
TOPIC 3 ENVIRONMENTAL CHANGE AND 
MANAGEMENT

     CHAPTER 12

Introducing 
environmental change 
and management 

   12.1  Overview 
  12.1.1  Introduction 
  Across the world there are many environmental changes that have 
been caused by humans, such as pollution, land degradation and 
impacts on aquatic environments. People have different points of view, 
or worldviews, on many of these changes. Climate change is a major 
environmental change as it affects all aspects of the environment, such 
as our land; inland water resources; and coastal, marine and urban 
environments. It is vital that we respond intelligently to, and effectively 
manage, all future environmental changes.  

   Starter questions 
1    The   environment   supports all life on Earth — humans, plants and animals. 

As a class, brainstorm examples of   environmental changes   people have 
caused, and discuss where these are occurring. 

2    Choose one   environmental change   from question 1 and discuss the various 
viewpoints different people, groups or organisations have about it. 

3    Brainstorm specifi c examples of   environmental changes   people have 
caused that have been positive, and that have come about by people 
deliberately and effi ciently managing the   change  .   

    Inquiry sequence  
    Syllabus outcomes   
  12.1  Overview   

  12.2  How do environments function?  GE5-2, GE5-3, 
GE5-4, GE5-7 

  12.3  What are the lithospheric processes that 
form and transform environments? 

 GE5-2, GE5-3, 
GE5-4, GE5-7 

  12.4  What are the biospheric processes that 
form and transform environments? 

 GE5-2, GE5-3, 
GE5-4, GE5-7 

  12.5  What are the hydrological and atmospheric 
processes that form and transform environments? 

 GE5-2, GE5-3, 
GE5-4, GE5-7 

  12.6  How do people’s worldviews affect 
the use of environments? 

 GE5-2, GE5-3, 
GE5-4, GE5-7 

  12.7 SkillBuilder:  Evaluating alternative 
responses    

 GE5-7 

  12.8  Why do environments change?  GE5-2, GE5-3, 
GE5-4, GE5-7 

  12.9  What is sustainable management?  GE5-5, GE5-8 

  12.10  What is an ecological footprint?  GE5-5, GE5-8 

  12.11  Introducing topographic maps: How is 
Jindabyne affected by environmental change? 

 GE5-5, GE5-7, GE5-8 

  12.12 SkillBuilder:  Drawing a futures wheel     GE5-7 

  12.13  Is climate change heating the Earth?  GE5-2, GE5-3, GE5-4 

  12.14  Can we slow climate change?     GE5-2, GE5-3, GE5-4 

  12.15  How can we reduce the impact of 
climate change?    

 GE5-2, GE5-3, GE5-4 

  12.16 Review      GE5-2, GE5-3, GE5-4, 
GE5-5, GE5-7, GE5-8 

  Key terms       

ONLINE ONLY

ONLINE ONLY

ONLINE ONLY

ONLINE ONLY

ONLINE ONLY

ONLINE ONLY

 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.   
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Watch this video
cerum ad experibus solecat 
inullicimus. Equi, dolor quassimi
Searchlight ID: eles-1584

  Watch this video     
 What are we doing? 
Searchlight ID: eles-1707  
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244 Geoactive 2 NSW for the Australian Curriculum Stage 5

   12.2  How do environments 
function? 
  12.2.1  The environment 
  The four spheres of the environment are the atmosphere, lithosphere, hydrosphere and biosphere. 
The atmosphere is the layer of gases enveloping the Earth. The lithosphere is all the rocks, 
soils and crust on the Earth’s surface. The hydrosphere is all the water on Earth including in the 
oceans, lakes, rivers and glaciers. The biosphere is all living things on Earth, such as plants and 
animals. Places and environments are formed and transformed by a range of natural   geographic 
processes   and infl uences related to each sphere.    

geographic 
processes  the 
physical forces that 
form and transform 
our world

Biosphere

Atmosphere

Hydrosphere

Lithosphere

  FIGURE 1  The interaction of the four 
spheres of the environment  

  Conducting a geographical inquiry 
 Primary data is original information that you 
create yourself. Think of it as ‘fi rst-hand’ data. 
Examples of primary data include interviews, 
surveys, observations, water testing, vegetation 
transects and soil testing. 
  Secondary data sources have been 
created by someone else. Think of it as ‘second-
hand’ data. Secondary sources should be 
checked for bias and all sources should be 
acknowledged. Examples of secondary sources 
include newspapers, magazines, and journal 
articles, websites, books, DVDs, television and 
radio. 
1    Choose ONE natural environment that you 

can easily visit, to conduct a geographical 
inquiry about. 

2    Formulate a research question that relates to 
how the environment functions. Ensure that 
the question is specifi c enough that you will be 
able to conduct the research in a short period 
of time, but general enough that you will be 
able to fi nd supporting information about it. 

3    Collect secondary data that relates to your 
chosen environment: 

a    Choose TWO newspaper articles or 
websites. Select the key points from the 
source and record the information in a word 
document. 

b    Find a map of your chosen environment.   
4    Collect primary data that relates to your 

chosen environment. 
a    Take photographs of your chosen 

environment. This is a source of 
primary data.   Import your photographs 
into your word document and annotate 
them with important features of the 
environment. 

b    Collect another type of primary data that 
shows evidence of how your chosen 
environment functions. Write a paragraph 
about the method you used and the results 
of your fi eldwork. 

5  Review the research you have undertaken 
so far. Do you have enough data to answer 
the research question that you formulated 
in question 2? What other data would you 
need to collect? Make a list of other sources 
of information and fi eldwork techniques to 
enhance your research.     

FOCUS ON FIELDWORK

   TABLE 1   Geographical processes that form and transform environments 

  Biospheric 
processes  

  Lithospheric 
processes  

  Hydrospheric 
processes  

  Atmospheric 
processes  

  Carbon cycle  

 Oxygen cycle  
Food chains  
Photosynthesis  
Evolution  
Extinction  
Migration 

 Erosion  
Weathering  
Nitrogen and 
phosphorous cycle  
Tectonic processes 

 Precipitation  
Infi ltration  
Runoff  
Evaporation  
Transpiration  
Condensation  
Transportation  
Deposition 

 Carbon cycle  
Absorption (light)  
Refl ection (light)  
Scattering (light)  
Aeolian (winds)  
Transportation  
Deposition 
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Chapter 12 Introducing environmental change and management 245

12.3 What are the lithospheric 
processes that form and 
transform environments?
12.3.1 Erosion and weathering
Erosion is the wearing away of earth by wind, water or ice. Moving water and rain carry away 
soil and rock fragments. Waves crash against shorelines and move sand. Wind can carry lighter 
sediments, such as dust, sand and ash, away from their source. In dry areas with high winds these 
materials can also blast against rocks, intensifying erosion. Moving glaciers can also carry away 
sediments and large rocks. As they move they rub against the ground, further eroding soils and 
breaking boulders.

Weathering is the physical and chemical disintegration of rocks and minerals. It occurs through 
physical processes such as water freezing and expanding, seeds germinating and cracking rocks, 

ACTIVITIES

INDENTIFY
1 Construct a diagram of a natural environment. 

Label key features of the environment and, in 
brackets, state whether each feature is part of 
the hydrosphere, lithosphere, atmosphere or 
biosphere.

APPLY
2 Examine the photographs in figure 2.

a Identify any geographical processes 
occurring in any of these photographs.

b Select a geographical process in one of the 
photographs and explain how you were able 
to identify the process.

INVESTIGATE
3 Using the Internet, investigate one of the 

natural geographical processes listed in 
table 1. Describe the process and explain the 
role of each sphere in that process.

FIGURE 2 Natural processes create a range of unique environments.
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246 Geoactive 2 NSW for the Australian Curriculum Stage 5

and when rocks are exposed and expand. Chemical weathering occurs when minerals react with 
oxygen and form oxides, acids dissolve minerals in rocks or when rocks expand as their minerals 
combine with water.  

  12.3.2  Tectonic processes 
 Th e Earth’s crust is divided into tectonic plates which fl oat around on top of the semi-molten rock 
of the mantle. Where plates have collided huge mountain ranges have been formed. Along plate 
 boundaries, volcanoes and earthquakes are common. Fold mountains, like the Himalayas, form when 
the Earth’s plates crunch into each other, and layers of the crust are pushed up into loops and bumps.   

 Fault mountains are made when part of the crust is forced up or collapses between two cracks in a 
plate. Th ese cracks are called faults.   

Anticline valley

Anticline

Pressure Pressure

Anticline valleyThrust fault

Syncline ridge Syncline ridge

Syncline Anticline AnticlineSyncline

  FIGURE 1  Fold Mountains are created by pressure pushing the 
earth from both sides.  

Rift valley
Magma

Faults
As the crust moves

apart, the block sinks.

The block moves up to
form a mountain.

Pressure Pressure

  FIGURE 2  Fault mountains are created by pressure pushing 
the earth from both sides.  

 Earthquakes occur as a result of movement between sections of the Earth’s crust. Th ey commonly 
occur along fault lines and along plate boundaries. Sections of tectonic plates can be forced upwards 
exposing new sections. Volcanoes involve the process of molten rock from the mantle being forced 
up onto the earth’s surface, building continents.   

  FIGURE 3(a–b)  A range of geographical processes form rocks and landforms.   

  12.3.3  The nitrogen and phosphorous cycle 
 Living things need nitrogen for growth. Th e basic nitrogen cycle begins when green plants take 
in chemicals such as nitrogen and phosphorous from the soil. Plants use these chemicals to build 

(a) (b)

c12IntroducingEnvironmentalChangeAndManagement.indd   246 20/10/16   12:50 pm

UNCORRECTED P
AGE P

ROOFS



Chapter 12 Introducing environmental change and management 247

 proteins for growth. When plants die, decomposers, such a bacteria and fungi, break down the 
 proteins into ammonium compounds. Animals also eat the plants and animal waste and dead animal 
carcasses are broken down into ammonium compounds. Bacteria in the soil converts the ammonium 
back into nitrates.

GEOskills TOOLBOX 

Contour lines and spot heights
• A contour line is a line joining places of equal 

height above sea level
• A spot height is a point on the map that shows 

the exact height above sea level at that place.
• A contour interval is the difference in height 

between two contour lines on the map. Each 
map will have a different contour interval.

1 What is the height of the following grid 
references?
a GR 425775
b GR 468793
c GR 482796.

2 How can contour lines and spot heights help 
you interpret a map?

3 What is a contour interval, and how might 
you use this information when interpreting 
topographic maps? 44

80

79

78

77

76

75

74

41

55

42 43 45 46 47 48 49

The difference in
height between
the two contour
lines is 10 meters

102030

50

40

FIGURE 4 A basic topographic map

ACTIVITIES

IDENTIFY
1 List the different ways that sediments can be 

moved from one location to another.
2 Describe the difference between erosion and 

weathering.

APPLY
3 Construct an annotated diagram of the nitrogen 

and phosphorous cycle.

INVESTIGATE
4 Using the Internet, research the process of 

plate tectonics.
a With the aid of diagrams, describe how this 

process occurs.
b Describe one landform that has been created 

by plate tectonics. Include images and 
diagrams to support your answer.

c Discuss one source of evidence that supports 
the theory of plate tectonics.

12.4 What are the biospheric 
processes that form and 
transform environments?
12.4.1 What is the biosphere?
The biosphere is all the living things on Earth. Processes related to the biosphere are central in the 
creation of environments. These processes impact on the type of vegetation in an environment, 
how large and how densely the vegetation grows, the quality of the soil, the levels of oxygen and 
moisture in the air and rates of erosion. Some of the processes related to the biosphere include 
the carbon cycle, the oxygen cycle, food chains and food webs, photosynthesis, evolution, and 
population fluctuations and movements.

12.4.2 The carbon cycle
Carbon is one of the most basic elements that make up all living things. It is a process that involves 
all the spheres. The carbon cycle is the process where carbon is transferred through the  environment. 
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248 Geoactive 2 NSW for the Australian Curriculum Stage 5

Carbon dioxide exists in the air, and is 
used by plants to photosynthesize and 
make food. Animals eat plants and obtain 
carbon and then use carbon from plants 
for energy and growth. Animals produce 
waste and decompose when they die. 
Decomposers, such as bacteria and fungi, 
feed on the dead matter and release carbon 
dioxide into the air as they respire.   

  12.4.3  The oxygen cycle 
 Th e oxygen cycle begins with the 
oxygen that exists in the air. Animals 
obtain  oxygen by breathing and plants 
produce oxygen and release it through 
their pores. 

  12.4.4  Food chains 
 A food chain is a series of organisms, each eating or decomposing the preceding one. Food webs are 
a more complicated branching diagram which shows the feeding relationships of all living things in 
an ecosystem or particular area. In nearly all ecosystems the source of energy is the Sun (hydrothermal 
vents provide energy in some rare ecosystems). Every food chain begins with a producer organism, 
a plant that can photosynthesise. Consumers are organisms that eat other organisms. Decomposers 
breakdown dead organisms. Energy is transferred from one animal to another through food chains 
and food webs, and fl ows in the direction of the arrows on the diagram. Some energy is lost at each 
step in the food chain as heat.   

Fossils and fossil fuels

Dead organisms
and waste products

Organic
carbon

Decay
organisms

Photosynthesis

Animal
respiration

CO2 cycle

Plant
respiraton

Sunlight
Auto and factory emissions

Root
respiration Ocean uptake

  FIGURE 1  The carbon cycle  

Rabbit

Feral goat

Quail-thrush

Snake
Fungi

Decomposer
bacteria

Dead animals

Plant litter

Insects

Grasses

Wedge-tailed eagle

  FIGURE 2  A desert food web  

  12.4.5  Photosynthesis 
 Plants make food in their leaves, which contain a special green pigment, or colouring, called 
 chlorophyll. Th e chlorophyll uses energy absorbed from sunlight to convert carbon dioxide from the 
air, and water from the ground, into a sugary form called glucose. 

  12.4.6  Evolution 
 Evolution is the long-term process where  species have changed and developed from  earlier forms of 
species to become more suited to particular environments. Survival of the fi ttest means that  organisms 
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Chapter 12 Introducing environmental change and management 249

that are most suited to a particular environment (colour, shape, etc.) 
are more likely to live a long life and reproduce. Organisms which are 
not suited to a particular environment are more likely to be killed, be 
eaten or starve, and are less likely to reproduce. In this way organisms 
with the most suitable genes pass them on to future generations. Each 
successive generation contains a greater number of individuals with 
suitable genes. As time goes on the species becomes more and more 
specialised.

12.4.7 Population fluctuations and movements
Changes in the size and distribution of plant and animal species 
impacts greatly on the functioning of environments. Changes to cli-
mate, natural hazards and human interactions are some of the factors 
which impact on population numbers.

Many species of animals migrate from place to place. Some migra-
tions are seasonal, where animals move looking for the best food 
sources, to avoid extreme heat or cold and to find suitable breeding 
grounds. The migrations of some species don’t follow any particular 
patterns, while others simply move on when they have exhausted the 
food source. Animals that live in mountainous regions move to higher 
or lower regions to avoid snowfalls. If an environment becomes inhos-
pitable, organisms may permanently migrate from an area.

Extinction is a process where all individuals of a species have died. 
This is a natural process that occurs when a species can’t adapt to the 
changes in an environment. Humans have greatly accelerated the 
number of extinctions through modifications of ecosystems.

FIGURE 3 Plant species in the Daintree rainforest have 
adapted to suit the specific climatic and soil conditions 
of the region.

FIGURE 4 Crabs moving en masse

ACTIVITIES

IDENTIFY
1 Outline some of the biospheric processes that 

form and transform environments.
2 Describe the difference between a food chain 

and a food web.
3 Construct a simple diagram showing the 

relationship between producers, decomposers, 
consumers and the sun in a simple food chain.

EXPLAIN
4 Explain the process of evolution.

PREDICT
5 Explain how the migration of a species might 

transform an environment.

INVESTIGATE
6 Using the internet, investigate one species that 

is well adapted to its environment.

a Describe the unique conditions of 
the environment (climate, soils, vegetation, 
etc.).

b Describe the characteristics this species 
has that enables it to live and flourish in this 
environment.

c Discuss how a similar organism might have 
different characteristics if it lived in a different 
environment.

d Describe a related species that lives in 
a different environment. Outline the 
differences between the two species.

7 Investigate one migratory species.
a Why does the species migrate?
b What migration patterns does it follow?

12.5 What are the hydrological and 
atmospheric processes that form 
and transform environments?
12.5.1 What is the hydrosphere?
The hydrosphere is water in all its forms including rain, ice, sleet, and vapour. The atmosphere 
is the gaseous layer surrounding the Earth. Many of the geographic processes that form and 
transform environments involve an interaction between the hydrosphere and atmosphere.
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250 Geoactive 2 NSW for the Australian Curriculum Stage 5

  12.5.2  The water cycle 
 Th e water cycle relates to all four of the spheres, but specifi cally connects the hydrosphere and 
 atmosphere. Th e water cycle is the continuous movement of water which begins in water storage 
areas such as the oceans, lakes and rivers. Water then evaporates from water storage areas into the 
air, or transpires from trees. In the atmosphere the water vapour begins to form clouds and when it 
condenses it falls to the ground as   precipitation  . Some water will run over the surface of the ground, 
collecting in low areas, or joining rivers, lakes and oceans. Some water will soak into the ground 
and join groundwater. Th e processes associated with the water cycle are precipitation,   infi ltration  , 
  runoff   ,   evaporation  ,   transpiration  ,   evapotranspiration   and   condensation  . 

  12.5.3  Heating and cooling 
 Solar radiation is the heat that is received from the sun’s rays. Th e atmosphere plays an important 
role in distributing this heat around the planet. 

 In some locations there is more heat received from the sun than is refl ected by the Earth. Th ese 
locations are mainly in the tropics. In contrast, in polar regions and at high altitudes, less heat is 
received from the sun than is refl ected by the Earth. Th e atmosphere scatters the sun’s rays helping to 
distribute heat, but most excess of heat that results in the tropics is transferred to the poles and high 
altitudes by air movements. 

 Th e atmosphere absorbs some incoming radiation which helps to balance temperatures overnight 
when no direct radiation is received. Some radiation is refl ected which helps to regulate temperatures 
in areas of extreme heat.       

precipitation  water 
droplets or ice crystals 
become too heavy to 
be suspended in the 
air and fall to Earth as 
rain, snow, sleet or hail

infi ltration  water 
that is absorbed into 
the ground, fl ows 
downward and collects 
above an impermeable 
layer or rock

runoff  water that is 
unable to be absorbed 
into the ground, fl ows 
over its surface and 
collects in nearby 
waterways or reaches 
stormwater drains

evaporation  when 
water contained 
in water bodies is 
heated by the Sun 
and the liquid changes 
into a gaseous 
state and rises into 
the atmosphere

transpiration  when 
water contained 
in plants is heated 
and changes from a 
liquid into a gaseous 
state and rises into 
the atmosphere

evapotranspiration  
the process including 
evaporation from 
water storage areas 
as well as evaporation 
from trees

condensation  when 
water in the 
atmosphere cools 
and changes from a 
gaseous state into a 
liquid state. This occurs 
when the water vapour 
clusters around a solid 
particle (such as dust)

Mean Annual Global Insolation

Solar radiation~1000 km

~2000 km

equal energy

  FIGURE 1  Solar radiation from the sun is concentrated 
at the poles and dispersed at the equator.  

  FIGURE 2  Oceans also play an important role in 
absorbing heat.  

ACTIVITIES

  EXPLAIN 
1    Describe how the water cycle links the 

hydrosphere and the atmosphere. 
2    Describe the role of the biosphere and 

lithosphere in the water cycle. 

3    Describe how the atmosphere distributes heat 
around the globe.   

 INVESTIGATE 
4    Using the internet, investigate the water cycle 

and explain the role it plays in forming and 
transforming environments.   

  12.6  How do people’s worldviews 
affect the use of environments? 
   12.6.1  Humans and the environment 
  If you gathered together all 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 fi gure 1). Clearly this would be impractical, and providing 
services to ensure human wellbeing in an area with a density of 1  000  000 per square kilometre 
would be impossible.  
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Chapter 12 Introducing environmental change and management 251

 While this idea is unrealistic in  suggesting that 0.005 per cent 
of the total space on Earth is  suffi  cient for humanity, it 
 suggests we need to think about how little personal space 
we actually occupy, and how greatly we impact on the Earth 
and its natural systems.     

  12.6.2  How do humans interact with the 
environment? 
 Over 200 years ago, an English scholar named Th omas 
Malthus proposed that England’s  population growth would 
eventually outstrip agricultural  production. Malthus’s envi-
ronmental worldview  foretold of problems with supplies 
of food and warned that there would be more deaths due 
to famine and wars over resources. Th is message has even 
more relevance today as many environments have become 
 overloaded with the growing demands for food, land and 
other resources. Th is 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 lands become unproductive as a result of overuse. 
Nevertheless, it should be remembered that change can be a 
natural process as well as human-induced. 

  12.6.3  What are environmental 
worldviews? 
 People have diff erent perceptions or views about how the 
world works and how they fi t into the world. Th is is known 
as an   environmental worldview  . An environmental 
 worldview helps a person make decisions about how he or she will behave towards their environment 
and environmental ethics will determine their beliefs about right or wrong behaviour. 

 Some people see themselves and their needs as the most important factor to consider, this is known 
as   egocentric  . Th is might mean that a person would choose their own fi nancial gain as being more 
important than the functioning of an ecosystem. 

 Another environmental worldview that values the needs of humans is the   anthropocentric 
 worldview  , which  acknowledges that humans have a variety of needs and wants that often must be 
placed above the desire to protect environments. Th e anthropocentric worldview values  environments 
for the use they provide for all humans. 

 Th e stewardship worldview recognises that 
although humans need to make use of environments 
for survival and development, they have a respon-
sibility to care for the Earth to ensure that future 
 generations will have access to environments of 
similar quality. Stewardship is often associated with 
the religious beliefs and environmental worldviews 
of indigenous cultures around the world, including 
 Australian Aborigines and Native Americans. 

 A   biocentric   worldview recognises the  signifi cant 
role that the Earth and its environments play in 
 sustaining life, including human life. It strives 
to  minimise the impact of human activities on 
 environments and species. 

   Ecocentric   is a worldview that places the preserva-
tion of environments above all other needs and wants. 
An ecocentric may choose to protect an environment 
despite the long-term income and jobs that using the 
environment may create for a whole community.               

environmental 
worldview  varying 
viewpoints of how 
the world works 
and where people fi t 
into the world. The 
worldview will form 
the assumptions 
and values that 
guide an individual’s 
actions towards 
the environment

environmental 
ethics an individual’s 
beliefs about what 
is right or wrong 
behaviour in relation 
to the Earth and its 
environments and 
 communities.

JORDAN

LEBANON

EGYPT

ISRAEL

SYRIA

CYPRUS

TURKEY
GREECE

BULGARIA

MEDITERRANEAN SEA

BLACK SEA

0 300 600 km

Source: Spatial Vision

FIGURE 1 Humanity crowded onto the island of Cyprus

FIGURE 2 Ecocentric and egocentric worldviews 
are at opposing ends of the continuum
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ACTIVITIES

EXPLAIN
1 Egocentric and ecocentric environmental 

worldviews are extremes of a range of views. 
Explain what you think the difficulties would be 
in believing in either of these extremes.

APPLY
2 Define what an environmental worldview is. 

Justify your own environmental worldview.
3 What are the similarities and differences 

between the following environmental 
worldviews: anthropocentric, stewardship, 
and biocentric.

INVESTIGATE
4 Using the internet, investigate the concept 

of technological optimism in relation to 
environmental change and population 
pressure.
a What does the term mean?
b Which environmental worldview do you think 

it most relates to? Explain your answer.
c What is your personal view of technological 

optimism?

12.8 Why do environments change?
12.8.1 What are causes of environmental change?
Environments change as a result of a range of natural and human-induced factors.

Natural changes to ecosystems can be severe and drastic, resulting in an ecosystem having to 
adapt or change in a short period of time in order to survive. More often, natural changes occur 
over an extended period allowing ecosystems to gradually change to suit changing conditions. 
Examples of natural changes to ecosystems include drought, flood, fire, volcanic eruptions, storm 
surge, cyclone, changes in climate, movement of species, and adaptation to changes. There are 
also more gradual, natural changes to ecosystems such as weathering and erosion.

Humans have the ability to simplify natural ecosystems in order to grow food, build habitats and 
remove or extract resources. Unwanted species are removed and other species are provided with 

Interactivity 
Nature’s bounty
Use this interactivity 
to find out how 
humans use the 
environment.

12.7 SkillBuilder: Evaluating 
alternative responses
What is involved in evaluating alternative responses?
Alternative responses are a range of different ideas or opinions on 
an issue. Evaluating ideas involves weighing up and interpreting 
your research to reach a judgement or a decision based on the 
information.

eLesson
Watch this video to learn 
how to evaluate alternative 
responses.

Searchlight ID: eles-1744

Interactivity
Try this interactivity to learn 
how to evaluate alternative 
responses.

Searchlight ID: int-3362

ONLINE ONLY

A special environment 

• long surf beaches and rocky headlands
The island’s special features include:

• 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 

‘window’ and barrage lakes. Window lakes appear 
matter lying above the watertable). �ere are also

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
• 
• salt pans, lagoons, mangrove forests and wetlands
• thick rainforests, some of which are so dense that 

sunlight does not penetrate the canopy
• 
• 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 

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 

tourism brings to the national park have to do with 

Ecotourism facilities 

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 

if caught feeding a dingo or trying to encourage its 
attention. Any dingoes known to be a problem are 
culled. 

Managing camping facilities 

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 

and on levels of erosion, especially 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 

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 $300 000 to reduce road-
related erosion, provide environmentally friendly 
amenities and better direct pedestrian movement 
around Fraser Island. Barriers along the sides of 
the island’s roads and better planning have reduced 

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 (see the 
photograph on page 26). Stretches of dunes are 
also regularly 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 
So, we’re sure your momma told you not to 

 ehs did tub —   loop gnimmiws eht ni eep
also tell you it’s bad to pee in a lake? Down 
in Australia, the beautiful Basin Lake on 

these days, and one of the causes is high 

is that too many tourists are using the lake as 
a toilet and that’s led the Queensland Parks 
and Wildlife Service to consider closing one 
of the access tracks to reduce visitor numbers. 
Right now 35  000 people visit the lake every 

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

coloured sand cliffs, some 35 kilometres in length

offshore seagrass beds to support colonies of dugong

its tracts of mineral-rich black sand). This was stopped
in 1976 following a federal government inquiry. There

to Fraser Island itself.  The most obvious risks that

land-clearing, waste, increased traffic and disturbance
of the island’s flora and fauna.

The island’s Kingfisher Bay Resort and Village has

with a ‘Dingo Smart’ brochure, and are heavily fined

�ere are six government-owned camps — at Central

have a significant impact on the island’s flora and fauna

illegal. The Environmental Protection Agency has

the degree of erosion from run-off. The idea was

Fraser Island off Queensland isn’t doing well 

levels of urine in the water. The official word

year and since there’s no in- or outflow from

Visitor numbers to Fraser Island
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FIGURE 1 Humans have modified 
environments for agriculture.

FIGURE 2 Like many rivers around the world, the Arno River in Florence, Italy has been 
modified from a natural river system to a system dominated by human development.

GEOskills TOOLBOX 

Scale
Scale describes the relationship between the size 
of an object in real-life compared to the size of an 
object on a map.

Scale can be shown in three ways:

Linear scale

The most common scale is 1:100  000. This means 
that 1  cm represents 1  00  000  cm, OR 1000  m OR 
1  km. This means that if you measure 4  cm on the 
map it will represent 4  km.

0 0.5 1 3 km2.521.5

Scale – One centimetre represents half a kilometre
Ratio – 1:50  000

an environment made favourable for their survival by human intervention. Human-induced change 
can be intentional, inadvertent, or through negligence.

12.8.2 Why do humans change environments?
Humans have changed environments since prehistoric times. Early humans domesticated animals, 
hunted and undertook basic irrigation. As the size of the world’s population has increased over time, 
so too has the demand on resources to provide for it.

What are the consequences of human-induced environmental change?
Large-scale agriculture has changed environments through the clearing of land to introduce a mono-
culture of crops, the introduction of livestock and subsequent overgrazing, the removal of native 
species, ongoing activities such as ploughing and the use of pesticides, insecticides and fertilisers to 
maximise harvests.

Urbanisation and urban growth have resulted in the replacement of natural environments with 
roads, buildings and manicured parklands. In many places waterways have been straightened or 
 covered and riverbanks have been cemented.

Industrial land uses have resulted in the leaking of toxic substances, while mining has changed 
vast areas of land and left sinkholes, contaminated surface water, chemical leakage, mine dumps and 
tailing dams.

Over a longer period of time, human-induced environmental change can have long-term and 
 sometimes irreversible impacts. Consequences can include salinisation and soil waterlogging, 
 compaction and erosion, pollution, habitat loss, species loss, introduction of exotic species and 
reduced biodiversity.

12.8.3 How can environments change at different scales?
Change can occur at different levels or scales. On a map we use a scale to give an idea of the size or 
focus of the map and to allow us to take accurate measurements. Issues, or environmental changes are 
also examined at a range of scales. Most commonly we examine change at a local, regional, national or 
global scale. Examples include climate change at the global scale, cyclones in the Great Barrier Reef and 
deforestation in the Amazon at the regional scale, and land degradation on a single farm at local scale.
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 Environmental change as a result of energy 
production 
 National case study: energy production in Australia 
 Black coal energy production in Australia increased by 
8 per cent in 2013–2014. This is despite an increase in 
renewable energy production of 4 per cent in 2013–2014, 
and a decrease in brown coal production by 3 per cent. This 
increase in black coal production was largely the result of 
increased production in Ulan, Beltana, and Ravensworth 
North open cut operations. Renewable energy sources 
accounted for only 1.8 percent of total energy production in 
2013–2014. Many of the natural resources that are extracted 
in Australia are exported for consumption in other countries. 

 Australians consume more resources per person than most 
other nations.       

 Over the last 30 years, Australia’s energy consumption 
from all forms of fuel has increased by over 200 per cent with 
most of it coming from non-renewable energy sources. 

 Australia is fortunate to have large reserves of coal, natural 
gas and uranium, but the use of these non-renewable energy 
sources has signifi cant environmental impact. There is a 

concern about how Australia will satisfy its energy needs in 
the future. 

 Regional/state case study: wind farms 
 Many locations throughout Australia have strong winds that 
can be used to produce clean, sustainable energy. Wind 
farms require wind speeds of 15 to 90 kilometres per hour to 
drive the turbines, so operators look for locations where wind 
speeds are generally high. Woolnorth in Tasmania has 62 
wind turbines, each 60 metres high, which take the force of 
the Roaring Forties, the prevailing westerly wind in southern 
latitudes. The electricity generated at Woolnorth goes to the 
Smithtown power station.   

 Local case study: displacement of communities in 
Mualadzi, Mozambique 
 Communities are often displaced and forced to resettle in 
new areas when large-scale mining operations develop. This 
can often occur without consultation and can impact on 
livelihoods, access to food and water and isolation for the 
communities affected. 

  FIGURE 5  Wind turbines in Tasmania    FIGURE 6  Some communities in Mozambique are forced to 
travel long distances in order to access drinking water.   

 CASE STUDY 

  FIGURE 4  A Glencore Xstrata coal mine in Queensland  
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  FIGURE 3  Australian energy production by fuel type  

Source: Department of Industry and Science (2015) Australian 
Energy Statistics, Table J.
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Chapter 12 Introducing environmental change and management 255

Large-scale mining in Tete Province of Mozambique 
caused local environmental change, making the area 
uninhabitable for local communities. This resulted in a 
Resettlement Action Plan to move affected communities to 
Mualadzi. The initial families who were moved to Mualadzi 

did not have basic amenities available such as water 
pumps, boreholes or storage tanks. Water was temporarily 
trucked into the resettlement. The soil quality at the new site 
also made food production difficult. Social networks and 
livelihood patterns were also fractured.
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FIGURE 7 Energy resources in Australia

ACTIVITIES

IDENTIFY
1 Using examples, describe the two categories of 

causes of environmental change.

EXPLAIN
2 Explain how population growth and 

environmental change have been 
interconnected in the past.

INVESTIGATE
3 Investigate one human-induced environmental 

change. Create a multimedia presentation that 
includes the following information:
a Describe the biophysical processes that 

relate to the environment.
b Examine the causes of the environmental 

change.

c Explain the short- and long-term 
consequences of the change.

d Suggest possible management strategies to 
address the environmental change.

4 Using Google Earth and the internet, examine 
an example of environmental change at 
a regional scale. Create a Google Tour that 
examines evidence of the environmental 
change over various locations.

PREDICT
5 Describe whether you think population 

growth continues to be a major factor in 
environmental change. Provide reasons 
how and/or why.

c12IntroducingEnvironmentalChangeAndManagement.indd   255 20/10/16   12:50 pm

UNCORRECTED P
AGE P

ROOFS



256 Geoactive 2 NSW for the Australian Curriculum Stage 5

12.9 What is sustainable 
management?
12.9.1 What is environmental sustainability?
Sustainability refers to something’s ability to continue into the future. It means living within the 
resources of the planet without damaging the environment now or in the future. Sustainability 
refers to taking the long-term view of how our actions affect future generations and making 
sure we don’t cause pollution or deplete resources at rates faster than the earth is able to 
renew them.

Types of sustainability include economic and political, social and cultural and environmental. All of 
the different types of sustainability are important in a functioning society. However, environmental 
sustainability is the most relevant when investigating the effectiveness of management strategies. 
Environmental sustainability emphasises the importance of ecosystems and environments to be able 
to continue to function effectively into the future.

Environmental sustainability is based on the idea of preserving the Earth’s capacity to support 
human life and maintain the four S functions: source, sink, service and spiritual.
• The source function refers to the capacity of the environment to provide us with materials we 

rely on such as timber, water, and soil.
• The sink function refers to the ability of the environment to remove and breakdown waste.
• The service function refers to the processes that occur that enable our existence, such as 

pollinating food crops and stabilising the climate.
• The spiritual function refers to how environments can provide us with psychological benefits or 

spiritual connections.
Effective management of environments will preserve the processes within them and their ability to 

perform the four functions. In turn this will ensure the well-being of people.

12.9.2 What is a 
sustainable world?
A range of indices have been devel-
oped in recent years to examine the 
link between ecological  services, 
human wellbeing and sustain-
ability. 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:
a.  meet the needs of the present 

generation yet not compromise 
the ability of future generations 
to meet their own needs

b.  ensure that people have the opportunity to develop themselves in a free, well-balanced society 
which is in harmony with nature.

It is worthwhile studying these indices as they put forward many sound ideas about human well-
being and the sustainability of the ecological services of the natural world.

The Sustainable Society Index gives values to 21 factors across a range of social, political, economic 
and environmental considerations. For example, Australia rates highly in clean air and sufficient food 
but lower in renewable energy and consumption. In another example, Burundi rate extremely low 

Spiritual function
• Recreational value
• Psychological value
• Aesthetic value
• Religious and
   spiritual value

Source function
• Supply food
• Supply resources,
   e.g. timber, water

Service function
• Pollination
• Genetic material
• Protection from UV rays
• Stabilising climate

Sink function
• Absorb waste
• Recycle waste
• Break down waste

FIGURE 1 The four functions associated with environmental sustainability

ecological services  
the processes that 
occur in nature 
that actually benefit 
humankind
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Chapter 12 Introducing environmental change and management 257

in organic farming, genuine savings, GDP, good governance and Population growth, but highly in 
greenhouse gases, energy use and renewable water resources.

GEOskills TOOLBOX 

Radar or spider charts
Radar graphs, also known as spider charts, are 
used to show a large number of variables in a 
simplistic way. For each aspect or variable, if the 
line is close to the centre of the graph it has a low 
rating. If the line is closer to the outside of the 
graph it has a high rating.
 Figure 2 shows Australia’s performance in 
various aspects of the Sustainable Society index 
on a rating of 1 to 10.
1 State the rating that Australia received for each 

of the following:
a Employment
b Education
c GDP.

2 State the five variables that Australia scored 
highest in for the Sustainable Society Index.

3 Use the Sustainable Society Index 
weblink in your eBookPLUS to find out more 

about the Index. Then answer the following 
questions. 
a Divide the various factors shown around the 

circle into the categories human wellbeing, 
environmental wellbeing and economic 
wellbeing.

b Explain how these factors are 
interconnected.

c List the factors that Australia needs to 
change to be a more sustainable nation. 
Consider environmental, social and 
economic criteria from the index to inform 
your recommendations.

d Suggest reasons why Australia rates poorly 
in some of these factors.

e In what factors with respect to human 
wellbeing does Australia rate highly? Why 
would this be so?

Australia

Suf�cient food
Suf�cient to drink

Safe sanitation

Education

Healthy life

Gender equality

Income distribution

Population growth

Good governance

 Biodiversity
Renewable water resourcesConsumption

Energy use

Energy savings

Greenhouse gases

Renewable energy

Organic farming

Genuine savings

GDP

Employment

Public debt

FIGURE 2 Australia’s situation based on the Sustainable Society Index

Weblink
Sustainable Society 
Index

Weblink
Forest depletion

ACTIVITIES

IDENTIFY
1 Describe how environmental sustainability is 

different to other types of sustainability.
2 Outline the four main components of 

environmental sustainability.

EXPLAIN
3 Describe how different measures are used to 

evaluate sustainability. Do these measures 
only monitor environmental sustainability?

APPLY
4 Use the Forest depletion weblink in your 

eBookPLUS to explore information on this 
topic. 
a What aspects of sustainability and the 

concept of stewardship can you draw from 
this information?

b Make a list of nations that have an 
unsustainable level of forest depletion.
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258 Geoactive 2 NSW for the Australian Curriculum Stage 5

  12.10  What is an 
ecological footprint? 
  12.10.1  What is the ecological footprint? 
  Th e ecological footprint is one means of measuring human demand for ecological services. Th e 
 footprint takes into account the regenerative capacities of biomes and ecosystems, which are described 
as the Earth’s biocapacity. Th e footprint is given as a number, in hectares of productive land and sea 
area, by measuring a total of six factors, as shown in fi gure 1. Th e ecological footprint is a useful indi-
cator of environmental sustainability. Figure 2 compares the ecological footprint with biocapacity. 
Th e elephants represent each region’s footprint (per capita) and the balancing balls represent the size 
of the region’s biocapacity (per capita). Th e dark green background represents the gross footprint of 
regions that exceed their biocapacity, and the light blue background represents those regions that use 
less than their biocapacity.  

 In 2011 the total ecological footprint was estimated at 1.5 planet Earths, which means that 
humanity used ecological services at 1.5 times the biocapacity of the Earth to renew them. Th e 
1.5 ecological footprint fi gure represents an average for all regions of the Earth. However, the United 
States and Canada, which have an ecological footprint of 7.9, are well above this average. Th is level 
of resource use is not sustainable into the future, and raises questions of economic viability, environ-
mental benefi t and social justice. 

biocapacity the 
capacity of a biome 
or ecosystem to 
generate a renewable 
and ongoing supply 
of resources and 
to process or 
absorb its wastes

ecological footprint 
a measure of 
human demand on 
the Earth’s natural 
systems in general 
and ecosystems 
in particular

Carbon

Cropland

Represents the area used
to grow crops for food and
�bre for human consumption,
as well as the area for
animal feed, oil crops and
rubber.

Both the ecological footprint (which represents demand for resources) and
biocapacity (which represents the availability of resources) are expressed
in units called global hectares (gha). One gha represents the productive

capacity of one hectare of land with world average productivity. 

The measure of global hectares (gha)

Represents the area of
land covered by human
infrastructure, including
transportation, housing,
industrial structures and

reservoirs for hydro-power.

Built-up land

Calculated from the estimated
primary production required
to support �sh and seafood
catches, including catches

from aquaculture.

Fishing grounds

Grazing land

Accounts for the area of forest
land required to absorb CO2

emissions from burning fossil
fuels, land use change and
international transport, that are
not absorbed by the oceans.

Forest

Represents the forest area
required for the supply of
timber, pulp and fuel wood.

Represents the area used to
raise livestock for meat, dairy,

hide and wool products.

FIGURE 1 Measuring the Earth’s ecological footprint
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Investigating the sustainability of 
your school
In groups of three, carry out a sustainability audit 
on your school. You may choose to investigate 
areas such as energy and water use, travel, 
recycling and waste, food or goods, paper, 
stationery, etc.
1 Plan out your investigation. Consider the 

best research techniques to use. Examples 
could be a rubbish tally, a computer count, 
an analysis of school spending on stationery, 
text books, digital resources (you can often 
find some of this information in the school’s 
annual report on their website), observations of 
students and teachers using public transport 
or cars, an interview with a canteen volunteer 
or observations of environmentally friendly 
initiatives.

Your teacher may ask someone to visit the 
class so that you can interview them. This 

could be the principal, computer technicians, 
the general assistant or a teacher or student in 
the school’s environmental group.

2 Carry out your fieldwork. In addition to 
your chosen techniques, visit areas of the 
school which are relevant to your topic. 
Take photographs and record notes of your 
observations.

3 Once you have completed your fieldwork 
share your results with your class. Compile 
your results as a class to get a thorough 
understanding of the sustainability of the 
school overall.
a To what extent do you think your school is 

environmentally sustainable?
b What initiatives have been put in place 

to improve your school’s environmental 
sustainability?

c What suggestions can you make to further 
improve your school’s environmental 
sustainability?

FOCUS ON FIELDWORK

ACTIVITIES

EXPLAIN
1 Refer to figure 2.

a What reasons can you suggest for the very 
high environmental or ecological footprint 
for the United States and Canada?

b How might the three regions with the dark 
green very high gross footprint improve their 
biocapacity?

c Why is Australia in such a good position in 
terms of ecological footprint compared to 
biocapacity?

FIGURE 2 Biocapacity and ecological footprint

United States 
and Canada
Population 341.6 million
Ecological de�cit = 3
Total biocapacity 
1685.47 (gross hectares)

Europe
Population 730.9 million
Ecological de�cit = 1.8
Total biocapacity 2112.95 
(gross hectares)

Asia
Population
4031.2 million
Ecological de�cit = 1
Total biocapacity 
3292.71 (gross 
hectares)

Latin America and 
the Caribbean
Population 569.5 million
Ecological reserve = 2.9
Total biocapacity 3114.44 
(gross hectares)

Australia, New 
Zealand and 
Papua New Guinea
Population 34.5 million
Ecological reserve = 5.8
Total biocapacity 383.47 
(gross hectares)

4.9 2.9 0.8 1.5 5.5 11.1

2499.14

3419.75 7187.03

Biocapacity (global 
hectares per capita)

1356.02

1.4
1.8

1467.802.6

7.9

4.7

185.12

5.4

BALANCING ACT

Ecological footprint 
(global hectares
per capita)

Total footprint
(gross hectares)

Africa
Population
963.9 million
Ecological reserve = 0.1
Total biocapacity
1423.21 (gross
hectares)
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   12.11  How is Jindabyne affected 
by environmental change? 
  12.11.1  How is Jindabyne affected by environmental change? 
  Jindabyne was originally located under the current location of Lake Jindabyne. It was moved in the 
1960s when the Snowy River was dammed as part of the Snowy Mountains Scheme.  

 Th is alpine region is popular for its mountain peaks, which are used for snow activities such as skiing, 
snowboarding and tobogganing. It is a holiday destination that is popular as a base for skiers visiting 
ski resorts, such as Perisher and Th redbo, but also off ers a range of other nature-based activities year 
round. Th e increasing numbers of tourists is another environmental change that could impact on the 
fragility and value of the alpine environment. In addition, natural snowfalls in the region are likely 
to be aff ected by warmer conditions associated with climate change. Th is could have fl ow-on impacts 
for businesses and communities in the area.               

INVESTIGATING TOPOGRAPHIC MAPS

  FIGURE 1  A ski fi eld accessible from Jindabyne    FIGURE 2  An oblique aerial view of Jindabyne.  

ACTIVITIES

  IDENTIFY 
1    Identify the grid reference of the following: 

a    Redlands High Country Campus 
b    Cobbon Farm 
c    Loch Brae 
d    Mill Ridge 
e    Jindabyne Golf Club   

2    Write the scale of the map as a ratio, sentence 
and draw it as a linear scale. 

3    Identify the direction, bearing and straight line 
distance from: 
a    Banjo Paterson Park to Pats Patch Caravan 

Park 
b    Jindabyne Dam to Bungarra Alpine Centre 
c    Carinya Alpine Village to Lion Island 
d    Round Hill to Windarra 
e    Tryolean Village to Pats Patch Caravan Park.   

4    Identify the altitude of the following: 
a    The trig station in AR 4266 
b    Pine Grove in AR 4562 

c    The trig station in AR 4766 
d    The trig station in AR 4768 
e    The trig station in AR 4472   

5    Calculate the local relief in: 
a    AR 4668 
b    AR 4770 
c    AR 4365.   

6    Examine the features of the map and fi gures 1 
and 2. Consider an environmental change 
that you could study in this location. 
a    Identify an aim for research. 
b    Suggest some fi eldwork methods you 

could use to observe, measure, collect and 
analyse data related to this environmental 
change. 

c    Identify any fi eldwork instruments that you 
might use in your investigation. 

d    Suggest environmental management 
strategies that could be implemented to 
address this environmental change.     
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  FIGURE 4  Topographic map of Jindabyne  
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12.12 SkillBuilder: Drawing 
a futures wheel 
What is a futures wheel?
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.

P     Probable
 Preferred

Arti�cial
snow-making

Develop higher
terrain

Ski slope
design

Cooperation

Business as
usual

P

P

P

P

P

All-year tourism,
hikes, tennis

Give up
skiing

Fatalism
Adaptation
strategies

Alternatives
to skiing

Non-snow-related
activities

Maintain ski
industry

P P

ONLINE ONLY

eLesson
Watch this video to learn how 
to draw a futures wheel.

Searchlight ID: eles-1745

Interactivity
Try this interactivity to learn 
how to draw a futures wheel.

Searchlight ID: int-3363

12.13 Is climate change 
heating the Earth?
12.13.1 Climate change and global warming
The world’s climate has been changing for millions of years, but more recently there has been an 
increase in the concentration of greenhouse gases in the atmosphere, leading to global warming. It 
is believed that human activity, particularly the burning of 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.

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 it is realised that human activity is increasing the rate of global warming 
leading to climate change, particularly in the last few hundred years, and this can have serious con-
sequences for the planet (see figure 1).

The greenhouse effect
The greenhouse effect is the mechanism whereby solar energy is trapped by water vapour and gases 
in the atmosphere, thereby heating the atmosphere and helping to retain this heat, as in a glasshouse. 
The three most important gases responsible for the greenhouse effect are carbon dioxide, nitrous 
oxide and methane. 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 2).

climate change any 
change in climate over 
time, whether due 
to natural processes 
or human activities

global 
warming increased 
ability of the Earth’s 
atmosphere to 
trap heat

enhanced 
greenhouse 
effect the observable 
trend of rising 
world atmospheric 
temperatures over 
the past century, 
particularly during the 
last couple of decades

c12IntroducingEnvironmentalChangeAndManagement.indd   262 20/10/16   12:51 pm

UNCORRECTED P
AGE P

ROOFS



Chapter 12 Introducing environmental change and management 263

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 3). 
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 Aus-
tralia alone include higher temperatures, 
sea level rise, heavier rainfall, greater wild-
fire risk, less snow cover, reduced run-off 
over southern and eastern Australia, and 
more intense tropical cyclones and storm 
surges along the coast.

12.13.2 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, 
simply by using energy-efficient light bulbs and appliances and by purchasing solar panels to 
produce hot water and electricity, there can be 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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FIGURE 1 Average global temperature, 1880–2012, with projection to 2100
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FIGURE 2 How the greenhouse effect works
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ACTIVITIES

  IDENTIFY 
1    What are the differences between climate 

change and global warming? 
2    What is the greenhouse effect and what are the 

three atmospheric gases responsible for this 
effect? 

3    What would happen to the Earth if there was no 
greenhouse effect?   

 EXPLAIN 
4    What changes have occurred to the Earth’s 

climate over geological time? 
5    Why would sea levels be much lower in an ice 

age period?   

 INVESTIGATE 
6    What role do trees play in the carbon cycle and 

in controlling the level of greenhouse gases? 
7    What impacts will global warming and in 

particular higher water temperatures have 
on a marine ecosystem such as the Great 
Barrier Reef?   

 PREDICT 
8    Refer to fi gure 1, 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 would the projected average surface 
temperature be in 2100? 

d    What is the general trend shown by the 
graph?     

 APPLY 
9    In groups, prepare a report that explains how 

the enhanced greenhouse effect operates, 
based on the information in fi gure 3. 
Prepare a presentation for the class that 
includes your suggestions about what we can 
do to reduce the impacts of the enhanced 
greenhouse effect.   

     1   Heat from the sun 

    2   Heat trapped by greenhouse gases 

    3   Heat radiating back into space 

    4    Greenhouse gases produced by power 
stations burning fossil fuels 

    5    Greenhouse gases produced by industry 
burning fossil fuels 

    6   Greenhouse gases produced by transport 
burning fossil fuels 

   7    Greenhouse gases released by logging 
forests and clearing land 

    8   Methane escaping from waste dumps 

    9    Methane from ruminant (cud-chewing) 
livestock, e.g. cattle, sheep 

   10    Nitrous oxide released from fertilisers and 
by burning fossil fuels        

1 

5 
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2 
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4 8 

10 

  FIGURE 3  The enhanced greenhouse effect 

Deepen your understanding of this topic 
with related case studies and questions. 

 Causes of climate change  
 Larsen Ice Shelf break-up  
 Impacts on polar bears
  Climate change and Australia
 Global warming and Antarctica
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12.14 Can we slow 
climate change? 
To access this subtopic, go to your eBookPLUS at www.jacplus.com.au.

ONLINE ONLY

12.15 How can we reduce 
the impact of climate change? 
To access this subtopic, go to your eBookPLUS at www.jacplus.com.au.

ONLINE ONLY

12.16 Review 
To access this resource, go to your eBookPLUS at www.jacplus.com.au.

ONLINE ONLY
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