
This picture shows what all of Earth’s water 
would look like if it was contained in a sphere, 
in comparison with the size of the Earth. The 
blue sphere representing all of Earth’s water 
has a diameter of 1385 kilometres.

toPic 3 WATER IN THE WORLD

    12.1  Overview 
 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 fi nite 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 infl uences 
the level of precipitation experienced 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.      

Inquiry sequence
Syllabus outcomes 

12.1 Overview 

12.2 What is a resource? GE4-1, GE4-2, GE4-8

12.3 Is water a renewable resource? GE4-1, GE4-2, GE4-8

12.4 skillbuilder: Interpreting 
diagrams

GE4-7, GE4-8

12.5 How much water is there 
in the world?

GE4-1, GE4-2, GE4-8

12.6 How is groundwater used 
as a resource?

GE4-1, GE4-2, GE4-3, GE4-8

12.7 How does water fl ow 
through catchments?

GE4-1, GE4-2, GE4-3, GE4-8

12.8 What factors affect water availability? GE4-2, GE4-3, GE4-7, GE4-8

12.9 What is the difference 
between weather and climate?

GE4-2, GE4-3, GE4-7, GE4-8

12.10 skillbuilder: 
Reading a synoptic chart

GE4-7, GE4-8

12.11 Investigating topographic maps: 
How does water fl ow down the Haast River?

GE4-2, GE4-3, GE4-7, GE4-8

12.12 Why does the wind blow? GE4-2, GE4-3, GE4-7, GE4-8

12.13 How strong is the wind? GE4-2, GE4-3, GE4-7, GE4-8

12.14 review GE4-1, GE4-2, GE4-3, GE4-7, GE4-8

key terms

ONLINE ONLY

ONLINE ONLY

ONLINE ONLY

ONLINE ONLY

ONLINE ONLY

ONLINE ONLY

ONLINE ONLY
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  water works  
 Use this interactivity to learn 
how the water cycle works.      
  searchlight iD:   int-3077  

watch this video
A world of Water
searchlight iD: eles-1616
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232 Geoactive 1 NSW for the Australian Curriculum Stage 4

12.2 What is 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 and which 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, soils and fresh water are renewable.

Water is used to
wash the plates.

Metal is used to
make the cutlery.

Electricity is used
to make the toast.

Figure 1 Many resources are required to provide a family with breakfast.

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 renew-
able 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 the 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.

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 

fossil fuels fuels 
that come from the 
breakdown of living 
materials, and which 
are formed in the 
ground over millions 
of years. Examples 
include coal, oil 
and natural gas.

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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Chapter 12 Water in the world 233

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.

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 — renewable and non-renewable

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

and burn’.

Crops are planted
and grow well. 

After three to four years
the nutrients in the soil
have been used up and
the crops don’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

Farms in developed countries are usually much larger. For example, the Anna Creek cattle station 
in South Australia is 24 000 square kilometres, the size of Belgium. In contrast, an average intensive 
rice farm in Bali is only about one hectare. This is about four times the size of an Australian quarter-
acre 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.

activities

uNDerstaND
1 What is a natural resource?
2 Outline the difference between renewable and  

non-renewable resources.
3 List three examples of non-renewable resources that can 

be recycled.

eXPLaiN
4 Which renewable resources are most affected by human 

activity? Why?
5 When it comes to using natural resources, there are two 

main problems people face. What are they and why are 
they important?

6 What does the sustainable use of natural resources mean?
7 Why is shifting cultivation a sustainable form of 

agriculture?

aPPLY
8 Refer to figure 3. 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 of these may include tribes from the Amazon, 
Congo Basin or Papua New Guinea. Compare your chosen 
tribe’s way of life with your way of life, and explain how it 
differs 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.

9 What did you have for breakfast today? What resources 
would have been required to provide it?

10 What are examples of fossil fuels that you use in order to 
maintain your lifestyle?

11 Create a table that lists 10 renewable and 10  
non-renewable resources used by your family. Be specific; 
for example, list timber used in your furniture. From your list, 
note some of the waste and pollution that may be created 
in the use or creation of these resources. How could this be 
reduced to improve environmental sustainability?
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234 Geoactive 1 NSW for the Australian Curriculum Stage 4

   12.3  Is water a renewable 
resource? 
  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. 

   Th e amount of water on Earth has not changed since the beginning of time; there is only a fi nite, or 
fi xed, amount. Th e water used by ancient and extinct animals and plants millions of years ago is the 
same water that today falls as rain. Th e amount of water cannot be increased or decreased. It is cycled 
and recycled, and constantly changes its state from gas, to liquid, to solid, and back.  

  Despite there being a fi nite amount of water on Earth, it is viewed as renewable because it is in a 
constantly changing state from gas, to liquid, to solid and back. If water is managed properly it can 
be renewed or recycled and then reused continuously. 

  The water cycle 
 All the water on Earth moves through a cycle that is powered by the sun. Th is cycle is called the water 
cycle, or   hydrologic cycle  . Water is constantly changing its location (through constant movement) 
and its form (from gas, to liquid, to solid). Evaporation, condensation and freezing of water occur 
during the cycle.  

The sun is 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 soils
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. 

FreezingFreezingFreezing

Run-off
Some water will �ow

over the surface of the ground.

  Figure 1  The water 
cycle  

   Key processes in the water cycle are precipitation, infi ltration, run-off , storage, evaporation, evapo-
transpiration 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. Th e sun’s heat changes water from its liquid 
form into a gas. Th is 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 

water works
Use this interactivity 
to learn how the 
water cycle works.
searchlight iD: 
int-3077

hydrologic cycle  
another term for 
the water cycle
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Chapter 12 Water in the world 235

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 infi ltrate underground. Water that has infi ltrated will become part 
of groundwater fl ow beneath the earth’s surface. Th is water will either accumulate in underground 
storage or slowly make its way to streams and rivers.              

  Figure 2  Run-off and infi ltration are processes in the water cycle.   

Run-off and pooling Infiltration

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

lower ground.

geoskills tooLboX 

 Interpreting diagrams 
 Diagrams provide a way to present complex information in a visual form. They can be useful to show 
processes, relationships or abstract ideas. Examine SkillBuilder 12.4 ‘Interpreting diagrams’ available 
online. Examine the diagram of the water cycle in fi gure 1. 

 Activities 
1    Describe the water cycle. 
2    List one difference and one similarity between transpiration and condensation. 
3    Explain how infi ltration, groundwater and run-off are related.   

activities

  uNDerstaND 
1    Is water a renewable or a non-renewable 

resource? 
2    List all the ways that water can be used as a 

resource. 
3    Name two   places   where water stays in the 

same   place   for the longest.   

 eXPLaiN 
4    Using the 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. 

5    How does the water cycle prove that we are 
using the same water that the dinosaurs used — 
in other words, that it is fi nite (limited)?   

 PreDict 
6    With a global population that is increasing by 

about 78 million people each year, how will it 
be possible for the fi nite water on Earth to be 
shared fairly?   
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236 Geoactive 1 NSW for the Australian Curriculum Stage 4

 12.4 SkillBuilder:  
Interpreting diagrams 
  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.

 Run-off from land returns to the sea 
via rivers and underground channels.

 The sun’s 
heat provides 
the energy for 
the water 
cycle process.

 The warm 
air that absorbs 
evaporated moisture 
expands and rises 
into the atmosphere.

 As warm, moist air rises, it cools. 
Water vapour that cannot be held in the air 
condenses into tiny water droplets or ice 
crystals. As more of these form, clouds
appear. This process is known as
condensation.

 The sun 
evaporates water from
oceans, damp soil, 
leaves and people’s 
skin, turning it into 
water vapour.

Transpiration

Infi ltration

Groundwater

 Infi ltration occurs 
when water seeps into
the soil.

     When the droplets or crystals in the
cloud become too heavy to overcome
the pull of gravity, they fall to Earth as
precipitation.

eLesson
Watch this video to learn how 
to interpret a diagram.

searchlight iD: eles-1636

interactivity
Try this interactivity to learn 
how to interpret a diagram.

searchlight iD: int-3132

ONLINE ONLY

    12.5  How much water 
is there in the world?
To access this sub-topic, go to your eBookPLUS at www.jacpLuS.com.au.

ONLINE ONLY

     12.6  How is groundwater 
used as a resource? 
 12.6.1 What is groundwater? 
  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 fl ows 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. Th ese work like 
sponges. Th ey hold water in the tiny holes between the rock particles. 

aquifers  a body of 
permeable rock below 
the Earth’s surface 
which contains water, 
known as groundwater
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Chapter 12 Water in the world 237

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

An artesian aquifer occurs between impermeable rocks, and this creates great pressure. When a 
well is bored into an artesian aquifer, water often gushes out onto the surface. This flow will not stop 
unless the water pressure is reduced or the bore is capped (sealed).

Groundwater and surface water are interconnected — they depend on each other. Groundwater is 
only replenished when surface water seeps into aquifers. This is called groundwater recharge, and 
it is affected by whether there is a lot of rain or a drought is occurring.

Global groundwater resources
Approximately two per cent of the Earth’s water occurs as groundwater, compared with 0.1 per cent 
as rivers and lakes and 94 per cent as oceans.

About 1.5 billion people in the world rely on groundwater for their survival. Some ground-
water is fresh and can be used for drinking. Other groundwater can be brackish or even saltier 
than the sea.

Groundwater is vital for drinking, 
irrigation and industry use. Some 
industries bottle and sell spring and 
mineral water, and make soft drinks 
and beer. Bore water is used to water 
suburban gardens and parks, golf 
courses and crops. Groundwater is also 
important to the natural environment 
in wetlands and in supporting unique 
plants and animals. Groundwater 
keeps many of our rivers flowing, even 
when there are long periods without 
rain.

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.

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

Figure 2 The water in this mound spring in South Australia has taken over 
two million years to move to the surface from recharge areas in northern 
Queensland. It can take up to 1000 years to move about one metre.
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238 Geoactive 1 NSW for the Australian Curriculum Stage 4

 Troubled waters 
 For many years now, more and more water has been taken out of the ground. People believed it 
was unlimited, but it is in danger of running out in some areas, owing to the large number of wells 
pumping water. 

 If people use more groundwater than is being recharged, aquifers may dry up. Groundwater is very 
slow-moving and can take many years to move into deep aquifers. For this reason, groundwater is a 
fi nite and non-renewable resource, and is often referred to as  fossil water .              

activities

  uNDerstaND 
1    What does the word  permeable  mean? 
2    What is groundwater recharge?   

 eXPLaiN 
3    What is the difference between an aquifer and 

an artesian aquifer? Use a diagram to help you. 
4    Draw a diagram to show how surface water 

reaches the watertable to become 
groundwater. 

5    Describe conditions that might result in a 
watertable rising or falling. 

6    Outline how groundwater and surface water are 
  interconnected  . 

7    Describe the groundwater resources in North 
Africa and West Asia (the Middle East). (Refer 
to the ‘Regions’ resource in your eBookPLUS.)   

 aPPLY 
8    Refer to fi gure 3 to describe the location of the 

world’s groundwater regions.   

 PreDict 
9    Imagine that the world’s groundwater 

continues to be used faster than it can be 
replaced. Use the  Bubbl.us  weblink in your 
eBookPLUS to brainstorm all the possible 
consequences this will have on people and 
the   environment  .   

 iNvestigate 
10    Water is a renewable resource. Why is 

groundwater sometimes thought of as fossil 
water and as a non-renewable resource? Write 
your answer as a newspaper article titled ‘Out 
of sight, out of mind’.   

  interactivity  
water beneath us
 Use this interactivity 
to check your 
knowledge of 
groundwater.      
  searchlight iD:   
int-3078  
weblink
bubbl.us

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

� salisbury council — 
aquifer storage, transfer 
and recovery

PACIFIC

ARCTIC OCEAN

ATLANTIC

OCEAN

OCEAN

INDIAN

OCEAN

Arctic Circle

Tropic of Cancer

Equator

Tropic of Capricorn

Groundwater basin20000 4000 km

Source: Spatial Vision

  Figure 3  The world’s major groundwater basins  
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Chapter 12 Water in the world 239

  12.7  How does water flow 
through catchments? 
 12.7.1 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.   

River 
formation

A river system
watershed

Tributary

Waterfall

Upper course

Meanders

Foodplain

Lower course

River mouth

  Figure 1  A river system  

 Water in the catchment begins in the headwaters. Th ese are steep-sided channels found in the most 
elevated parts of the catchment. Th e headwaters often contain fast-fl owing water following periods 
of rainfall. Th is fast-fl owing water will often carry sediments from the upper part of the catchment 
into lower areas. 

 12.7.2 The mid reaches of the 
catchment 
 Th e water fl ows from the upper part of the 
catchment into the  floodplain  in the mid 
reaches of the catchment. Th e water begins to 
slow down. As the water slows it will deposit 
sediment from the upper catchment. Th is 
begins to create landform features such as 
meander s, ox-bows and  levees . 

 12.7.3 The lower catchment 
 All rainwater that enters the catchment makes 
its way to the lowest part of the catchment, 
eventually fl owing down into rivers, lakes, 
creeks or the sea. Where a river meets the sea 
the water often slows down again and deposits 
more sediment. Th is creates a  delta  where the 
river breaks into smaller streams.   

   fl oodplain  the area 
of land next to the 
river, usually reaching 
to the base of the 
mountains surrounding 
the catchment. 
It experiences 
fl ooding during peak 
rainfall periods. 

   meander  a curve in 
a river caused by fast-
fl owing water eroding 
the bank of one side of 
the river and slow-
fl owing 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 
out into the sea. 

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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240 Geoactive 1 NSW for the Australian Curriculum Stage 4

Figure 3 This artwork depicts a wetland habitat and some of the wildlife it supports.

visit a local creek or pond
Observation
Observe the area surrounding the creek or pond. 
Make some basic notes about the area.
 Consider: Are the banks steep or gentle? Is 
there a lot of vegetation surrounding the area? 
Does the water look clean or is there evidence 
of pollution? What human impacts can you 
observe?
 Observe aspects such as colour, odour, and 
the presence of algae, surface film or oil slicks. 
Ratings from 1 (excellent) to 5 (extremely poor) 
can be used and recorded.
Sketch map
Draw a sketch map of the area. Annotate your 
sketch map with important features or land uses 
surrounding the study area.

Field sketch
Create a field sketch of the area. To draw your 
field sketch choose an appropriate scale and 
then divide your page into foreground, middle 
ground and background. Draw the skyline in your 
sketch first and then draw lines showing the main 
features. Lastly draw in more detailed information 
such as vegetation, pathways, fences, etc. 
Field sketches are an important tool to help you 
interpret photographs or remember details of an 
environment when you are no longer able to see it.

Measuring river width
Stretch a tape measure 20 centimetres above the 
water from one bank to the other, measuring 
from where the dry bank meets the water. Take 
your reading directly above the tape at several 
locations and calculate an average.

Focus oN FieLDwork
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Chapter 12 Water in the world 241

Measuring the water depth
While the tape measure is stretched across the 
river or creek, use a metre ruler to measure the 
depth. Record the depth every 50 centimetres 
(or 30 centimetres if the creek is small). Make 
sure the ruler only just touches the riverbed, and 
record each measurement as it is taken.
Collecting and recording data: animal species
Biodiversity in water is studied by taking a small 
area of water and investigating the number and 
diversity of animal species. It is measured by 
ponding or water sampling. Choose a number 
of sites in the water and ensure that they 
contrast with each other: there should be clear, 
muddy, deep, shallow, moving and still sites, 
for example. The materials needed for ponding 
include a fine net; a white plastic ice-cream 
container; a magnifying glass; a notebook and 
pencil for recording the number and variety of 
species; a camera for photographing specimens; 
and an identification chart or book.
 Using a net, scoop the water and examine 
any aquatic organisms that you find. Refer to 
an identification chart for aquatic organisms 
and record the information. You may also like to 
collect photographic evidence of each scoop.
Collecting and recording data: vegetation
Examine plants found in and around 
the river or pond. Collect photographic 

evidence of each species. Use a vegetation 
chart to identify the plants and record the  
information.

1 Create a document, e-portfolio or multimedia 
presentation collating your ‘Focus on fieldwork’ 
activities.

2 Use Google Earth, or other sources of virtual 
maps or satellite images, to provide maps 
and images of your field site at a variety of 
scales. Describe the location of your field 
site in relation to New South Wales and the 
surrounding area. Provide the latitude and 
longitude of your field site.

3 Find secondary information about your local 
creek or pond. This could include websites, 
newspaper articles or pamphlets. Summarise 
the key points for each item of secondary 
information.

4 Scan or photograph your field sketch and 
sketch map and import your photographs from 
your fieldwork activities. Examine the data 
you have collected. Write a few sentences 
explaining each of your fieldwork techniques 
and findings.

5 Explain how your primary data relates to the 
secondary data you have collected. Does 
your primary data support the secondary data? 
Are there differences between your primary 
data and the secondary data?

secondary data  
information that has 
been collected by 
another person. This 
could include websites, 
books, pamphlets.

primary data  
information that you 
have collected where 
the researcher uses 
fieldwork techniques

activities

remember
1 What is the difference between a watershed and a catchment?
2 Describe how water flows from the upper catchment to the lower catchment.

12.8 What factors affect 
water availability?
12.8.1 Latitude
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 those in higher latitude areas.

12.8.2 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.

12.8.3 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.
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242 Geoactive 1 NSW for the Australian Curriculum Stage 4

 Figure 1  Temperatures are higher at low latitudes (closer to the equator) because incoming solar radiation has 
a smaller area of the Earth to heat.

0º Equator

Solar radiation Rays hit the poles at an oblique angle.
The heat is less intense. There is less
evaporation and less rainfall.

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

At latitudes near the poles, the sun’s rays fall to
earth at more acute angles, the rays are more gentle,
and there is less evaporation and less rainfall than
close to the equator.

Solar radiation

60ºN

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

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

 12.8.6 Topography 
 As discussed earlier, snow often falls on the top of mountains. However, topography can also aff ect 
precipitation on the lower parts of mountains. On the windward side of the slope of the mountain 
precipitation occurs. On the leeward side of the mountain less precipitation occurs. Th e leeward 
side is the side of the mountain that is protected from the wind. Th is is known as the rainshadow 
eff ect.     

 12.8.7 Climate change 
 Th e majority of climate scientists believe that climate change will have an impact on rainfall pat-
terns. 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 experi-
ence high rainfall and even fl ooding. 
Already, in the last 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 signifi cantly. In other areas 
such as the Sahel, the Mediterranean, 
southern Africa, and parts of Asia, 
rainfall has decreased.       

Winds become dry by 
the time they reach 
inland areas.

Dry air continues 
over mountains.

Rising moist air 
produces rain.

Trade 
winds are 
forced to 
rise.

Inland

Desert
Mountains

Sea

Coast

Thousands of kilometres

  Figure 2  How rain 
shadow deserts form  
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Source:   Th e Garnaut Climate Change Review, 2008, pages 76–7
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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 3  Observed evidence of climate change   

  observing clouds 
 Create a cloud identifi cation chart 
 To create a cloud identifi cation chart, begin by creating 
a fi le and adding the names of different types of clouds. 
Include cirrocumulus, cirrus, cirrostratus, cumulonimbus, 
cumulus, stratus, altostratus, altocumulus, nimbostratus and 
stratocumulus. Find images that show the different types of 
clouds and paste them into your fi le. Be sure to include the 
source of the image. Print your chart to use in the fi eld. 
   Create a cloud cover sheet 
 Create a 10 by 10 grid that takes up most of an A4 page and 
print it onto an overhead sheet. 
 Observations 
 Use a compass to fi nd north and face that direction. Use your 
cloud identifi cation chart to identify the clouds that can be seen 
looking north. Hold up the cloud cover sheet and count how 
many squares contain clouds. This will allow you to determine 
the percentage cloud cover. Repeat this activity facing east, 
south and west. Compare your answers with your classmates. 
1    Identify the different types of clouds. 
2    Are some clouds similar to each other? Describe how they 

are similar. 
3    Why might it be useful to know the percentage of cloud 

cover?   

4    What factors do you think might affect the types and 
percentage of cloud cover that you observed?   

Focus oN FieLDwork

Altocumulus
Stratocumulus

Cumulonimbus

Cumulus

Stratus

Smog

  Figure 4  Different types of clouds  
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activities

uNDerstaND
1 Describe how topography and altitude can 

influence precipitation.
2 Create a diagram that demonstrates your 

understanding of how ocean currents have an 
impact on rainfall.

eXPLaiN
3 Explain the relationship between the ocean 

and rainfall. In your answer use the words 
‘evaporation’, ‘distance’ and ‘currents’.

PreDict
4 Use the Bureau of Meteorology weblink to 

investigate rainfall patterns in your local area. 
Using the information you now have about the 
factors affecting rainfall, how would you explain 
these rainfall patterns?

5 Work in groups of three to list 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.

Complete a consequence chart for each change.

aPPLY
6 Study figure 3 and an atlas.

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.

weblink
Bureau of 
Meteorology

12.9 What is the difference 
between weather and climate?
12.9.1 How does weather change?
Our Earth is surrounded by a band of gases called the atmosphere. It 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 different 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.

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

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

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
10 000 km.

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

Mesophere —
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 km

50 km

80 km

640 km

Earth surface

  Figure 2  Structure of the Earth’s atmosphere (not to scale)    Figure 1  Australia experiences a diversity of weather, which has 
a major effect on how we live    .
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246 Geoactive 1 NSW for the Australian Curriculum Stage 4

 12.9.2 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 fi tting the usual pattern experienced at 
a location. 

activities

  uNDerstaND 
1    What is the name of the layer of the 

atmosphere where all Earth’s weather 
happens? 

2    Defi ne the term  troposphere . 
3    In which levels of the atmosphere are the 

following features found? 
a    Most passenger planes 
b    Orbiting satellites 
c    Burning meteors 
d    The Aurora lights     

 eXPLaiN 
4    Explain the difference between weather and 

climate. 
5    Draw three diagrams to help you explain the 

factors that infl uence the following weather 
conditions: 
a    air temperature 
b    air movement 
c    the amount of water in the air.     

 aPPLY 
6    In a magazine or newspaper or online, fi nd 

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 we 
do (such as the clothes people wear).   

 PreDict 
7    Look carefully at the photographs in fi gure 1. 

a    Describe the weather event in each 
photograph. 

b    How would each weather event affect 
people’s lives?   

8    Look carefully at the map of Australia’s 
climatic zones in fi gure 3. Predict which two 
settlements, or   places  , might be at risk of 
fl ood. Make sure you explain why you chose 
them. 

9    Look at the   environment   outside the window. 
a    What is the weather like? Do you think it 

matches the climatic zone in which you 
live? Explain. 

b    Now check to see, using fi gure 3. If your 
answers are different, explain why this may 
have occurred.   

10    Describe how the weather affected you 
yesterday.   

Nhulunbuy

Albany

Tennant
Creek

Cloncurry

Troudaninna

Oodnadatta

Charters
Towers

Innisfail
Bellenden Ker

Mount
Hotham

Charlotte
Pass

Rockhampton
Tropic of Capricorn

4000 800 km

Climatic zones

Tropical wet and dry

Tropical wet

Subtropical wet

Subtropical dry winter

Mild wet

Subtropical dry summer

Hot semi-desert

Hot desert

Hot all year; wet summers; dry winters

Hot; wet for most of the year

Warm; rain all year

Warm all year; dry winters

Mild; rain all year

Warm all year; dry summers

Hot all year; 250–500 mm of rain

Hot all year; less than 250 mm of rain

Source: Spatial Vision

  Figure 3  Climatic zones of Australia  
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 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 
the ‘Reading a synoptic chart’ SkillBuilder online.       

 12.10 SkillBuilder: Reading a 
synoptic chart 
 What are synoptic charts? 
Synoptic charts, or weather maps, show weather conditions over a 
larger area at any given time. They appear every day in newspapers and 
on television news. Being able to read a synoptic chart is a useful skill 
because weather affects our everyday life.      

LOWLOW

LOW

LOW

1008

1008

1008

1016

1008 1008

1020

1022

1016

1006

1005

1001

HIGH

HIGH

1024
HIGH

Perth

Darwin

Townsville

Brisbane

Sydney

Canberra

Melbourne

Adelaide

Hobart

1000

1000

Isobar (value in hectopascal)

Trough

Cold front

Warm front

1024
SYDNEY 

10 AM 

14 JANUARY 2009

Rainfall in previous 24 hours

Source: Spatial Vision

ONLINE ONLY

eLesson
Watch this video to learn how 
to read a synoptic chart.

searchlight iD: eles-1637

interactivity
Try this interactivity to learn 
how to read a synoptic chart.

searchlight iD: int-3133
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iNvestigatiNg toPograPHic maPs

     12.11  How does water flow 
down the Haast River? 
12.11.1 New Zealand’s Haast region
 Haast is a World Heritage site located on the west coast of the southern island of New Zealand (See 
fi gure 1). Th e region is untamed, with majestic mountains, pristine lakes and rugged coastlines. Th e 
Haast River discharges as much as 6 cubic kilometres of water annually, and the catchment extends 
into the Southern Alps. Th ere are some areas of seasonal and permanent snows and very high rates of 
run-off  in the region due to the steep mountainous terrain (See fi gure 2).           

  Figure 2  The Gates of Haast  

Key
Annual rainfall (mm)

less than 500

500–750

750–1000

1000–1250

1250–1500

1500–2000

2000–4000

4000–10,000

0 200 km400

Source: WorldClim

  Figure 1  Annual rainfall, New Zealand  

Source: WorldClim

activities

  uNDerstaND 
1    Name the feature located at 

a    GR 315134. 
b    GR 300152 

c    GR 282138 
d    GR 313126.   

2    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 fi gure 1. Would you describe Haast as being in a 

high, medium or low rainfall area?   

 eXPLaiN 
6    A tributary is a stream that fl ows into a larger river. Why 

are there so many tributaries that fl ow into the Haast 
River? 

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

 aPPLY 
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 the locations listed in questions 1–4, 
describe how the water cycle might function in this region.    

 PreDict 
10    Possible impacts of climate change are increased rainfall 

in north-eastern New Zealand and reduced snow cover. 
Consider how this may affect river fl ow in the Haast 
region. Predict the possible impacts on this for local 
communities and environments.   
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Figure 3 Topographic map extract of Haast, New Zealand.

Source: LINZ Data Service. License: Creative Commons 
Attribution 3.0 New Zealand
https://data.linz.govt.nz/license/attribution-3-0-new-
zealand/Map drawn by Spatial Vision
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12.12 Why does the wind  
blow?
To access this sub-topic, go to your eBookPLUS at www.jacplus.com.au.

ONLINE ONLY

12.13 How strong is 
the wind?
To access this sub-topic, go to your eBookPLUS at www.jacpLuS.com.au.

ONLINE ONLY

12.14 Review
To access this resource, go to your eBookPLUS at www.jacpLuS.com.au.

ONLINE ONLY
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