
UNIt 1 WATER IN THE WORLD

  tOPIc 5

Blow wind, blow 

   5.1  Overview 
  5.1.1  Introduction 
  People have long harnessed the power of the wind for energy: we use 
it to dry clothes, to produce electricity, to pump excess water from the 
surface of the land and to bring groundwater to the surface.  

  But strong winds can also cause great destruction, especially when 
accompanied by heavy rain. These winds can tear roofs from houses 
and pull trees from the ground.     

   Starter questions   
1    a What evidence of wind can you fi nd in the image on this page? 

   b Outline an impact that wind might have on people and  places .   
2    List as many examples as you can of the way the wind infl uences you. 

Include positive and negative infl uences. 
3    As a class, brainstorm a list of extreme weather events related to the wind. 
4    Have you ever experienced an extreme weather event? Describe how it 

made you feel.   

   Inquiry sequence 
    5.1  Overview  92

     5.2  Why does the wind blow?  94

     5.3  How strong is the wind?  96

     5.4    skillBuilder:  Cardinal points: wind roses      98

     5.5  How do thunderstorms form?  98

     5.6  What is a cyclone?  103

     5.7  What impact did Cyclone Yasi have?  108

     5.8    skillBuilder:  Creating a simple column or bar graph      108

     5.9  What are the impacts of typhoons in Asia?  109

     5.10  How do tornadoes impact people and the environment?  112

     5.11  What was the impact of the May 2013 tornado in the 
United States?  114

     5.12  What happens when water turns to ice and snow?  114

     5.13  Are there water hazards in Mongolia?  119

     5.14  How do we respond to extreme weather and water events?  119

    5.15  Review     121

 A wind farm in a storm: the positive power of 
the wind   
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94 Jacaranda Geography Alive 7 for the Victorian Curriculum

5.2 Why does the wind blow?
5.2.1 Air has weight
Earth’s atmosphere protects us from the extremes of the sun’s heat and the chill of space, 
making conditions right to support life. The air in the lowest layer of the atmosphere is called the 
troposphere. Weather is the result of changes in this layer of the atmosphere.

The air around us has weight. The weight of the air above us pushes down on the surface, 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 up 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, as shown in 
figure 1 (a) and (b). This is wind. If we did not have wind, temperatures would continue to rise 
over the equator and decrease at the poles.

barometer an 
instrument used to 
measure air pressure

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

High pressure

Low pressure

FIGURE 1 (a) The pressure inside a balloon 
is higher than the surrounding air.

High pressure

Low pressure

FIGURE 1 (b) When the neck of the balloon is 
released, air rushes out, moving from a space of 
high pressure to one of low pressure.

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.

5.2.2 Why does air pressure vary across the Earth?
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 2) 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.

Effect of the Earth’s rotation
The rotation of the Earth on its axis causes the air above the surface of the Earth to be deflected 
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 3).

meteorologists  
scientists who study 
the weather
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Topic 5 Blow wind, blow 95

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

During the day
the air above

the land heats up,
expands and rises.

    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,
so it rises and a breeze �ows from

the coast out to sea,
reversing the effect.

The atmospheric pressure above
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.

FIGURE 2 On a smaller scale, this diagram shows the 
effect of the sun on a sea breeze.
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  FIGURE 3  Wind is caused by air moving from areas of high pressure 
to areas of low pressure. Its direction is infl uenced by the rotation of 
the Earth.  

actIvItIEs

  REMEMBER 
1    What is wind? 
2    Identify the two factors that infl uence wind. 

Would either of these factors infl uence the 
strength of the wind? Explain.   

 EXPLaIN 
3    Explain why you are not affected by the 

pressure of the atmosphere. 
4    What role does the sun play in causing wind?   

 DIscOvER 
5    Working with a partner, try the following activity 

to illustrate the infl uence 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 around the pin. At the same time, you 
should attempt to draw a straight line on the 
page. 
 Step 3. Record your fi ndings. 
 Step 4. Compare and discuss your results with 
the class. 

6    Over the course of the next week, collect 
weather maps from the daily newspaper and 
fi nd your location. 
a    Is the weather being infl uenced by a high or a 

low pressure system? 

b    Will the wind be moving in a clockwise or 
anticlockwise direction? Give reasons for 
your answer.   

7    Observe the wind conditions outside your 
classroom. 
a    Is it windy today? 
b    Identify the direction in which the wind is 

blowing.     

 PREDIct 
8    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 6 . Record your fi ndings 

c    Compare what you have written for this 
activity. How accurate were your predictions? 
Suggest factors that might infl uence the 
accuracy of such predictions and  changes  
that you observe.   

9    What is the  interconnection  between our 
atmosphere and the weather we experience at 
the Earth’s surface?   

  Interactivity  
  Highs and lows  
 Use this interactivity 
to check your 
understanding of 
the weather that 
wind from different 
directions can bring. 
 int-3086 

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

  australia: weather 
and climate
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96 Jacaranda Geography Alive 7 for the Victorian Curriculum

5.3 How strong is the wind?
5.3.1 How is wind 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 (a). The wind is strongest in the southern regions of this map, where 

isobars lines on 
a map that join 
places with the 
same air pressure

FIGURE 1 (a) A typical weather map.
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Cold front advancing from west to east — towards
southern Australia. Note how the isobars behind it 
are close together, indicating strong winds.

Shading indicates 

High pressure 
system. Note 
how the isobar is 
joining points with 
an atmospheric 
pressure of 1016 
(higher than 1013 
average).
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weaker in these regions. 

The main in�uences on 
Melbourne’s weather 
are the low pressure 
system south of it, the 
high pressure system 
to the north-west, and 
the cold fronts to the 
west and east.
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Topic 5 Blow wind, blow 97

FIGURE 3 The Beaufort scale is based on the observable impact of winds.

0 Calm
Less than 2 km/h

Smoke rises vertically

2 Light breeze
6–12 km/h

Wind felt on face,
wind vanes move

4 Moderate breeze
21–30 km/h

Dust and loose paper
move, small branches

move
6 Strong breeze

41–51 km/h
Large branches move,

umbrellas dif�cult to use,
dif�cult to walk steadily

8 Gale
64–77 km/h

Twigs broken off trees,
dif�cult to walk

10 Whole gale
88–101 km/h

Trees uprooted,
considerable

structural damage

12 Hurricane/cyclone
Greater than 120 km/h

Widespread devastation

1 Light air
2–5 km/h

Smoke drift shows wind 
direction, wind vanes

don’t move

3 Gentle breeze
13–20 km/h

Leaves and small twigs in
motion, hair disturbed,

clothing �aps

5 Fresh breeze
31–40 km/h

Small trees with leaves
begin to sway, wind force

felt on body

7 Moderate gale
52–63 km/h

Whole trees in motion, 
inconvenience felt

when walking

9 Strong gale
78–86 km/h

People blown over, slight
structural damage, including

tiles blown off houses

11 Storm
102–120 km/h

Widespread damage

FIGURE 1 (b) Symbols commonly used to indicate wind strength.

calm  
(0–2 km/h) 3–7 km/h 8–12 km/h

13–17 km/h 18–22 km/h 23–27 km/h

28–32 km/h 33–37 km/h 38–42 km/h

43–47 km/h 48–52 km/h 53–57 km/h

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 1 (c) How to read wind symbols on a weather map.
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FIGURE 2 A wind rose can show wind 
speed, direction and frequency over a long 
period of time.

the isobars are close together, and gentler in the northern 
parts of the map, where the spacing between them is 
much greater. The symbols shown in figure 1 (b) 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.

Can I make observations about the speed of 
the wind?
The Beaufort scale (see figure 3) relates wind speed 
to the  observable movement of objects within the 
environment.

Using a wind rose
A wind rose such as that shown in figure 2 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 
‘Cardinal points: wind roses’ in subtopic 5.4 to learn how 
to use a wind rose.
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98 Jacaranda Geography Alive 7 for the Victorian Curriculum

  5.5  How do thunderstorms form? 
  5.5.1  What causes thunderstorms? 
  Thunderstorms, also referred to as electrical storms, form in unstable, moist atmospheres where 
powerful updrafts occur, as happens when a cold front approaches. It is estimated that, around 
the Earth, there are 1800 thunderstorms each day. Over the past 12 years, an average of around 
100 severe thunderstorms were reported in Australia each year.  

 Some 1000 or so years ago, the Vikings thought thunder was the rumble of Thor’s chariot. (He 
was their god of thunder and lightning.) Lightning marked the path of his mighty hammer Mjollnir 
when he threw it across the sky at his enemies. 

  eLesson  
 Watch this video 
to learn how to 
interpret wind roses. 
 eles-1638 

  Interactivity  
 Use this interactivity 
to learn how to 
interpret wind roses. 
 int-3134 

  5.4  SkillBuilder: Cardinal 
points: wind roses 
 What are wind roses?    
 A wind rose is a diagram that shows the main wind features of a place, in particular wind direction, 
speed and frequency. Wind directions can be divided into eight or 16 compass directions.         

FIGURE 1 A wind rose Go online to access:

•	 a clear step-by-step 
explanation to help you 
master the skill

•	 a model of what you are 
aiming for 

•	 a checklist of key aspects 
of the skill

•	 a series of questions 
to help you apply the 
skill and to check your 
understanding.
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Weblink
Wind rose maps

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

  Wind and sun 
direction

  REMEMBER 
1    What  change  does difference in air pressure 

cause? 
2    Describe two methods you could use to 

determine wind speed. 
3    In your opinion, which of these methods gives 

the most useful information about wind speed? 
Give reasons for your answer.   

 EXPLaIN 
4    Using  fi gure 1 , describe the wind speeds and 

directions in Western Australia and along the 
east coast of Australia on that day.   

 PREDIct 
5    Collect a weather map from the newspaper or 

online. Based on what you know about weather 
and reading weather maps, 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?    

 tHINK 
6    Devise your own symbols similar to those 

shown on the Beaufort scale. Obtain a current 
weather map from the 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.   

actIvItIEs

To access videos, 
interactivities, discussion 
widgets, image galleries, 
weblinks and more, go to 
www.jacplus.com.au
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Topic 5 Blow wind, blow 99

        As air currents in a cumulonimbus
cloud become more violent, they �ing ice
crystals and water droplets around faster.
The more these crystals and droplets
smash into one another, the more friction
builds up. This creates huge energy stores
of static electricity in the cloud.

         Lighter particles with a positive
electric charge drift upwards. Heavier
particles with a negative charge sink.

B

Warm updraft

Cold
downdraft

A

         The ground
below the cloud
has a positive
charge.

         Lightning travels to the
ground via the shortest route.
This is why it sometimes
strikes buildings or tall trees.

         The difference in
energy between the
positive charge on the
ground and the massive
negative charge at the
bottom of the cloud
becomes huge. A
lightning bolt corrects
some of this difference.

         A bolt of lightning actually
consists of a number of �ashes
that travel up and down between
the cloud and the ground. This
happens so quickly we can’t see it.

E

C D

F

  FIGURE 1  How a thunderstorm works  

  5.5.2  Severe thunderstorms 
 According to the Bureau of Meteorology, a  thunderstorm can be 
 classifi ed as severe if it has one or more of the following features. 
•     Flash fl ooding. Th understorms often move slowly, dropping 

a lot of   precipitation   in one area. Th e rain or hail may 
consequently be too heavy and long-lasting for the ground 
to absorb the moisture. Th e water then runs off  the surface, 
quickly fl ooding local areas. 

•       Hailstones   that are two centimetres or more in diameter. 
Th e largest recorded hailstone had a circumference of 
47 centimetres. 

•     Wind gusts of 90 kilometres per hour or more. Cold blasts of 
wind hurtle out of thunderclouds, dragged down by falling rain 
or hail. When the drafts hit the ground, they gust outwards in 
all directions.   
 In the right conditions, tornadoes can occur (see subtopic 5.10  ). 

Th ese are rapidly spinning updrafts of air that can develop as a 
result of thunderstorm activity. Although severe tornadoes are not 
common in  Australia, around 400 tornadoes have been recorded. 

  5.5.3  When do thunderstorms occur? 
 Th understorms can occur at any time of the year, but they are more likely to occur during spring 
and summer, as shown  fi gures 3  and  4 . Th is is due mainly to the warming eff ects of the sun and the 
fact that warm air can hold more moisture than cold air.     

  FIGURE 2  The Vikings believed the god Thor 
produced lightning and thunder.  

 Today we know that thunderstorms occur when large   cumulonimbus clouds   build up enough 
static electricity to produce lightning, as shown in  fi gure 1 . Lightning instantly heats the air through 
which it travels to about 20  000 °C — more than three times as hot as the surface of the sun. Th is 
causes the air to expand so quickly that it produces an explosion (thunder). Th e time between a 
lightning fl ash and the crash of thunder tells you how far away the lightning is (5 seconds means 
that the lightning is 1.6 kilometres away).      

cumulonimbus 
clouds  huge, thick 
clouds that produce 
electrical storms, heavy 
rain, strong winds and 
sometimes tornadoes. 
They often appear to 
have an anvil-shaped 
fl at top and can stretch 
from near the ground 
to 16 kilometres 
above the ground.

precipitation  rain, 
hail, sleet or snow that 
falls from the clouds

hailstone an 
irregularly shaped ball 
of frozen precipitation
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FIGURE 3 Average monthly distribution of thunderstorms 
in Darwin
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FIGURE 4 Average monthly distribution of thunderstorms 
in Hobart
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FIGURE 5 Hourly distribution of thunderstorms in New South 
Wales and the Australian Capital Territory

FIGURE 6 How a supercell hailstorm forms

As the ice crystals
rise and fall with
the updrafts, they
collide with water
droplets that freeze
around them,
forming hailstones.

Hail begins to
form when strong
updrafts lift
moist air into the
freezing zone in
cumulonimbus
clouds. Here,
the moisture in
the air turns to ice
crystals.

 

The more the
hailstones rise
and fall, the
larger they
become.

A supercell storm has extremely strong updrafts. These keep
hailstones suspended longer than regular storms, allowing
hailstones to grow bigger. To form cricket-ball sized hailstones,
there must be updrafts of around 160 km/h.

Hailstones
fall to Earth
(at speeds
of around
160 km/h)
when they
become too
heavy or are
caught in a
downdraft.

Thunderstorms are created when 
cooler air begins to push warmer, 
humid air upwards. As the warm 
air continues to rise rapidly in an 
unstable atmosphere, the cloud 
builds up higher and begins to 
spread. Thunderstorms can quickly 
develop when the atmosphere 
remains unstable or when it is able 
to gather additional energy from 
surrounding winds.

The time of day when thunder-
storms are more likely is shown in 
figure 5. You will notice that thunderstorm 
activity is greater in the afternoon. This is 
linked to the daily heating of the Earth by the 
sun, which peaks in the afternoon.

5.5.4 What is a hailstorm?
When we think about thunderstorms,  we 
often think only of the high winds, thunder 
and  lightning, but significant damage is also 
caused by hailstones. Any thunderstorm that 
produces hailstones large enough to reach the 
ground is known as a  hailstorm. Hailstones 
in Australia tend to range in size from a few 
 millimetres to the size of a tennis ball (see 
figure 7).

5.5.5 Inside a storm
January 2016 saw widespread supercell storm 
activity across Queensland, New South Wales, 
 Victoria and South Australia.

hailstorm any 
thunderstorm that 
produces hailstones 
large enough to 
reach the ground

To access videos, 
interactivities, discussion 
widgets, image galleries, 
weblinks and more, go to 
www.jacplus.com.au
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Topic 5 Blow wind, blow 101

On 13 January, Melbourne sweltered 
through temperatures of about 43 °C. 
Intense  thunderstorm activity with wind 
gusts up to 100 kilometres per hour swept 
through in the early evening causing the 
city to be blanketed by a cloud of dust. Up 
to 1000 homes were left without power.

The following day a severe storm 
struck Sydney with winds gusting up to 
98   kilometres per hour bringing down 
power lines, damaging  buildings and 
cars and causing flash flooding. More 
than 40  000 homes and businesses 
reported power outages. The temperature 
 plummeted by more than 10 °C in five 
 minutes.  Emergency services responded 
to 145  storm-related incidents, including 
a gas leak.

On 16 January, Townsville recorded 
91  millimetres of rain in 30 minutes, 
resulting in flash flooding leaving many 
motorists stranded. The rain continued 
to fall, with 181   millimetres recorded 
in two hours. Wind gusts of more than 
100   kilometres accompanied the massive 
storm that has been described as a once-
in-a-100-year event.  Unfortunately, while 
large areas were inundated, the rain had 
little impact on the region’s water storages.

Both Adelaide and Sydney were 
 pummelled by  supercell storms on 
 January 22. The worst hit areas were in 
the  Adelaide Hills and Fleurieu  Peninsula 
where 20  000 homes lost power and 
the SES responded to 61 calls for help. 
 Thirty-five  millimetres of rain was recorded 
in half an hour, resulting in flash flooding 
and hailstorms measuring two  centimetres 
in diameter carpeting parts of the city. 
Wind gusts of up to 90   kilometres per 
hour were recorded at the airport.

Meanwhile, Sydney was warned to 
 prepare for the worst, to secure  vehicles 
and loose items, unplug electronic 
 equipment and to stay indoors as the city 
braced itself for more storms, following 
on from those experienced in previous 
days. The intense storm activity was the 
result of the large number of hot days. 
Flash flooding, damaging winds, hail and 
lightning were set to continue.

On 29 January, the tourist hot spots 
around the Gold  Coast and Sunshine 
Coast were lashed by severe storm activity. 
Wind gusts of more than 100 kilometres 
per hour were recorded, with almost 9000 
properties losing power.

FIGURE 7 Hailstones can be the size of a golf ball or bigger.

FIGURE 8 The force of a storm tore this 
tree from the ground.

FIGURE 9 In June 2016, another supercell storm hit Sydney. 
Waves up to eight metres high crashed into the shoreline at 
Collaroy Beach and caused extensive damage.
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102 Jacaranda Geography Alive 7 for the Victorian Curriculum

5.5.6 How do I protect myself in a thunderstorm?
During storms, damage and injury are often caused by loose objects blown around by the wind, by 
lightning strikes, and by people being caught in flash floods. To protect yourself:

•   before the storm approaches, make 
sure loose objects outside your 
home are secure

•  stay inside during the storm
•   unplug electrical equipment such 

as computers, televisions and 
gaming consoles

•   avoid using the phone until the 
storm has passed

•   use torches rather than candles as a 
source of light

•   stay indoors, and stay away from 
windows

•   if caught in a storm, try to find 
shelter

•   if caught in the open, move away 
from objects that could fall, such 
as trees

•   crouch down; don’t huddle in a 
group

•   never try to walk or drive through 
floodwater

•   do not touch or approach fallen 
power lines.

FIGURE 10 The roof of a house sits in the middle of the 
road at The Gap in Brisbane’s north-west. The roof is 
from a home 50 metres away.

actIvItIEs

REMEMBER
1 What is a thunderstorm?
 2 a  List the changes to the environment and 

types of damage that might result from 
thunderstorm activity.

b Next to each type of damage indicate:
•	 whether the damage is caused 

predominantly by wind or water
•	whether the damage tends to occur to the 

natural or built environment.
3 Study figure 6 and explain how hailstones 

are formed.

EXPLaIN
4 Suggest reasons why people in earlier 

civilisations assumed weather events were the 
work of the gods.

5 Explain why thunderstorms can cause so 
much damage to the natural and human 
environments.

6 Use the diagrams on this page to make your 
own sketch of a supercell storm. Using words 
such as evaporation, condensation and 
precipitation, annotate your diagram to explain 
how storms develop.

PREDIct
7 Study figure 6, showing a supercell storm. 

Write a paragraph explaining why hailstones 
can vary so much in size.

8 During which seasons of the year are 
thunderstorms more likely? Give reasons for 
your answer.

tHINK
9 Study figure 5. During which hours of the day 

do most severe thunderstorms occur? Why do 
you think this is so?

 10 a    Use the information in this spread to 
annotate a map of Australia to show the 
dates when thunderstorms were recorded 
around Australia and the damage they 
caused. Use the internet to find information 
to annotate places that are not mentioned 
in this spread.

b Explain why so much thunderstorm activity 
occurs during January.

11 Select three points from the list of actions on 
how to protect yourself in a thunderstorm. 
Explain the rationale between the points you 
have chosen.

12 Use The Gap storm weblink in the Resources 
tab to watch a video filmed by two men in 
the Brisbane suburb of The Gap in 2008. 
After watching the video, describe what you 
saw. Where would the film-makers have 
been standing when they shot this footage? 
Identify safety rules that the film-makers have 
ignored.

Weblink 
The Gap storm 

To access videos, 
interactivities, discussion 
widgets, image galleries, 
weblinks and more, go to 
www.jacplus.com.au
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5.6 What is a cyclone?
5.6.1 What is a cyclone?
Tropical cyclones (called hurricanes in the Americas and typhoons in Asia) can cause great 
damage to property and significant loss of life. Some 80 to 100 tropical cyclones occur around 
the world every year in tropical coastal areas located north and south of the equator. Australia 
experiences, on average, about 13 cyclones per year.

Cyclones form when a cold air mass meets a warm, moist air mass lying over a tropical ocean with 
a surface temperature greater than 27 °C. Cold air currents race in to replace rapidly rising, warm, 
moist air currents, creating an intense low pressure system. Winds with speeds over 119 kilometres 
per hour can be generated. Cyclones are classified using the scale in table 1.

Figure 2 shows the continuous cycle of 
 evaporation, condensation and  precipitation 
associated with cyclones. At first the 
winds spin around an area about 200 to 
300   kilometres wide. As the winds gather 
energy by sucking in more warm moist air, 
they get faster. In severe cyclones, winds may 
reach speeds of 295   kilometres per hour. 
The faster the winds blow, the smaller the 
area around which they spin; this is called 
the eye. It might end up being only about 
30   kilometres wide. Around the edge of 
the eye, winds and rain are at their fiercest. 
However, in the eye itself, the air is relatively 
still, and the sky above it may be cloudless.

What damage is caused by tropical cyclones?
Tropical cyclones can cause extensive damage if they cross land. Gale force winds can tear roofs off 
buildings and uproot trees. Torrential rain can often cause flooding, as can storm surges.

cyclones intense 
low pressure systems 
producing sustained 
wind speeds in excess 
of 65 km/h. They 
develop over tropical 
waters where surface 
water temperature 
is at least 26 °C.

typhoon the name 
given to cyclones in 
the Asian region

taBLE 1 Classification of cyclones using the  
Saffir–Simpson scale

Category
Wind gust speed/
ocean swell Damage

1 Less than 125 km/h
1.2−1.6 m

Mild damage

2 126−169 km/h
1.7−2.5 m

Significant damage to 
trees

3 170−224 km/h
2.6−3.7 m

Structural damage, 
power failures likely

4 225−279 km/h
3.8−5.4 m

Most roofing lost

5 More than 280 km/h
More than 5.4 m

Almost total destruction

gale force wind  
wind with speeds of 
over 62 kilometres 
per hour

torrential rain heavy 
rain often associated 
with storms, which can 
result in flash flooding

storm surge a 
sudden increase in 
sea level as a result 
of storm activity 
and strong winds. 
Low-lying land 
may be flooded.

FIGURE 1 World distribution of tropical cyclones by names used in different regions
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Mean sea levelMean sea levelMean sea level 1 m normal high tide
3 m surge

4 m storm tide

  FIGURE 3  Flooding caused by storm surges  

  FIGURE 4  Satellite image of Hurricane Katrina, which caused 
massive damage in New Orleans in 2005  

  FIGURE 2  How a cyclone forms. The winds within a cyclone spin 
because of the rotation of the Earth. In the Southern Hemisphere, 
they rotate in a clockwise direction. In the Northern Hemisphere, 
they rotate in an anticlockwise direction.   

3  Warm air 
spirals up 
quickly.

4  Warm moist 
air is drawn 
in, providing 
additional 
energy.

5  Water vapour fuels 
cumulus clouds.

6  In the upper atmosphere, the air 
moves away from 
the eye.

7  Storm 
moves in 
direction 
of 
prevailing 
wind.

8  Descending air in 
the eye of cyclone

2  Low pressure 
centre creates 
converging winds, 
which replace 
rising air.

1  Warm sea water 
evaporates and rises.

  FIGURE 5  The power of a cyclone  

 When a tropical cyclone approaches or crosses a coastline, the very low atmospheric pressure 
and impact of strong winds on the sea surface combine to produce a rise in sea level, as shown in 
 fi gure 3 .               
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  5.6.2  Cyclone Winston 

casE stUDY

  How did cyclone Winston impact Fiji?
On 7 February 2016, a tropical disturbance was noted 
north-west of Port Vila, Vanuatu, tracking in a south-easterly 
direction. By 11 February it had acquired gale-force winds. 
Over the next few days Cyclone Winston went through a 
cycle of intensifying, weakening and stalling until fi nally 
developing into a category 5 cyclone on 19 February. The 
following day, shortly before making landfall on Viti Levu, Fiji, 
Cyclone Winston reached its peak intensity. Sustained winds 
of 230 kilometres per hour, with gusts of up to 285 kilometres 
per hour and a central pressure reading of 915 millibars, were 
recorded.
How much damage was caused?
Cyclone Winston has been described as the most powerful 
storm to strike in the Southern Hemisphere. Strong winds 
battered the island nation of Fiji with damage multiplied by 
a 4-metre storm surge (see section 5.6.1).

 The damage bill has been estimated at more than US$650 
million. More than 40 people were killed and communication 
was cut, leaving at least six outer islands isolated for days. In 
the years prior to Cyclone Winston, the Fijian Government had 
invested heavily in infrastructure, much of which was washed 
away. Homes and community facilities were fl attened in many 
communities, with some villagers losing all their possessions 
(see fi gure 8). Large regions were left without electricity and 
water. A week after the cyclone around 45  000 people were 
still living in evacuation centres.
 Fiji’s largest industries are sugar cane and tourism. The 
sugar cane industry alone suffered around US$83 million 
worth of loss. This fi gure does not take into account the 
more than 200  000 people who depend on this industry for 
their livelihood. Additionally, thousands of acres of root crops 
were lost. 

  FIGURE 6  A track map of Cyclone Winston   
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 The damage to the tourism industry was mixed. While 
Denaru Island resorts were still able to operate, this was not 
the case on some of the outer islands. Despite their losses, 
many of the local villages that depend on tourism were 
encouraging tourists to return as they were still operating.
What aid has Australia provided?
Both Australia and New Zealand were quick to provide 
assistance to Fiji. Australia worked not only with the Fijian 
government, but also with the island nation of Tonga, which 
was also impacted by Cyclone Winston (see figure 9).

Were other areas affected?
The east coast of Australia experienced large waves in the 
wake of Cyclone Winston, forcing the closure of some popular 
tourist beaches. Despite warnings from authorities, surfers 
risked serious injury and even death to take advantage of 
the huge swells created along the New South Wales and 
Queensland coastlines. Beaches were still closed a week after 
Fiji was devastated.

FIGURE 7 Additional damage was caused by a 4-metre storm surge.

FIGURE 8 Whole communities were left devastated.
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FIGURE 9 Australia’s aid operation

actIvItIEs

REMEMBER
1 What conditions do tropical cyclones need in 

order to develop?
2 What names are given to tropical cyclones in 

other places?
3 Create a timeline for Cyclone Winston from 

tropical disturbance to dissipation.

EXPLaIN
4 Why do tropical cyclones die out if they move 

inland?
5 Explain the changes that a storm surge can 

cause to a coastal area.
6 How does the scale of a cyclone vary?
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Interactivity
Spiralling sea 
storm
Use this interactivity 
to test your 
knowledge of how a 
cyclone forms.
int-3087

5.7 What impact did Cyclone 
Yasi have?
Access this subtopic at www.jacplus.com.au

5.8 SkillBuilder: Creating 
a simple column or bar graph
What are column or bar graphs?
Column graphs show information or data in columns. In a bar graph the bars are drawn horizontally 
and in column graphs they are drawn vertically. They can be hand drawn or constructed using 
computer spreadsheets.
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FIGURE 1 Mean rainfall at Darwin Airport, Northern Territory

Source: Bureau of Meteorology

Go online to access:

•	 a clear step-by-step 
explanation to help you 
master the skill

•	 a model of what you are 
aiming for 

•	 a checklist of key aspects 
of the skill

•	 a series of questions 
to help you apply the 
skill and to check your 
understanding.

7 What is the interconnection between the 
warmth of seawater and cyclones?

8 Study the track map of Cyclone Winston 
(figure 6). Use this map to describe the scale of 
the cyclone and the damage that was caused. 

9 Explain why Cyclone Winston had an impact 
on more than one place.

PREDIct
10 Describe how the damage would differ 

between a category 1 and category 5 cyclone.
11 Suggest why people are more likely to be 

killed or injured after the eye of the cyclone 
has passed.

12 Cyclones are associated with destructive 
winds and the displacement of large volumes 
of water. Which of these events do you think 
would cause the most damage to the natural 
and built environment? Justify your answer.

tHINK
13 Refer to figure 1, showing the world pattern of 

tropical cyclones over space.

a When do most cyclones occur north of the 
equator? When do most cyclones occur 
south of the equator? Suggest a reason for 
this difference.

b Name the parts of Australia most at risk 
from cyclone activity.

14 If the water source for cyclones is the ocean 
over which they form, explain why strong 
winds and flooding occur in places inland 
from the coast.

15 Why could we consider that tropical cyclones 
are an example of the water cycle at work? 
Give reasons for your answer.

16 Why do you think Cyclone Winston was 
able to develop into a much stronger storm 
rather than dissipate once it had impacted on 
Tonga? 

17 Explain the interconnection between 
Cyclone Winston and large waves that 
resulted in Australian beaches being closed in 
Queensland and New South Wales.

eLesson
Watch this video 
to learn how to 
construct a simple 
column or bar 
graph.
eles-1639

Interactivity
Use this interactivity 
to learn how to 
construct a simple 
column or bar 
graph.
int-3135
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5.9 What are the impacts 
of typhoons in Asia?
In 2015, 18 typhoons were recorded in the Asian region. Of these, eight reached category 4 or 5 
status. While some of these remained at sea, the collective damage bill was US$10.2 million and 
they resulted in 254 deaths. The strongest was typhoon Soudelor with sustained wind speeds 
of 215 kilometres per hour and gusting to 285 kilometres per hour. Throughout the typhoon 
season, two or three active systems were recorded each month, although not all made landfall. 
At season’s end, 254 fatalities had been recorded and the combined damage bill was estimated at 
US$10.2 billion.

5.9.1 What happened in August 2015?
In August 2015, three typhoons impacted the northern Pacific region. Typhoon Soudelor carved a 
path of destruction through the region from the 31 July through to 12 August when it finally died 
out. At the same time, twin typhoons which would subsequently be named Goni and Atsani were 
already forming. Typhoon Goni would again ravage places still recovering from Soudelor. Typhoon 
Atsani, however, would remain at sea (see table 1).

Typhoon Active Area impacted
Strongest 
winds (kp/h) Fatalities Damage ($US)

Soudelor 31 July to 12 August 2015 Mariana Islands, Taiwan, 
Eastern China, Japan, 
South Korea, Philippines

285 38 3.72 billion

Goni 13 to 30 August 2015 Mariana Islands, Taiwan, 
Japan, Philippines, Russia, 
China, Korea

215 34 293.3 million

Atsani 14 to 25 August 2015 Northern Pacific Ocean 260 n/a n/a

taBLE 1 In August 2015 three typhoons formed in the same region of the northern Pacific region.

Typhoon Soudelor
Originally detected as a tropical disturbance north of the Marshall Islands on 28 July 2015, 
within two days after the development of intense swirling thunderstorm activity the system was 
upgraded to a tropical depression. Significant sea surface temperatures of 32 °C saw the system 
intensify rapidly and officially upgraded to 
typhoon status on 31 July. Over the next two 
weeks the system weakened several times as it 
crossed land, only to re-form and intensify as it 
moved back over water. Its impact was rated as 
severe in the northern Mariana Islands, Taiwan 
and eastern China with 38 confirmed deaths. 
Lesser impacts were recorded in Japan, South 
Korea and the Philippines.

When Typhoon Soudelor made landfall at 
Saipan in the Mariana Islands it was  considered a 
relatively small system due to the small  diameter 
of its eye at just eight kilometres.  However, 
despite its apparent small size it is evident 
that it was fed by much stronger winds than 
at first thought. Accurate wind speed readings 
are not available, however, as wind-recording 
 instruments in the area broke when the wind 
speed surpassed 146 kilometres per hour.

FIGURE 1 Starting the clean-up after 
Typhoon Soudelor

tropical 
disturbance a mass 
of storms that have the 
potential to develop 
into a typhoon

tropical depression  
an area of intense 
low pressure, often 
associated with storm 
activity, with the 
capacity to develop 
into a tropical cyclone

To access videos, 
interactivities, discussion 
widgets, image galleries, 
weblinks and more, go to 
www.jacplus.com.au
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The national weather service on Guam estimates that wind speeds were in excess of 200  kilometres 
per hour, making it a category 3 or 4 typhoon. In the absence of accurate wind readings scientists 
have used data from weather satellites, Doppler radar, photographs and visual observation of the 
damage that was caused.

Throughout the region significant damage was caused to infrastructure with winds bringing down 
power lines and trees, flipping cars and rendering roads impassable. Landslides, mudslides and flash 
flooding added to the problem. Many places recorded their highest rainfall totals in over 100 years. 
Refugee centres were filled to capacity as thousands sought refuge from the storm. Around half a 
million homes were either destroyed outright or suffered significant structural damage.

Downed power lines and snapped wind turbines resulted in  millions of households being left 
without power for weeks. In Taiwan, almost half a million households were left without water 
when the Nanshi River overflowed and contaminated water supplies, leaving the regional water 
 purification system unable to cope. Primary industries were almost wiped out as significant damage 
was caused to agriculture throughout the region

Typhoon Goni
Typhoon Goni struck the Mariana Islands two weeks after they had been devastated by Typhoon 
Soudelor. As a result, impact was minimal as the clean-up and reconstruction of homes and 
 infrastructure had barely begun. However Goni had a very different track path, with the  Philippines, 
Japan and Korea — which had only been mildly impacted by the previous typhoon — suffering 
considerable damage.

Torrential rain, flash flooding, mudslides and landslides caused considerable damage to infra-
structure and resulted in mass evacuations. Downed power lines left millions without power, and 
 sanitation and water supply were also severely impacted.

Reports out of North Korea indicated that more than 1000  homes and 100 public buildings 
were destroyed, with 120 hectares of agricultural land flooded. While in Japan more than 600  000 
residents had to be evacuated and 70 people were injured. At the same time, Japan was also on 
high alert in anticipation of a volcanic eruption. Meanwhile, in Russia, which did not bear the full 
brunt of the typhoon, there was reported damage to 600 buildings and the loss of 88  000 hectares 
of crops.

FIGURE 2 Using farm machinery to navigate the floodwaters after Typhoon Goni
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  Typhoon Atsani  
 Typhoon Atsani developed at about the same time as Typhoon Goni and initially developed into 
a more powerful system, attaining category 5 status. However, after developing quickly the system 
also lost power quickly due to signi� cantly dry air above despite the warm ocean temperatures 
below. After initially following a similar track path as Typhoon Goni, Typhoon Atsani changed 
direction and headed in a north-easterly direction, coming no closer than 1600 kilometres o�  the 
Japanese coast. As a result, only shipping channels in the north Paci� c Ocean were impacted.       

ACTIVITIES

  REMEMBER 
1    What is a typhoon? 
2    Which places were affected by typhoons 

Soudelor, Goni and Atsani? Describe how they 
were affected. 

3    Does a typhoon need to cross the coastline to 
cause damage or loss of life? Explain.   

 EXPLAIN 
4    Describe the scale of the three typhoons 

described. Why did they cause devastation to a 
wide area spanning several countries? 

5    Typhoons weaken once they cross the 
coast. What major threat would be posed to 
environments away from the coast?   

 6 a     In groups of three or four, use the map in 
 � gure 1  in subtopic 5.6 to make a list of 
the countries most at risk from cyclones, 
hurricanes and typhoons. Thinking about the 
impact of heavy rainfall, storm surges and 

� ooding, select the country that you think 
might be most affected in terms of economic, 
social and environmental impacts. Use the 
internet to test your theory and outline these 
impacts. Present your � ndings to the rest of 
the class. 

b    Evaluate your performance as a team 
member and assess how well you supported 
other members of your team. Write a short 
re� ection on your performance.     

 THINK   
 7 a     Suggest at least two reasons why the 

typhoons discussed in this subtopic had 
different wind speeds and impacts. 

b    Explain why typhoons might weaken and 
re-form several times on their journey.   

8    Describe the interconnection between 
Typhoons Soudelor and Goni and the Mariana 
Islands, Taiwan, China and Japan.   

To access videos, 
interactivities, discussion 
widgets, image galleries, 
weblinks and more, go to 
www.jacplus.com.au

  FIGURE 3  When this image was captured, Goni was a category 4 typhoon and Atsani a category 3. Goni had 
already impacted on the Mariana Islands. Both systems would later be upgraded to category 5 storms, with 
Atsani remaining at sea. Goni weakened to category 4 as it approached the Philippines and was downgraded 
to a tropical storm before it reached Japan.   
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5.10 How do tornadoes impact 
people and the environment?
5.10.1 What is a tornado like?
Tornadoes (or twisters) are violent, wildly spinning columns of air that drop down from under 
a cumulonimbus cloud and make contact with the ground. They are different from cyclones in that 
they form over land rather than over water. Unlike cyclones, they are not dependent on a supply 
of warm water to keep them going. Use the Tornadoes 101 weblink in the Resources tab to 
watch a video about how tornadoes form, the damage they cause and how to survive them.

Tornadoes are ranked using a scale called the Enhanced Fujita scale (see table 1). Five  categories of 
wind speed are estimated, based on the damage left behind. These are not wind speed  measurements, 
because most wind speed measuring devices are destroyed during tornadoes, and because the 
 tornadoes die out so quickly.

Weblink 
Tornadoes 101 

FIGURE 1 The anatomy of a tornado.5.10.2 Where is Tornado Alley?
Tornadoes can occur anywhere, but most occur 
during  spring  and summer in a part of the 
United States known as Tornado Alley (see 
figure 2). The worst tornado on record was the 
Tri-State  tornado in March 1925. It destroyed 
towns across  Missouri,  Illinois and Indiana, 
killing 689 people.

The year 2011 ranks third in the history of 
the United States for the greatest number of 
strong to  violent tornadoes. This number was 
 surpassed only in 1974 and 1965.

Tornado Alley a 
region of the central 
United States, across 
which tornadoes are 
most likely to form. 
The core states are 
Texas, Oklahoma, 
Kansas, Nebraska, 
eastern South Dakota, 
and the Colorado 
Eastern Plains.

Low air pressure at the
centre of the funnel
sucks in surrounding air.

The strong
updrafts
can cause
a spinning
vortex of air.

Most tornadoes form within large
thunderclouds known as supercells.

If the tornado touches the
ground, the speed of the
spinning wind, updrafts
and pressure difference
can cause great damage.

Tornadoes
descend in a funnel
shape of spinning wind from
the storm clouds to
the ground.

Scale wind speed 
(km/h) category Typical damage

3-second wind gust 
speed (km/h)

E0
64–116
Gale

Some damage to chimneys; branches broken off trees; shallow-rooted 
trees pushed over; signboards damaged.

72–125

E1
117–180
Moderate

Peels surface off roofs; mobile homes pushed off foundations or 
overturned; moving autos blown off roads.

126–188

E2
181–252
Considerable

Roofs torn off frame houses; mobile homes demolished; train 
carriages overturned; large trees snapped or uprooted; light-object 
missiles generated; cars lifted off ground.

189–259

E3
253–331
Severe

Roofs and some walls torn off well-constructed houses; trains 
overturned; most trees in forest uprooted; heavy cars lifted off the 
ground and thrown.

260–336

E4
332–418
Devastating

Well-constructed houses levelled; structures with weak foundations 
blown away some distance; cars thrown and large missiles generated.

337–420

E5
419–512
Incredible

Strong frame houses levelled off foundations and swept away; 
automobile-sized missiles fly through the air in excess of 100 metres 
(109 yards); trees debarked.

421+

taBLE 1 The Enhanced Fujita scale, like the Beaufort scale, links tornado categories to the damage caused.

Widely used in the United States and Canada, the Enhanced Fujita scale is a new version of 
the original Fujita scale and was designed to expand the descriptions of damage caused at different 
wind speeds. It also includes descriptions of damage to both the natural and human environments. 
Within the human environment, the Enhanced Fujita scale includes reference to differences in the 
construction quality of buildings.
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  FIGURE 2  A map of Tornado Alley, showing the areas of highest risk and high risk   

1000 km0 500

Key

Highest risk

High risk

Source: MAPgraphics Pty Ltd, Brisbane

 Living in Tornado Alley 
 Th e people who live in  Tornado Alley are well aware of the potential disaster that they face each 
year during spring and summer. Building codes have been strengthened, requiring all new  buildings 
to have strong roofs and foundations that are tethered to the structure. Most neighbourhoods 
have early-warning sirens that sound when a tornado is imminent. Most homes have basements or 
underground   storm  shelters   that provide protection for people during a tornado.   

storm shelter 
underground shelter 
where people can take 
refuge from a tornado

  FIGURE 3  Joplin, Missouri, where 158 people were killed in May 2011, after a tornado carved 
a 22-kilometre path of destruction through the town  

  Interactivity  
  Spiralling twister  
 Use this interactivity 
to test your 
knowledge of 
tornadoes. 
  int-3088  
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5.11 What was the impact 
of the May 2013 tornado 
in the United States?
Access this subtopic at www.jacplus.com.au

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

      cyclones and 
tornadoes   

  REMEMBER 
1    When are tornadoes most likely to occur? Give 

reasons for your answer. 
2    What is Tornado Alley and where is it?   

 EXPLaIN 
3    Refer to subtopic 5.6. Explain the difference 

between a cyclone and a tornado. 
4    Refer to  fi gure 1 . What is the 

 interconnection  between large 
thunderclouds and tornadoes? 

5    Do you think we have tornadoes in Australia? 
Explain.   

 DIscOvER 
6    Tornado Alley is well known, but it is 

not the only  place  in the world where 
tornadoes occur. Use the internet to fi nd 
other locations where tornadoes occur 
regularly. Investigate one region and one 
tornado that has taken place. Using ICT, 
make a short movie clip of the event. Include 
information about the  scale  of the tornado. 
You must also cover the aftermath, detailing 
with the impact on both the natural and built 
 environments .   

 tHINK 
7    Study the graph of tornado frequency below.   

a    During which hours of the day are tornadoes 
more likely? 

b    Suggest a reason for this pattern.   
8    Imagine you are equipping a storm shelter. 

What 10 items could your shelter not do 
without? Justify your choices. 

9    Refer to  fi gure 2 . How does the scale of risk 
of tornadoes occurring vary within the United 
States?   
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  FIGURE 4  Hourly tornado frequency  

actIvItIEs

  5.12  What happens when water 
turns to ice and snow? 
  5.12.1  What is a blizzard? 
  Periods of intense snowfall characterised by high winds and snow are known as snowstorms and 
can be just as deadly as any other storm. The most dangerous snowstorm of all is the blizzard.  

 Th e diff erence between a snowstorm and a blizzard is the strength of the wind. A snowstorm is offi  cially 
recognised as a blizzard when wind speed is sustained above 56 kilometres per hour or has frequent 
gusts in excess of this speed for more than three hours. Visibility in a blizzard is also reduced to less than 
400 metres. In the most extreme cases it may be diffi  cult to see beyond a metre ahead. Often snow does 
not fall during a blizzard, but is blown into snowdrifts capable of burying people and objects. 

To access videos, 
interactivities, discussion 
widgets, image galleries, 
weblinks and more, go to 
www.jacplus.com.au
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Landmass

Rising warm air

Snow can fall only
when the air temperature
is below 4 °C. At higher

temperatures, the
snow melts in the air

and falls as rain or sleet.

If cooling
continues,

precipitation in
the form of

snow occurs.

Cold ocean surface area
When cold air crosses a
warmer landmass, the

warmer air is forced to rise.
Incoming cold air

(from over the cold ocean)
replaces the rising warm air.

Cold ocean surface areaCold ocean surface areaCold ocean surface areaCold ocean surface areaCold ocean surface areaCold ocean surface area

W
arm

 airCold air

Winds blowing over cold ocean
surfaces are colder than usual.

Ice crystals within a
cloud collide and

stick together,
forming snow�akes.

As warm air rises,
it cools, and clouds form.

Very cold air moves
from a polar region
and collides with

very warm air.

  FIGURE 1  How a blizzard forms  

 What causes blizzards? 
 Variations in air pressure (see section 5.2.2) cause strong winds when warm air and cold air meet. 
It is these strong winds and cold conditions that cause a blizzard to develop.   

  FIGURE 2  An avalanche  

 Why are blizzards dangerous? 
 During snowstorms, snow can pile up, and it is impossible to know the depth of the snow, making 
it diffi  cult to move about. Th ere is the risk of falling through thin ice or into deep    crevasses  . Snow 
also tends to pile up on slopes. Where the snow load is greater than can be supported by the slope, 
there is a risk of   avalanches   (see  fi gure 2 ). An avalanche can be triggered by an earthquake or loud 
noises such as those produced by a gunshot or by animals.   

 During blizzards a condition known as a    whiteout   can occur (see fi gure 4). Th is means there is 
so much snow that visibility is severely aff ected and may be limited to just one metre. People and 
animals cannot tell the diff erence between the Earth and the sky, and quickly become disoriented, 
lose their way, and risk freezing to death. 

 In the extreme cold associated with snowstorms and blizzards, people are at increased risk of 
   hypothermia  ,   frostbite   and suff ocation. 

crevasse  a deep 
crack in ice

avalanche  rapid 
movement of snow 
down a slope, usually 
under the infl uence of 
gravity. It can also be 
triggered by animals, 
skiers or explosions.

whiteout  a weather 
condition where 
visibility and contrast 
is reduced by snow. 
Individuals become 
disoriented as they 
cannot distinguish the 
ground from the sky.

hypothermia  a 
condition in which a 
person’s core body 
temperature falls below 
35 °C and the body 
is unable to maintain 
key systems. There 
is a risk of death 
without treatment.

frostbite  damage 
caused to the skin 
when it freezes, 
brought about by 
exposure to extreme 
cold. Extremities 
such as fi ngers and 
toes are most at risk, 
along with exposed 
parts of the face.
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116 Jacaranda Geography Alive 7 for the Victorian Curriculum

What was the world’s deadliest blizzard?
The world’s deadliest blizzard occurred in Iran in  February 1972. A week of low temperatures and 
strong winds dumped more than three metres of snow and resulted in 4000 deaths. The weather 
conditions that led to this  blizzard are shown in the satellite image in figure 3.

How can buildings be adapted to blizzards?
Researchers in Antarctica have to  contend with snow build-up in some parts of the continent. The 
Halley VI facility (figure 5) has been built on steel legs that can be raised. Skis have been attached 
to these legs, so that the entire station can be moved in order to eliminate the dangers associated 
with  accumulating snow.

FIGURE 4 Whiteouts reduce visibility, making it 
easy to become disoriented.

FIGURE 5 The Halley VI Research Station in Antarctica

FIGURE 3 Weather conditions during the 1972 blizzard in Iran
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casE stUDY

 On 22–24 January 2016, a major blizzard 
dumped 91 centimetres of snow on parts of the 
mid-Atlantic and north-east United States. The 
snowstorm covered approximately 1.125 million 
square kilometres and impacted more than 
102 million people. It was offi cially rated as a 
category 4 snowstorm for the south-east and 
category 5 in the north-east (see fi gure 6). It is 
among the most powerful storms of all time. 
Snowfall records were set in a number of cities, 
including parts of New York, Pennsylvania and 
North Carolina. 

 taBLE 1 The Northeast Snowfall Impact Scale 
combines data on the area covered, the amount of 
snowfall and the population of the area. 

Category NESIS value Description

1 1–2.499 Notable

2 2.5–3.99 Signifi cant

3 4–5.99 Major

4 6–9.99 Crippling

5 10.0+ Extreme

 What caused such a severe blizzard in 
January 2016? 
 The January blizzard began as an atmospheric 
disturbance on 20 January that developed into 

a weak low pressure system before intensifying 
and triggering a series of thunderstorms. Fed 
by a polar vortex (see fi gure 6), air pressure 
continued to drop and the system developed into 
a major storm bringing freezing rain, sleet and 
heavy snowfalls as it moved in a north-easterly 
direction across the United States (see fi gure 8). 
The remnants of the storm were felt as far away 
as the United Kingdom before it fi nally dissipated 
over Finland on 29 January. At its peak, the 
storm system recorded a central air pressure of 
983 millibars. 

polar vortex a large 
pocket of very cold 
air rotating in the 
same direction as 
the Earth’s orbit

 5.12.2 How do blizzards impact the United States? 

 FIGURE 6 A polar vortex was responsible, bringing 
record snow falls to the United States. 

 FIGURE 7 Eleven states in the United States are impacted by the blizzard in 
January 2016. 

To access videos, 
interactivities, discussion 
widgets, image galleries, 
weblinks and more, go to 
www.jacplus.com.au
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How did this blizzard impact people 
and places?
A state of emergency was declared in Washington 
DC and 11 other states as authorities prepared for 
record-breaking snowfalls. More than 100 million 
people were affected with 33 million placed on 
blizzard watch. Around 500  000 people suffered 
power outages. The National Guard was placed 
on standby and crews were brought in from other 
parts of the country to assist power companies 
check lines and restore power. Around 1.5 million 
tonnes of road salt was distributed across the 
region and more than 7000 pieces of snow 
equipment were mobilised to help deal with the 
aftermath. People were urged to stay indoors and 
off the roads. 
 Records tumbled across the United States. The 
highest falls were recorded at Mount Mitchell in 
North Carolina with 170 centimetres of snow, setting 
a new all-time record (see table 2). Daily snowfall 
records were also recorded in several places.

 The blizzard caused major disruptions for people 
travelling by air, with the travel plans of more 
than 100  000 travellers thrown into chaos (see 
figure 8). More than 10  000 flights were cancelled 
in the United States, many of these due to the 
ripple effect caused by the cancellation of flights 
into and out of airports in the impacted area. 

The number of cancelled flights also ‘rippled’ 
internationally, with around 200 flights in Canada, 
Mexico and the United Kingdom also cancelled.
 It is estimated that the damage bill could be 
as high as US$3 billion. Fifty-five fatalities were 
also recorded; some of which have been directly 
attributed to heart attacks caused by shovelling 
snow. In Washington DC, police issued almost 
$1.1 million worth of parking fines and $65  000 
in fines for cars abandoned on snow emergency 
routes. More than 700 vehicles were towed by 
authorities and impounded.

Why is shovelling snow dangerous?
In the United States, more deaths occur during 
blizzards than from hypothermia and motor 
vehicle accidents combined.
 Every winter around 100 people in the 
United States die from heart attacks caused by 
shovelling snow. Researchers have found that 
shovelling snow places more strain on the heart 
than a vigorous session on a treadmill (see figure 9). 
Both heart rate and blood pressure increase more 
dramatically when using arm muscles as opposed 
to leg muscles. Most people shovel snow in the 
early morning when the temperature is at its 
coldest, causing arteries to constrict which in turn 
decreases blood supply which in turn leads to 
cardiac arrest.

ripple effect the 
flow on effect of a 
particular action

TABLE 2 All-time record snowfalls

Location State Amount

Mount Mitchell North Carolina 170 cm

Allentown Pennsylvania 81 cm

Philadelphia International 
Airport

Pennsylvania 77 cm

John F Kennedy 
International Airport

New York 77 cm

Baltimore-Washington 
International Airport

Maryland 74 cm

Newark New Jersey 71 cm

FIGURE 9 Shovelling snow increases 
the risk of heart attack.

FIGURE 8 Flights across the affected region 
were grounded after record snow falls.
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5.13 Are there water 
hazards in Mongolia?
Access this subtopic at www.jacplus.com.au

  5.14  How do we respond to 
extreme weather and water events? 
  5.14.1  How do I prepare? 
  With today’s modern technology we have access to a wealth of information that enables 
individuals and communities to prepare themselves for the wild winds over which they have 
no control. In many cases, the winds also bring vast amounts of rainfall and the land is often 
inundated  . While we can in some ways prepare for such events, it is inevitable that both the 
natural and built environment will be impacted.  

 People who live in disaster-prone areas should know the risks associated with the potential hazards 
they face and the time of the year when they are at greatest risk. In Queensland, for example, where 
tropical cyclones bring fl ooding rains, houses are often built on stilts. 

 Th e key to survival is to be prepared. Securing your home and having an emergency kit are two 
important things that can be done on a continuing basis.       

inundated  to 
cover with water, 
especially fl oodwater

actIvItIEs

  REMEMBER 
1    How are snowstorms and blizzards different? 
2    Why are whiteouts so dangerous?   

 EXPLaIN 
3    Describe the visible  changes  to the 

 environment  that a blizzard brings. 
4    Where is the Halley VI Research Station? 

Explain why it has been built on skis.   

 PREDIct 
5    Study  table 1 . Who do you think is most at risk 

from the extreme cold? Give reasons for your 
answer.     

 tHINK 
6    Describe the  interconnections  between 

the atmosphere and the land that cause 
blizzards.   

 7 a    Refer to the work on natural hazards you 
have completed in other sections. Explain 
which hazard you believe would be the most 
dangerous. Explain why you think this. 

b    Survey your class to fi nd out which hazard is 
voted the most dangerous. 

c    As a class, compile a list of reasons why 
class members voted for their chosen 
hazard.   

 8    With the aid of a diagram, explain the operation 
of the water cycle in colder regions.   

  FIGURE 6     8    With the aid of a diagram, explain the operation 
of the water cycle in colder regions.   

  FIGURE 6    
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  FIGURE 2  A well-prepared home   
No loose
guttering

No unsecured items in garden Window shutters installed

Secure
roof

Trimmed
branches

Important documents
in sealed bags, and cash

Mobile
phone
and charger

First aid
kit

Toiletries

Fresh
water
for three
days

Sturdy
gloves 

Essential
medication

Spare
batteries for
radio, torch and
mobile phone

Three days’
worth of non-
perishable food
and can opener

Portable
radio Waterproof

bags

Torch
Baby formula
and nappies

tant documents
in sealed bags, and cash

e
e
harger

aid

ToToT iletries

Fresh
water
for three
days

Sturdy
gloves 

tial
ation

ies for
torch and

e phone
Three days’
worth of non- Portable

ToToT rch
Baby formula
and nappies

  FIGURE 3  An emergency kit   

  FIGURE 1  An unprepared home     

Overhanging branches

Unsecured garden
furniture

Loose roof tiles

Dangerous debris

Loose guttering

Unsecured
children’s toys

  5.14.2  What happens in Chatham County? 
 Chatham County is located in the US state of Georgia. It has a population of approximately 
270  000 and occupies an area of 1637.6 square kilometres. 

 On average, Chatham County expects up to 19 severe thunderstorms each year. As Georgia lies 
in Tornado Alley, people in Chatham can also expect an average of six tornadoes each season. In 
order to assist residents, a network of early warning sirens has been installed in places where people 
typically tend to gather. Ninety-fi ve per cent of the county is covered. When the sirens give out 
their distinctive, extended wail, residents know to seek shelter. Most homes and public buildings in 
the county are equipped with storm cellars.     

 Did you know? 
•     Dwellings in regions that are prone to snow and heavy rain have steeply sloping roofs to 

prevent the build-up of water, ice and snow on the roof. In contrast, houses in hot, dry 
climates often have fl at roofs. 

To access videos, 
interactivities, discussion 
widgets, image galleries, 
weblinks and more, go to 
www.jacplus.com.au
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actIvItIEs

EXPLaIN
1 Study figures 1 and 2. Explain to the people 

who live in the house shown in figure 1 what 
they need to do to prepare their home for the 
next cyclone season. Identify particular hazards 
and the potential risks they pose.

2 Explain why the homes shown in figures 1 
and 2 are elevated.

3 What do you think poses the biggest threat —  
wind or water? Justify your choice.

4 What have the people in Chatham County done 
to deal with hazards in their environment?

PREDIct
5 What do you think the people who live in 

figure 2 are preparing for? Give reasons for 
your answer.

tHINK
6 The residents of the house shown in figure 2 

live in a place that has been placed on cyclone 
alert and have asked you for advice. They have 
begun preparing an emergency kit like the one 
shown in figure 3. Other than food, what items 
would you suggest they include?

7 What items do you think you would need 
in a blizzard that you would not need in a 
thunderstorm, tornado or tropical cyclone? 
Explain.

8 Which regions within Chatham County are not 
well covered by sirens? Use evidence from the 
map to suggest a reason for this.

5.15 Review
5.15.1 Review
The Review section contains a range of different questions and activities to help you revise and recall 
what you have learned, especially prior to a topic test.

5.15.2 Reflect
The Reflect section provides you with an opportunity to apply and extend your learning.

Access this subtopic at www.jacplus.com.au

•  When cyclones and tornadoes are approaching, you should turn off all power.
•  A small room such as a bathroom is the safest place to take refuge if you do not have access 

to a storm cellar.
•  Special building codes exist in areas prone to tornadoes and cyclones, with their associated 

strong winds.
•  Shutters on windows help keep water out and reduce the likelihood of injury from broken glass.

FIGURE 5 The entrance to a storm cellar.

FIGURE 4 The location of sirens in Chatham County.

Emergency siren

0 10 km20

Source: Spatial Vision

c05BlowWindBlow.indd   121 04/11/16   7:15 pm

UNCORRECTED P
AGE P

ROOFS




