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Developed by teachers for students
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powerful learning tool, learnON
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UNIT 1 TOPIC 1

SUBJECT MATTER
In chapter 1, students:
¢ explain the geographical processes that result in geological, geomorphic and atmospheric
hazard zones
® recognise the spatial patterns of hazard zones and the implications for people and places
¢ investigate natural and anthropogenic factors to identify why some places are more at risk
than others from specific types of natural hazards and disasters.

Students conduct a case study of two locations to:
¢ understand vulnerability and risk in hazard zones for places in less developed and more
developed countries
¢ understand why people in particular places have a greater or lesser capacity to respond to
natural hazards and natural disasters.

LESSON SEQUENCE

1.1 Overview
1.2 Natural hazards
1.3 Natural hazards in Australia
1.4 The impact of natural hazards
1.5 Assessing and responding to natural hazards .
1.6 Atmospheric hazards
1.7 Atmospheric hazards — thunderstorms .
1.8 Atmospheric hazards — tropical cyclones
1.9 Atmospheric hazards — responding to tropical cyclones
1.10 Atmospheric hazards — bushfires ....
1.11 Geological hazards
1.12 Geological hazards — earthquakes .
1.13 Geological hazards — volcanic eruptions .
1.14 Geomorphic hazards
1.15 APPLY YOUR SKILLS — Construction, interpretatio
1.16 Review

Fully worked solutions for this topic are available in the Resources section at
www.jacplus.com.au.




LESSON
1.1 Overview

Hey students! Bring these pages to life online

Answer questions
and check results

Watch Engage with
videos interactivities

Find all this and MORE in jacPLUS (C)

~ ¥
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1.1.1 Introduction

In this topic, you will examine different types of natural hazards and the zones in
which they are most likely to occur. These include atmospheric hazards, such as
severe storms and cyclones; geomorphic hazards, such as landslides and mudslides;
and geological hazards, such as earthquakes and volcanic eruptions.

You will also learn about the processes and patterns of natural hazards, and why they
are sources of risk. By analysing data and information, you will assess why some
hazards seem more common, predictable or frequent, while others seem to occur
almost randomly.

Finally, you will apply your understanding of natural hazards to examine their
potential impacts and how different communities might be able to minimise the
damaging effects they have on people, property and the environment.

atmospheric hazards a potentially
damaging natural event generated
in the troposphere, such as a severe
storm, tropical cyclone (typhoons
and hurricanes), tornado, blizzard
and wind storm

geomorphic hazards a potentially
damaging event on the Earth’s
surface — such as an avalanche,
landslide or mudslide — that is often
caused by a combination of natural
and human processes

geological hazards a potentially
damaging natural event occurring in
the Earth’s crust, such as a volcanic
eruption, earthquake or tsunami

FIGURE 1.1 Geological hazards such as volcanic eruptions can create hazard zones in their
surrounding areas due to lava, ash fall, heat, pyroclastic clouds and toxic gases.

2 Jacaranda Senior Geography for Queensland 1 Units 1 & 2 Fourth Edition



1.1.2 Syllabus links

Syllabus links

O Explain, using a range of representations such as maps, conceptual models, block diagrams, 1.2
and cross-sections, how natural hazards are the result of processes that occur within the 1.6
earth (geological) on the surface of the earth (geomorphic), in the atmosphere (atmospheric) 1.7
or a combination of these and may result in natural hazards. 1.9-1.14
O Recognise hazard zones, represent these on a map (using spatial technologies) and 1.2
analyse spatial distribution of the hazard to describe geographic patterns and identify the 1.4
implications for people and environments.
O Explain how the severity of the impacts of natural hazards is influenced by factors such as 1.4
* speed of onset
® magnitude
¢ frequency
® duration
[ ]

sequencing and seasonality of events (that is, random or regular).

O

Explain how climate change may affect the severity and incidence of some natural hazards 1.4
and increase risk.

O Explain the concepts of vulnerability and risk as applied to natural hazard management. 1.3
15
O Conduct a case study to investigate one natural hazard that has affected a place in a less 1.9-1.14

developed country and a place in a more developed country. As part of this case study,
students must
° manipulate, adapt and transform data, using spatial technologies and information
and communication technologies, to represent and describe the nature, extent and
characteristics of the hazard zone for the case study locations
¢ analyse threat and vulnerability data and information (including representations in maps)
for each place to explain how these factors contribute to risk for the case study locations
including
e exposure to the hazard (threat)
e population density and settlement patterns
e topographic features such as hydrology and elevation
e |evel of economic development
e degree of preparedness
¢ |ocation, speed and effectiveness of emergency responses
* analyse the use of technologies (including spatial) in responding to natural hazards
* apply geographical understanding from their analysis to explain the impacts for
communities
® propose preparedness, mitigation, prevention and adaptation strategies to manage risk,
referring to practices from various agencies such as NGOs, governments and individuals
° communicate understanding using appropriate forms of geographical communication.

KEY QUESTIONS

What is a natural hazard?

Where do natural hazard zones occur and why?

What are atmospheric, geomorphic and geological hazards?

What factors affect the severity of impact of a natural hazard?

What factors affect a community’s response to a natural hazard?

What factors affect a community’s vulnerability to the risks of a natural hazard?

How are people in developed and developing communities affected differently by natural hazards?
How do people in developed and developing communities respond to natural hazards?

N GaAON

CHAPTER 1 Natural hazard zones 3



LESSON
1.2 Natural hazards

LEARNING INTENTION

By the end of this lesson you should be able to define hazards, disasters and hazard zones, and understand how

humans use risk management to prevent or lessen the impact of hazards.

Source: Adapted from Geography General Senior Syllabus 2024 © State of Queensland (QCAA) 2024; licensed under

CC BY 4.0.

1.2.1 Hazards and disasters

A natural hazard is any extreme geophysical event that has the potential to cause
harm to people, other living things, property and the environment. They can occur
in the Earth’s crust, on the surface of the Earth or in the atmosphere, and are created
by powerful forces that generate high levels of destructive energy. Because of the
dynamic nature of the Earth, natural hazards occur almost everywhere and affect all
parts of the biophysical environment: natural, managed and built (see figure 1.2).

A natural event becomes a hazard when its magnitude (size), speed of onset,
duration or frequency create serious risk to people and has the potential to result in
considerable damage. These hazards create risk (exposure to some form of dangerous
situation). When individuals and communities are at risk, they have to assess how to
manage and lessen the effects of that risk for their communities and the local area.

Natural hazards can cause death or injury to people, and damage buildings, property,
infrastructure, crops and farmland. When a hazard is responsible for many deaths and
the loss of homes, and will cost huge sums of money for repairs and compensation, it
is called a natural disaster. Natural disasters may involve extensive disruption that
requires a long-term recovery plan.

FIGURE 1.2 (a) Wildfires in Canada, (b) flooding in Thailand,
(c) earthquake damage in Tiirkiye

4 Jacaranda Senior Geography for Queensland 1 Units 1 & 2 Fourth Edition

natural hazard an extreme event
occurring either in the lithosphere
or in the atmosphere. It can be
highly destructive and cause
considerable harm to living things
and property. Examples include
tropical cyclones, tornadoes,
earthquakes and volcanoes.

biophysical environment both
living (biotic) and non-living (abiotic)
surroundings of an organism

or population, made up of the
elements of the atmosphere,
hydrosphere, lithosphere

and biosphere

magnitude a measure of size; for
example, earthquakes are measured
according to magnitude on the
Richter Scale

risk the potential for something

to go wrong. This is a subjective
assessment about actions that may
be predictable or unforeseen.
natural disaster a large natural
event, such as a cyclone, flood,
earthquake or landslide, that causes
considerable loss of life, damage

to property and infrastructure,
and/or destroys sections of

the environment



EXAMPLE: Impacts of Cyclone Jasper, Queensland, 2023

In December 2023, Queensland experienced the wettest cyclone in
Australia’s recorded history when Cyclone Jasper swept through Far FIGURE 1.3 Flooding in Cairns after
North Queensland. Some areas reported over 2000 mm of rain in just Cyclone Jasper

five days as a result of the cyclone. This resulted in major flooding :
events across the region. Over 1000 people in the Cairns region called
for help from the Queensland State Emergency Service.

Although the death count was low, with one confirmed fatality, the
impact on the local economy was huge. Experts estimated the
cyclone was responsible for $1 billion in damage, while the tourism
industry was hit hard and required a tourism recovery plan, costing
$5 million.

1.2.2 Types of natural hazards

The Earth is made up of four interconnected systems, which form the biophysical environment: three non-living
and one living, as shown in table 1.1 and figure 1.4.

TABLE 1.1 The Earth’s four interconnected systems

Living system Non-living systems

Biosphere Lithosphere Atmosphere Hydrosphere

The Earth’s living things — The Earth’s core, mantle | The mix of gases The Earth’s water, such
plants, animals and organisms and crust (also known surrounding the Earth as oceans, rivers, lakes
(also called the ecosphere) as the geosphere) and glaciers

Hazards can occur in any of the Earth’s systems.
Because the systems are connected, energy is easily
transferred within and between them. For example,

FIGURE 1.4 The Earth’s physical systems

solar energy reaches the Earth and warms the land Atigsphere
(lithosphere) and water (hydrosphere), and each of
these can warm the atmosphere; seismic wave energy M\

from tectonic plate movement and earthquakes can
cause landslides and buildings to collapse, and an
earthquake below the ocean can lead to a tsunami.

Because of the way they form and how and where
they happen, natural hazards are grouped into
categories. Some hazards fit into several categories
because they are caused by a combination of
processes.

Table 1.2 shows the different categories of natural
hazards, and some real-world examples of these.

Lithosphere Hydrosphere
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TABLE 1.2 Types of hazards

Type of hazard Description Examples Real-world example

Atmospheric Hazards that occur in the Storms, cyclones, 2019-20 Black Summer
atmosphere or because of tornadoes, bushfires and bushfires, south eastern
atmospheric conditions droughts Australia

Geological Natural events that occur in the Volcanic eruptions, 2023 earthquake, Turkiye—
Earth’s crust earthquakes Syria

Geomorphic Natural events that occur on the | Avalanches, landslides, 2024 landslide, Maco,
Earth’s surface mudslides Philippines

Climatological Events caused by irregular Bushfire, drought, heat 2023 heatwaves, Europe
climatic conditions waves, cold snaps

Hydrological Extreme events with a Floods, storm surges, 2011 tsunami, Tohoku,
substantial water component tsunamis Japan

1.2.3 Hazard zones

The term hazard zone is used to identify areas at risk of being affected by a
specific hazard or hazards, and to indicate which areas are at greater or lesser risk.
For example, areas that have been flooded or are at high risk of flooding due to the
location of drains will be identified and outlined in a local council’s urban flood
map. This kind of hazard zone map is then used in urban land-use planning or by
insurance companies when they are calculating premiums for clients.

Hazards and risks can also change over time. For example, hazard zones are declared
around active volcanoes when the risk of eruption is assessed to be at a high level.
When Mt Agung erupted in Bali, Indonesia, in 2017, people were evacuated from the
area surrounding the base of the volcano to a distance of 12 kilometres — any closer
was considered a high-risk zone for ash and rock fallout. Because these volcanoes have
a history of releasing toxic fumes and pyroclastic clouds (hot clouds of gas and debris
from the volcano), the distance needed to be substantial. There was also the risk of
lahars (mudflows) forming because of the heavy tropical rainfall.
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climatological hazard a hazard
that occurs due to the climatic
conditions of an area, such

as bushfires, droughts and
heatwaves

hydrological hazard an
extreme event with a high-
water component, such as flash
flooding, cyclones, ice melt,
storm surges and tsunamis

hazard zone an area that may
be affected by a natural hazard;
for example, areas vulnerable to
flooding based on past events
or areas likely to be affected by
pyroclastic flows from a volcano

pyroclastic clouds rapidly
moving currents of hot air, gases
and ash that run from the crater
down the sides of a volcano. They
are extremely lethal due to their
high speed and lack of sound.



1.2 Exercise

J 1.2 Exercise L These questions are 5 Seu
even better in jacPLUS! f
Learning pathways * Receive immediate feedback
e Access sample responses
B LEVEL1 B LEVEL 2 B LEVEL 3 e Track results and progress

1,2 3,4 56 Find all this and MORE in jacPLUS (®

Explain and comprehend

1. Refer to figure 1.5.
a. ldentify the type of natural hazard that is shown in figure 1.5.
b. List the natural and built features in the image.
c. Describe the appearance of the water over the road. Suggest why it may not appear to be moving
or flowing.

FIGURE 1.5 Road covered by floodwater

2. Explain why a flooded road would be regarded as a hazard.
Analyse and apply

3. Determine the effects a flood might have on local traffic flow.
4. Predict what possible scenarios might unfold if a person attempted to drive through floodwaters.

Propose and communicate

5. If you were a member of a local emergency response team, what actions would you recommend to reduce
the risks flooding poses to commuters?

6. Consider a new bridge is constructed to allow vehicles to bypass land regularly inundated with floodwaters. It
cost $12 million and has a daily traffic flow of 5000 vehicles. Evaluate the extent to which constructing the
new bridge was justified.

Sample responses are available in your digital formats.
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LESSON
1.3 Natural hazards in Australia

LEARNING INTENTION

By the end of this lesson you should be able to understand vulnerability and risk in hazard zones for places in
more developed countries (such as Australia).

Source: Adapted from Geography General Senior Syllabus 2024 © State of Queensland (QCAA) 2024; licensed under
CC BY 4.0.

1.3.1 Variation in types of natural hazards in Australia

Australia is considered a naturally hazardous country because its risk level is relatively high, especially for
atmospheric hazards. However, it is a very large country with a small population. Consequently, few natural
hazards in Australia become catastrophic natural disasters on the scale of the 2004 earthquake and tsunami in
the Indian Ocean, which killed more than 230 000 people, or the earthquake that killed approximately 220 000
people in Haiti in 2010 (see figure 1.6).

FIGURE 1.6 Australia rarely experiences natural disasters on the scale of (a) the 2004 Indian Ocean earthquake
and tsunami, or (b) the 2010 Haitian earthquake.

(a)

In Australia, considerable variation exists in the types of natural hazards that occur between and within
states (see figures 1.8 and 1.9). The perception of natural hazards in Australia is often less acute than in other
countries. This is mostly due to:
e Australia’s landscape is vast and varied, which can diffuse the impact of such events.
¢ Events such as droughts are often slow onset and are not recognised as immediate threats.
* The increasing unpredictability of weather patterns, particularly in coastal areas, can make perception of
hazard unreliable.
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EXAMPLE: Newcastle earthquake, 1989
FIGURE 1.7 Damage from the 1989 Newcastle

Before 1989, few people in New South Wales would earthquake

have considered earthquakes a risk. At the time,

the Building Code of Australia, which is designed

to safeguard people against major structural failure

and loss of life, classified Newcastle’s buildings as

having a low earthquake risk. Consequently, specific

building design for protection against earthquakes

was not considered necessary.

Given this, the impact of the earthquake in
December 1989 was significant because of the low

levels of preparedness and preparation for such an
event.
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FIGURE 1.9 Distribution of selected atmospheric, climatological and hydrological hazards in Australia
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In more recent years, fire season has presented o .
an increased risk, with unpredictable weather FIGURE 1.10 Danger seasons for fire in Australia
systems adding to the risk. While dangerous bush
fire activity can happen at any time, generally, FIRE DANGER
peak bush fire activity varies with seasonal SEASONS
weather patterns across Australia, as shown in
figure 1.10.

Winter and spring

Spring

Spring and summer

Summer

Summer and autumn
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FIGURE 1.11 Bushfire in southern New South Wales

AR '

SKILLS ACTIVITY

Use the ArcGIS Australia’s population distribution weblink to complete the following.
Add a new layer to the map to show recent cyclones.

Describe the spatial association between Australia’s population and its cyclones.
Explain possible reasons for this spatial association.

Research Australia’s ten most economically damaging floods of the last 20 years.
Use the sketch function on ArcGIS to label these floods.

Describe the spatial association between these floods and Australia’s population.
Explain possible reasons for this spatial association.

Noghrwb=
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Resources

Video eLessons SkillBuilder: Calculating distance using scale (eles-1653)
SkillBuilder: Understanding thematic maps (eles-1658)
Interactivities  SkillBuilder: Calculating distance using scale (int-3149)

SkillBuilder: Understanding thematic maps (int-3154)
Australia’s natural hazards and disasters (int-5281)

Weblink ArcGIS Australia’s population distribution
Geoscience Australia

1.3 Exercise
J 1.3 Exercise L These questions are o
even better in jacPLUS! ’
Learning pathways * Receive immediate feedback
e Access sample responses
Ml LEVEL 1 M LEVEL 2 B LEVEL 3 ¢ Track results and progress
1,2,3 4,5 6

Explain and comprehend

-

. List the natural hazards that are identified in figures 1.8 and 1.9.
2. Considering the range of natural hazards in Australia, identify which hazards might be the most closely linked
to the following features.
a. Long periods of low rainfall
b. Movement of the lithosphere
c. Very high temperatures
d. A severe tropical storm that forms over the ocean and brings torrential rain and destructive winds
e. Destructive winds with rain and hail
3. Consider figures 1.9 and 1.10. State which parts of Australia are most adversely affected by bushfires. During
what time of the year?
4. Describe the challenges that hazards might create for people in your area.

Propose and communicate

5. Suggest which state is the most hazardous or least hazardous place to live in Australia. Justify your answer.
6. Hypothesise the new challenges you might face if you moved from Darwin to a bushland property in central
Victoria. What information might you need to minimise any risk to your family?

Sample responses are available in your digital formats.
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LESSON
1.4 The impact of natural hazards

LEARNING INTENTION

By the end of this lesson you should be able to explain how the severity of the impacts of natural hazards
is influenced by a number of factors and explain the concept of vulnerability as applied to natural hazard
management and explain how climate change may affect the severity and incidence of some natural hazards

and increase risk.

Source: Adapted from Geography General Senior Syllabus 2024 © State of Queensland (QCAA) 2024; licensed under
CC BY 4.0.

1.4.1 Variables affecting the impact of a hazard

The impact of a hazard on a specific area and its people, both in the long and short term, depends on a range of
factors. These factors are shown in figure 1.12.
These factors can also be broken down into separate categories:

e the hazard itself

¢ the location’s exposure to the hazard

e the location’s vulnerability to the impacts of the hazard.

This lesson explains the factors affecting the impact of hazards, identifying why some hazards prove to be more
disruptive than others to the physical environment and the people who live there.

FIGURE 1.12 Factors affecting the impact of hazards

Cause Predictability Damage potential

Frequenc Variables affecting Prevention, preparedness
. ¥ the impact of hazards and adaptation

Duration Speed of onset Response
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Cause

What is the origin of the hazard? For example, a landslide
(figure 1.13) might be triggered by deforestation of slopes
(human causes) whereas a flood might be caused by
torrential rain after a storm or tropical cyclone (natural
causes). Other hazards may be triggered by a combination
of causes.

Frequency

How often does it happen? Some hazards are seasonal, such
as bushfires or cyclones, while others can occur at any time
or without warning, such as earthquakes or a tsunami. If
hazards occur with greater frequency, this leaves less time
for rebuilding and risk management strategies to be put

in place. If hazards occur infrequently, people may not be
prepared sufficiently for an event to occur.

Duration

How long does it last? A severe storm may only last for

an hour or so, while a drought can go on for months or
years. Coping with the impact of an event over a long

period of time will stretch the available economic and social
resources, and might mean that people affected need to leave
the area permanently, or that the land may no longer be safe
for human habitation. A long-running natural disaster will
also affect the wellbeing of the people in the area.

Speed of onset

How quickly does it appear and was there time for any
warning or response? For example, flash flooding can occur
quickly without people having time to move to safety or
prepare, such as the 2011 flooding in the Lockyer Valley.

A volcano may begin emitting smoke or gases in the days or
weeks before an eruption, giving people time to evacuate.

Predictability

Is this kind of event foreseeable or does it occur
unexpectedly? Is it a random occurrence or a regular
seasonal event? A hurricane can be monitored and tracked
to allow authorities to warn people in its path, but a
significant earthquake might occur in an area where little
or no recent seismic activity has been recorded.

Prevention, preparedness and adaptation

How much control do people have over the impacts and
outcomes? Can they prevent a hazard from occurring or
prepare and adapt to increase their chances of surviving a
hazard? The threat in some bushfire hazard zones can be
mitigated with controlled burns (figure 1.16) and careful
land management, but this does not always lower the risk

FIGURE 1.13 A landslide may be triggered by
human causes.

FIGURE 1.14 An increase in seismic activity
was recorded at Mount Agung, Bali, Indonesia,
before it erupted in 2017-2019.

FIGURE 1.15 Atlantic hurricanes tend to occur
between June and November.

S il
" g e e
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when other factors occur, such as very high temperatures,
winds, lightning and arson. People might prepare for the
risk of cyclones by shuttering or boarding up windows

as a cyclone approaches, choosing to move away during
high risk periods or building cyclone shelters. Authorities
might construct sea walls to prevent storm surges flooding
coastal communities.

FIGURE 1.16 Controlled burns can reduce the
risk of future fire events.

Damage potential and magnitude

How large or intense was the hazard? What is the potential
for loss of life or large-scale damage to infrastructure and
the environment? The size or magnitude of a hazard may
not equate to greater damage. For example, a weaker
cyclone hitting a heavily populated urban area may cause
more damage to buildings and infrastructure than a stronger
cyclone that makes landfall in an unpopulated area.

Ability to respond

Can people respond quickly, or must they wait for assistance due to safety concerns or inaccessibility? A
landslide in a remote mountain area may cut off all access for emergency crews or make existing access
dangerous because of unstable ground.

1.4.2 Factors affecting vulnerability to a hazard

Even though hazards can be quite different in their structures, the way they form and the way they disrupt an
area, some common factors still influence people’s vulnerability to their impact.

Physical factors

Factors in the physical environment, such as the weather, the season (summer or winter) or terrain, can affect
how people cope in the short term when a hazard occurs.

EXAMPLE: Cyclone Debbie, Queensland 2017 FIGURE 1.17 Flooded road caused by

When Cyclone Debbie struck north Queensland in April 2017, Cyclone Debbie
relentless torrential rain made it difficult for people to put temporary Y 8
covers on unroofed and damaged houses for several days after the
initial gales.

Flooded roads also made it impossible for emergency workers such
as police, paramedics or electricity line engineers to reach those in
need.

Economic factors

Preparedness, mitigation, prevention and adaptation strategies can be expensive to implement, so a community’s
level of economic development can affect the impact of a natural hazard. Countries with limited financial
resources also have a greater chance of fatalities from hazards because they lack the money to provide the
required emergency aid quickly. This emergency aid might include well-resourced emergency response teams,
medical supplies and healthcare workers, shelter for survivors, and fresh food or water.
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When hazards such as earthquakes occur in less developed countries, affected residents must often wait for
overseas aid. For example, after the Papua New Guinea earthquake in 2018, much of the rescue and recovery
work was organised by an oil drilling company that was in the area because the government did not have the
resources to do so. Infrastructure in less economically developed countries is also less likely to be able to
withstand severe natural disasters. Building collapses and disrupted transport routes can result in increased
casualties due to delays in assistance.

EXAMPLE: Impacts of Cyclone Idai in Mozambique

Cyclone Idai struck eastern Africa in March 2019 and left

a trail of destruction. One of the hardest hit countries was
Mozambique, where over 600 people died. Mozambique,

like many other less economically developed countries,

faces significant challenges in infrastructure, health care, and
emergency response capabilities. When Cyclone Idai made
landfall, the destruction it caused included flooding, landslides
and damage to infrastructure.

FIGURE 1.18 Poor transport routes
made reaching many of those in need in
Mozambique more difficult.

One of the immediate challenges was the inundation of entire
communities, which left thousands of people stranded and in
need of rescue. However, Mozambique’s limited resources and
damaged infrastructure made it difficult to reach those affected
quickly. Roads were washed away, bridges had collapsed and
communication networks were disrupted, hampering the ability
to coordinate rescue and relief efforts.

SKILLS ACTIVITY

FIGURE 1.19 Ten deadliest natural disasters in 2023

Earthquake, Turkiye 50783
Storm Daniel, Libya

Earthquake, Syria

Flood, Democratic Republic of Congo

Earthquake, Morocco

Disaster

Earthquake, Afghanistan
Flood, India 1529
Tropical Storm Freddy, Malawi 1209
Flood, Nigeria | 275
Flood, Yemen | 248

T T T T T 1
0 10000 20000 30000 40000 50000 60000

Deaths
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Based on the data in figure 1.19, identify what type of hazard caused the most fatalities in 2023.

. Research online the natural disasters listed in figure 1.19. Using spatial technology or a print map of the world,
shade the areas affected by these disasters, using colour to show the different types of hazard.

3. Based on your map data, do certain types of hazards seem to occur in specific regions or areas? Write a short

paragraph to describe the geographic patterns you can identify.

4. Create a table showing the natural disasters that occurred around the world during the last year. Sort the data

into a table showing the types of hazard, the location of the event and the number of fatalities. Does the data

support your answer to question 3? Explain in a paragraph whether your assessment is supported by recent

catastrophic hazards.

N =

Social and political factors

After a natural disaster, the social structures of a community and country also become an important part of the
recovery. A highly functioning society might benefit in the following ways:

* An immediate and positive response from internal government agencies (political and military), such as
declaring a state of emergency. This helps to ensure that the rescue and recovery process runs smoothly
and efficiently.

e Efficient and generous aid efforts, because these can be affected by the ways in which government bodies,
community organisations and the media mobilise non-affected people to help sufferers. Aid efforts in a
well-functioning society could include generous donations of medical items, fresh water and food, building
supplies, clothing and money.

e Higher or more resilient morale, which can help with rescue and rebuilding efforts to continue, especially
when victims have lost loved ones or are left homeless.

Resources

Weblink Vulnerability to extreme weather events

1.4.3 Climate change and natural hazards

Within the Earth’s 4.5 billion years, its atmospheric, lithospheric and oceanic systems have experienced periods
of great stability, as well as periods of major fluctuations. Prior to the arrival of humans, natural hazards
occurred within these systems due to natural processes, such as volcanic activity and shifts in solar radiation.
However, in the past couple of centuries, human activities have accelerated changes in Earth’s natural systems,
particularly through the release of greenhouse gases such as carbon dioxide and methane. These activities

have magnified the impacts of climate change, leading to an increase in the frequency and intensity of certain
extreme weather events.

Scientific principles, particularly those of thermodynamics, help explain some of

h h W ir has th itv to hold ist hich lead extreme weather event a

these ¢ anges. Warmer air has the capacity to hold more moisture, which can lea weather event that is rare at a

to more intense rainfall, especially in coastal and wet regions where condensation particular place and/or time of

is prevalent. However, the effects of climate change on precipitation patterns year, with unusual characteristics
. . in terms of magnitude, location,

are complex and can vary by region. Research suggests that while some areas TN

may experience more intense rainfall, others, particularly arid and desert regions,

may face prolonged periods of drought due to changes in atmospheric circulation

patterns and precipitation trends (see figure 1.20).
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FIGURE 1.20 (a) Some places are experiencing more extreme rainfall events as a result of climate change, while
(b) others are experiencing more extreme droughts.

Most scientists believe that increases in CO, levels and subsequent general warming of the atmosphere (global
warming) contributes to climate change and consequently affects natural hazards. The most obvious indicators
of climate change are:

e rising global temperatures due to the atmosphere retaining more heat wildfire an uncontrolled fire that

e more frequent and extreme droughts spreads through vegetation

e more frequent and damaging wildfires permafrost soil, rock or sediment

o dd . ical | d hurri that remains frozen for two or more
more severe an estructlvg tropical cyclones and hurricanes years, commonly found in polar

¢ more frequent and destructive tornadoes regions and high mountain areas

e rapid melting of glaciers, sea ice and ice caps polar vortex a large area of low

¢ melting of permafrost in tundra regions pressure and cold air that typically

o dual level risine that ad Iy affect tuari dl Ivi tal resides over the polar regions
gradual sea level rising that adversely affects estuaries and low-lying coasta during the winter months, but
plains can occasionally shift southward,

e weakening of the polar vortex causing prolonged icy periods and intrusions of bringing frigid temperatures and

warm air into parts of the northern hemisphere. winter weather to lower latitudes
Unfortunately, the widespread awareness of global warming and its possible effects on climate only really
occurred in the 1980s, when marked increases in temperatures were recorded. Today, meteorological science
and its implications for hazard management is widely accepted. Whether for safety or insurance, governments,
industry, institutions and the public are being forced to include the effects of global warming in their everyday
risk management. Clearly, these strategies are having a positive effect, with statistics now showing that although
natural hazards are increasing, people are taking improved steps, where possible, to mitigate harm, and so
reducing fatalities and injuries.

The impacts of climate change are also affected somewhat by increasing population and urban expansion. As the
human-—nature interface expands, communities are becoming more vulnerable to the effects of natural hazards,
especially in terms of costs of allocation and distribution of emergency response personnel and resources. This is
particularly evident in Australia’s fire-prone and flood-prone regions.

A considerable quantity of data indicates that overall fatalities from natural hazards have been decreasing, as
shown in figure 1.21, which tracks deaths from disasters since 1900. This decrease is even though these hazards
continue to occur throughout the world (see figure 1.22). This raises certain questions:

e Do most fatalities occur from occasional super-catastrophic events such as the Indian Ocean tsunami (in
2004, when about 230 000 people died) or the Haiti earthquake (in 2010, when at least 220 000 were killed
and 300 000 were injured)?

* Are more communities better prepared in both mitigation and response strategies than in previous years?

18 Jacaranda Senior Geography for Queensland 1 Units 1 & 2 Fourth Edition



FIGURE 1.21 Annual number of deaths from disasters (decadal average)
Disasters include all geophysical, meteorological and climate events including earthquakes, volcanic activity,
landslides, drought, wildfires, storms, and flooding. Decadal figures are measured as the annual average
over the subsequent ten-year period.
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Source: Our World in Data based on EM-DAT, CRED / UCLouvain, Brussels, Belgium — www.emdat.be (D. Guha-Sapir).
Licensed under CC-BY.

FIGURE 1.22 Global reported natural disasters by type, 1970 to 2024
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Source: OurWorldIinData.org/natural-disasters. Licensed under CC-BY.
Data source: EM-DAT, CRED/UCLouvain (2024).
Note: Graph largely reflects increases in data reporting, and should not be used to assess the total number of events.
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1.4 Exercise
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Explain and comprehend

1. The severity of impacts of a hazard is often measured in terms of the environmental, economic and social
effects.

FIGURE 1.23 Some of the visible effects of Tropical Cyclone Jasper

Some of the effects of Tropical Cyclone Jasper, the wettest cyclone in Australian history, when it made landfall

in Queensland in December 2023 include the following:

estimated total damage AU$1 billion (according to the Insurance Council Australia)
One person killed, believed to have drowned in flood waters

18 homes destroyed and 168 severely damaged

Cairns Airport closed and tarmac under water for several days

powerlines down over large area and phone infrastructure damaged

phone and communication towers damaged

schools closed

SES staff unable to help people

roads flooded or damaged and bridges washed away

beaches and marinas damaged

medical staff unable to get to hospitals

tourism sites and resorts closed for weeks

many farms damaged (e.g. pastures buried under silt)

fruit crops such as mangoes, citrus (limes), papayas, bananas and avocado crops lost
trees shredded, including in National Park areas

wildlife killed or left without habitat and food

people unable to get to work

businesses closed down and workers made redundant

critical infrastructure such as water treatment plants and sewerage plants damaged
supermarkets and shops unable to be resupplied.
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a. Create a table to categorise each impact as an environmental, an economic or a social factor. Use a table
similar to the one provided.

Environment effects Economic effects Social effects

b. Using these ideas, write a paragraph about each type of effect, giving reasons for why they might have
occurred and outlining some of the secondary and tertiary effects. For example, environmental effects
included destructive winds over 180 km/h that shredded and uprooted trees in the coastal national parks,
forcing cassowaries out of the rainforests onto roadways in search of food. This also resulted in a number
being struck by cars or chased by domestic dogs. Powerful storm surges inundated coastal areas with
saltwater, resulting in ...

2. Identify five types of natural hazards.
Explain the meaning of the term ‘decadal average’ from figure 1.21.
4. Refer to figure 1.21.

a. Estimate the number of casualties for the worst decade shown.

b. Calculate the difference in fatalities between the worst decade and the second-worst decade in
figure 1.21.

c. Explain the trend shown in figure 1.21.

®@

Analyse and apply

5. Refer to figure 1.22.
a. ldentify which natural disasters occurred most frequently between 1970 and 2024.
b. Explain the limitation of the data in figure 1.22.
c. Consider reasons for the levelling of data in figure 1.22 over the last 20 to 30 years.
d. If floods and drought are increasing the most, debate a possible connection between this trend and climate
change.

Propose and communicate

6. Consider the trend in figure 1.21. Hypothesise why overall fatalities have been declining as the types of
natural disasters are increasing, particularly atmospheric hazards.

Sample responses are available in your digital formats.
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LESSON

1.5 Assessing and responding to natural hazards

LEARNING INTENTION

By the end of this lesson you should be able to explain the concepts of vulnerability and risk as applied to natural

hazard management.

Source: Adapted from Geography General Senior Syllabus 2024 © State of Queensland (QCAA) 2024; licensed under

CC BY 4.0.

1.5.1 Risk assessment

To manage a risk and reduce the possibility of harm, planners assess likely hazards
and the potential worst-case scenario. A tool known as a risk assessment allows
planners to conduct a step-by-step analysis of these problems. Once the hazards have
been identified, actions can be put in place to improve a community’s preparedness,
prevent and/or mitigate risk, and help to build adaptation strategies so that people can
remain safe. This process is called

risk management.

A risk assessment for a natural hazard involves the following steps.

1. Understand the possible effects of the hazard, largely based on previous
events and data.

2. Examine the physical features and topographic area where the hazard
may occur.

3. Appreciate the type and distribution of human features, infrastructure and
logistics in the area.

4. Consider the demographic profile of the area and ability of residents to
respond to challenging situations.

5. Understand the role and availability of media, communications, emergency
services and support teams that may be accessed.

A risk may be mitigated by a reduction in the size of any of the
following three main variables:

e type of hazard

¢ elements exposed (for example, people and buildings)

e vulnerability.

Consider figure 1.24, based on Crichton’s Risk Triangle.
According to David Crichton, people have little or no control
over a hazard’s type, frequency and magnitude, but they can
do something about exposure and vulnerability, particularly
in places where improved technologies and communications
allow residents to be better informed.

Exposure refers to the things likely to be affected by a hazard,
including people, crops, livestock, buildings and infrastructure.
It also refers to intangible assets with economic value, such

as work or communications. For example, if a tropical

cyclone was heading towards a settlement, the residents and
homes would be exposed to substantial risk. Vulnerability
measures the degree of risk according to its location, amount of
preparedness, and counter-response resources available.
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risk management strategies and
actions to reduce or mitigate risk
based on the known consequences
of encountering a hazard

demographic profile a detailed
description of a group of people,
including information such as their
ages, genders, ethnicities, incomes,
education levels, jobs, family sizes
and where they live

exposure the degree or likelihood
of a place, person or thing being
affected by a hazard, in terms of risk
assessment

vulnerability the degree of risk
faced by a place, person or thing,
based on an approaching hazard’s
potential impact, the place’s degree
of preparedness, and the resources
available to respond

FIGURE 1.24 Crichton’s Risk Triangle




In the risk management model shown in figure 1.24,
the large blue area assumes the initial risk with each
of the three variables contributing equally to the risk.
However, if steps are taken to reduce both exposure
(for example, by not living too close to a volcano)
and vulnerability (for example, closely monitoring
and recording volcanoes for signs of activity), the
smaller, green triangle shows that the overall risk has
been lowered.

FIGURE 1.25 People living near the Tajogaite
volcano in the Canary Islands have high exposure to
volcanic eruptions.

Researching events of the past also gives people an
increased probability of being able to forecast what
might happen in the future. People can’t prevent natural
hazards from happening, but communities can reduce
the risk and manage the effects and response.

In most cases, proactive effort and readiness often prevent a natural hazard from becoming a disaster. This is
best achieved through education, technologies and funding.

EXAMPLE: Preparing for earthquakes in Japan

Today, Japan is known for its ability to cope with powerful earthquakes. Innovative technology, cutting-edge
engineering and response training are among the many mitigation strategies used in Japan. These allow the
country to withstand huge earthquakes that would devastate other parts of the world. This hasn’t always been
the case, though. Learnings from past events have played a critical role in modern-day Japan'’s resilience to such
hazards. On 1 September 1923, a huge earthquake caused death and destruction across Tokyo. Today, the first
day of September is known as Disaster Prevention Day: a day on which the Japanese commemorate the events
of 1923 and prepare for future hazard events.

FIGURE 1.26 Destruction in central Tokyo after a huge earthquake on 1 September 1923

"8

Estimating a level of risk about a specific event (for example, an approaching cyclone) is difficult because
precise locations and/or time of impact cannot always be known. However, risk models combining information
about past events, including frequency and intensity, are now being developed to help experts predict possible
hazard scenarios.

Crichton’s model can be summarised as:
Risk = Hazard type X Exposure X Vulnerability

These models are now used as a guide for emergency services to prepare for a range of effects, including
response strategies and damage estimates. The scale and frequency of various natural disasters now form an
integral part of any risk assessment and equivalent insurance considerations.

Equally important is that efforts are made to ensure critical infrastructure sites such as power stations, water
treatment systems, sewage disposal plants and telecommunication networks are less vulnerable to natural
hazards. When minimal disruption occurs to infrastructure, recovery is more rapid and less costly.
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CASE STUDY: Analysing vulnerability and exposure to earthquakes in Japan and Nepal

Quick facts: Japan and Nepal

Earthquakes annually:
* Japan up to 1500
* Nepal over 60

Human Development Index (HDI): —
¢ Japan 0.95 (19th in the world)
* Nepal 0.6 (146th in the world)

GDP per capita:
e Japan US$54 184
e Nepal US$4934

Risk is assessed as a function of hazard, exposure and vulnerability. All three variables are required to co-exist in
the same place to assess the presence of a risk.

Both Japan and Nepal experience strong earthquakes regularly. If a major earthquake were to hit each country,
both of a similar magnitude, Crichton’s Risk Triangle can be used to assess the risk to people and economies in
both places.

Figures 1.27 and 1.28 show how the risk triangle changes for these two countries.

FIGURE 1.27 Japan earthquake risk triangle

Japan:

e Buildings constructed using earthquake-energy absorbing features,
including laminated rubber to reduce seismic motions, dampers,
springs, and ball bearings to reduce exposure to damage.

e Transport infrastructure constructed to highest standards.
* High-quality medical and rescue infrastructure.

® People have regular evacuation drills in office buildings, shopping
centres and schools.

\ As a result of these measures, Japan’s vulnerability to earthquakes is
Hazard significantly reduced. The hazard itself remains significant and the exposure
to it is also relatively high — the people of Japan are still in a part of the world
that will expose them to earthquakes. Overall, however, risk is lowered.

FIGURE 1.28 Nepal earthquake risk triangle

Nepal:

¢ Buildings generally constructed using basic materials due to availability
and affordability.

® Transport infrastructure is basic, particularly in rural parts of the country.
This can leave parts of the country inaccessible and isolated.

® Health care and medical clinics are limited.
® Rescue infrastructure is limited.

As a result of these factors, Nepal’s vulnerability to earthquakes remains high.
Although Nepal’s exposure to the hazard is a little lower than Japan’s, as they
Hazard occur less frequently in Nepal, the country’s vulnerability when they do occur
means the risk remains high.

1.5.2 Managing impact

While scientific technology, such as satellites and weather instruments, enables us to measure changes to the
Earth’s surface, oceans and atmosphere, it is the accurate analysis of data and clear communication to the public
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that are most crucial for shaping the level of impact. Precise and current information passed on to emergency
personnel, community decision-makers and the media also means that people have time to prepare, respond or
evacuate before the hazard occurs, therefore reducing the population’s vulnerability to the hazard. Governments,
councils and emergency teams need to be aware of the extent of the hazard zone, and the event’s potential
severity and degree of impact if they’re to prepare the best response in terms of safety and mitigation of damage.
This process is often referred to as disaster management.

FIGURE 1.29 Emergency response teams help reduce vulnerability to a hazard.

DID YOU KNOW?

The island of Taiwan is also subject to frequent powerful earthquakes. In April 2024 a magnitude 7.4 struck the
Longitudinal Valley region of the island. Straddling two converging plates (the Philippines Plate and the Eurasian
Plate), Taiwan is wedged in a tectonic vice. Regular rehearsal drills and an almost instant warning system greatly
contributed to a low death toll in the 2024 earthquake.

SKILLS ACTIVITY

FIGURE 1.30 Australian natural disaster fatalities (fire), 1900-2010

200 —
180 —
160 —
140 —
120
100 —
80 —
60 —
40 —
20

Fatalities

Source: Used with permission from the Bushfire and Natural Hazards CRC
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1. Examine figure 1.30 and identify the number of fatalities for the years in which each of these natural disasters
occurred:
® Tasmanian bushfires (1967)
® Ash Wednesday fires (1983)
* Black Saturday fires (2009).
Research each of these events and write a short paragraph about each explaining some of the variables that
contributed to the impact of each of the fires, including suggestions for why these events may have had a
greater impact than other fires.

Resources

Weblinks Risk and impact
Disaster management in Queensland
Powerful Taiwan earthquake report

1.5 Exercise
J 1.5 Exercise L These questions are SPERT |
even better in jacPLUS!
Learning pathways ¢ Receive immediate feedback
e Access sample responses
M LEVEL 1 M LEVEL 2 B LEVEL 3 o Track results and progress
1,4,5,8 2,3,6 7

Explain and comprehend

1. Explain how technology may be used to mitigate the impacts of a bushfire hazard. Give three specific
examples to support your explanation.

Explain how risk can be mitigated by lowering exposure and vulnerability to bushfires.

Describe the purpose of a risk assessment and the types of information this assessment typically includes.
Explain briefly why it is often difficult to estimate the level of risk of an approaching hazard.

Identify three emergency response roles adopted by people in the community.

ar N

Analyse and apply

6. What impact could climate change have on bushfires and droughts in the future? Suggest how communities
in areas of high risk might act to reduce their exposure and vulnerability to these hazards.

Propose and communicate

7. Research and compare the impacts of drought in Australia and in the Sahel region of Africa. Write a
paragraph explaining each of the following.
a. The impact on the people of the regions affected (consider social, economic and physical impacts)
b. The differences in economic development of the regions affected
c. How governments and non-government agencies responded
d. The effectiveness of the responses

8. Design a list with three proactive steps a community could take before an approaching cyclone hits.

Sample responses are available in your digital formats.
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LESSON
1.6 Atmospheric hazards

LEARNING INTENTION

By the end of this lesson you should be able to explain, using a range of representations, how natural hazards are
the result of processes that occur in the atmosphere (atmospheric).

Source: Adapted from Geography General Senior Syllabus 2024 © State of Queensland (QCAA) 2024; licensed under
CC BY 4.0.

1.6.1 Understanding atmospheric hazards

Atmospheric hazards are extreme weather-related events that happen in the lower levels of the atmosphere

(the troposphere). They are all part of the Earth’s climate system. The most common hazards are severe storms

(thunderstorms), blizzards, snowstorms, sandstorms, tropical cyclones (hurricanes and typhoons) and tornadoes.

Floods can also occur as a combination of atmospheric and geomorphic processes. Many of these hazards arrive

and occur quickly during a short period; for example, over a few hours or a )

few d Other 1 t t heric h ds that linked t tural | geomorphic related to the

ew days. Other longer term atmospheric hazards that are linked to natural cycles formation of the Earth’s surface

or the climate are dry spells and drought. Some atmospheric hazards also occur and its changes

from human causes, such as air pollution from dust, chemical vapours, industrial toxicological related to the

fumes, fogs and smog. Because these have an adverse toxicological effect negative impacts of chemical
.. . . . . substances

on living things and can impede breathing, they are considered hazards.

FIGURE 1.31 Atmospheric hazards are often closely connected
to extreme weather conditions

(a) (b)

1.6.2 Processes that create atmospheric hazards

The atmosphere is a clear layer of gases surrounding the planet. It keeps animals and plants alive and protects
them from extreme cold. Within the atmosphere are numerous circulations of air, energy and water — a complex
system powered by energy from the sun. This system can also create the conditions for atmospheric hazards to
occur, as follows.
1. Solar radiation is absorbed by the Earth’s surface and the atmosphere, initiating the planet’s energy budget.
This absorption leads to uneven heating across the globe due to the curvature of the Earth and the varying
composition of the atmosphere.
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2. Uneven heating results in distinct temperature variations across latitudes. Equatorial regions receive more
solar energy, leading to higher temperatures, while polar regions receive less, resulting in cooler climates.
This temperature gradient drives atmospheric circulation and weather patterns.

3. The distribution of land and sea plays a crucial role in modulating temperature. Landmasses heat up and
cool down more rapidly than oceans due to differences in heat capacity. As a result, coastal regions often
experience more moderate temperatures compared to inland areas, influencing local weather patterns.

4. Ocean currents and wind patterns redistribute heat from the equator towards the poles and from the poles
towards the equator. This process, known as atmospheric and oceanic circulation, helps regulate global
climate patterns.

5. Variations in temperature lead to differences in atmospheric pressure, driving the formation of weather
systems. Warm air rises in regions of low pressure, such as near the equator, leading to the formation of
cyclones and other storms. Conversely, regions of high pressure, such as subtropical high-pressure belts,
influence weather patterns by promoting sinking air and stable conditions.

These factors are also illustrated in figure 1.32.

FIGURE 1.32 Factors that create atmospheric hazards

Solar radiation passes through
space and atmosphere; warms Earth

Earth rotates from west to east. This
causes air masses and ocean currents to
deflect and help distribute heat.

The air is a mixture of gases. It consists of:
¢ Nitrogen (N,), 78%

* Oxygen (Oy), 21%

* Argon (Ar), 0.9%

e CO,, water vapor, other gases <0.1%

Layers of atmosphere:
® Thermosphere — above 80 km
® Mesosphere — 50-80 km
e Stratosphere — 12-50 km
e Troposphere — 0-12 km

Air has weight so exerts pressure and is measured
in hectopascals (hpa). Warm air expands so exerts
less pressure. Cool air becomes dense so exerts
more pressure.

Earth is round so tropics
receive 2x as much solar
radiation as poles.

Earth covered by more water than land. Oceans
hold heat longer than land so act as heat reservoirs.
Land heats quicker but also cools quicker.

Resources

Video eLesson SkillBuilder: Reading a weather map (eles-1637)

Interactivity SkillBuilder: Reading a weather map (int-3133)
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1.6 Exercise

J 1.6 Exercise L These questions are o |
even better in jacPLUS! ‘NI
Learning pathways ¢ Receive immediate feedback ’
e Access sample responses
M LEVEL 1 M LEVEL 2 M LEVEL 3 ¢ Track results and progress
1,2,3 4,5 6,7
Explain and comprehend
1. Identify the three TRUE statements from the following.
a. Atmospheric hazards are extreme weather events.
b. Weather takes place in the troposphere.
c. The two most common gases in the atmosphere are oxygen and carbon dioxide.
d. Air masses move around the planet from west to east.
2. Highlight the hazards in the list provided that are weather related.
( Tornadoes ) ( Heat waves ) (Tropical cyclones) (Tsunamis) ( Drought )
3. Complete the sentences correctly.
Many hazards arrive quickly and occur for short periods (hours or days) such as . However,

others like , occur slowly and last for long periods (weeks or months).
4. ldentify which weather hazards are most common in the area where you live.

Analyse and apply

5. Identify when the last weather hazard occurred in your area and how it affected your region.

6. Provide two reasons different parts of the Earth are cooler or warmer than others.

7. Consider the reason a high-pressure air cell may pass over Western Australia before it reaches the east coast
of Australia.

Sample responses are available in your digital formats.

LESSON
1.7 Atmospheric hazards — thunderstorms

LEARNING INTENTION

By the end of this lesson you should be able to explain, using a range of representations such as maps,
conceptual models, block diagrams and cross sections, how natural hazards are the result of processes that
occur in the atmosphere (atmospheric).

Source: Adapted from Geography General Senior Syllabus 2024 © State of Queensland (QCAA) 2024; licensed under
CC BY 4.0.

1.7.1 Thunderstorms
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