelihood of starting large-scale melt of the Greenland ice
sheet

10% 26% 100%

Threshold for starting accelerated disintegration of the West
Antarctic ice sheet

No No Yes

Source: The Garnaut Climate Change Review 2008, p. 102

10.5.3 Taking personal action
Australian households produce about one-fifth of Australia’s greenhouse gases through their use of
transport, household energy and the decay of household waste in landfill. This amounts to about 15 tonnes
of CO2 per household per year. (A tonne of CO2 would fill one family home.) The Australian Conservation
Foundation has suggested a 10-point plan (see FIGURE 2) that every Australian household can follow to
reduce its level of greenhouse gas pollution.

FIGURE 2 The Australian Conservation Foundation Plan

1. Switch to green power
Choose renewable energy from your electricity retailer and support investment in sustainable, more
environmentally friendly energies. Make sure it is accredited GreenPower [electricity produced using
renewable resources] — see www.greenpower.gov.au for a list of who qualifies.

2. Get rid of one car in your household
A car produces seven tonnes of greenhouse pollution each year (based on travelling 15 000 kilometres per
year).

This does not include the energy and water used to build the car — 83 000 litres of water and eight
tonnes of greenhouse pollution. So share a car with your family.

3. Take fewer air flights
A return domestic flight in Australia creates about 1.5 tonnes of greenhouse emissions (based on
Melbourne to Sydney return). A return international flight creates about 9 tonnes (based on Melbourne to
New York return). Holiday closer to home.

4. Use less power to heat your water
A conventional electric household water heater produces about 3.2 tonnes of greenhouse pollution in a
year. Using less hot water will reduce your pollution. Using the cold cycle on your washing machine will
save 3 kg of greenhouse pollution. Switching off your water heater when you’re away will also reduce your
energy use.

5. Eat less meat
Meat, particularly beef, has a very high environmental impact, using a lot of water and land to produce it,
and creating significant greenhouse pollution. If you reduce your red meat intake by two 150-gram serves
a week, you’ll save 20 000 litres of water and 600 kg of greenhouse pollution a year.
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6. Heat and cool your home less
Insulate your walls and ceilings. This can cut heating and cooling costs by 10 per cent. Each degree
change can save 10 per cent of your energy use. A 10 per cent reduction is 310 kg of greenhouse
pollution saved.

7. Replace your old showerhead with a water-efficient alternative
This will save about 44 000 litres of water a year and up to 1.5 tonnes of greenhouse pollution from hot
water heating (on average).

8. Turn off standby power
Turning appliances off at the wall could reduce your home’s greenhouse emissions by up to 700 kg a
year.

9. Cycle, walk or take public transport rather than drive your car
Cycling 10 kilometres to work (or school) and back twice a week instead of driving saves about 500 kg of
greenhouse pollution each year and saves you about $770. Besides, it’s great for your health and fitness!

10. Make your fridge more efficient
Ensure the coils of your fridge are clean and well ventilated — that will save around 150 kg of greenhouse
pollution a year. Make sure the door seals properly — this saves another 50 kg. Keep fridges and freezers
in a cool, well-ventilated spot to save up to another 100 kg a year. If you have a second fridge, turn it off
when not in use.

10.5.4 The role of fossil fuels and renewable energy
Climate authorities have declared that global warming is possibly the most important issue affecting on
life on Earth now and into the future. The burning of fossil fuels, which generate greenhouse gases, is
causing the atmosphere to heat up, and it is believed that a sustainable future, in terms of energy use, can be
achieved only by reducing the consumption of energy and/or switching to renewable energy forms. While
use of fossil fuels is a significant factor in global warming, it should also be realised that there are a number
of other human activities that lead to greenhouse gas emissions.

Fossil fuels have been widely used for energy production by human societies since the Industrial
Revolution. Burning of wood in fires was the earliest use of fuels, and today coal, oil and gas are the
fossil fuels of choice. Much of the energy used in society today for transport, domestic use and all forms
of industry is from electricity generated by power stations that are fired by fossil fuels (see FIGURES 3 and 4).

The environmentally friendly alternative to fossil fuels is renewable energy. This includes hydro-power,
solar, wind, wave and tidal, geothermal, and bioenergy sources to generate electricity. These sources
do not produce greenhouse gases and are replenished in relatively short periods of time (see FIGURE 5).

FIGURE 3 World electricity generation by fuel, 2005–30
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FIGURE 4 Australia’s primary energy sources
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Source: Department of Environment and Energy, Australian Energy Update 2018

FIGURE 5 Some sources of renewable energy: (a) solar, (b) wind, (c) hydro-electric and (d) geothermal

(a) (b)

(c) (d)
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The movement to environmentally friendly alternative energy fuels will confirm a significant change
in thinking, from a human-centred to an earth-centred worldview. This change in thinking will lead to
a more sustainable use of energy with a significantly lower impact of greenhouse gas emissions on the
environment.

Many countries throughout the world are now using or developing sustainable energy industries. The
USA, for example, has established the Clean Energy Plan and currently produces 1.66 per cent of its
energy needs from solar power, with renewable energy sources comprising 10 per cent of its total electricity
generation. In Europe, Germany has made great progress in harnessing renewable energy sources, which
today provide 29.5 per cent of its power generation needs. Wind energy alone provides just over one-third
of this amount.

In Australia, with expansive desert regions, there is huge potential to generate solar power. In recent
years, the installation of solar panels for domestic households has increased, and this has been supported
by a federal government subsidy scheme; however, currently solar energy accounts for only 1.24 per cent of
Australia’s latest total energy requirements. In other renewable energy fields, wind farms have become more
widespread in southern Australia, and there are companies investigating the potential for geothermal energy
production.

10.5.5 Future action
In 2015, the IPCC confirmed the 2007 recommendations to reduce greenhouse gas emissions. The
recommendations cover a wide range of human activities, with suggestions for management to mitigate
global warming (see TABLE 2).

For each of the mitigation actions shown in TABLE 2 there are economic, social and environmental
consequences. For example, considering the ‘developing safer and cleaner nuclear energy’ action, there
may be positive economic consequences, such as the creation of energy security and job opportunities,
but also negative consequences, such as the cost of waste disposal. Similarly, the social and environmental
consequences may be positive, such as reduced air pollution, and negative, such as nuclear accidents.

TABLE 2 Reducing greenhouse gas emissions

Ways to reduce greenhouse gas emissions

Energy supply • Increasing use of renewables such as hydro-power, solar, wind, wave and tidal,
geothermal and bioenergy

• Switching from coal to gas
• Carbon Capture and Storage (CCS) at fossil fuel electricity generating facilities
• Developing safer and cleaner nuclear energy (although this is also debated in terms of its

sustainability)

Transport • More fuel-efficient vehicles such as electric, hybrid, clean diesel and biofuels
• Changing from road to rail and bus transport systems
• Promoting cycling and walking to work

Buildings • Installing more efficient lighting and day-lighting systems and electrical appliances for
heating and cooling, cooking, and washing

• Increased use of photovoltaic (PV) solar panels
• Improved refrigeration fluids including the recovery and recycling of fluorinated gases

Industry • More efficient electrical equipment
• Heat and power recovery
• Material recycling and substitution
• Control of gas emissions

(Continued)
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TABLE 2 Reducing greenhouse gas emissions (Continued)

Ways to reduce greenhouse gas emissions

Agriculture • Improved crop yields and grazing land management
• Increased storage of carbon in the soil and reduction of methane gas emissions from

livestock manure
• Restoration of cultivated soils and degraded lands
• Improved nitrogen fertiliser application techniques to reduce nitrous oxide emissions
• New bioenergy crops to replace fossil fuels

Forestry/forests • Planting new forests
• Better harvested wood management
• Use of forestry products for bioenergy to replace fossil fuel use
• Better remote sensing technologies for analysis of vegetation and mapping land-use

change

Waste • Landfill methane recovery
• Waste incineration with energy recovery
• Composting of organic waste
• Controlled waste water treatment
• Recycling and waste minimisation

Source: UN IPCC Report 2007

DISCUSS
Is it the responsibility of the ordinary citizen or the Government to accept the consequences of climate change
and do something about it? Discuss your view. [Ethical Capability]

10.5 ACTIVITIES
1. Find what the latest State of the Climate Report, produced by the Australian Government Bureau of

Meteorology and the CSIRO, have to say about the impacts of climate change on Australia’s environment.
Examining, analysing, interpreting

2. Create a poster to communicate the main points of the Australian Conservation Foundation’s 10-point
strategy to reduce greenhouse gases. Classifying, organising, constructing

3. Use the internet to find out about geothermal energy and its potential as a future energy source.
4. Considering nuclear power plant accidents from the past and their impacts on the environment, how might

nuclear energy be managed as a safe energy source into the future? Is this a sustainable option? Conduct
research into this topic and write a page outlining your findings and your view.

Examining, analysing, interpreting
5. Use the internet to access and peruse the IPCC’s Climate Change Report. Consider the environmental,

social and economic impacts of climate change mitigation for one of the following: transport, buildings,
energy systems or industry. Examining, analysing, interpreting

6. Complete the Tackling climate change eWorksheet to explore the concepts in this subtopic further.
Examining, analysing, interpreting

Interactivity Small acts, big changes (int-3288)

eWorkbook Tackling climate change (doc-xxxxx)
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10.5 EXERCISES
Geographical skills key: GS1 Remembering and understanding GS2 Describing and explaining GS3 Comparing and
contrasting GS4 Classifying, organising, constructing GS5 Examining, analysing, interpreting GS6 Evaluating, predicting,
proposing

10.5 Exerci se 1: Check your understanding
1. GS1 Which arm of the United Nations is involved in formulating measures to tackle climate change?
2. GS1 What is the Kyoto Protocol?
3. GS2 Explain why the two basic strategies developed by the Kyoto Protocol can sustainably reduce the

amount of greenhouse gases in the atmosphere.
4. GS2 Explain why organisations such as the Australian Conservation Foundation would have different views

to companies that produce electricity on the topic of ‘climate change and global warming’.
5. GS1 What is meant by the term fossil fuel?
6. GS1 List some major renewable energy sources.
7. GS2 What would be the negative impacts if all fossil fuels were banned tomorrow?
8. GS2 What would be the best renewable energy source for the future? Give reasons for your selection.

10.5 Exerci se 2: Apply your understanding
1. GS6 Refer to FIGURE 1. How much will temperatures increase by 2070 with no mitigation? Which action will

reduce temperature change the most by 2100?
2. GS6 Refer to TABLE 1 and the 450 ppm case. What is the percentage of species at risk of extinction? What

might happen to the Great Barrier Reef under the 550 ppm case?
3. GS2 What part do international forums play in helping to solve climate change?
4. GS6 Refer to FIGURE 4. What percentage of Australia’s energy currently comes from renewable sources, and

by how much is this projected to change by 2026–27?
5. GS2 Why isn’t the use of fossil fuels sustainable?
6. GS6 What would be the environmental, social and economic consequences of the different management

strategies adopted for renewable energy use in Australia, the USA and Germany, outlined in section 10.5.4?

Try these questions in learnON for instant, corrective feedback. Go to www.jacplus.com.au.

10.6 Is Australia’s climate changing?
10.6.1 Impacts of climate change in Australia
Research by government and non-government organisations, such as the Bureau of Meteorology (BOM),
the Commonwealth Scientific and Industrial Research Organisation (CSIRO) and the IPCC in 2018, has
indicated that Australia is particularly vulnerable to climate change. The consequent changes that will affect
all Australian biophysical systems have been identified as eight key risks, which are outlined in FIGURE 1.

The challenge for the future is how to manage these risks to minimise negative consequences for the
Australian environment, economy and social systems.

What changes are we seeing?
Australia’s year-by-year climate statistics can be quite variable against long-term climate records, and
floods and droughts have always occurred, breaking records in various regions. These variations in weather
patterns are often referred to as climatic anomalies. The concern raised by global warming and climate
change is the degree of climate variability and the likelihood of more extreme weather events. For instance,
will we experience worse floods and droughts and more bushfires and severe cyclones, tornadoes and the
like? Scientific evidence supports the view that there have been more extreme weather events in recent years
and that the climate of Australia has undergone significant regional change (see FIGURE 2).
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FIGURE 1 Key climate and severe weather risks for Australia
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Source: Bureau of Meteorology and CSIRO

FIGURE 2 The State of the Climate 2018 report

The State of the Climate 2018 report, produced by the BOM and CSIRO made the following summary points.
• Australia’s climate has warmed just over 1°C since 1910, leading to an increase in the frequency of extreme

heat events.
• Oceans around Australia have warmed by around 1°C since 1910, contributing to longer and more frequent

marine heatwaves.
• Sea levels are rising around Australia, increasing the risk of inundation.
• The oceans around Australia are acidifying (the pH is decreasing).
• April to October rainfall has decreased in the southwest of Australia. Across the same region May–July

rainfall has seen the largest decrease, by around 20 per cent since 1970.
• There has been a decline of around 11 per cent in April–October rainfall in the southeast of Australia since

the late 1990s.
• Rainfall has increased across parts of northern Australia since the 1970s.
• Streamflow has decreased across southern Australia. Streamflow has increased in northern Australia where

rainfall has increased.
• There has been a long-term increase in extreme fire weather, and in the length of the fire season, across

large parts of Australia.

Recent severe weather events
In 2018, in their annual report on Extreme Weather, the Climate Council of Australia wrote:

Climate change is influencing all extreme weather events as they are occurring in a more energetic
climate system. Australia is one of the most vulnerable developed countries in the world to the impacts of
climate change. Heatwaves are becoming longer, hotter and starting earlier in the year. In the south of the
country, where many Australians live and work, dangerous bushfire weather is increasing and cool season
rainfall is dropping off, stretching firefighting resources, putting lives at risk and presenting challenges for
the agriculture industry and other sectors, such as tourism.

See FIGURE 3 for 2018 records of climatic change.
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FIGURE 3 Indications of climatic change from the Climate Council of Australia
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FIGURE 4 Floods in Townsville, February, 2019, due to tropical
cyclone Omar

10.6.2 The impact of climate change on the environment, economy
and social systems

FIGURE 5 The fragile Great Barrier Reef ecosystem
may be significantly affected by climate change.

Some of the impacts of climate change that
will require management by governments and
communities include:
• impacts on fragile and diverse biomes and

ecosystems; for example, the Great Barrier
Reef, where warming of 1°C is expected to
have significant impacts on biodiversity, with
losses of species and associated coral
communities and the potential for up to
97 per cent of the reef to be subject to coral
bleaching

• changed temperatures and rainfall regimes
affecting the potential of agriculture and
forestry to maintain crop yields such as wheat,
and timber yields from forests

• reduced river flows in the Murray–Darling Basin with significant impacts on agriculture, industry and
urban household use

• more extreme weather events such as heatwave conditions, with an increase in the number of days
when the forest fire index rating is very high or extreme

• more severe tropical cyclones, with associated property damage due to strong winds and flooding
• spread of tropical diseases such as dengue fever and malaria to southern regions.

Managing the impact of severe weather
Scientific experts agree that environments will change due to global warming and climate change and
this will have a range of economic and social consequences, to which society will need to adapt. Where
particular industries such as agriculture and forestry may be affected, there could be a need for governments
and other agencies to encourage and facilitate the development of employment opportunities in alternative
industries, such as renewable energy.

In dealing with the potential impact of severe weather events, a number of approaches may be taken.
The redesign of urban infrastructure to improve storm water drainage is a management strategy to reduce
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the threat of flooding. If redesign is not able to solve the problem, there may be a need for some people to
consider relocating away from the flood-prone coastal and riverine locations in which they currently live.

FIGURE 6 The Vic Emergency app provides warnings and other
information about bushfires, floods and other emergencies in
Victoria.

Successful management strategies
in relation to events such as cyclones
and bushfires include the development
of improved tropical cyclone warning
systems, with monitoring conducted
and warnings issued by the Bureau
of Meteorology, and bushfire
warnings, issued by relevant state
fire authorities. National and state-
based agencies such as Emergency
Management Victoria, Emergency
New South Wales and the Department
of Community Safety in Queensland
provide a range of information and
resources aimed at minimising the
impacts on communities of severe
weather events, and assisting with
management strategies such as
emergency evacuation planning. Improved building design to withstand these severe weather events is
another successful form of management strategy.

Government Disaster Relief programs that offer financial and other assistance to individuals and
communities to recover after events such as flood, fire and drought are further examples of impact
management.

Perhaps most importantly, the root causes of severe weather events as a consequence of global warming
and climate change need to be addressed. The Australian Conservation Foundation’s 10-point plan (see
FIGURE 2 in section 10.5.3) suggests a range of personal energy use management strategies that aim to
minimise individuals’ contribution to greenhouse gas emissions, such as switching to solar energy and
other renewables. If adopted by businesses and the general community, these strategies will go a long way
towards reducing the environmental impacts of climate change and global warming, thereby mitigating the
social and economic impacts.

10.6 ACTIVITY
Use the internet to find out about Pacific Island nations that are threatened by rising sea levels because of
climate change. Where are they located? Are any plans in place to protect these areas? Discuss your findings
with a partner. Examining, analysing, interpreting

10.6 EXERCISES
Geographical skills key: GS1 Remembering and understanding GS2 Describing and explaining GS3 Comparing and
contrasting GS4 Classifying, organising, constructing GS5 Examining, analysing, interpreting GS6 Evaluating, predicting,
proposing

10.6 Exercise 1: Check your understanding
1. GS1 How are Australia’s temperatures expected to change because of climate change?
2. GS1 Name three extreme weather events that are expected to increase in frequency due to climate change.
3. GS2 Study FIGURE 3, which outlines climatic records broken in Australia. Describe the general pattern of

temperature and rainfall extreme weather events for the 2018 period outlined.
4. GS2 What types of temperature and rainfall changes were recently experienced where you live?
5. GS2 List three positives, or benefits, of climate change to a particular region of Australia.
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10.6 Exercise 2: Apply your understanding
1. GS4 Develop an evacuation plan for a house or town in a bushfire-prone area.
2. GS6 How might climate change affect tourism in the Snowy Mountains region of Australia?
3. GS6 How will rising sea levels affect Australia’s state capital cities that are located on the coast?
4. GS6 How might people who live in tropical cyclone-prone areas cope with increased severe weather

events?
5. GS6 Identify three key points from the State of the Climate report (FIGURE 2) that you consider to be of

greatest concern. Justify your choices.

Try these questions in learnON for instant, corrective feedback. Go to www.jacplus.com.au.

10.7 SkillBuilder: Drawing a futures wheel

What is a futures wheel?
P Develop higher

terrain

Ski slope

design

Cooperation

Business as

usual

Fatalism

Give up

skiing

All-year tourism,

hikes, tennis

Non-snow-related

activities

Alternatives

to skiing

Adaptation

strategies

Maintain ski

industry

Artificial

snow-making

P

P

P

P

P

PP

Probable
Preferred

A futures wheel is a series of bubbles or concentric rings with words written
inside each to show the increasing impact of change. It helps show the
consequences of change.

Select your learnON fo rmat to access:
• an overview of the skill and its application in Geography (Tell me)
• a video and a step-by-step process to explain the skill (Show me)
• an activity and interactivity for you to practise the skill

(Let me do it)
• questions to consolidate your understanding of the skill.

Video eLesson Drawing a futures wheel (eles-1745)

Interactivity Drawing a futures wheel (int-3363)

10.8 Thinking Big research project: Wacky weather
presentation

SCENARIO
As the regular weather presenter for an evening news program, you
have been asked by the producer to compile a segment on the history
of extreme weather events in Australia and to outline the link between
these events and climate change.

Select your learnON format to access:
• the full project scenario
• details of the project task
• resources to guide your project work
• an assessment rubric.
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projectsPLUS Thinking Big research project: <project title to come> (pro-xxxx)

10.9 Review

10.9.1 Key know ledge summary
Use this dot-point summary to review the content covered in this topic.

10.9.2 Reflec tion
Reflect on your learning using the activities and resources provided.

KEY TERMS
biocapacity the capacity of a biome or ecosystem to generate a renewable and ongoing supply of resources and

to process or absorb its wastes
carbon credits term for a tradable certificate representing the right of a company to emit one metric tonne of

carbon dioxide into the atmosphere
climate change any change in climate over time, whether due to natural processes or human activities
ecological footprint a measure of human demand on the Earth’s natural systems in general and ecosystems in

particular
ecological service the benefits to humanity from the resources and processes that are supplied by natural

ecosystems
enhanced greenhouse effect the observable trend of rising world atmospheric temperatures over the past

century, particularly during the last couple of decades
environmental worldview varying viewpoints, such as environment-centred as opposed to humancentred, in

managing ecological services
fossil fuels carbonbased fuels formed over millions of years, which include coal, petroleum and natural gas. They

are called non-renewable fuels as reserves are being depleted at a faster rate than the process of formation.
geothermal (power) describes power that is generated from molten magma at the Earth’s core and stored in hot

rocks under the surface. It is cost-effective, reliable, sustainable and environmentally friendly.
global warming increased ability of the Earth’s atmosphere to trap heat
Industrial Revolution started in approximately 1750 in the United Kingdom, eventually spreading to the rest of

the world. It brought major technological changes in agriculture, manufacturing, mining and transportation. A
major invention of the era was the application of coal and eventually oil and gas power to industry.

Kyoto Protocol an internationally agreed set of rules developed by the United Nations aiming to reduce climate
change through the stabilisation of greenhouse gas emissions into the atmosphere

stewardship the caring and ethical approach to sustainable management of habitats for the benefit of all life on
Earth
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