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12.1 Overview
Numerous videos and interactivities are embedded just where you need them, at the point of learning, in your 
learnON title at www.jacplus.com.au. They will help you to learn the content and concepts covered in this topic.

Earth provides us with more than a place to live� How do we access and manage the water resources we need 
from it to survive?

12�1�1 Introduction
Viewed from space, the Earth is a sphere of 
blue. Water covers most of our planet. We 
depend on water for life; in fact, no life is 
possible without it. Water is a precious and 
finite resource, yet most of the Earth’s water 
is too salty for humans, animals or plants to 
use. A number of factors affect where water 
is available around the globe and as a result, 
water is not distributed equally around the 
planet. Weather is one factor that influences 
the level of precipitation in different places.

STARTER QUESTIONS

 1. Describe how the weather affects your 
everyday life�

 2. List some natural resources that are used 
by your family on a daily basis�

 3. List two natural environments that have a 
lot of water� Name where they are or show 
their location on a map�

 4. Why do you think water is thought of as a 
precious resource? Justify your answer�

Resources

eWorkbook Chapter 12 eWorkbook (ewbk-7992)

Video eLesson A world of water (eles-1616)

FIGURE 1 Earth viewed from NASA’s Deep Space Climate 
Observatory (DSCOVR) satellite, 2015

380 Geoactive 1 NSW Australian curriculum Geography Stage 4 Fifth Edition

UNCORRECTED PAGE PROOFS



12.2 Resources

LEARNING INTENTION

By the end of this subtopic, you will be able to define and classify examples of ‘resources’ and explain why water 
is classified as a resource�

12�2�1 Global supply
We depend on natural resources to survive. We need water to drink, soil to produce our food, and forests and 
mines to supply other materials. Natural resources are raw materials that occur in the environment that are 
necessary or useful to people. They include soil, water, mineral deposits, fossil fuels, plants and animals.

There are two types of natural resources: non-renewable and renewable.

Renewable resources are those that can be replaced in a short time. For example, solar energy is a renewable 
resource that can be used for heating water or generating electricity. It is never used up and is constantly being 
replaced by the Sun.

Non-renewable resources are those that cannot be replaced in a short time. For example, fossil fuels such as 
oil, coal and natural gas are non-renewable because they take thousands of years to 
be replaced.

We cannot make more non-renewable resources; they are limited and will 
eventually run out. However, renewable natural resources are things that can grow 
or be replaced over time if they are carefully managed. Forests, soil and fresh water 
are renewable.

Water is used to
wash the plates. Glass is made from

silica (often from sand).

Gas is used to cook.

Metal is used to
make the cutlery.

Electricity is used
to make the toast.

Wood is used to
make a table.

FIGURE 1  Many resources are used at every meal�

fossil fuel    fuel that comes from 
the breakdown of living materials, 
and that is formed in the ground 
over millions of years� Examples 
include coal, oil and natural gas�
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Some renewable resources will always be available for use regardless of human activity, such as energy from 
the Sun or tides. However, human activities can impact on our ability to use some renewable resources, such 
as water or soils. We can have a negative impact on the quality of these resources or their ability to regenerate. 
For example, chemical dumping could make water undrinkable, or overfishing could reduce the ability of a fish 
species to reproduce at a rate to sustain its population.

The global distribution of natural resources depends on geology (the materials and rocks that make up the 
Earth) and climate. Some minerals are rare and are found in only a few locations. For example, uranium is 
found mainly in Australia. Several countries in the Middle East, such as Saudi Arabia and Iran, have rich oil 
resources but are short of water. Many countries in Africa, such as Botswana, have mineral resources but lack 
the money to mine and process them without investment from companies or other countries.

The human activities of agriculture, fishing, logging and mining all depend directly on natural resources. 
In developing countries, traditional forms of agriculture such as subsistence farming and nomadic herding 
are still common. These activities are sustainable if farmers move on when an area becomes unproductive, 
allowing the land to recover. However, poverty and population growth mean that many people now clear forests 
for farms and overgraze or overcrop small plots of land, resulting in deforestation and land degradation.

Farms in developed countries are usually much larger. For example, the Anna Creek cattle station in South 
Australia is the largest working cattle station in the world. It covers 2 400 000 hectares (24 000 square 
kilometres), roughly the size of Belgium. In contrast, an average intensive rice farm in Bali is only about one 
hectare (or 0.01 square kilometres). This is about four times the size of an average 
Australian suburban block of land. Unsustainable agricultural practices in developed 
countries include the overuse of water, fertilisers and pesticides. For example, fertilisers 
help crops to grow, but when they end up in rivers and oceans as run-off, they cause 
algal blooms and damage coral reefs.

Consumed by
use

Fossil fuels, coal,
oil, natural gas

Recyclable
Aluminium, gold, 
lead, silver, tin, 

mercury

Constant 
supply

Solar energy, 
tides, waves, 

water, air

Supply can be 
affected by

human activity
Fish, forests, soil, 

water, 
underground 

water

Non-renewable
Replaced over 

millions of
years

Natural resources

Renewable
Replaced over 

short period
of time

FIGURE 2  Natural resources

A clearing is made by
cutting and burning
vegetation. This is
known as ‘slash

and burn’.

Crops are planted
and grow well. 

Water (and usually
pesticides and

fertiliser) help to
maintain growth.

After three to four
years the nutrients

in the soil have been
used up and the

cropsdon’t grow as
successfully. 

The clearing is
abandoned as

farmers move to a
new area. As a

result the clearing
gradually returns

to its natural state.

FIGURE 3  The process of shifting cultivation

(int-7766)

uranium    radioactive metal used 
as a fuel in nuclear reactors

subsistence farming    a form of 
agriculture that provides food for 
the needs of only the farmer’s 
family, leaving little or none to sell
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12.2 ACTIVITY

Refer to FIGURE 3 and use the internet to research who uses shifting cultivation around the world� Choose one 
case study and report back to the class about their way of life� Examples may include tribes from the Amazon, 
Congo Basin or Papua New Guinea� Compare your chosen tribe’s way of life with your own, and explain how they 
differ when it comes to using resources and accessing food� Upon completion of the presentations, discuss as a 
class why you think Australian farmers do not use shifting cultivation as their method of agricultural production�

Resources

eWorkbook Resources (ewbk-9346)

Video eLesson Resources — Key concepts (eles-5096)

Interactivity Resources — Interactivity (int-8428)

Check your understanding

 1. Define the term natural resource�
 2. Outline the difference between renewable and non-renewable resources�
 3. List three examples of non-renewable resources that can be recycled�
 4. List three examples of non-renewable resources that are consumed by use�
 5. Describe one way that the supply of renewable resources can be affected by human activity�
 6. Define the term subsistence farming�
 7. Describe the process of shifting cultivation�

Apply your understanding

 8. Assess which renewable resources are most affected by human activity� Why?
 9. When it comes to using natural resources, there are two main problems people face� Explain what these 

problems are and why they are important�
 10. Explain what the phrase ‘sustainable use of natural resources’ means�
 11. Explain why shifting cultivation is a sustainable form of agriculture�
 12. Why do farms in developed countries tend to be much larger than in developing countries?
 13. List what you had for breakfast today� Explain what resources would have been required to provide it�
 14. Provide examples of fossil fuels, and explain how you use them in order to maintain your lifestyle�

Challenge your understanding

 15. a. Create a table that lists ten renewable and ten non-renewable resources used by your family� Be specific; 
for example, list timber used in your furniture�

 b. From your list, note some of the waste and pollution that may be created in the use or creation of these 
resources�

 c. How could this be reduced to improve environmental sustainability?
 16. Do you think the extent of small-scale, traditional farming practices will change in the future? Give reasons to 

support your answer�
 17. Suggest one way that you could reduce your use of non-renewable, consumable resources each day�

To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www�jacplus�com�au�

12.2 Exercise 12.2 Quick quiz

 ■ LEVEL 2
3, 4, 6, 9, 11, 15

 ■ LEVEL 1
1, 2, 10, 13, 17

 ■ LEVEL 3
5, 7, 8, 12, 14, 16

Learning pathways
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12.3 Water resources

LEARNING INTENTION

By the end of this subtopic, you will be able to identify and explain the processes involved in the water cycle, and 
describe how they are interconnected�

12�3�1 Water as a resource
A renewable resource is one that can replenish or replace itself in a relatively short period of time. Water is an 
example of a renewable resource.

The amount of water on Earth is finite, or fixed. The water used by ancient and extinct animals and plants 
millions of years ago is the same water that today falls as rain. It is cycled and recycled, and constantly 
changes its state or form from gas, to liquid, to solid, and back again.

Despite there being a finite amount of water on Earth, it is viewed as renewable because it is in a constantly 
changing state. If water is managed properly it can be renewed or recycled and then reused continuously.

12�3�2 The water cycle
All the water on Earth moves through a cycle that is powered by the Sun. This 
cycle is called the water cycle, or hydrologic cycle. Water is constantly changing its 
location (through constant movement) and its state. Evaporation, condensation and 
freezing of water occur during the cycle.

(int-5614)

The Sun provides the energy that
allows evaporation to occur.

Evaporation

Water evaporates from soil
and water surfaces to form water

vapour or water gas. More evaporation
occurs near the equator in the open

ocean than other locations.

Groundwater flow
Water that infiltrates the soil
accumulates underground.

Infiltration
Some water that falls to the
ground soaks into the earth.

Water vapour moves into
the atmosphere and
cools as it rises. It

condenses to form clouds
and fog. 

Transpiration
Sometimes this precipitation

is taken up by plants and
transpires back into the

atmosphere as water vapour.

Precipitation

As water droplets increase in size and
become heavy, they fall to the Earth’s

surface as precipitation. Most
precipitation falls as rain, but it can

also form hail, sleet or snow. 

Freezing

Run-off
Some water will �ow

over the surface of the ground.

FIGURE 1  The water cycle

hydrologic cycle    another term 
for the water cycle
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Key processes in the water cycle are precipitation, infiltration,  
run-off, storage, evaporation, evapotranspiration and condensation. 
In some locations and climates water will also freeze as part of the 
water cycle.

Water is stored in oceans, lakes and rivers. The Sun’s heat changes 
water from its liquid form into a gas. This is known as evaporation. 
When the water vapour rises and cools it condenses, and when it 
becomes heavy enough it will fall back to earth as precipitation. If the 
land is very steep or the soil is very hard, water is likely to run off to 
lower ground. If the soil is permeable (having small spaces or gaps) the 
water may infiltrate underground. Water that has infiltrated will become 
part of groundwater flow beneath the earth’s surface. This water will 
either accumulate in underground storage or slowly make its way to 
streams and rivers.

Resources

eWorkbook Water resources (ewbk-9350)

Video eLesson Water resources — Key concepts (eles-5097)

Interactivities Water works (int-3077)
The water cycle (int-5614)

Run-off and pooling Infiltration

Water will soak into permeable surfaces.Water will pool on top of impermeable
surfaces or �ow over the surface to

lower ground.

FIGURE 2  Processes in the water cycle

precipitation    the form of water falling from the 
sky, such as rain, snow or hail

infiltration    precipitation absorbed into the 
ground

run-off    precipitation not absorbed by soil, 
which runs over the land and into streams

evaporation    the process by which water is 
converted from a liquid to a gas and thereby 
moves from land and surface water into the 
atmosphere

evapotranspiration    the process by which 
plants absorb precipitation and release it back 
into the air as water vapour

condensation    precipitation that collects 
into droplets of water from humid air
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12.3 ACTIVITIES

 1. Describe the water cycle�
 2. List one difference and one similarity between transpiration and condensation�
 3. Explain how infiltration, groundwater and run-off are related�
 4. Using information about the water cycle, write and present ‘The incredible journey of water’� Focus on various 

interconnections between water and the environment� Include diagrams and photographs, and present your 
story electronically, as a poster, a written piece, a drama piece or a song�

Check your understanding

 1. Classify water as a renewable or non-renewable resource�
 2. List all the ways that water can be used as a resource�
 3. Name two areas where water stays in the same place for the longest time�
 4. Define each of the following processes related to the water cycle�
 a. precipitation
 b. transpiration
 c. evaporation
 d. run-off
 e. infiltration
 f. groundwater
 g. evapotranspiration
 h. condensation
 5. Outline the stages of the water cycle, beginning with precipitation�

Apply your understanding

 6. How does the water cycle prove that we are using the same water that the dinosaurs used — in other words, 
that water is finite (limited)?

 7. Examine FIGURE 1� At which stage is water collected for human use?
 8. Analyse FIGURE 2� Explain why water runs off or pools on some surfaces, but infiltrates others�
 9. Explain how the hydrologic cycle moves water across the Earth�
 10. How is water vapour related to the process of evaporation?
 11. How does the process of precipitation interconnect water in the water cycle?
 12. At which stage/s of the water cycle might water enter a river system?

Challenge your understanding

 13. With the global population increasing by about 81 million people each year, how will it be possible for the 
finite water on Earth to be shared fairly?

 14. Do you think that the level of vegetation on the ground will affect whether water runs off or infiltrates the 
ground? Give reasons to support your answer�

 15. At which stage in the water cycle do you think pollution is most likely to affect water quality? Give reasons to 
support your answer�

To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www�jacplus�com�au�

12.3 Exercise 12.3 Quick quiz

 ■ LEVEL 2
3, 4, 9, 12, 14

 ■ LEVEL 1
1, 2, 7, 8, 15

 ■ LEVEL 3
5, 6, 10, 11, 13

Learning pathways
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12.4 SkillBuilder: Interpreting diagrams

LEARNING INTENTION

By the end of this subtopic, you will be able to identify the features in a diagram and interpret their meaning�

12�4�1 Tell me

What are diagrams?
A diagram is a graphic representation of something. In Geography, it is often a simple way of showing the 
arrangement of elements in a landscape and the relationships between those elements. Diagrams also have 
annotations: labels that explain aspects of the illustration.

A good diagram is large, clear and easy to interpret, has clear annotations, includes a precise title or caption, 
and states its source.

12�4�2 Show me

How to interpret a diagram

Step 1

Identify and carefully read 
the title of the diagram, as it helps 
you to understand its purpose. 

Step 2

Examine the diagram to identify all the features and read the annotations or labels carefully. Look at 
each part of the diagram. In FIGURE 1, you will notice that waterways and development areas are shown, land-
filling and levees are mentioned, zoning is illustrated, and ways that developments can be changed or built are 
shown (e.g. flood-proof materials, raising buildings, removing houses).

Step 3

Now consider the diagram as a whole to look for interconnections between each of the factors. For example, if 
land is filled (or built up) above flood levels, there might be less need for setting houses so far from waterways.

12�4�3 Let me do it
Go to learnON to access the following additional resources to help you build this skill:

 • a longer explanation of this skill and its application in Geography (Tell me)
 • a video showing the step-by-step process of this skill (Show me)
 • an activity and interactivity for you to practise this skill (Let me do it)
 • self-marking questions to help you understand and use this skill.

Resources

eWorkbook SkillBuilder: Interpreting diagrams (ewbk-9354)

Video eLesson SkillBuilder: Interpreting diagrams (eles-2275)

Interactivity SkillBuilder: Interpreting diagrams (int-3132)

New development areas

Using �ood-proof
materials or minimum
�oor heights makes
buildings more
resilient to �oods.

Land �lling of low-lying areas lifts
buildings above a set �ood level.

Zoning setbacks keep
buildings away from
more hazardous areas.

FIGURE 1   Managing flood risks

Source: Wiley art
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12.5 Water in the world

LEARNING INTENTION

By the end of this subtopic, you will be able to describe the spatial distribution of water in the world�

12�5�1 The availability of water
Water is vital to our survival and essential to most human activities. Although Earth seems blue in space, not 
much of the water we see is available for use. And access to the usable fresh water that can be seen is unequal 
across the globe.

Water covers about 75 per cent of the Earth’s surface. Yet, as FIGURE 2 shows, almost all this water (97.5 per 
cent) is salt water and not available for human consumption. Only 2.5 per cent of the world’s water is fresh, 
but most of this is also unavailable for use by people. More than two-thirds (69.5 per cent) of this fresh water 
is locked up in glaciers, snow, ice and permafrost, and 30.1 per cent of the world’s fresh water is found in 
groundwater. Only 0.4 per cent is left — found in rivers, lakes, wetlands and soil as well as in the bodies of 
animals and plants.

Global rainfall
The Earth’s water is constantly moving. Rainfall patterns show which of the world regions receive more rain 
than others. The amount of rainfall, or precipitation, is related to the amount of water available for use  
by people.

ASIA

EUROPE

AFRICA

AUSTRALIA

NORTH

AMERICA

SOUTH
AMERICA

Arctic Circle

Tropic of Cancer

Equator

Tropic of Capricorn

20000 4000 km

Scale: 1 cm represents 1730 km

PACIFIC

ARCTIC OCEAN

ATLANTIC

OCEAN

OCEAN

INDIAN

OCEAN

Source: WorldClim

Over 2000

1500 to 2000

1000 to 1500

500 to 1000

250 to 500

Under 250

Average annual rainfall mm Common tropical storm tracks
(May to November)
Common tropical storm tracks
(November to May)

FIGURE 1  The distribution of global rainfall
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Green and blue water
The key to our survival is being able to use the water that falls on land and into rivers and streams. Water is 
sometimes categorised as either blue water or green water.

Green water is the water that does not run into streams or recharge groundwater but 
is stored in the soil or stays on top of the soil or vegetation. This water eventually 
evaporates or transpires through plants. Green water is used by crops, forests, 
grasslands and savannas.

The amount of blue and green water available changes throughout the year, from 
year to year, and according to changes in the environment.

Other wetlands 8.5%

Soil moisture 12.2%

Rivers 1.6%

Atmosphere 9.5%

Plants and animals
0.8%

Surface and atmospheric water 0.4%

Freshwater
lakes 67.4%

Glaciers 68.7%

Groundwater 30.1%

Permafrost
0.8%

Oceans
97.5%

Oceans Fresh water 2.5%

Total water

FIGURE 2  The distribution of water on Earth

(int-5298)

PACIFIC

ARCTIC OCEAN

ATLANTIC

OCEAN
OCEAN

INDIAN

OCEAN

Arctic Circle

Tropic of Cancer

Equator

Tropic of Capricorn

40 or more

20–39

10–19

5–9

2–4

Little change

Decrease (%)

2–4

5–9

10–19

20–39

40 or more

Increase (%)

Predicted change in annual run-off due
to climate change, 2084 

20000 4000 km

Source: Geophysical Fluid Dynamics Labratory, National Oceanic and Atmospheric Administration

FIGURE 3  Predicted change in annual run-off due to climate change, 2084

blue water    the water in fresh-
water lakes, rivers, wetlands and 
aquifers

green water    water that is stored 
in the soil or that stays on top of 
the soil or in vegetation
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12�5�2 Climate change and impact on rainfall and run-off
The majority of scientists believe that climate change will have an impact on rainfall patterns and run-off. 
Climate models have shown that areas in the northern latitudes are likely to experience more rain, and areas 
closer to the equator and mid-latitudes will receive less rain. Some regions will experience droughts, while 
others will experience high rainfall and even flooding.

Over the past 100 years, global rainfall patterns have changed. In some areas 
such as North America, South America, northern Europe and northern and central 
Asia, rainfall has increased significantly. In other areas such as the Sahel, the 
Mediterranean, southern Africa and parts of Asia, rainfall has decreased.

12.5 ACTIVITIES

 1. Research the following information and compare each of these with where you live: 
 a. the places in the world and in Australia where the most rain fell in a single 24-hour period 
 b. the places in the world and in Australia that have the record for the wettest year�
 2. Investigate the distribution of water in your area� Create a map showing the distribution and categorise each 

source as green or blue water�
 3. Study FIGURES 1 and 3 and use the Regions resource in the Resources tab�
 a. Describe how much rain falls in North Africa and West Asia (the Middle East)� How does this compare with 

Australia?
 b. What is predicted to happen to annual run-off in these regions as a result of climate change? What impact 

might this have on people and the environment?

Resources

eWorkbook Water in the world (ewbk-9358)

Video eLesson Water in the world — Key concepts (eles-5098)

Interactivities Predicted change in run-off (int-5298)

Deepen your understanding of this topic with related case studies and questions >  
Retreating glaciers > World water resources

climate change    a change in the 
world’s climate� This can be very 
long term or short term, and is 
caused by human activity�

FIGURE 4 Mediterranean forest in the Mondúver massif, Xeresa, Valencia region� Dry conditions in forests and 
farmlands put towns and cities at greater risk of wildfires�
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 4. Study FIGURE 3 (and an atlas or world map if you need to)�
 a. Name three places that are predicted to receive more run-off due to climate change�
 b. Name three places that are predicted to receive less run-off due to climate change�
 c. Compare these six places with a global rainfall map� Which of the following statements is true? (Rewrite 

any false ones and make them true�)
 • Most places with very low rainfall have lower run-off�
 • All places with very high rainfall experience increased run-off�
 • The places with the greatest change in run-off will be northern Russia and northern Canada�

Check your understanding

 1. What percentage of the world’s water is:
 a. salty?
 b. available for use by people?
 2. Outline how climate change will affect rainfall patterns�
 3. How much of the Earth’s fresh water is contained in glaciers?
 4. Based on FIGURE 1, identify three continents that have places with over 2200 mm rainfall on average per year�
 5. Describe the difference between green and blue water�
 6. Generally, is the amount of run-off across NSW expected to increase or decrease because of climate 

change?
 7. Describe the patterns of how run-off is expected to change across Australia due to climate change�

Apply your understanding

 8. Explain one negative impact that changes to run-off might have on a farming community�
 9. Write a statement about the interconnection between high rainfall and location at the equator and mid-

latitudes� Name two places that do not fit this pattern�
 10. List two things that might change the amount of blue and green water available�
 11. Determine the type of water that farmers would rely on, if:
 a. they use irrigation
 b. they do not have access to irrigation�
 12. Study FIGURE 3�
 a. Name three places that are predicted to receive more run-off due to climate change�
 b. Name three places that are predicted to receive less run-off due to climate change�
 c. Compare these six places with the global rainfall map in FIGURE 1� Which of the following statements is 

true? (Rewrite any false ones to make them true�)
 • Most places with very low rainfall have lower run-off�
 • All places with very high rainfall experience increased run-off�
 • The places with the greatest change in run-off will be northern Russia and northern Canada�

Challenge your understanding

 13. Predict what might happen to people and the environment in regions that:
 a. will receive more rainfall than they do now
 b. will receive less rainfall than they do now�
 14. Predict what is likely to happen to annual run-off patterns in your area as a result of climate change� Explain 

the impact this might have on people and the environment where you live�
 15. One of the impacts of climate change is that glaciers are melting more rapidly� What effects might this have 

on the water cycle and the availability of water resources?

To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www�jacplus�com�au�

12.5 Exercise 12.5 Quick quiz

 ■ LEVEL 2
2, 3, 4, 12, 14

 ■ LEVEL 1
1, 6, 10, 11, 13

 ■ LEVEL 3
5, 7, 8, 9, 15

Learning pathways
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12.6 Water flows through catchments

LEARNING INTENTION

By the end of this subtopic, you will be able to identify and describe the parts of a water catchment area, and 
explain factors that affect the availability of water in a river system�

12�6�1 Parts of a river system
There are many parts of a river system. Each section of the system has an impact on the health and flow of 
water in other parts of the system.

12�6�2 The upper catchment
A catchment is an area of land surrounded by 
hills or mountains where water collects. The 
mountains that surround the area separate it 
from adjoining catchments. These boundary 
mountains are called watersheds.

Water in the catchment begins in the 
headwaters. These are steep-sided channels 
found in the most elevated parts of the 
catchment. The headwaters often contain fast-
flowing water following periods of rainfall. This 
fast-flowing water will often carry sediment 
from the upper part of the catchment into  
lower areas.

River 
formation

A river system
watershed

Tributary

Waterfall

Upper course

Meanders

Floodplain

Lower course

River mouth

FIGURE 1  A river system

Watershed

One drainage basin can
contain many smaller
drainage basins.

FIGURE 2  The watershed catchment or drainage basin of 
a river system
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12�6�3 The mid reaches of the catchment
The water flows from the upper part of the catchment into the floodplain in the 
mid reaches of the catchment. Here it begins to slow down. As the water slows it 
will deposit sediment from the upper catchment. This begins to create landform 
features such as meanders, oxbows and levees.

12�6�4 The lower catchment
All rainwater that enters the catchment makes its way to the lowest part of the 
catchment, eventually flowing into rivers, lakes, creeks or the sea. Where a river 
meets the sea the water often slows again and deposits more sediment. This creates 
a delta where the river breaks into smaller streams.

12�6�5 Factors affecting water availability

Latitude
At latitudes near the poles, the Sun’s rays hit the Earth at more 
acute (sharp) angles. This means that the rays are more gentle, 
so there is less evaporation and less rainfall than close to the 
equator. Places near the equator tend to be hotter and more humid 
than places near the poles. As a result, there is generally more 
precipitation in low latitude areas than in higher latitude areas  
(see FIGURE 3).

Altitude
As altitude increases, rainfall also increases. Condensation occurs 
as air cools in higher altitudes. The air can no longer hold moisture 
and precipitation occurs. This precipitation is often in the form  
of snow.

Ocean currents
Warm ocean currents generally increase the rate of evaporation and 
result in higher rainfall. Cold ocean currents reduce the amount of 
evaporation and as a result less rainfall occurs.

Distance from the sea
Areas close to the sea will receive more rainfall than places further from the sea. This is due to high levels of 
evaporation over the ocean. As the air mass moves across the land it will drop this moisture.

Geology
Some rocks and soils are more permeable than others. This means they can absorb moisture. Impermeable 
rocks and soils result in more run-off and higher rates of evaporation. As a result more precipitation occurs.

Topography
As discussed earlier, snow often falls on the tops of mountains. However, topography can also affect 
precipitation on the lower parts of mountains. On the windward side of the mountain slope, precipitation 
occurs. On the leeward side of the mountain less precipitation occurs. The leeward side is the side of the 
mountain that is protected from the wind. This is known as the rain-shadow effect.

FIGURE 3 Mudflats and coastline at 
low tide on the West Frisian island of 
Ameland, the Netherlands

floodplain    the area of land next 
to the river, usually reaching to the 
base of the mountains surrounding 
the catchment� It experiences 
flooding during peak rainfall 
periods�

meander    a curve in a river caused 
by fast-flowing water eroding the 
bank of one side of the river and 
slow-flowing water depositing 
sediment on the other side of the 
river

levee    also known as an 
embankment, it is a built-up part of 
the river bank

delta    a landform at the mouth of 
the river where a river splits into 
smaller streams and sediment is 
deposited to create an arch of land 
reaching into the sea
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12�6�6 The impact of climate change on water availability
Water availability is also affected by changes to our global climate. As shown in FIGURE 5, climate change has 
already had an impact on precipitation levels, the thawing of permafrost and extreme weather events.

2

4

3

6

7

10

9

15
14

16

Rapid reduction
of tropical glaciers
such as those on
Mt Kilimanjaro

Substantial declines
in rainfall in southern
Australia since 1950

Drying observed
in southern Asia

Increase in average Arctic
temperature almost twice the
global rate in the past 100 years

Permafrost warming
observed on Tibetan
plateau

Moderate to strong
increases in annual
precipitation in
north-west Australia

Increase in number and proportion
of tropical cyclones reaching
categories 4 and 5 in intensity
since 1970, particularly in the 
north Paci�c, Indian and south-
west Paci�c oceans

1

 Extreme sea-level events off east and
west coasts of Australia occurred three
times more often in the second half of
the twentieth century

5

11

12
13

Increased precipitation in
northern and central Asia

Decreased snow cover in northern
hemisphere for every month except
November and December

Increase by 3 °C in temperatures
of permafrost in Arctic and 
sub-Arctic since the 1980s

8

Thinning and loss of ice shelves
around the Greenland ice sheet

Sea ice extent in the Arctic has
shown clear decreasing trends,
with larger reductions in summer

First recorded tropical
cyclone in the south
Atlantic in 2004

Droughts more common,
more intense and longer 
since the 1970s, particularly
in the sub-tropics and tropics

Ice thinning in the Antarctic
Peninsula during the 1990s

FIGURE 5  Observed evidence of climate change has been available for decades�

0º Equator

Solar radiation Rays hit the poles at an oblique
(slanted) angle. The heat is less intense.

There is less evaporation and
less rainfall.

Rays directly hit this area, increasing
heat, evaporation and rainfall.

Solar radiation

Solar radiation

60ºN

60ºS

FIGURE 4  Temperatures are higher at low latitudes (closer to the equator) because incoming solar radiation has 
a smaller area of the Earth to heat�

394 Geoactive 1 NSW Australian curriculum Geography Stage 4 Fifth Edition

UNCORRECTED PAGE PROOFS



FOCUS ON FIELDWORK

River study

Have you ever wondered how much water is actually flowing 
through a river? Or how deep the water is, without wading 
into the water to find out?

Using some simple measurements and calculations, you can 
determine the depth and velocity (speed of the water flow) of 
a river or creek� Learn how to measure the depth and velocity 
of a river using the River study fieldwork activity in your 
Resources tab�

12.6 ACTIVITY

Use the Bureau of Meteorology weblink in your Resources tab to investigate rainfall patterns in your local area 
over time� You can view the data for the weather station nearest to where you live as tables of graphs� Choose 
the monthly data� Using the information you now have about the factors affecting rainfall, how would you explain 
these rainfall patterns?

Resources

eWorkbook Water flows through catchments (ewbk-9362)

Video eLesson Water flows through catchments — Key concepts (eles-5099)

Interactivity Water flows through catchments — Interactivity (int-8429)

Fieldwork River study (fdw-0014)

(fdw-0014)

TABLE 1  Monthly and annual rainfall totals, 1950–2020 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual total

1950

1960

1970

1980

1990

2000

2010

2020
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Check your understanding

 1. Define the following terms:
 a. meander
 b. floodplain
 c. levee
 d. watershed
 e. tributary�
 2. In which of the following parts of a catchment would you usually expect to find the fastest flowing waters: the 

river mouth, headwaters, meanders or floodplains?
 3. Which part of a water catchment is at the highest altitude?
 4. Describe what happens in a river delta�
 5. Outline why there is generally more precipitation in areas of low latitude�
 6. Categorise the following factors according to whether they will help to produce more or less precipitation:

 • latitude
 • altitude
 • warm ocean currents
 • distance from the sea
 • rainshadows
 • impermeable rocks and soils�

 7. List three areas that have already experienced less rainfall because of climate change�

Apply your understanding

 8. Explain how topography and altitude can influence precipitation�
 9. Create a diagram or flow chart that demonstrates your understanding of how ocean currents have an impact 

on rainfall�
 10. Explain the relationship between the ocean and rainfall� In your answer, use the words evaporation, distance 

and currents�
 11. What is the difference between a watershed and a catchment?
 12. Describe how water flows from the upper catchment to the lower catchment�

Challenge your understanding

 13. Suggest what might happen to people and the environment in regions that:
 a. will receive more rainfall than they do now
 b. will receive less rainfall than they do now�
 14. Complete a consequence chart to show what might happen to places near the equator if precipitation rates 

decrease quickly because of climate change�
 15. Consider the landscape shown in FIGURE 1� Imagine you were planning to collect, bottle and sell water from 

this catchment� Based on the location of the natural and human features of this landscape, propose where 
you would collect the water and where you would build your bottling plant� In your plans, consider the 
availability and purity of the water at each point of the river system and the impact your factory might have on 
the surrounding area and businesses�

To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www�jacplus�com�au�

12.6 Exercise 12.6 Quick quiz

 ■ LEVEL 2
1, 6, 10, 11, 14

 ■ LEVEL 1
2, 3, 7, 12, 13

 ■ LEVEL 3
4, 5, 8, 9, 15

Learning pathways
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12.7 Weather and climate

LEARNING INTENTION

By the end of this subtopic, you will be able to explain the impacts of climate and weather on water availability�

12�7�1 Weather and climate: what is the difference?
Weather is the day-to-day, short-term change in the atmosphere at a particular location. Extreme weather 
events are often described as unexpected, rare or not fitting the usual pattern experienced at a location.

Climate is the average of weather conditions that are measured over a long time. Places that share the same 
type of weather are said to lie in the same climatic zone. Because of the size of the Australian continent, 
its climate varies considerably from one region to another. Synoptic charts provide a visual representation 
of weather information for a place including rainfall, wind and air pressure. Examine subtopic 12.8 
(SkillBuilder: Reading a weather map) to learn more about how to read a synoptic chart, or weather map.

12�7�2 Factors affecting the weather
Earth is surrounded by a band of gases called the atmosphere. The atmosphere protects our planet from 
the extremes of the Sun’s heat and the chill of space, making conditions just right for supporting life. The 
atmosphere has five layers. The layer that starts at ground level and ends about 16 kilometres above Earth 
is called the troposphere. Our weather is the result of constant changes to the air in the troposphere. These 
changes sometimes cause extreme weather events.

Droughts, floods, cyclones, tornadoes, heatwaves and snowfalls — even cloudless days with gentle breezes — 
all begin with changes to the air in the troposphere. The five main layers in the Earth’s atmosphere all differ 
from one another. For example, the troposphere contains most of the water vapour in the atmosphere. As a 
result, this layer has an important link to precipitation.

All weather conditions result from different combinations of three factors:
 • air temperature
 • air movement
 • the amount of water in the air.

The Sun influences all three.

First, the Sun heats the air. It also heats the Earth’s surface, which in turn heats the 
air even more. How hot the Earth’s surface becomes depends on the season and the 
amount of cloud cover.

Second, the Sun causes air to move. This is because the Sun heats land surfaces 
more than it heats the oceans. As the warm air over land gets even warmer, it 
expands and rises. When hot air rises, colder air moves in to take its place.

Third, the Sun creates moisture in the air. The heat of the Sun causes water on the 
Earth’s surface to evaporate, forming water vapour. As this water vapour cools, it 
condenses, forming clouds. It may return to Earth as rain, dew, fog, snow or hail.

At times these three factors — temperature, air movement and water vapour — can 
create extreme weather events. Very high air temperatures influence heatwaves; 
rapidly rising air plays a part in the formation of cyclones; and excess rain can 
create flooding.

weather    short-term changes in 
the atmosphere at a particular 
location

climate    average of weather 
conditions that are measured over 
a long time

water vapour    water in its 
gaseous form, formed as a result 
of evaporation

evaporate    to change liquid, 
such as water, into a vapour (gas) 
through heat
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Exosphere — 
where some
satellites orbit.
It extends for
perhaps
10000 km.

Thermosphere — 
where Aurora lights
appear, and
space shuttles and
some satellites orbit

Mesosphere —
where most
meteors burn up.
It is the coldest
part of the
atmosphere.

Stratosphere —
some jet planes
�y in the lower
stratosphere.

Troposphere —
where weather
happens and
most planes �y

16 kilometres

50 kilometres

80 kilometres

640 kilometres

Earth’s surface

FIGURE 2  Earth’s atmosphere (not to scale)FIGURE 1 Australia experiences a diversity of weather�
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12.7 ACTIVITIES

 1. In a magazine or newspaper or online, find a photograph that shows an example of one type of weather� Paste 
the picture in the centre of a page and add labels about the impact of that weather on the environment (for 
example, creating puddles) and on what people do (such as the clothes we wear)�

Tropic of Capricorn

5000 1000 km

Scale: 1 cm represents 300 km

Climatic zones

Legend

Tropical wet and dry

Tropical wet
Hot all year; wet summers; dry winters

Hot; wet for most of the year

Subtropical wet

Subtropical dry winter
Warm; rain all year

Warm all year; dry winters

Warm dry summer

Mild wet

Warm all year; dry summers

Mild; rain all year

Hot semi-desert and grasslands

Hot desert

Hot all year; low rainfall

Hot all year; very low rainfall

Nhulunbuy

Tennant
Creek

Broome

Darwin

Cloncurry

Alice Springs

Oodnadatta

Perth

Charters
Towers

Innisfail

Charlotte
Pass

Sydney

Broken Hill

Adelaide

Brisbane

Melbourne

Hobart

Rockhampton

Source: Spatial Vision

FIGURE 3  Climate zones of Australia

Resources

eWorkbook Weather and climate (ewbk-9366)

Video eLesson Weather and climate — Key concepts (eles-5100)

Interactivity Weather and climate — Interactivity (int-8430)
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 2. Look at the environment outside the window, or consider what the weather in your area has been like for the 
past week�

 a. What is the weather like? Do you think it matches the climate zone in which you live? Explain�
 b. Now check to see if you are correct, using FIGURE 3� If your answers are different, explain why this may 

have occurred�

Check your understanding

 1. Identify the layer of the atmosphere where all Earth’s weather happens�
 2. Define the term troposphere�
 3. Identify the layer of atmosphere where the following features are found:
 a. most passenger planes
 b. orbiting satellites
 c. burning meteors
 d. the Aurora lights�
 4. How does water vapour change when it cools?
 5. What are the three factors that create weather conditions?
 6. Describe three ways in which the Sun affects weather conditions�
 7. Examine FIGURE 3� In which climate zones are the following places located?
 a. Sydney
 b. Melbourne
 c. Canberra
 d. Brisbane
 e. Darwin
 f. Perth
 g. Hobart
 h. Adelaide

Apply your understanding

 8. In terms of weather conditions, explain the interconnection between air temperature and air movement�
 9. Explain the difference between weather and climate�
 10. Draw three diagrams to explain the factors that influence the following weather conditions:
 a. air temperature
 b. air movement 
 c. the amount of water in the air�
 11. Examine FIGURE 3� Which of Australia’s climate zones would be the most likely to experience snow?
 12. Explain how the three factors that produce weather combine to produce extreme weather events� 

Challenge your understanding

 13. Look carefully at the photographs in FIGURE 1� 
 a. Describe the weather event in each photograph� 
 b. Predict how each weather event might affect people’s lives�  
 14. Look carefully at the map of Australia’s climate zones in FIGURE 3� Predict which two settlements or places 

might be at risk of flood� Make sure you explain why you chose them�
 15. Predict how climate change will affect the weather where you live�

To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www�jacplus�com�au�

12.7 Exercise 12.7 Quick quiz

 ■ LEVEL 2
2, 3, 5, 10, 14

 ■ LEVEL 1
1, 6, 9, 11, 13

 ■ LEVEL 3
4, 7, 8, 12, 15

Learning pathways
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12.8 SkillBuilder: Reading a weather map

LEARNING INTENTION

By the end of this subtopic, you will be able to interpret weather maps to read and predict the weather�

12�8�1 Tell me

What are weather maps
Weather maps (or synoptic charts) appear every day in newspapers and on the news. They may look complex 
but, once you understand the symbols, you will find these maps easy to use.

12�8�2 Show me

How to interpret a weather map

Step 1

To identify features on a synoptic chart, use this key to interpret the symbols.

TABLE 1  Symbols on synoptic charts for the southern hemisphere

Symbol Feature What it means Impact on the weather

1024
1020

1018

Isobars Joins places of equal air 
pressure

The closer together 
these lines, the stronger 
the wind�

1020

H

High pressure area Sinking air Generally fine 
weather� Winds rotate 
around these areas 
anticlockwise�      

10
08

L

Low pressure area Rising air Generally cooler 
weather, rain� Winds 
rotate around these 
areas clockwise�   

1004
1008

T

Tropical cyclone Rapidly rising air Strong winds, torrential 
rain

Cold front The ‘line’ along which an 
approaching mass of cold 
air meets warmer air

Fall in temperature, rain� 
Front moves in direction 
of arrowheads�

Warm front The ‘line’ along which 
an approaching mass of 
warm air meets colder air

Temperature rise, 
sometimes light rain� 
Uncommon in Australia�

Rain Rain in the past 24 hours Usually associated with 
low pressure areas and 
fronts

Trough A dip in isobars An area associated with 
unsettled weather and 
precipitation
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Step 2

Examine the weather map to identify its features, based on the key in TABLE 1.
 • High pressure systems are areas of pressure above 1013 hectopascals. Low pressure systems are areas 

of pressure below 1013 hectopascals. Pressure systems generally move from west to east as they cross 
Australia and move around the world.

 • Examine any air masses and fronts.
 • Precipitation includes snow, hail and dew but the most common form of precipitation is rainfall.
 • The closer together the isobars are, the stronger the winds. Some synoptic charts also show wind speed.

Step 3

Look for patterns or changes in the features and consider how they will impact the weather in the places that 
they pass.

12�8�3 Let me do it
Go to learnON to access the following additional resources to help you build this skill:

 • a longer explanation of this skill and its application in Geography (Tell me)
 • a video showing the step-by-step process of this skill (Show me)
 • an activity and interactivity for you to practise this skill (Let me do it)
 • self-marking questions to help you understand and use this skill.

Resources

eWorkbook SkillBuilder: Reading a weather map (ewbk-9370)

Video eLesson SkillBuilder: Reading a weather map — Key concepts (eles-2749)

Interactivity SkillBuilder: Reading a weather map — Interactivities (int-6777)
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12.9 How wind blows

LEARNING INTENTION

By the end of the subtopic, you will be able to explain why wind occurs�

12�9�1 The weight of air
The air around us has weight. The weight of the air above us pushes down, creating pressure. If we could tie a 
barometer to a hot air balloon, we would see the pressure readings fall as the balloon rose in the atmosphere. 
This is because there is less air higher in the atmosphere. You may have read about mountain climbers and 
athletes having difficulty breathing when they are at high altitudes.

Air pressure
When a person blows up a balloon, the pressure inside the balloon is higher than the surrounding air. When the 
neck of the balloon is released, the air rushes out of the balloon. This is the same as wind. If we did not have 
wind, temperatures would continue to rise over the equator and decrease at the poles as there would be nothing 
to move the air.

Meteorologists are able to measure air pressure using a unit of measure called a millibar. The average weight 
of air is about 1013 millibars. Measurements higher than this indicate areas of high pressure; here, the air is 
sinking. Measurements lower than 1013 millibars indicate areas of low pressure; here, the air is rising. Wind is 
caused by air moving from areas of high pressure to areas of low pressure.

12�9�2 Variations in air pressure
Variations in air pressure are the result of the heating effect of the Sun and the rotation of the Earth.

Effects of the Sun
The warming influence of the Sun varies with the time of day (see FIGURE 1) and 
latitude (distance from the equator). Temperatures are higher in the middle of the 
day, and higher at the equator than at the poles. Warm air is also less dense than 
cold air. This is because as the air heats, it expands, causing it to rise. Air pressure 
over the equator is less than at the poles. As the warm air over the equator rises 
and expands, cooler air from near the poles rushes in to replace it. As a result, air is 
circulated around the Earth, and this movement of air is what we call wind.

(int-7790)

During the day
the air above

the land heats up,
expands and rises.

The atmospheric pressure above

(a) (b)

the land drops and air moves
in from above the sea, where the

air pressure is higher.
This causes a sea breeze

or an onshore breeze.

2

1 During the evening, the
temperature of the land
drops much faster than 

the temperature of the sea.

The air above the sea becomes
hotter than the air above the land,

the coast out to sea,
reversing the effect.

4

3

so it rises and a breeze �ows from

Land heats up and cools down more quickly than the sea.

FIGURE 1  The effect of Sun on a sea breeze

barometer    an instrument used to 
measure air pressure

meteorologist    a scientist who 
studies the weather
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Effect of the Earth’s rotation
Wind is caused by air moving from areas of high 
pressure to areas of low pressure. Its direction is 
influenced by the rotation of the Earth.

The rotation of the Earth on its axis causes 
the air above the surface of the Earth to be 
deflected (change direction) rather than to travel 
in a straight line. This causes the wind to circle 
around high and low pressure systems.

The direction in which winds circle depends 
on whether you are in the northern or southern 
hemisphere. As the air moves from an area 
of high pressure to an area of low pressure, 
winds circle in the opposite direction in each 
hemisphere: in an area of high pressure, the 
winds circle in an anticlockwise direction in the 
southern hemisphere and a clockwise direction in 
the northern hemisphere. This deflection of winds 
is known as the Coriolis effect (see FIGURE 2).

FOCUS ON FIELDWORK

Clouds

The clouds — especially the kinds and coverage of clouds in the 
sky — can tell us a lot more about the weather than whether it 
might be about to rain� Different types of clouds, how they move 
and how many are in the sky can give us a lot of information 
about the weather�

Learn how to record cloud coverage and recognise different 
types of clouds using the Clouds fieldwork activity in your 
Resources tab�

992

1004

1008

1012

1000

996

998 984
H L

FIGURE 2  The movement of air in the southern 
hemisphere

Resources

eWorkbook How wind blows (ewbk-9374)

Video eLesson How wind blows — Key concepts (eles-5101)

Interactivity Highs and lows (int-3086)

How wind blows — Interactivities (int-8431)

Fieldwork Clouds (fdw-0015)

Deepen your understanding of this topic with related case studies and questions > Australia: weather 
and climate > Building skills > Understanding direction > Wind and Sun direction

(fdw-0015)
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12.9 ACTIVITIES

 1. Working with a partner, try the following activity to illustrate the influence of the Earth’s rotation on wind�
Step 1 Place a pin through the centre of a piece of paper and attach it to a piece of cardboard� Make sure the 
paper can move freely on the pin�
Step 2 Have your partner rotate the piece of paper on the pin� At the same time, you should attempt to draw a 
straight line on the page�
Step 3 Record your findings�
Step 4 Compare and discuss your results with the class�

 2. Over the course of the coming week, collect weather maps from the daily newspaper and find your location�
 a. Assess whether the weather is being influenced by a high or low pressure system�
 b. Determine whether the wind will be moving in a clockwise or anticlockwise direction� Justify your answer�  
 3. How easy is it to predict the weather? People often complain that the forecasters don’t always get it right�
 a. Using the weather maps you collected earlier, and the observations you made, write a weather forecast for 

tomorrow� In your forecast, make reference to both wind speed and direction�
 b. Collect tomorrow’s weather map and make observations similar to those you made in question 2� Record 

your findings�
 c. Compare your findings with what you have written for this activity� How accurate were your predictions? 

Suggest factors that might influent the accuracy of such predictions and the changes that you observed�

Check your understanding

 1. What is wind?
 2. Identify the two factors that influence wind� Would either of these factors influence the strength of the wind? 

Outline why�
 3. How does the air above the surface of the Earth move: in straight lines around the Earth, in straight lines from 

pole to pole, in circular patterns around the Earth or not at all?
 4. Apart from air pressure, name one other natural factor that influences how air moves around the Earth�
 5. Outline what a meteorologist does�
 6. What does a barometer measure?
 7. Describe how global temperature patterns would change if there was no wind on Earth�

Apply your understanding

 8. Explain why you are not affected by the pressure of the atmosphere�
 9. Explain the role that the Sun plays in causing wind�
 10. What change does a difference in air pressure cause?
 11. If you were sitting on a beach, would you be more likely to feel a cool breeze coming from the sea during the 

day or at night?
 12. Explain how the Coriolis effect works�

Challenge your understanding

 13. Imagine you are a mountain climber, making your first trip to the top of Mount Everest� Predict how the air 
pressure might change as you climb from sea level to the top of the mountain� Suggest one way this change 
might affect you or your expedition�

 14. Do you think climate change will affect the way the wind travels around the Earth? Give reasons for your view�
 15. Suggest why winds circulate in different ways in the southern and northern hemispheres�

To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www�jacplus�com�au�

12.9 Exercise 12.9 Quick quiz

 ■ LEVEL 2
2, 4, 9, 10, 14

 ■ LEVEL 1
3, 5, 6, 11, 13

 ■ LEVEL 3
1, 7, 8, 12, 15

Learning pathways
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12.10 Wind strength

LEARNING INTENTION

By the end of the subtopic, you will be able to explain and demonstrate how wind is measured�

12�10�1 How wind is shown on a weather map
Differences in air pressure lead to variations in the strength of the wind. You can work out the strength of the 
wind by looking at weather maps, the behaviour of objects or by using instruments designed to measure the 
strength of the wind. Winds are named according to their source. This means that a northerly wind is coming 
from the north and a southerly from the south.

If you study the isobars on a weather map you will notice that they are not evenly 
spaced. Look closely at the map in FIGURE 1. The wind is strongest in the southern 
regions of this map, where the isobars are close together, and gentler in the northern 
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FIGURE 1  A typical weather map

isobar    line on a map that joins 
places with the same air pressure

406 Geoactive 1 NSW Australian curriculum Geography Stage 4 Fifth Edition

UNCORRECTED PAGE PROOFS



parts of the map, where the spacing between them is much greater. The symbols shown in FIGURE 2 are 
also commonly used on weather maps to give a more accurate representation of wind speed and to provide 
information on the direction of the wind.

The Beaufort scale (see FIGURE 4) relates wind speed to the observable movement of objects within the 
environment.

The small tail indicates
the speed of the wind.

Direction
The longer tail indicates the direction of
the wind. The arrow (not used on actual
weather maps) shows the direction in
which the wind is moving. This is a
westerly wind (blowing from the west).

FIGURE 3  How to read wind symbols 
on a weather map
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FIGURE 2  Symbols commonly used to indicate wind strength
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FIGURE 4  The Beaufort scale is based on the observable impact of winds�
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12�10�2 Using a wind rose
A wind rose such as that shown in FIGURE 5 uses data 
collected over long periods of time to visually represent 
wind information. The spokes represent wind direction; 
the longer the spoke the more frequently the wind 
blows from a particular direction. The thickness of the 
bands represents the speed of the wind. Refer to the 
SkillBuilder in subtopic 15.8 (Cardinal points: wind 
roses) to learn how to use a wind rose.

12.10 ACTIVITIES

 1. Collect a weather map from a newspaper or online� Based on what you know about weather and reading 
synoptic charts, predict what the wind conditions will be like in each of the Australian capital cities over the 
next day or so�  
Use the Wind rose maps weblink in the Resources tab to compare your predictions with what is shown 
on these maps� Make sure you select the current month� Note any similarities and differences� Why might 
differences occur?

 2. Devise your own symbols similar to those shown in FIGURE 2� Obtain a current weather map from a newspaper 
or online� Paste it onto a sheet of paper and annotate your map with your symbols for describing wind speed� 
Swap maps with a partner and further annotate each other’s maps with written descriptions of the symbols 
shown�

N

NE

E

SESW

W

NW

S

10%

20%

km per hour
0–10

Calm

10–20 20–30 30–40 over 40

FIGURE 5  A wind rose can show wind speed, 
direction and frequency over a long period of 
time�

Resources

eWorkbook Wind strength (ewbk-9378)

Video eLesson Wind strength — Key concepts (eles-5102)

Interactivity Wind strength — Interactivities (int-3086)
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Check your understanding

 1. What does the Beaufort scale measure?
 2. What does a wind rose show?
 3. What symbol would be used on a weather map to show the following:
 a. calm weather
 b. 38-42 km/h westerly wind
 c. a cold front
 d. a warm front
 e. a trough
 f. a pressure system
 4. If the isobars on a weather map are very close together, what does this indicate?
 5. What change does a difference in air pressure cause?
 6. Describe two methods you could use to determine wind speed�

Apply your understanding

 7. Explain how differences in air pressure can cause changes to the weather�
 8. In your opinion, which method of determining wind speed gives the most useful information about wind 

speed? Give reasons for your answer�
 9. Using FIGURE 1 describe the wind speeds and directions in Western Australia and along the east coast of 

Australia on that day�
 10. At what level on the Beaufort scale do you think it would be dangerous to go outside?
 11. Would you suggest to someone living in Adelaide on the day shown in FIGURE 1 that they take an umbrella or 

raincoat if they go outside? Justify your advice�
 12. Discuss how understanding weather maps might be helpful for you if you rely on public transport to get to 

school�

Challenge your understanding

 13. What do weather maps not show us about the weather? Suggest one thing you might not learn about the 
day’s weather by looking at a weather map�

 14. Suggest how examining weather maps over time might be an important tool for meteorologists to predict the 
paths of future storms�

 15. Based on the Beaufort scale, create a safety plan for your school that gives advice about when specific 
outdoor activities become unsafe and when equipment and outdoor furniture might need to be secured or 
brought inside�

To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www�jacplus�com�au�

12.10 Exercise 12.10 Quick quiz

 ■ LEVEL 2
1, 3, 7, 9, 15

 ■ LEVEL 1
2, 4, 10, 12, 13

 ■ LEVEL 3
5, 6, 8, 11, 14

Learning pathways
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12.11 Groundwater resources  

LEARNING INTENTION

By the end of this subtopic, you will be able to identify the locations of major groundwater basins in Australia and 
explain why the quality of and access to groundwater can vary�

An important part of the water cycle, groundwater is the water that is found under the Earth’s surface. Many 
settlements — especially those in arid and semi-arid areas — rely on groundwater for their water supply.

When rain falls to the ground, some flows over the surface into waterways and some seeps into the ground. 
Any seeping water moves down through soil and rocks that are permeable; that is, they have pores that allow 
water to pass through them. Imagine pouring water into a jar of sand or pebbles; the water would settle into the 
spaces between the sand or stones.

Groundwater is water held within water-bearing rocks, or aquifers, in the ground. These work like sponges. 
They hold water in the tiny holes between the rock particles.

To learn more about groundwater resources, go to your learnON resources at 
www.jacPLUS.com.au

Contents

12.11.1 Groundwater in the water cycle
12.11.2 Global groundwater resources

A spring is a 
place where

water naturally 
seeps or gushes 
from the ground.

Artesian bores are bores where 
the pressure of the water raises it 

above the land surface.

Subartesian bores are
those where the water does
not reach the surface and
needs to be pumped out.

The watertable is a level under
the land surface below which is

saturated with water.
Water is trapped

 between impermeable
 layers of rock.

Water �ows freely
from bores (wells) trapped 

in the aquifer.

Rock layers will
not allow water to
�ow through.  

FIGURE 1 An artesian aquifer

aquifer    a body of permeable 
rock below the Earth’s surface 
that contains water, known as 
groundwater� Water can move 
along an aquifer�
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12.12 Investigating topographic maps: Water flows in  
    the Haast River

LEARNING INTENTION

By the end of this subtopic, you will be able to describe how water flows through a catchment by referencing a 
topographic map�

12�12�1 New Zealand’s Haast region
Haast is a World Heritage site located on the west coast of the South Island of New Zealand. The region is 
untamed, with majestic mountains, pristine lakes and rugged coastlines. The Haast River discharges as much as 
6 cubic kilometres of water annually, and the catchment extends into the Southern Alps. There are some areas of 
seasonal and permanent snows and very high rates of run-off in the region due to the steep mountainous terrain.

Haast

Legend

Annual rainfall (mm)

Less than 500

500–750

750–1000

1000–1250

1250–1500

1500–2000

2000–4000

4000–10000

Place of interest

0 200

Scale: 1 cm represents 170 km

km400

Source: WorldClim

FIGURE 1  Annual rainfall, New Zealand FIGURE 2  The Gates of Haast

Resources

eWorkbook Investigating topographic maps: Water flows in the Haast River (ewbk-9386)

Video eLesson Investigating topographic maps: Water flows in the Haast River — Key concepts (eles-5104)

Interactivities Investigating topographic maps: Water flows in the Haast River — Interactivity (int-8433)

Digital document Topographic map of Haast, New Zealand (doc-20640)
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FIGURE 3  Topographic map extract of Haast, New Zealand
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Check your understanding

 1. Examine FIGURE 3� Name the feature located at:
 a. GR315134
 b. GR300152
 c. GR282138
 d. GR313126�
 2. Examine FIGURE 3� State the height of:
 a. Mt Swindle spot height in AR3013
 b. Plover Crag spot height in AR3114
 c. Mosquito Hill spot height in AR2813�
 3. What is the local relief in AR2813?
 4. Describe the location of swamp areas found in the Haast region�
 5. Examine FIGURE 1� Would you describe Haast as being in a high, medium or low rainfall area?

Apply your understanding

 6. A tributary is a stream that flows into a larger river� Explain why there are so many tributaries that flow into the 
Haast River�

 7. The Gates of Haast (unlabelled) are located at GR 310117� Examine FIGURE 2 and then locate the Gates of 
Haast on the topographic map, FIGURE 3� Explain the reasons for a high volume of river flow in this area�

 8. Explain how each of the following factors could affect water availability in the Haast region:
 a. latitude
 b. altitude
 c. topography
 d. climate change�
 9. With reference to locations shown in FIGURE 3, describe how the water cycle might function in this region�

Challenge your understanding

 10. Possible impacts of climate change are increased rainfall in north-eastern New Zealand and reduced snow 
cover� Consider how this may affect river flow in the Haast region� Predict the possible impacts of this for 
local communities and environments�

To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www�jacplus�com�au�

12.12 Exercise 12.12 Quick quiz

 ■ LEVEL 2
2, 4, 7, 8

 ■ LEVEL 1
1, 5, 6

 ■ LEVEL 3
3, 9, 10

Learning pathways
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12.13 Thinking Big research project:  
    Water access comparison
Scenario
The world’s natural resources are not distributed equally. Some countries have an abundance of natural 
resources and fertile land, while other countries are entirely composed of desert biomes. The same can be 
said for the distribution of water resources. Countries that have rivers that are fed by melting glaciers (such as 
India and Bangladesh) have a steady supply of water. Yet countries that rely on rainfall to fill rivers, streams 
and lakes are often at the mercy of prevailing weather patterns. And then there are countries that receive plenty 
of rain, but whose people have poor access to water resources. In these situations, there are both natural and 
human factors causing poor water access.

Task
In this task, you will compare two countries that have poor access to fresh water. 

Go to learnON to access the resources you need to complete this research project.

Resources

ProjectsPLUS Thinking Big research project: Water access comparison (pro-0235)

FIGURE 1 Some countries have access to a steady supply of water� Others are at the mercy of weather patterns�
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12.14 Review
12�14�1 Key knowledge summary
12.2 Resources

 • People depend on the Earth’s environmental resources for survival.
 • There are renewable and non-renewable environmental resources.
 • Careful use of environmental resources will ensure their sustainability.
 • Australia has an abundance of environmental resources, both renewable and non-renewable. These include 

minerals, soils, forests and natural scenery.

12.3 Water resources
 • Water is a renewable resource in most forms.
 • The water cycle is a process that cycles water in different forms across places.
 • Water connects places as it moves through the environment.
 • Groundwater is water stored in aquifers under the ground and is an important source of water for people 

living in arid and semi-arid regions.
 • If more groundwater is used than is being recharged, aquifers may dry up; groundwater can therefore be 

regarded as a finite and non-renewable resource. 

12.5 Water in the world
 • Of all the water in the world, only a small fraction is available to people to use.
 • Rainfall varies widely across the world.
 • Climate change is affecting the amount of water available in many locations around the world.

12.6 Water flows through catchments
 • Catchments are areas of land where water collects.
 • The water moves quickly from the headwaters after rain, slows over the floodplains and collects into 

rivers/streams towards lakes or the sea.
 • Low latitudes generally have more precipitation.
 • High altitude places tend to have higher rainfall and snow.
 • Warm ocean currents create higher rainfall; cold ocean currents create less rainfall.
 • Evaporation from the ocean generally leads to higher rainfall in areas close to the coast.
 • Areas with a lot of impermeable rocks tend to have higher evaporation of run-off and more precipitation.
 • More precipitation occurs on the windward slope of a mountain than leeward (the rain-shadow effect).
 • Climate change is affecting rainfall and precipitation patterns.

12.7 Weather and climate
 • Weather is the result of constant changes to the air in the troposphere. All weather conditions are caused 

by three factors: air temperature, air movement and the amount of water in the air.
 • Climate is the average of weather conditions measured over a period of time.

12.9 How wind blows
 • Weather is the result of changes in the lowest levels of our atmosphere.
 • Wind is caused by air moving from high pressure to low pressure areas in the atmosphere.
 • Changes and differences in air pressure in the atmosphere occur because of the Sun’s heat and the rotation 

of the Earth.

12.10 Wind strength
 • Wind is named after the direction it comes from (a north wind comes from the north).
 • Isobars on a weather map join places with the same air pressure; the closer together the isobars are, the 

stronger the wind.
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 • Symbols are used on weather maps to provide more specific details about conditions.
 • Wind roses show wind speed, direction and frequency over a long period of time.
 • Wind is measured using the Beaufort scale.

12.11 Groundwater resources
 • Groundwater is water stored in aquifers under the ground.
 • It is an important source of water for people living in arid and semi-arid regions.
 • If more groundwater is used than is being recharged, aquifers may dry up; groundwater can therefore be 

regarded as a finite and non-renewable resource. 
 • Mound springs are mounds of built-up minerals and sediments brought up by water discharging from a 

groundwater aquifer. 

12�14�2 Key terms

aquifer    a body of permeable rock below the Earth’s surface that contains water, known as groundwater� Water can move along 
an aquifer�

artesian aquifer    an aquifer confined between impermeable layers of rock� The water in it is under pressure and will flow 
upward through a well or bore�

barometer    an instrument used to measure air pressure

blue water    the water in fresh-water lakes, rivers, wetlands and aquifers

climate    average of weather conditions that are measured over a long time

climate change    a change in the world’s climate� This can be very long term or short term, and is caused by human activity�

condensation    precipitation that collects into droplets of water from humid air

delta    a landform at the mouth of the river where a river splits into smaller streams and sediment is deposited to create an arch 
of land reaching into the sea

evaporation    the process by which water is converted from a liquid to a gas and thereby moves from land and surface water 
into the atmosphere

evaporate    to change liquid, such as water, into a vapour (gas) through heat

evapotranspiration    the process by which plants absorb precipitation and release it back into the air as water vapour

floodplain    the area of land next to the river, usually reaching to the base of the mountains surrounding the catchment� It 
experiences flooding during peak rainfall periods�

fossil fuel    fuel that comes from the breakdown of living materials, and that is formed in the ground over millions of years� 
Examples include coal, oil and natural gas�

green water    water that is stored in the soil or that stays on top of the soil or in vegetation

groundwater recharge    a process in which water moves down from the Earth’s surface into the groundwater

hydrologic cycle    another term for the water cycle

infiltration    precipitation absorbed into the ground

isobar    line on a map that joins places with the same air pressure

levee    also known as an embankment, it is a built-up part of the river bank

meander    a curve in a river caused by fast-flowing water eroding the bank of one side of the river and slow-flowing water 
depositing sediment on the other side of the river

meteorologist    a scientist who studies the weather

precipitation    the form of water falling from the sky, such as rain, snow or hail

run-off    precipitation not absorbed by soil, which runs over the land and into streams

subsistence farming    a form of agriculture that provides food for the needs of only the farmer’s family, leaving little or none 
to sell

troposphere    the layer of the atmosphere closest to the Earth� It extends about 16 kilometres above the Earth’s surface, but is 
thicker at the tropics and thinner at the poles, and is where weather occurs

uranium    radioactive metal used as a fuel in nuclear reactors

water vapour    water in its gaseous form, formed as a result of evaporation

weather    short-term changes in the atmosphere at a particular location
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12�14�3 Reflection
Complete the following to reflect on your learning.

Revisit the inquiry question posed in the Overview:

Earth provides us with more than a place to live. How do we access and manage the water resources we 
need from it to survive?

 1. Now that you have completed this topic, what is your view on the question? Discuss with a partner� Has your 
learning in this topic changed your view? If so, how?

 2. Write a paragraph in response to the inquiry question, outlining your views�

Subtopic Success criteria

12.2 I can identify resources and classify them as either renewable or non-
renewable� I can explain why water is classified as a resource�

12.3 I can identify and explain the processes involved in the water cycle, and 
describe how they are interconnected�

12.4 I can interpret diagrams�

12.5 I can describe the spatial distribution of water in the world�

12.6 I can identify and describe the parts of a water catchment area�I can 
explain factors that affect the availability of water in a river system�

12.7 I can explain the impacts of climate and weather in water availability�

12.8 I can read synoptic charts to predict the weather�

12.9 I can explain why wind occurs�

12.10 I can explain and demonstrate how wind is measured�

12.11 I can identify the locations of major groundwater basins in Australia�I can 
explain why the quality of and access to groundwater can vary�

12.12 I can describe how water flows through a catchment by referencing a 
topographic map�

Resources

eWorkbook Chapter 12 Student learning matrix (ewbk-8480)
Chapter 12 Reflection (ewbk-8481)
Chapter 12 Extended writing task (ewbk-8482)

Interactivity Chapter 12 Crossword (int-8434)
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RESOURCE SUMMARY  Resources

Below is a full list of rich resources available online for this topic� These resources are designed to bring ideas to life, 
to promote deep and lasting learning and to support the different learning needs of each individual�

 eWorkbook

 12.1 Chapter 12 eWorkbook (ewbk-7992)  ■
 12.2 Resources (ewbk-9346)  ■
 12.3 Water resources (ewbk-9350)  ■
 12.4 SkillBuilder: Interpreting diagrams (ewbk-9354)  ■
 12.5 Water in the world (ewbk-9358)  ■
 12.6 Water flows through catchments (ewbk-9362)  ■
 12.7 Weather and climate (ewbk-9366)  ■
 12.8 SkillBuilder: Reading a weather map (ewbk-9370)  ■
 12.9 How wind blows (ewbk-9374)  ■
 12.10 Wind strength (ewbk-9378)  ■
 12.11 Groundwater resources (ewbk-9382)  ■
 12.12 Investigating topographic maps: Water flows in the 

Haast River (ewbk-9386)  ■
 12.14 Chapter 12 Student learning matrix (ewbk-8480)  ■
  Chapter 12 Reflection (ewbk-8481)  ■
  Chapter 12 Extended writing task (ewbk-8482)  ■

 Sample responses

 12.1 Chapter 12 Sample responses (sar-0145) ■

 Video eLesson

 12.1 A world of water (eles-1616)  ■
 12.2 Resources — Key concepts (eles-5096)  ■
 12.3 Water resources — Key concepts (eles-5097)  ■
 12.4 SkillBuilder: Interpreting diagrams — Key concepts  

(eles-2275)  ■
 12.5 Water in the world — Key concepts (eles-5098)  ■
 12.6 Water flows through catchments — Key concepts  

(eles-5099)  ■
 12.7 Weather and climate — Key concepts (eles-5100)  ■
 12.8 SkillBuilder: Reading a weather map —  

Key concepts (eles-2749)  ■
 12.9 How wind blows — Key concepts (eles-5101)  ■
 12.10 Wind strength — Key concepts (eles-5102)  ■
 12.11 Groundwater resources — Key concepts (eles-5103)  ■
 12.12 Investigating topographic maps: Water flows in the 

Haast River — Key concepts (eles-5104)  ■

 Interactivity

 12.2 Resources — Interactivity (int-8428)  ■
 12.3 Water works (int-3077)  ■
  The water cycle (int-5614)  ■
 12.4 SkillBuilder: Interpreting diagrams — Interactivities  

(int-3132)  ■
 12.5 Predicted change in run-off (int-5298)  ■
 12.6 Water flows through catchments — Interactivity  

(int-8429)  ■
 12.7 Weather and climate — Interactivity (int-8430)  ■
 12.8 SkillBuilder: Reading a weather map —  

Interactivities (int-6777)  ■
 12.9 How wind blows — Interactivities (int-8431)  ■
  Highs and lows (int-3068)  ■
 12.10 Wind strength — Interactivities (int-3086)  ■
 12.11 Groundwater resources — Interactivities (int-8432)  ■
  Water beneath us (int-3078)  ■
 12.12 Investigating topographic maps: Water flows in the 

Haast River — Interactivity (int-8433)  ■
 12.14 Chapter 12 Crossword (int-8434)  ■

 Digital document

 12.12 Topographic map of Haast, New Zealand (doc-20640)  ■

 Fieldwork

 12.6 River study (fdw-0014)  ■
 12.9 Clouds (fdw-0015)  ■

 ProjectsPLUS

 12.13 Thinking Big research project: Water access  
comparison (pro-0235)  ■

 myWorld Atlas

 12.5 Retreating glaciers > World water resources  
(mwa-7328)  ■

 12.9 Wind and Sun direction (mwa-4374)  ■
 12.11 Salisbury Council — Aquifer storage, transfer and 

recovery (mwa-7295)  ■
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