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How can | understand
landscapes and landforms?

Mountains, glaciers, valleys, plateaus and many other natural features that we see on the
surface of the Earth are called landforms. Landforms are produced by natural processes.
Similar landforms are grouped together as landscapes.

E

| can analyse how
characteristics
shape places

| can explain
factors that
influence diversity
across places

| can describe the
characteristics
of places

| can locate
features and
characteristics
of places

| can identify
features of places

Characteristics

Learning

dder

| can predict

the impact of
processes and

interactions

| can examine
the impacts of
processes

| can explain how
interaction leads
to change

| can describe

processes

I can list processes

Processes

2 Good Geography NSW Stage 4

The Learning ladder lists the knowledge and skills you will develop
throughout the year, with five levels of increasing difficulty.

By mastering foundational knowledge and skills at the lower levels,
you will build a solid understanding that prepares you to tackle more
advanced concepts and skills as you progress towards the top.

| can evaluate
the fairness of
perspectives

| can analyse how
perspectives
influence decisions

| can explain
different
perspectives

| can describe
perspectives

| can identify
perspectives

Perspectives

| can suggest
improvements
to strategies

| can assess
the impact of
strategies

| can explain
how strategies
protect places

| can describe
management
strategies

| can list
management
strategies

Sustainable
management
strategies

| can evaluate
the contribution
of First Nations
Custodianship

| can analyse
the importance
of First Nations
Custodianship

of Country

| can explain the
role of First Nations
Peoples in caring
for and managing
Country

| can describe
how First Nations
Peoples care
for and manage
Country

| can identify
ways First Nations
Peoples interact

with Country

First Nations
Peoples

| can apply a range
of tools, terms
and concepts
to communicate
geographic
information

| can use a range

of tools, concepts
and terms to
understand
geographic
information

| can use
geographic tools,
concepts and terms

| can list
geographical tools,
concepts and terms

| can identify
geographic
information



| can analyse the
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What are landforms

and landscapes?

Earth contains many different types of

natural landscapes. Each landscape

features unigue landforms created by
natural forces, such as the movement

of tectonic plates.

Landforms and landscapes

Alandscape is comprised of the visible
features of an area. Landscapes can be natural
such as deserts or human such as cities. Natural

landscapes are made up of different landforms.

Landforms are shaped over time by weathering
and erosion. Weathering wears them down

and breaks them apart and erosion removes
the weathered material. The growth of human
settlement and activities such as farming,
mining, logging and tourism can change and
sometimes degrade landscapes.

Desert landscapes

Deserts are dry environments. They can be hot
or cold and can be rocky, sandy or even covered
inice. Rocky deserts can be weathered and
then eroded by water and wind into amazing
shapes. Use the numbers for each landform
below to locate them in Source 1.

Desert landforms

@ Wadi: Dry watercourse in a deep, narrow
valley that divides a plateau.

@© Alluvial fan: Semicircular build-up of
eroded material deposited by water and
wind at the end of a wadi.

© Barchan dune: A crescent-shaped dune
formed by the wind blowing from one
direction. They are a common landform
in sandy deserts.

@ Butte: Isolated, steep, flat-topped hill
of resistant rock (rock that does not
erode easily).

4 Good Geography NSW Stage 4

Source 1:
Landscapes
and landforms p

Wind
erosion

Deposit
of eroded

material Water

erosion )
Deposit

of eroded
material

Mountain landscapes

Mountain landscapes sit high above the surrounding
land. They are formed by movements in Earth’s crust,
which also cause earthquakes and volcanoes. Use the
numbers for each landform below to locate them in
Source 1.

Mountain landforms

© Mountain: Steep-sided, lone peak rising above
the surrounding land.

@ Fold mountains: Formed when two tectonic plates
collide and the crust folds and is pushed upwards.

@ Glacial valley: A valley being eroded by a river
of ice.



Riverine landscapes

Riverine landscapes are formed by the natural
movement of a network of rivers in a drainage basin.
These landscapes attract farming because they
contain fresh water and fertile land from deposited silt.
Use the numbers for each landform below to locate
them in Source 1.

(&

Ice erosion

Deposit of eroded material
(terminal moraine)

. Deposit of eroded
4 material

Coastal landscapes

The coast is where the land meets the sea. Coastal
landscapes are shaped by wind and waves that erode and
deposit materials to create landforms that are constantly
changing (see 1.13 How do waves shape landforms?).

Use the numbers for each landform below to locate them
in Source 1.

Coastal landforms

12

Headland: Narrow, high land jutting out into the sea,
formed of harder rock that resists erosion.

Bay: Curved indentation in the coastline.
Beach: Deposited rock particles, such as sand

, or gravel, along the coastline.
Deposit of eroded ) )
o : material @ Coastal dune: Mound or ridge of wind-blown sand
: ; = at the back of the beach.
b -
| Learning
R Cl I V . s ﬂ
; d ladder 1.1
) —_—
> { :
o . 3 "
7 . . Characteristics of places
= . L2 .
3 ¢ _ and environments
= A "t-
2 - 0 Source 1: Name a landform that fits each of
the following descriptions:
a eroded by glaciers
- b deposited by water
(= c caused by movement of the Earth’s crust.
e Source 1: Which desert landforms are shaped
by wind and which are formed by water?
e Source 1: Describe how meanders change the
path of ariver.
< e Source 1: Explain how erosion and deposition
i are key processes in the formation of a delta.
o ﬂ o\
Riverine 2 R < \ Envi
landforms 3 nvironment
e River: A natural 0 Source 1: Where do glaciers occur and why?
waterway formed by water e Source 1: Describe coastal landforms that are mainly
eroding land as it moves downhill. shaped by wind and those formed by waves.
0 Floodplain: Flat land that water spills 9 Source 1: Explain the key process that drive the
onto in flood conditions. formation of desert landscapes.
@ Meander: Loops in a river when it slows on flatter e Sgurce1: Explain how processes form valleys in three
] ) ] different landscapes.
land. The river erodes the outside and deposits _
the inside of th d e Source 1: Select one landscape or landform that will
onthenside ofthe meander. change the most dramatically due to global warming.
@ Delta: Deposited sediment at a river’s mouth, Suggest what action could be taken to reduce
which causes the river to block its own exit. its impact.
The river splits into a number of finer channels S

that erode a path to the sea.

Block diagrams, page 418; Environment, page 396

Processes that shapetheland 5
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What are geomorphic
processes?

The landscapes and landforms on Earth are shaped by geomorphic processes,

such as plate tectonics and weathering.

Processes shaping the Earth

The transformation of the Earth’s surface into distinctive
and constantly changing features is the result of physical
and chemical geomorphic processes.

These geomorphic processes include:

plate tectonics: the physical movement of the
Earth’s crustal plates that creates mountains and
valleys on the surface of the land and beneath the
sea through processes such as folding, faulting,
uplift and subduction. Volcanic landscapes such as
mountains result from tectonic processes.
weathering: the chemical and physical breakdown
of rock into smaller particles. Weathered rock is
easily eroded and deposited to shape new landforms
such as sand spits.

erosion, transportation and deposition: the
physical movement and transfer of weathered rock
by agents, including moving water, ice and wind,

to another location. When these forces slow down
or stop moving, the sediment they are carrying

is dropped.

o~ o
BN
l

A

Weathering of
rocks at surface

Igneous
rock

of magma

6 Good Geography NSW Stage 4

. Erosion and
transport

mass movement: the movement of soil and/or rocks
downslope under gravity.

the rock cycle: the continuous process of rock
formation that involves weathering, erosion and
deposition at different stages as rock is broken down
and then transformed into new rock.

The movement of the Earth’s crustal plates and their
collisions are responsible for the formation of landforms
such as mountains, ridges and ocean trenches.

Types of landforms

Landforms can be classified by the main processes

that cause their formation. Structural landforms such

as rift valleys are formed when tectonic plates move.
Weathering landforms such as limestone caves are
caused by physical weathering or chemical weathering.
Erosional landforms such as coastal cliffs comprise the
crust left behind after rock is eroded and transported
away. Depositional landforms such as beaches are
created from deposited sediment that has been
transported to by moving agents such as waves.

Source 1: Geomorphic processes operate within the rock cycle
v

Deposition of
sediment

Burial and
compaction

Sedimentary
rock

Deformation and
~ metamorphism




Landscapes and landforms change and evolve over softer rock layers around it eroded away, the Grand

millions of years. Examples include Uluru in Central Canyon in the United States formed by tectonic uplift of
Australia, an erosional landform known as an inselberg, the land and erosion by the Colorado River, and K’gari,
created by the exposure of a layer of folded rock as the a depositional sand island in Queensland.

!

Magma Solidification Weathering —> —SedimentnSediment—J
erosion deposition

Tectonic
processes
Decomposition and
Folding, faulting, disintegration of rocks and Detachment and Deposition by
tectonic uplift and minerals by physical and transport by wind, wind, water
land subsidence chemical processes water and ice andice
Structural landforms Weathering landforms Erosional land forms Depositional landforms
(e.g. mountains, fault scarps (e.g. sinkholes, karst caves (e.g.rivers, glacial valleys (e.g. sand bars, alluvial fans,

and rift valleys) and talus cones) and gullies) deltas, floodplains and

glacial hills)

v

Volcanic eruptions in Hawaii, Blue Hole, Belize, is the world’s Hole in the Rock outside Danube River Delta,

United States, are tectonic largest sinkhole, at 300 metres Coffee Bay, Transkei, South Ukraine, shows depositional

processes that create wide by 120 metres deep. The Africa, isan example of a landforms when the Danube

landforms. solution hole was created by coastal erosion landform. River empties into the
chemical weathering. Black Sea.

4 Source 2: The relationship between geomorphic processes and landforms

Learning ladder 1.2

Processes that transform people, Change

places and environments a Over what time frame did Uluru, the Grand Canyon and
K'gariform?

e Source 2: How does weathering change landforms?

9 Source 2: Explain how the Danube River Delta formed

0 Identify the main geomorphic processes.

e Source 1: Describe how rocks can be transformed by
geomorphic processes in the rock cycle, beginning
with weathering on the land. overtime.

e Source 2: Explain how erosional landforms are shaped. 0 Source 1: Explain how an igneous rock can change
into a metamorphic rock through the rock cycle.

o Source 2: Compare the features of erosional
landforms with landforms created through deposition.

Block diagrams, page 418; Change, page 394

e Assess the role of moving agents such as wind,
ice and water in the formation of Earth’s landforms

and landscapes.

Processes that shapetheland 7




1.5

How are
mountains formed?

Mountains are landforms that rise high above the surrounding land. They are formed
when tectonic plates in the Earth'’s crust collide. The land crumples and folds until
the rocks are pushed upwards to form a mountain range. Mountains become taller

as the tectonic plates continue to collide.

Source 1: At 5895 metres above sea level, P
Mount Kilimanjaro is Africa’s highest mountain
and the tallest freestanding mountain in the
world. It is a volcanic mountain formed over a
hot spot in the Earth’s crust. The top is covered
in ice and snow even though the mountain is
located near the equator.

8 Good Geography NSW Stage 4




World mountain landscapes
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What are mountains?

A mountain is a large landform that sits above

the surrounding land, usually in the form of a

peak. A mountain is steeper and higher than a hill.
One measurement given to mountains is land higher
than 600 metres above sea level.

A few mountains, such as Mount Kilimanjaro
in Africa, are isolated, but most are part of a
series of mountains called a mountain range.
The Earth’s highest mountain is Mount Everest in
Asia’s Himalayan mountain range. Its summit is
8848 metres above sea level. Australia’s highest
mountain, Mount Kosciuszko, is just 2228 metres tall.

The world’s longest above-water mountain
range is found in South America. Known as the
Andes, this mountain range is 7000 kilometres long
and travels through seven countries. Australia’s
longest mountain range is the Great Dividing Range,
stretching more than 3500 kilometres through
Victoria, New South Wales, the Australian Capital
Territory and Queensland.

Processes that shape theland 9

Source: Matilda Education Australia, Natural Earth, European Environment Agency




Fold

mountains '

(2

Volcanic
mountains

Block
mountains

Dome
mountains _

A
Source 3: Different mountain formations:
fold, volcanic, block and dome

10 Good Geography NSW Stage 4

Source 4: The eastern edge of the Sierra Nevada range in
the western United States consists of block mountains.
They formed along the Sierra Nevada Fault, where
tectonic forces have pushed up sections of rock.

How do mountains form?

Mountains are formed through earth movements or
volcanic action. Strong forces inside the Earth can push up
the surface into long mountain chains or punch through
the surface at hot spots to create volcanoes such as
Kilauea in Hawaii (see page 22) and Mount Kilimanjaro in
Tanzania (see Source 1 on page 8).

Fold mountains

Fold mountains are pushed upwards where two
continental tectonic plates (see pages 16-17) collide.
Layers of rock are bent and pushed upwards to create the
fold mountains. The world’s largest fold mountains are
found in the Himalayan mountain range (see pages 18-19),
with over 50 peaks more than 7200 metres high.



Learning
ladder 1.3

Processes that transform people,
places and environments

o Source 2: Look at the map of world mountain
landscapes. Name two of the highest mountain
ranges using the legend and annotations.

. . B
e Source 4: Describe the features of block mountains. ‘?‘\

e Explain the difference in how block and dome
mountains are formed.

o Simulate tectonic plates by placing two sheets
of paper end to end on a flat surface (about
2 centimetres apart). Place four fingers on both
sheets of paper and move the left sheet slowly
towards the right.
a Sketch what happens when the paper meets.
b What type of mountains form like this?

Volcanic and dome mountains

Volcanic mountains form when magma from below

the Earth’s surface is pushed through an opening

in the Earth’s crust. This material can build up to

form a cone-shaped mountain known as a volcano

(see pages 20-1). Dome mountains form when magma
is injected beneath layers of sedimentary rock, causing
the top layer to bulge upwards forming the dome shape.

Environment

o How do mountains differ from other environments?

e Source 3: What is the difference between volcanic
mountains, dome mountains and hot spot
volcanoes? Present your answer as a table.

9 Source 1: Explain how Mount Kilimanjaro formed.

Block mountains e Draw a labelled block diagram to explain how and

where fold mountains form.

Block mountains form when blocks of rocks are forced e Analyse why a dome mountain has its characteristic

upwards or downwards along faults or cracks in the dome shape. Provide a three-stage diagram to show
Earth’s crust. The uplifted blocks are block mountains how a dome mountain forms. Research an example
or horsts. Dropped blocks are called graben, which can of adome mountain and explain how it formed.

form rift valleys.
Block diagrams, page 418; Environment, page 396

Processes that shape theland 11
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Virtual site visit

What are the characteristics
of the Blue Mountains?

When real fieldwork is not possible, a virtual site visit can be used to gather quantitative

(statistical) data and qualitative (descriptive) information to answer inquiry questions.
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Inquiry questions

In a study of landscapes and landforms, you can do a .
virtual site visit to the Blue Mountains to help explore
inquiry questions:

What are the characteristics of the Blue Mountains

landscape and its landforms?

Which landforms can be identified in the

Blue Mountains?

Katoomba topographic map

300

/j Castle ack
(5

oyam‘

Which geomorphic processes created the landscape
and landforms of the Blue Mountains?

How does the National Parks and Wildlife Service
sustainably manage and protect the Blue Mountains
landscape?

\ Edinbur;

Vera Falls
~

LATSIS)
& P Wentworth \1

Faus Ra:lway St\at:on

\ ’J/' \T’all !
~

= ,\~

WO th F u S CONTOUR INTERVAL 10 METRES
WO atls “Dell 2 Magnetic North is approximately 12.39°E of Grid North
/I DP751644
%) 531 .[m. e :gEl  Route marker: motorway, national, state
’i"o < mmmmss N Motorway; Primary road
/.
!

— X Arterial road; Sub arterial road with level crossing
Distributor road, Local road with cattle grid
————— Urban service lane; Access way
--1-- — ——  Track (vehicular) with gate; Path
Dedicated bus way

‘,'Q‘ —+O-+ —+—+  Rail: operational with station, under construction
}8.,—; — ——+ ———— Rail: disused, dismantled
\\\xg{\‘ 3\ = ———  Runway: centreline, perimeter
I g} = mmms - — — - Landing ground; Ferry route
\‘\‘\"fj - ® @  Airport; Heliport; Roadside rest area
x m L] Ambulance; Hospital; Lifesaving club
Fire station: urban, rural; State emergency service
[P Police station; Coast guard
. mYurilla  Building: small, large, homestead

=
-
3
)

Place of worship; Post office; School

1} B2 Information centre; Tourist park; Caravan park

m Camping ground; Lookout; Picnic area

- ¢ 41 Golf course; Historic site; Monument

R T X Tower; Wind generator; Wind pump

o o R Tank; Yard; Mine (underground)

=T =z (O  Telephone exchange; Utility facility; Race track
o Aquaculture farm; Restricted area; Landmark

52+ A Spot height; Mountain; Survey mark

Q *® Cave; Pinnacle; Rock

Index contour with elevation; Contour

Cliff; Levee

Excavation face; Mines subsidence district
Transmission line; Cableway

Bore; Pond; Regulator; Spring

Perennial watercourse with lock, barrier, dam or weir
Non perennial watercourse with waterfall, rapids
Mainly Dry watercourse; Water supply canal
Waterbody: perennial, non perennial, mainly dry

Mean high water mark
Lighthouse or beacon; Breakwater
Wharf, launching ramp or slipway; Rock
Anchorage; Wreck
Intertidal flat; Rocks (awash); Reef
Rocks (inland); Sand; Cliff area
Swamp: wet, dry; Land subject to inundation
4 4 ‘- Trees: sparse, medium, dense
’ AL ! Y Orchard, vineyard or crop; Pine plantation; Mangrove
‘ ‘ Park or reserve; Built up area;
— - — DP3297  State border; Cadastre with plan and lot number
| State forest; National park
=== = == = Syburb; Local government area
I Restricted Area

Source: © State of New South Wales (Spatial Services, a business unit of the Department of Customer Service NSW)
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Using secondary sources

Before an actual or virtual visit to the Blue Mountains, Climate graph of Katoomba
gather information from secondary sources (the work o mm
of other people). The following questions can guide gg \ :gg
the collection of information prior to fieldwork. 304 140
Can | find key locations in the Blue Mountains such as 25 120
Katoomba, the Three Sisters and Wentworth Falls on 21(;: - | 100
atopographic map? (See Source 1 on pages 12-13.) 10 4 | 80
When and how did the Blue Mountains form? 57 ‘ig
(See Source 2.) _g: oo
How does the climate at Katoomba differ from -104 -0
Sydney? (See Source 3.) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
= Mean daily minimum temp === Mean daily maximum temp
The structure of the Blue Mountains Climate graph of Sydney
he Blue Mountains are not actually ;8
mountains - the area is, in fact, an 45
uplifted plateau that has been dissected gg:
by rivers over time. The Blue Mountains are 30
part of the greater Sydney Basin, which is made ;g:
up of layers of sedimentary rocks laid down 15 4
over 300 million years. The Blue Mountains, 12:
and the Great Dividing Range more generally, oA

were formed about 50 million years ago, when

= Mean daily minimum temp Mean daily maximum temp

activity under the Earth’s crust caused the area
. . Source: Matilda Education Australia
to lift. Some of the higher outcrops are covered a

Source 3: Climate graphs of Katoomba (1017 metres above sea level)

in basalt rock from volcanic eruptions. The lava
and Sydney (35 metres above sea level)

flows originally covered more of the area, but
most of it has worn away.

The Blue Mountains National Park is on
the eastern side of the Great Dividing Range.
The area descends west to east from a height of
around 1100 metres above sea level near Mount
Victoria to less than 200 metres above sea level
around Glenbrook. The highest point is Mount
Werong, which is 1215 metres above sea level,
and the lowest point is on the Nepean River,
only 20 metres above sea level.

Four major rivers lie inside the national park:
the Wollangambe River to the north, the Grose
River in the centre, and the Coxs and Wollondilly
rivers to the south. The blue haze seen on top
of the mountains is created when oil droplets
from eucalyptus trees, dust particles and water
vapour mix together in the air, and this mixture

isreflected in the sunlight.

Source 2: Structure of the Blue Mountains

14 Good Geography NSW Stage 4



Source 4: Wentworth Falls has
a total height of 187 metres.
It plunges over the sandstone
escarpment (steep slope on
the edge of a plateau). Itis a
three-tiered waterfall fed by
the Jamison Creek, near the
town of Wentworth Falls.
Jamison Creek travels over
Wentworth Falls and into a pool
in the valley below. It continues
through the valley until its
confluence with Kedumba River
at the southern end of Sublime
Point Ridge.

o

e

Learning
ladder 1.4

Representing and communicating
information

Source 5: The Three Sisters are located on the north escarpment
of the Jamison Valley. This sandstone landform was formed around
200 million years ago. The sandstone has vertical joints and over
time weathering and erosion have widened these joints to leave the
three pillars of sandstone that form the Three Sisters. Continued
widening of these joints will make the pillars thinner, until they
eventually fall into the valley below.

a Source 1: Use these four-figure area references
(page 408) to identify key sites on the
topographic map: AR5464 and AR5064.

b Source 1: Use four-figure area references
(page 408) to identify these key sites on the
topographic map: Three Sisters, Kedumba Walls.

Source 1: What feature(s) on the topographic

map show:

a thatthe plateau that Katoomba sits onis

X st : ¥ surrounded by steep cliffs?

: e b the bottom of the valley?

Source 2: Are the Blue Mountains really mountains?

Source 3: What impact does elevation have on
temperature and rainfall when you compare Sydney
and Katoomba?

Sources 4 and 5: Prepare accurate photo sketches
(page 416) of Jamison Valley and Wentworth Falls

with annotations, using the captions and Sources 1
and 2 to provide as much detail as possible. A photo
sketch is similar to a field sketch.

Topographic maps, page 408;
Field sketches, page 416

Processes that shapetheland 15
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What is the theory
of plate tectonics?

The Earth's surface is made up of huge tectonic plates, much like a big jigsaw puzzle.
These rigid plates move on top of a molten layer of the crust’s mantle. Tectonic plates are
always moving, but usually by only a few centimetres per year. At the boundaries of the
plates, they collide, move away or move laterally with other tectonic plates Where they
collide, mountains and trenches form and volcanoes and earthquakes are generated.
When plates move apart, ocean ridges can form.

How do mountains

World tectonic plates

form?

s S—

ARCTIC OCEAN.,
e z

Earth’s crustis made u "NORT s I
; . P AMERICAN, S = - ,,_,,{:\H &
of seven major tectonic f;,l_ TE ;| - f“/‘w"xd < -

semi-molten rocks in the
mantle. As the plates move
apart (diverging margins) or
collide (converging margins),
landforms such as mountains,
ridges and ocean trenches

are created.

Most of the world’s
volcanoes are located
along converging margins
or subduction zones.

plates that move on the »’;\,é_i.v ol

Subduction occurs when ;
a continental plate, such as ?_%_5& { Y. ng\ahan 7 A Molucca Sea' g v : C
the North American Plate, @“r%_ ( ), pte WESEINDIAN T R )L’ate J ' T
converges with an oceanic : ‘ \ : b i N OCEAN Plates”" L SN
. Tropicof Capricorn \ ' 6 ‘i
plate, such as the Caribbean oy SOUTH \L £ X INDO-AUSTRALIAN
; ; ATLANTIC — PLATE ™4, /
Plate. The heavier oceanic OCEAN “ (Australian section)\.__._
crust bends and moves down ;j N L
towards the upper mantle s #
3
(Source 2). The edge of the ¥
plate melts into magma that 4 N o 2500 5000 km
feed | | th ANTARCTIC PLATE A L 1 i
eeds volcanoes alon e Scale true at equator
. . g Antarctic Circle SOUTHERN O__CEAN B .
converging margin, such B R e e eSS
5 g TassanssoR 'L-’M~“’/')_.\~J ‘g,f'! Npey

as Mount Pinatubo in the
Philippines.

Most earthquakes occur near the edges of
converging plates or along transform margins, which
is where the plates slide past one another. Here the
plates can become stuck and then break free with

16 Good Geography NSW Stage 4

a sudden movement that triggers an earthquake.
California’s San Andreas Fault is a transform margin
between the North American and Pacific plates that
suffers many earthquakes.



Trenches are formed at Volcanoes form when the denser oceanic
the converging margin plate is pushed under the continental

Mid-ocean ridges form at a diverging
margin as the space is filled with new

and subduction zone.

material sources from molten magma.

Converging  Mountains are pushed up when Molten magma moves up
margin two continental tectonic plates to fill space created by
spreading plates.

push against one another.

Legend
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Source: Matilda Education Australia
S

Source 1: The world’s tectonic
plates: the seven major plates and
some of the minor plates

plate and melts to provide magma.

Source 2: Tectonic
plate movement

Learning
ladder 1.5

Processes that transform people,
places and environments

0 Which process causes earthquakes?

e Source 2: Describe how volcanoes occur.

e Source 2: Explain how mountains form.

e Source 1: Using examples from the map, analyse
how tectonic plates influence where earthquakes
and volcanoes occur.

e Source 2: Why do converging margins sometimes

produce mountains and other times create
volcanoes? Explain using a labelled diagram.

Interconnection

° Source 2: How are mountains and converging
margins interconnected?

e Source 2: Describe how mid-ocean ridges form at
diverging margins.

e Source 2. Explain how volcanoes form where oceanic
plates meet continental plates.

e Source 1: The Mid-Atlantic Ridge is the longest
mountain range in the world. It runs under the
Atlantic Ocean between South America and Africa.
Explain why itis located here and how it formed.

e Source 1: Africa’s Great Rift Valley is an area of low
land that forms where tectonic plates rift, or move
apart. Describe its location, length, how it formed
and how it can impact communities who live there.

Interconnection, page 392

Processes that shapetheland 17
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Case study

How did the
Himalayas form?

Central Asia is dominated by the
highest land on Earth: the Plateau of
Tibet and the Himalayan mountains.
This area is home to 90 of the world's
100 highest peaks, including Mount
Everest, the world's highest mountain
at 8848 metres above sea level.

The Himalayan Mountains were formed

by the collision of the Indo-Australian and
Eurasian tectonic plates (see pages 16-17).

As the Indo-Australian Plate moved north, it
bumped into the southern edge of the Eurasian
Plate. The land crumpled and was pushed
upwards. In just 50 million years, the Himalayan
Mountains have risen from sea level to nearly

9 kilometres high.

The Himalayas now stop the movement
of the monsoon rains from the south,
making the Plateau of Tibet one
of the driest regions in
the world.

Indo-Australian
tectonic plate ..

18 Good Geography NSW Stage 4

Source 2: The southern edge of the Eurasian tectonic plate
was crumpled and buckled up above the Indo-Australian Plate.
Neither of these continental plates was heavy enough to be
subducted. This caused the crust to thicken because of folding
and faulting. The Earth’s crust here is about 75 kilometres
thick - twice its average thickness. This process marked

the end of volcanic activity in the region.

/, Eurasian
© tectonicplate

4 Source 1: The collision of the

Indo-Australian tectonic plate with the
Eurasian plate formed the Himalayan
Mountains. The Indo-Australian

Plate still travels northwards at

3.7 centimetres per year and the
Himalayas are still growing at
1centimetre per year.
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-y Death zone
20 Above 8000 metres, climbers can
R BT
Camp 4 - South col : | die because of the lack of oxygen.
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Source 3: This is the route of P
climbing the south face of Mount
Everest. The mountain was first
climbed in 1953 by Sir Edmund
Hillary and Tenzing Norgay.

| Camp 3
7162 metres

| Camp 2
% 6400 metres

e

Basecamp & U
5334 metres [

Learning
ladder 1.6

Characteristics of places
and environments

0 Sources 1and 2: Which tectonic plate is the Ganges
River located on?

e Source 2: Describe the different environments seen
on these tectonic plates.

e Source 3: Describe the environment a hiker would
see as they move from base camp to camp 4.

e Sources 1and 2: Explain how the movement
of the Indo-Australian Plate has affected the
Himalayan Mountains.

e Sources 1and 2: Create a series of diagrams with labels
to explain the formation of the Himalayan Mountain
range. Incorporate the following geographic terms:
tectonic plate, faulting, folding, mountain range.

Space
Direction of movement of ° Source 1: In which region of the world are the
the Indo-Australian Plate Himalayas and Plateau of Tibet found?

e Source 2: Describe the features of the landscape
shown in this digital terrain model.

e Source 2: Explain the reasons behind the location
of the Himalayan mountain range.

. . o Source 3: Where is the ‘death zone’ and what

© Himalayan mountains characteristics does it have?

6 Plateau of Tibet e What impact has the uplifting of the Himalayan
O Ganges River mountain range had on the climate of the region?
e Bramaputra River

@ Mount Everest

Block diagrams, page 418; Space, page 388

Processes that shape theland 19
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How do volcanoes form?

Volcanoes form when magma from beneath the Earth’s surface pushes through the
crust along tectonic boundaries and at hot spots in the mantle.

Volcanoes
Volcanic mountains form when magma — melted rock Source 2: A stratovolcano is a cone-shaped volcano built
from below the Earth’s surface - is pushed through up by many layers of hardened lava, tephra, pumice and ash.

Active stratovolcanoes are steep and can have explosive
eruptions. The lava flowing from stratovolcanoes is usually
thick and sticky, so it cools and hardens around the cone.
a volcano. Stratovolcanoes are also known as composite volcanoes
because they are built up in layers from each eruption.

an opening in the Earth’s crust. This material can
build up to form a cone-shaped mountain known as

Volcanoes are mainly found along tectonic
plate boundaries where plates collide and one plate
is forced downwards into the Earth’s mantle in a
process called subduction (page 16). The edge of the
sinking plate melts into magma to feed the volcanoes
along the plate boundary.

Layers: hardéried_i
lava tephra

@ The crustis broken into © With temperatures up to
tectonic plates that form 6000°C, the outer core

mountains and cause is the only completely
earthquakes. liquid layer.

9 Parts of the solid mantle e Earth’sinner coreis
can meltinto magma solid iron and nickel
and move to the surface with temperatures
through volcanoes. up to10 000°C.

a
Source 1: Structure of the Earth

20 Good Geography NSW Stage 4



Hot spot volcanoes are found far from plate The material that spews from a volcano builds

boundaries. They occur when particularly hot areas up the Earth’s surface, creating new landforms.
of the mantle burn through the Earth’s crust, such as Each volcanic eruption brings new material to
Mount Elephant in Victoria. the surface as tephra (rocks and ash) or lava

(magma that reaches the Earth’s surface).

Across the Earth’s surface, lava flows cover material
from previous eruptions to build the height of

the land in layers.

Volcanoes are classified as active (erupting or
likely to erupt), dormant (inactive but may eruptin
the future) or extinct (unlikely to erupt again).
Crater

Primary cone

Learning
ladder 1.7

Processes that transform people,
places and environments

Lava flow

o Source 1: Where does magma that feeds volcanoes
come from?

e How do volcanic mountains form?

e Source 2: Explain how stratovolcanoes obtain their
layered cones.

e What s lava and how does it change the landscape
involcanic areas?

Environment

0 Explain why volcanoes can only be presentin certain
places on Earth.

e Source 2: What is distinctive about volcanic
environments compared to mountainous
environments?

e Source 2: Explain how the magma reaches the
surface of the Earth through a stratovolcano.

o Create a photo essay of different volcanoes around

" the world. For each photo, state the location and
Magma chamber N type of the volcano in that place, as well as whether it
is active, dormant or extinct.

Processes that shape theland 21
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Geographical tools

How can | use contour
maps to study volcanoes?

Kilauea volcano erupts Lava danger zones on Hawaii
Kllaue“a volcan.o caused a state ofemergencygn N iy 0 o5 S0k
Hawaii Island in 2018. The lava flowed downhill to A Channel ' ! )
destroy homes in Pahoa and force 1700 people to Kohaw

Waimea

evacuate. The 1247-metre Kilauea volcano is one
of five active volcanoes on Hawaii Island.

Using contour lines

Maps with contour lines show the height and
shape of the land. We see the shape of volcanoes
and can predict where lava will flow.

Contour lines are numbered lines that join

places of equal height.

Close contour lines indicate a steep slope and

widely spaced contours mean a gentle slope.
) ) ) ] ) Legend
Contour interval is the difference in height A Mountain/Volcano
between the contour lines on a map. o ® Town
Ireliefis the diff in altitud REUET Py — Lava danger risk
Local reliefis the difference in altitude O‘ahu oloka'i ‘ = Extremely high
between the highest and lowest elevations Léina '™ Maui == Very high
! - NORTH = High
inan area. Hawaiian Hawai‘i ; PC;\CCEIZIA? = Medium to high
Gradient is the slope between two points. Islands R Low to medium
To calculate gradient, divide vertical rise
: : : 4. Source 1: Lava danger zones Source: Matilda Education Australia;
(the change in height between two points) e ol of b ESRI, USGS, Hawail State GIS Program

by horizontal run (the horizontal distance
between two points).

Representing and communicating information

1) Source 2: What contour interval has been used on Source 2: Calculate the local relief of Hawaii Island.

this map? Sources 1and 2: Why is there an extremely high

a Source 2: How high above sea level is Kilauea? lava danger riskin the areas shown?

b Source 2: Why might lava from Kilauea flow 1 Source 2: What is the difference in elevation between
more slowly than lava from Mauna Kea? Kilauea and Pahoa? Why was this significant in the

¢ Source 2: How highis Mauna Kea above sea level? 2018 eruption?

How highisitabove theland surroundingit? e

22 Good Geography NSW Stage 4




Hawaii Island volcanoes contour map Source: Matilda Education Australia

Legend

® Town

A Volcano

—— Contour (500 m)

4 Source 2:
ZOQQ‘% Contour ma
\A Hiuiai P

of Hawaii Island

Mauna Loa

Mauna Kea

Hualalai

Kilauea

a
Source 3: Digital Terrain Model (DTM) of Hawaii Island
created by combining elevation data with satellite

Source: Matilda imagery. The data is manipulated by computer programs
Education Australia to create a three-dimensional view of the island.
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How does weathering
affect landforms?

When rock is exposed on the Earth’s surface it can be broken down by water, temperature
and the roots of plants. Moving ice, water and wind can further wear down rock and

carry it away.

Weathering and erosion

Landforms change because of weathering and
erosion. Weathering is the first stage of the process
where rock is worn away, broken down or dissolved
into smaller and smaller pieces by water, heat

and cold. Erosion is the second stage where the
weathered material is transported away by agents of
erosion such as water, ice, wind and waves.

Weathering involves two processes that work
to break down rocks on the surface of the Earth.
Chemical weathering is a chemical change in
arock, while mechanical weathering involves rocks
being broken into pieces.

A weathered rock particle is loosened but stays
in its place. When the particle begins moving, we
name this erosion, or mass wasting. Mass wasting
is simply the movement of rocks downhill due
to gravity, such as rock falls and landslides.

Erosion is where rock particles are moved by
flowing air (wind), water (rivers, sea and rain) or
ice (glaciers). Erosion acts more quickly on softer
rocks. Harder rocks remain as landforms such as
mountains or headlands.

Mechanical weathering

Mechanical (or physical) weathering is where large
rocks on the Earth’s surface are broken down into
smaller ones. Causes of mechanical weathering are:
Temperature: Cold nights and hot days cause
rocks to expand and contract, which makes
them crack and break apart.
Ice: Water seeps into cracks in rocks. When the
water freezes it expands by 9 per cent, splitting
the rocks.
Roots and plants: Vegetation pushes into rocks
and acts as a wedge to push the rocks apart.
This is sometimes categorised as biological
weathering.
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4 Source 1:
Frost wedging is a
form of mechanical
weathering that
occurs when
water freezes and
expands in a crack
inarock.

Source 3: The process of erosion P

Ice erosion

Ice erosion comes mainly from giant bodies
of moving ice known as glaciers. They pick

up loose rock and erode the valleys into
u-shapes as they move downbhill.

Wave erosion

Waves erode the coast by breaking down
rock and moving sand and other sediment.
Large waves hit rocks with lots of force, breaking
them apart. Waves also pick up small rocks and throw
them against the land. Waves crashing against the
shore can create amazing coastal landforms such as
arches, caves, stacks, cliffs and headlands.




Source 2: Mechanical weathering is the key agent that shapes the
amazing rock features of Monument Valley in the United States.
The hot days and cold nights enable the rocks to expand and
contract, which causes cracks that eventually split sections of rock.
Wind erosion picks up the small dry weathered rock particles and
blasts them against larger rocks, which further shapes them.

Water erosion

Water erosion occurs from the force of the flow of water
and the eroded rock and other material carried in the
water. Rocks or debris carried by a river erode its banks
and bed as they crash into it.

Wind erosion

Wind erosion is particularly active in dry
desert areas. Light objects such as sand and
pebbles are swept up and carried by the wind.
The small rock particles are thrown against
landforms, eroding materials off them.
The newly eroded material is also
swept away by the wind to
sandblast the desert
landscape into
amazing shapes.

Source 4: The pressure of P
expanding plant roots causes
rocks to crack and break away.

*
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Source 5:Antelope Canyon has been
formed bya combination of weathering
and erosion iithe semi-desert region of
Arizona, Upit';.ed States.

: b
4 1

Antelope Canyon Chemical weathering

Mechanical weathering is very effective in deserts Chemical weathering decomposes rocks and

where there is a large temperature range. Mechanical minerals. Chemicals in water or the reaction of water
weathering processes such as temperature change and with minerals in rocks either form or destroy minerals
frost wedging opened wide cracks in the soft sandstone in the rock, breaking down the bonds holding rocks
rock of Antelope Canyon in the desert region of Arizona together. This weathering is common in locations

in the United States. Flash floods carrying sand, rocks, where there is a lot of water to help the chemical
logs and other debris eroded large amounts of rock to reactions take place.

further widen the cracks. Over time, weathering and

erosion has cut and smoothed a skinny deep slot canyon.

The amazing shapes of Antelope Canyon

are very popular with tourists.

Source 6: Karlu Karlu (the Devil's Marbles) P
has been shaped by a chemical weathering
process known as spheroidal weathering,
leaving these amazing balancing

boulders behind.

& v 3 op

o = 26 Good GAeog"r‘abi'\y-NSW-_

Stég



The most common types of chemical weathering are:
Hydrolysis: Hydrogen in water reacts with minerals
in the rocks to form new minerals; for example,

hard granite rock changes to softer clay through
hydrolysis. Clay is more prone to mechanical
weathering and erosion than granite.

Carbonation: Rainwater contains carbonic acid
because carbon dioxide in the atmosphere dissolves
in it. This carbonic acid reacts with minerals in some
rocks, causing the rocks to weather.

Oxidation: When oxygen combines with other
elements in rocks, new types of rock are formed.

As with hydrolysis, these new rocks are generally
softer and easier for mechanical weathering to
break apart.

Karlu Karlu

Karlu Karlu (the Devil’s Marbles) in the Northern
Territory is a local example of chemical weathering.

The granite rock has been shaped into round boulders
by a chemical weathering process known as spheroidal
weathering. Water seeps into cracks, and chemical
reactions cause the rocks to disintegrate along the
edges. The cracks are opened wider, allowing even
more water to reach the surfaces. Corners are attacked
by water from more than one direction and wear away
more rapidly. The sharp corners are rounded, forming
spherical rocks.

Hard rock

Hard rock with regolith
(softer unconsolidated rock) Rain water carrying
carbonic acid reacts

with regolith and

breaks it down.

VS
Source 7:

Chemical weathering causes
achemical change in the
rock that enables softer rock
to be worn away, leaving
harder rock behind.

Weathered regolith leaves
rocky bits standing alone.

Learning
ladder 1.9

Processes that transform people,
places and environments

o What change does weathering cause?

e Describe how weathering and erosion are
interconnected.

e Source 6: Explain how Karlu Karlu formed.

e Source 3: Analyse what the four agents of erosion
shown have in common and how and why they differ.

e Source 2: Why is mechanical weathering more
prevalent in desert regions and what form of erosion
is particularly active?

Change

o What change does chemical weathering cause?

e Source 4: Draw a two-stage flow diagram to show
how plants can cause mechanical weathering.

e Source 5: Explain the change over time in this
location and describe the processes that have
caused the changes.

e Analyse how chemical and mechanical weathering
influence environments differently.

e Weathering is due to a range of interconnecting
factors, which ultimately leads to a change in
landforms over time. Discuss.

Change, page 394
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What are deserts?

Deserts are the world’'s driest environments, receiving less than 250 millimetres
of annual precipitation. These dramatic landscapes cover nearly one-third of land
on Earth. Deserts can be hot or cold and be rocky, sandy or even covered inice.

Different desert landscapes

Most deserts are hot deserts that lie between the
latitudes of 15 and 30 degrees north and south of
the equator. Cold deserts are found in temperate
areas or high plateaus, while polar deserts are
localised at the North and South poles. The lack
of precipitation can be explained by an inland
location that is a large distance from water, the

dominance of high air pressure cells with sinking air,

mountain ranges that block moist air and cause a

0 Arch: A natural
bridge weathered
and eroded
through a
solid rock cliff
over time

rainshadow effect, and cold ocean currents that limit

evaporation and keep the air dry.

Diverse and spectacular

Some deserts are seas of sand; others are vast,
stony plains; others have spectacular rock
formations shaped by weathering and erosion.
Plateaus of rock weather and erode into isolated
mesas, buttes and chimney rocks. Natural arches
form from weathering along joints that leave
narrow walls of rock. When the lower wall
erodes, an arch results. Inselbergs such as

Uluru (see pages 30-1) are islands of rock that
remain after a long period of erosion of the
surrounding soft rock.

The world’s deserts are expanding through
a process known as desertification. This occurs
when land along the edge of a desert becomes
damaged by drought and overuse by humans.

Source 1: p
Desert
landforms

o Alluvial fan: Semicircular e Butte: An isolated hill with 9 Inselberg: Anisolated
build-up of eroded material vertical sides and a small steep-sided mountain,
deposited by water and wind at flat top. Buttes are smaller uncovered as the softer land
the end of wadis (desert valleys) than mesas around itis eroded away
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World deserts
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e Mesa: A broad, isolated flat-topped
landform found in desert areas that are
the eroded remains of a wide plateau

o Chimney rock: Thin
pillars of rock that are
the remains of buttes;
evaporating water
creates a hard crust
on top, protecting
it from chemical
weathering as the
column wears away

4. Source 2: World deserts

Learning
ladder 1.10

Processes that transform people,

places and environments

o How did Uluru form?

e Source 1: Describe how the mesa in the
diagram formed.

e Source 1: Which landform shown here is formed
by deposition rather than weathering?

o Source 1: Draw a two-stage diagram with labels
to show how a chimney rock is formed.

e Source 1: Predict what will happen to the pictured
arch landform with further weathering.

Environment

0 What is adesert?

e Source 1: Describe the geographical
characteristics of this desert.

e Source 2: Explain, using PQE, the distribution
of deserts on a global scale.

0 Source 1: Look at the photographs of the mesa,
butte and chimney rocks. Analyse the relationship
between these landforms.

Processes that shape theland 29

Source: Matilda Education Australia; Beck, Zimmerman, McVicar, Vergopolan, Berg, Wood




1.1

Case study

How did Uluru form?

Uluru and nearby Kata Tjuta are
inselbergs that were uncovered as
the land around them eroded away.

The region was once covered by sea and over time it
was covered with marine sediment. About 500 million
years ago, pressure from beneath the crust caused
the land in Central Australia to fold and be pushed
upwards (Source 1a). The layers of sedimentary rock
were gradually worn away by weathering and erosion
(Source 1b), leaving only the hardest rocks showing as
the inselbergs (isolated hills) of Uluru and Kata Tjuta
on the surface. Uluru is the largest surface rock in the
world. It rises 348 metres above the surrounding land
and covers an area of 3.3 square kilometres.

Uluru and Kata Tjuta are sacred to the Pitjantjatjara
Anangu. Their understanding of how the rocks formed
has been passed down over thousands of years
through stories, songs, ceremonies, dances and art.
For the Anangu people, Uluru isn’t just a rock, it’s a
living place — with the marks of the creation beings
shown everywhere.

Uluru walking tracks and facilities

Fold mountains are pushed upwards due to pressure in
the Earth’s crust. Layers of sedimentary rock are bent
and pushed upwards to create fold mountains.

\ Tjukatjapi

W ki

MALA WALK arayuid

Mala carpark Kantju Gorge
Mala Puta

carpark
Park headquarters

CULTURAL CENTRE

=EHANRG)

Kuniya Piti

Legend
== Monolith

mm Sensitive site

Drinking water

E3 Emergency radio alarm
Walks

== Uluru Base Walk

= |iru Walk

= Mala Walk

== Lungkata Walk

== Kuniya Walk
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Over time, the processes of
weathering and erosion wear
away the softer rock, leaving only
the harder rocks showing on the
surface of the land.

Ao
Source 1: The formation
of Uluru and Kata Tjuta

Source 2: Thisis a plan view of
Uluru as seen from directly above.
Maps are drawn from the plan view
because the scale is constant
over the area shown. There is

no foreground or background

in plan-view images and maps.

Source: Matilda Education Australia;
Parks Australia



Source 3: This is an oblique aerial view of Uluru. These angled
views are good at showing the shape of landforms, as they show the
foreground and the background. Uluru is featured in the foreground.
Kata Tjuta appears much smaller because it is in the background.

@ Learning ladder 1.11

Change

Processes that transform people,
places and environments

o Source 1: What role did folding play in the formation
of Uluru and Kata Tjuta?

e Source 1: Describe the role of weathering and erosion
in the formation of Uluru and Kata Tjuta.

e Source 3: Outline the advantages and disadvantages
of using oblique aerial views to study landforms.

0 Source 1: Create a further diagram and caption
that shows what the region looked like before the
sedimentary rock was was pushed up through the
process of folding.

e Source 1: Using the diagram as a source, sketch
what the region could look like if further weathering
takes place over millions of years.

@ source3: whatdid this region originally look like?

e How long ago were fold mountains pushed up in
thisregion?

e Source 3: What has changed in this environment to leave
Uluru and Kata Tjuta as inselbergs rising above a flat plain?

o Sources 15 and 16 (page 410): Calculate the gradient of the
slope between X and the nearest 800-metre contour line
to the east of X. How might weathering and erosion change
this gradient over time?

e What are the implications of change to Uluru, such as
climbing on the rock and graffiti, for the Pitjantjatjara
Anangu people?

Cross-sections, page 410; Change, page 394
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How are karst
landscapes formed?

Karst refers to an area of land composed of soft rock that dissolves in water. As water
seeps through the rock it slowly erodes the landscape to form underground caves and

streams, and sinkholes on the surface.

Features of karst landscapes

Karst landscapes are found in areas where soluble

carbonate rocks such as limestone and dolomite

are dissolved by water to form distinct landforms.

Typical features of karst landscapes include:

= caves and underground networks of tunnels,
such as those found along Australia’s Nullarbor
Plain. These are popular for ‘caving’ expeditions.
Within these caves, stalactites and stalagmites are
formed by the deposition of calcium.

= sinkholes and depressions in the land surface,
often known as cenotes, form when caves collapse.
When filled with water, cenotes such as those in the
Yucatan peninsula in Mexico become well-known
tourist destinations. The largest sinkhole in the
world in China is 660 metres deep.

= underground rivers, which transport water from
the surface through the landscape. These are often
the continuation of surface rivers that suddenly
disappear. The world’s longest underground river
travels for 20 kilometres beneath Vietnam and
Laos. There can be a shortage of surface freshwater
in karst landscapes. In these places, underground
rivers, aquifers and the springs that form where
water resurfaces, are important water sources.

= cone and tower karst, which are steep, distinctly
shaped hills isolated by the dissolution of rock,
where more rock has been removed than remains
in the landscape. Ha Long Bay in Vietham is a
well-known karst landscape featuring towering
islands within the bay.

= limestone pavements, which are flat limestone
surfaces. These may be dissected by the
action of water draining through faults or
joints in the rock.
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Global distribution

Scientists have calculated that 15 per cent of the Earth’s
surface is occupied by karst landscapes. The largest
areas covering hundreds of square kilometres include
the 550000 km?2 UNESCO World Heritage South

China Karst and Australia’s Nullarbor Plain, considered
the world’s largest continuous karst landscape at
approximately 200000 km?. Significant areas of karst
are also found in Europe and the United States.

Source 1: These features of a karst limestone landscape have been
formed by erosion. The limestone rock has been shaped by natural
chemical erosion. Carbon dioxide in the air dissolves in rainwater to
form carbonic acid. This acid erodes the limestone rock

as the water flows over it. A stream flows down into
the ground to form an underground stream that
emerges as a spring. Two layers of caves are
shown, with water seeping down from
above to form stalactites and
stalagmites. p

Spring



World karst regions
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ladder 1.12

Processes that transform people,
places and environments

o How are karst landscapes shaped?

e Source 1: Describe the role of carbon dioxide in the
formation of karst.

e Source 1: Explain how acidic water moves through
the limestone rock to form underground caves.

o Why do karst landscapes have limited surface water?

e Source 1: Research and explain how stalagmites and
stalactites form and how long the process takes.

Environment

0 What is a karst landscape?
e What karst features can be seen above the ground?

9 Source 1: Explain the different stages of the stream
shown in this karst environment.

e Source 1: Explain in detail how the caves shown
here were formed.

e Source 1: Sketch a block diagram to show what
might happen to this karst landscape with further
weathering over millions of years.

Stalagmite Stalactite e
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How do waves
shape landforms?

Waves are one of the strongest forces shaping coastal landforms. Waves can be
generated by wind or movements on the Earth’s surface. They can travel for thousands
of kilometres through water, before breaking in shallower water near coasts, building

or scouring away the coastline in the process.

How do waves begin?

Waves travel through water. The water moves up and
down but does not actually travel with the wave. It is the
energy that travels with the wave. The energy required
to create waves most commonly comes from wind, but
may also come from earthquakes or volcanic eruptions.
The size of a wave depends on wind speed, the distance
travelled by wind over the ocean and the amount of time
the wind blows.

When wind blows across water it creates ripples
on the surface. The wind forces the water to rise and
gravity pulls it back down again. Water rising and falling
creates a circular movement of water particles beneath
the surface. On the surface, we see the top of this orbit,
known as the crest, and the zone where it falls, called
the trough.

The orbiting waves can travel for long distances as
swells through the ocean. A swell is a collection of waves
formed by winds. The size of the swell is measured from
the crest to the trough. The largest swell ever measured
in the southern hemisphere was a 23.8-metre swell off
New Zealand’s Campbell Island in May 2018.

Why do waves break?

As waves move into increasingly shallow water near the
coastline or offshore reefs, the bottom of the wave orbit
comes into contact with the sea floor and slows down.
The wavelength is shortened and the crest of the wave
overtakes the bottom of the wave. It spills forward as a
breaking wave. Waves will generally start to break when
they reach a water depth of 1.3 times the wave height.

What conditions do surfers look for?

Groundswell waves are steeper and faster. They are
the result of strong wind storms in the open ocean that
create longer wavelength waves that move quickly into

34 Good Geography NSW Stage 4

shallow water before breaking. Wind swell waves are
the smaller, less powerful waves formed by local winds.

Offshore winds create the best waves as wind blows
against the top of the wave to delay it from breaking.
Onshore winds push the top of the wave forward,
causing the wave to break before the usual breaking
depthis reached.

Wavelength

Crest Crest

Trough
Height Za

Path of water
particles

Less movement
in deeper water

-
Source 1:

Block diagram showing
how waves form

and break

Friction with sea bed
shortens wavelength and
top of wave spills forward.



Source 2: A surfer uses the energy ofthe breaking wave
to be propelled down the face of the wave and into the
shallow water near the beach.

Breaking wave

Source 3: Australian P
surfer Owen Wright surfs
groundswell waves.
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How do different waves shape
landforms?

Coastal landforms are both created and worn away

by wave action. Destructive waves destroy and erode
the coastline. Destructive waves are large and powerful;
they constantly crash onto the coastline, wearing away
cliffs and digging out areas of beach.

Destructive waves travel across open ocean and
build a significant amount of energy that hits coastal
cliffs and beaches with great force. Cliffs can be carved
into amazing erosional landforms such as headlands,
caves, arches and stacks.

Constructive waves are smaller and less frequent.
They deposit sand on the beach rather than scouring
it away. Constructive waves are responsible for creating
depositional landforms such as beaches, sand dunes,
sand bars, spits and tombolos.

The amount of eroded material taken away or
deposited on the coastline depends on the water

Source 4: Coastal landscape featuring
anumber of different landforms
v

Sand dunes Cave Beach

Cliff
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flowing onto the beach (swash) and returning to
the sea (backwash). Destructive waves have weak
swash, but strong backwash that removes material.
Constructive waves have strong swash and weak
backwash, helping it to build up sand.

Erosional landforms

Destructive waves create erosional landforms, including:
cliffs: the almost-vertical rock face along many
coastlines
headlands: narrow, high land jutting out into the sea,
formed of harder rock that resists erosion
caves: formed as waves bend around headlands and
attack softer rock
arches: formed when caves on either side of
a headland join, leaving a gap
stacks: pillars of rock separated from cliffs or
a collapsed arch
wave-cut platforms: flat eroded areas of rock at the
base of coastal cliffs.

Sand bar Spit

Wave-cut
Arch Headland Stack platform  Tombolo



Source 5: The action of waves and other erosional forces such
as wind, ice and rain are continually shaping and reshaping our
coastlines. The famous Elephant Rock sits on the Tongaporutu
coastline in New Zealand. It was a double arch in the shape of an
elephant until continued erosion and an earthquake removed
the elephant’s trunk in 2016. Elephant Rock sits alongside

the Three Sisters stacks in the same location. One of the

Three Sisters disappeared following a storm in 2003, but it

was replaced with another sister that became separated

from the Tongaporutu cliff face in 2013.

Depositional landforms

Constructive waves, tides and longshore drift
(page 42) transport sediment to form sand bars,
and wind moves sediment to form sand dunes.
Depositional landforms in coastal areas include:

beaches: made up of loose
particles such as sand and
pebbles deposited by waves
sand dunes: hills of sand that
form at the back of beaches
from wind-blown sand

sand bars: ridges of deposited
sand in the ocean that are
exposed at low tide

spits: narrow bars of deposited
sand linked to the coast
tombolos: form when waves
deposit a bar of sand to link an
island to the coast.

Learning
ladder 1.13

Processes that transform people,
places and environments

o How do waves form?
9 Source 4: Describe how a spit forms.

e Source 5: What type of landform is this and how
was it created?

e What is the difference between destructive and
constructive waves, and the landforms they help
create and shape?

e Source 4: Draw a three-stage diagram to show
how a cave can forman arch, and anarch can
form a stack.

Environment

o Source 4: What are some unique features of
a coastal environment?

9 Is a coastal environment a physical or built
environment? Why?

e Source 4: Which landforms in this coastal
environment were formed by destructive waves?

6 Source 1: Explain how and why waves break.

e Source 4: How is the formation of sand dunes

different from all other coastal landforms shown
inthis scene?

Environment, page 396
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How do bays form?

Headlands and bays form along coastlines that have alternating bands of hard and soft
rock. The hard rock is more resistant to erosion and wears away more slowly, leaving a
headland that extends out into the sea. Softer rock is less resistant to erosion and bays
are carved out between headlands.

Different rates of erosion How bays and headlands form over time

Headlands take the full force of waves, because they Refer to Source 3.

jut out from the coastline. As waves approach land 1 Waves attack the alternating bands of hard and soft

they bend to the shape of the coast in a process known rock along a coastline.

as refraction. Wave energy is concentrated on the 2 Destructive waves erode the cliff causing the cliff

headlands, which erodes into landforms such as caves, to retreat.

arches and stacks. 3 Softer rock erodes more quickly to create bays.
Waves in bays are more spread out and the wave The resistant hard rock sticks out to sea as

energy is reduced, allowing for sand to be deposited. headlands.

Beaches are usually found in shallow bays where waves 4 The protected bays allow deposition of sand to

have less energy. form beaches.

Headland 4 Source 1: Wave refraction refers
to the change in the direction

of awave as it approaches land.
The incoming wave first meets
the ocean floor at the headland,
causing the wave to bend, or
refract. The refraction focuses
the wave energy, and therefore
most erosion, on the headland.
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Source 2: Wineglass
Bay on the east coast of
Tasmaniaisa calm body
of water protected by

two granite headlands.
Granite is a very hard rock
that s resistant to erosion.
The white quartz sand is
eroded material from the
granite rocks, which are
rich in quartz.

Hard rock
e.g. granite

Soft rock = S
e.g. limestone

Hard rock
e.g. granite

Soft rock
e.g.limestone

Eroded
more

Headland

more

g
'\A/aves
Eroded } Beach

Headland

Eroded
more

Beach

Source 3: The formation of bays and headlands over time

Soft rock Original
e.g. limestone Eogin of -
limestone

Learning
ladder 1.14

Processes that transform people,
places and environments

o Source 2: Why have the headlands at Wineglass Bay
been slow to erode?

e Source 3: Describe where beaches form and where
the sand comes from.

e Source 3: What is meant by the terms ‘hard rock’
and ‘soft rock’? What impact does rock type have
onacoastline?

o Source 1: Using plasticine or clay, construct a
headland, cave, arch and stack. Using these models,
discuss the ‘story’ of coastal erosion with a partner.
See also Source 4, page 36.

Interconnection

0 Source 1: Refraction is caused by the interconnection
of waves and which coastal feature?

e Source 2: Describe how the interconnection of waves
and rock created Wineglass Bay.

6 Source 3: How does the interconnection of waves
and soft rock lead to the formation of bays?

o Sources 2 and 3: Construct a flow diagram identifying
how wave interaction with coastal landforms may
have shaped Wineglass Bay. Use the following key
terms when constructing your diagram:

- hardrock . softrock
. erosion - headland
- bay - wave.

Flow diagrams, page 419;
Interconnection, page 392
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Case study

How are waves eroding
Loch Ard Gorge?

Loch Ard Gorge at Port Campbell, Victoriq, is affected by powerful destructive waves that
travel long distances over the ocean. The soft limestone cliffs are eroded into erosional
landforms such as gorges, headlands, caves, arches, stacks and blowholes. Salt spray and
strong winds weaken the rock and contribute to the weathering and erosion of the steep,
exposed cliffs along this coast.

Source 1: Oblique aerial
view of Loch Ard Gorge

Arch

Wave-cut platform
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Learning
ladder 1.15

Processes that transform people,
places and environments

0 Why is Loch Ard Gorge so prone to erosion?
9 Source 1: Describe the features of the landscape
atLoch Ard Gorge.

e Sources1and 2: Make a sketch of the arch at
Loch Ard Gorge and use labels and a caption to
explain how it formed.

o Source 2: How are caves, arches and stacks

interconnected?

Change

o Source 1: Give three examples of change at
Loch Ard Gorge.

e In June 2009 an arch collapsed leaving two stacks.
Describe the processes that led to this arch
collapsing.

e Source 2: In which direction is the cliff retreating?
Why do you think this is the case?

e Using Sources 1and 2, explain how destructive
wave action has changed the headland marked ‘A’
on the oblique aerial photograph.

e Predict how the headland marked ‘A" may change
inthe future.
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How does sand move?

As waves hit beaches, the waves move sand along the coast. Constructive waves deposit
sand to form other beaches, as the sand builds up against obstacles such as headlands or
groynes. Dry sand on the beach can be blown by onshore winds to the back of the beach

where it forms sand dunes.

What is a beach?

Abeach is an accumulation of sand deposited by waves.
Beaches constantly change due to the processes of
erosion, transportation and deposition. Sand moves
along coastlines through waves moving sand to form
sand bars and wind moves sediment to the rear of

the beach to form sand dunes.

How is sand moved by waves?

Most constructive waves hit the coast at an angle
because of the direction of the wind and the shape of
the land. Strong swash from the waves picks up grains
of sand and moves them along the beach. Gravity takes
the weak backwash and some sand directly back into the
ocean ready for the next wave to move the sand further
along the beach.

Source 1: Longshore drift
v

Material zigzags
along beach

Prevailing winds
send waves in
at an angle.
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Material lands in shallow,
calm.water to form a spit.

Along the beach, the sand moves in this zigzag
fashion, known as longshore drift, until it meets
an obstacle such as a headland, rocks or human
constructions such as groynes. The sand builds
up against the obstruction, widening the beach.

Longshore drift is also responsible for forming
narrow bars of sand, called spits, that jut out into the
ocean. Spits occur when the coastline changes direction
or the beach meets the mouth of a river. The sand
is deposited and builds up on itself to form a spit.
Sometimes the spits join an island to form a tombolo.

How does wind move sand?

At low tide, sand particles on the beach dry out and
can be picked up by onshore winds and moved further
inland. The moving sand grains may be trapped by
obstructions such as plants and mounds at the rear

of the beach to form a primary dune.

Coastline alters direction

Spits that connect offshore —

islands are called tombolos.® T T
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Sand is moved along the beach in a process known as
longshore drift. The swash from the waves pushes up onto the
beach at an angle, dropping sand as it slows. Gravity pulls the
water back in a straight line as backwash, pulling some sand
with it, ready for the next wave to move the sand further along
the beach. The movement of sand continues until it meets an
obstacle The sand then builds up against the obstacle.

" 8

" builds up aga
obstzﬂ'&ss

asrocks. '

4
A

Y
N s &

4. Source : How waves moe sand | - Le q r n i n g
There is little soil in a primary dune, so plants I q d d e r 1 ° 1 6

find it difficult to take root. Some grasses with shallow
roots, such as marram grass, can grow in this very salty
environment. Plants hold the sand dunes together and
allow the dune to grow larger.

Processes that transform people,
places and environments

o Which two key processes move sand on beaches?

e Source 3: Describe how a sand dune forms.

Onshore winds
e Source 2: Explain how the processes of swash

P'CZL:CP dry . and backwash operate to enable the longshore
sand from the drift of sand.
beach and

o Investigate how humans build structures to control

move it inland. longshore drift. Provide a diagram to show how

The sand starts

R it works.
to mound. o
. Interconnection
o Islongshore drift the only natural process that
Secondary influences sand movement?
dune e How is wind connected with the direction of
longshore drift?
A primary e Source 2: Use a diagram with labels to describe how
dune builds sand is moved along a beach through the process
up, stabilised of longshore drift.
by plants. e Source 1: Explain how a connection beween wave
Wind scours action and shallow water can form spits and
sand to form tombolos.
ablowout. e Evaluate the implications of the connection between
plants and wind on sand dunes. Why is it not wise to
trample or remove vegetation from sand dunes?
. Y /e

Source 3: Formation of sand dunes R Interconnectlon,page392 .....................................
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First Nations Peoples

How were landscapes and
landforms created?

Dreaming stories of First Nations Peoples help inform a deeper understanding of the
creation of landscapes and landforms and the peoples’ spiritual link to a place.

Creation stories

Landscapes contain many landforms that are sites of
spiritual importance, particularly for Indigenous peoples.
In the Hawaiian religion, the ancient fire goddess Pele,
who lives in the crater at the top of the Kilauea volcano,
created Hawaii’s landscape. When Kilauea erupts, lava
is the physical embodiment of Pele. She is known to be
unpredictable, so Hawaiians traditionally provide gifts
and offerings to keep her happy. During the eruption
of Kilauea in 2018 (see page 22), Hawaiians left leaves
in front of their homes and flowers in cracks caused by
the volcano for good luck.

For Australia’s First Nations Peoples, landscapes and
landforms were formed by the Ancestors who continue
tolive in the land, water and sky. Aboriginal spirituality
draws on the stories of the Dreaming, while Torres
Strait Islander spirituality is based upon the stories
of the Tagai.

The Dreaming gives meaning to everything and
establishes the rules for relationships between people,
the land and all living things for Aboriginal people.

The Dreaming tells about the creation of the world by
Ancestor spirits who came from the earth and sky to
create and shape landforms and all life.

Torres Strait Islands creation

The islands and waters of the Torres Strait are important
to its peoples, who identify themselves by their home
islands. Each island has its own creation story.

Torres Strait Islander peoples are sea travellers,
traders, fishers and gardeners. Their culture is unique
and includes elements from Australia, Papua New
Guinea and the surrounding region. The spirituality
of Torres Strait Islander peoples is linked to their life
on their home islands and surrounding waterways.
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They believe that all natural
features and living things were
created by ancestral beings.

A key creator being in Torres Strait
Islander culture is Tagai, a great
sea hero. Tagai is represented in
the sky by several constellations
of stars. These constellations are
used as a guide for the seasonal
cultivation of crops and gardens.

Source 3: Dauar Island and Waier Islet are small volcanic islands Iocated“

at the eastern end of the Torres Strait. The Meriam people of the region é
explain that the islands were shaped by Gelam, who travelled in the form of

a dugong from Mua in western Torres Strait. Gelam brought rich soil, coconut
palms, yams and other food plants to Mer Island. He sneezed out two seeds

and these formed the two smaller islands of Dauar and Waier.

he story of Biami is a special one.
Biami is a God to my people, in the
beginning he stepped down from
the sky and created the land, formed
the mountains and valleys, filled rivers
with water, and created all living things.
Everything Biami creator [sic] was
wonderful! Plants of all shapes and sizes
were placed on the land. He also placed men
and women on special place he had created.
Biami stayed and made sure all things
that he created lived together in harmony.
When he was satisfied he stepped back
into the sky from which he came, where he
remains now watching over his people and
the wonderful place he created.

Source 2: Biami was the creator being in the Dreaming of
First Nations peoples of south-eastern Australia, such as the
Wonnarua, Kamilaroi, Guringay, Eora, Darkinjung and Wiradjuri
peoples. Leslie Saxby Jupurula, Aboriginal teacher and painter,

Aboriginal spirituality changes and adapts, Creative Spirits.

Source 1: The Three Sisters in the Blue Mountains is significant

to the Gundangurra, Wiradjuri, Tharawal and Darug peoples and

was recognised as an Aboriginal place by the New South Wales
Government in 2014.

One creation story tells the tale of three sisters from the
Katoomba tribe who fell in love with three brothers from a
neighbouring Aboriginal nation. The law forbade the girls from
marrying outside their own people. When the brothers decided
to capture the girls, a major battle erupted. A clever man from
the Katoomba nation cast a spell to turn the sisters to stone to
keep them safe. During the battle, the clever man was killed and

unable to reverse his spell, so the sisters remain trapped in stone

to this very day.

Learning
ladder 1.17

Perspectives of people
and organisations

o Source 2: What landforms did Biami create?

e What role does the Dreaming play in explaining
the formation of landscapes and landforms?

e According to Indigenous Hawaiians, why did the
Kilauea volcano eruptin 20187 What action did
local people take?

9 Source 3: Which parts of the creation story are
linked to how Torres Strait Islander people live?

Interconnection

0 How do Indigenous Australians show their
connection to the land?

e Source 1: Describe the interconnection between
this landform and the creation story. How were the
Three Sisters formed?

e Source 3: Explain the interconnection between
this landform and the creation story. How were
Dauar Island and Waier Islet formed?

o Source 2: How did Biami set an example for First
Nations Peoples to care for Country?

e Source 1: If changes were to be made to allow tourists
to get closer to the Three Sisters site, what might

be the implications for the Gundangurra, Wiradjuri,
Tharawal and Darug peoples?

Interconnection, page 392
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How do humans
modify beaches?

Only 15 per cent of the world’'s coasts remain unchanged natural landscapes.
Beaches and beach dunes are the coastal landforms most modified by human activities.
The majority of change is intentional and often without thought for the consequences.

Dynamic landforms

Beaches are dynamic environments that continuously
adapt to changing environmental conditions such as
wind, waves, currents and tides. They change quickly
because sediment is loose and moves easily. With 75 per
cent of the world’s population living within 50 kilometres
of the coast, and the world’s largest cities located on the
coast, the human pressure on beaches is growing.

People modify beaches to create the environment
they want to live in. Management is needed to address
the unintentional consequences of these modifications.

Dune development

Building houses, tourist resorts and infrastructure such
as roads, car parks and public buildings on sand dunes
has been acommon practice in Australia and overseas.
Sand dunes are nature’s reservoir, part of a natural cycle

A Source 1: Hampton Beach, Port Phillip, Victoria

46 Good Geography NSW Stage 4

of deposition and erosion that occurs on beaches. Dune

development interferes with that process and as a result,

properties are threatened by erosion. Further change is

then needed to protect those properties. Media reports

of beach erosion threatening homes appear after large
storm events, and people call for protective measures
such as seawalls to be built.

Marine developments

People dredge sand bars or build walls at the mouths

of rivers to deepen the water channels for boats and
ships to navigate. They build boat harbours and marinas
by closing off part of a bay or inlet with hard structures,
such as concrete blocks, to provide a safe refuge.

Hampton Beach seasonal longshore drift
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Sand bars
hinder Training Interruption
navigation WELS to

Gold Coast
beach Tweed Sand
erosion Bypassing
threatens project
properties

Reduced
sediment
supply to
beaches

Restoration
of Gold
Coast
beaches

on the built and longshore
Tweed extended drift
River

A Source 3: Training walls built at the Tweed River
had consequences for Gold Coast beaches.

These developments interrupt currents that carry sand.
When the current stops, so does the sand supply to
beaches.

Hampton Beach on Port Phillip Bay illustrates how
people intentionally modify beaches and later make
additional changes to solve problems they create.

A large breakwater was built at the southern end of
the Hampton Beach in 1948 to protect Sandringham
Harbour from storms. The harbour filled with sand
from the longshore drift stopped by the wall and sand

o
was not returned to the beach during the next season. Source 4: People modify beach dunes
Successive storms eroded the beach further until a when they use them for recreation.

series of groynes and renourishment projects were
used to replenish the beach with sand and keep it there.
A seawall was built at the back of the beach to protect
properties. The groynes hold the sand in place and
natural currents move sand between groynes.

Learning
ladder 1.18

Processes that transform people,
places and environments

On the Tweed River in northern NSW, rock training
walls were built to improve navigation. Gold Coast
beaches were robbed of sand trapped by the walls.

In both cases human actions had interrupted natural
processes and then additional modifications such as
Tweed Sand Bypassing and groynes on Hampton Beach
were needed.

o Identify six ways people modify beaches.

e Source 4: Describe the impact of this activity

Beach adjustment onbeaches.

e Use a Venn diagram to record similarities and
differences between the modifications made to
Hampton Beach and Gold Coast beaches north
of the Tweed River.

Many beaches are graded in summer to create wide, flat
places for people to enjoy. Sand is moved around and
redistributed, often taking away the natural deposits
that would be blown inland to form dunes, or sand is
moved to replace eroded sections. Sand mining removes
sand and valuable minerals, while dredging sand from
off the coast nourishes beaches that have been eroded.
These actions can change waves and currents and
impact coastal ecosystems used by beach fishermen and
recreational divers.

e Source 1: In what season was the photo taken?

e Source 2: Explain how longshore drift moves
sand between groynes and how this process
saves beaches.

Change

o How does nature change beaches?

e How do people change beaches for their own

Beach and dune enjoyment !
enjoyment?

Recreational use can cause unintended modifications
to beaches and dunes. Walking tracks, tobogganing and
off-road vehicles lead to the loss of the plants that hold
sand dunes together, creating wind channels that blow
sand inland and destabilise dune systems. As well as
losing sand from beaches, property inland from beaches
can be smothered by unstable, moving sand dunes.
Dune stabilisation structures and controls on where
people can legally do these activities are then needed.

e Create a flow diagram like Source 3 to show how
building houses on dunes modifies beaches and
the further modifications required.

o Explain the following statement using examples:
‘Every action has a reaction.’

e Analyse the dual benefits of groynes for beach users
and boat owners.

Change, page 394
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How does mining
modify landscapes?

Mining is the process of extracting valuable minerals or materials from the Earth's
crust to produce metals, building materials and energy resources. As new products
and technologies develop, mining activities have increased around the world. A single
lithium electric-vehicle battery-pack requires the mining of 16 kilograms of lithium and
over 43 kilograms each of nickel, cobalt and manganese. Mining can significantly alter
landscapes through processes such as excavation, deforestation and waste disposal,
causing changes to the natural environment.

Changing landscapes

There are different types of mining activities, all of which g—y i ". -

have an impact on landscapes. Surface mining involves Source 1: The open-pit gold mine in Sonora, Mexico. Mining has
P pes. g altered the topography of this landscape by removing vegetation

creating large open pits and quarries to extract minerals and creating depressions, pits and tunnels in the landscape.
from the ground. Subsurface mining requires the

development of deep underground tunnels to extract
minerals from deep under the Earth’s surface. There
is also mountaintop removal mining, which involves
removing the tops of mountains to access coal seams,
and placer mining, which involves extracting minerals
from surface deposits such as riverbeds and beaches.
These processes alter the topography of the land,
creating landscape features and landforms such as:

plane mountaintops: flat or levelled mountaintops
as aresult of removing large quantities of soil and
rock from the surface

sculpted mountainsides: sculpted and reshaped
mountains, to enable access to mineral deposits

by miners
canals and ponds: created by surface mining S ¥, ;
operations as part of water management systems Source 2: Polluted orange-coloured river and dying treesin =~ el

¥ »,

Karabash, Urals, Russia. The orange water is the result of acid ' Lo i
runoff by abandoned copper-sulphide mines.

for collecting and managing runoff and wastewater
generated during mining activities

alluvial fans and terraces: created when surface
mining activities disturb natural drainage patterns
and alter the transportation of sediments in the
surrounding environment

debris aprons: loose rock and soil materials
deposited at the base of slopes or excavation sites
from surface mining

conical mounds and towering piles: created when
excavated materials are piled or stockpiled on

the surface
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deep pits: created by surface mining, altering the Source 3: An oblique aerial view of China’s ‘Emerald Lake’ in Qinghai
topography ofthe land and increasing erosion, as Province. The Emerald Lake is an abandoned mining zone, where salts
and minerals left behind created giant emerald-coloured lakes covering
6 square kilometres.

there are generally more steep hills in a mining pit

wide, shallow depressions: where soil and rock
materials have been removed

settling ponds, levees or dams: created by some
mining companies to deposit excess waste and
materials into, further transforming the land.

Learning
ladder 1.19

Processes that transform people,
places and environments

Impact of these changes
These modifications to landscapes have many
environmental impacts:
Biodiversity is reduced, as vegetation and habitats
are removed.

Topsoils often become degraded, increasing
vulnerability to desertification.

0 Identify one impact of mining on environments.
e Why do humans mine the environment?

e Source 3: Explain how mining activities impacted the

Air is polluted with sulphur dioxide and nitrogen environment in Qinghai.

Xi r ing local air lity. i
oxides, reducing local air quality e Analyse how technological development can lead to

Su I’face water and gI’OU Hdwatel’ sources are p0| | uted posit]ve and negative impacts onthe environment.

with heavy metals, acids and sediments, impacting
water quality for neighbouring ecosystems and
downstream communities.

e Assess the positive and negative impacts of mining.
Change

0 Source 1: Identify the type of landform mining
created in Sonora, Mexico.

Mining generates waste rock, called overburden and
tailings, which are rock and chemical byproducts
that are often disposed of in tailing dams and dumps.
In addition to the mining activities themselves, other
land use changes are made to accommodate the
large mining workforce, including building roads,
infrastructure and buildings.

e Describe how surface mining and sub-surface mining
change the landscape differently.

6 Explain how mining can impact neighbouring
environments.

0 Explain the environmental impacts of mining on

o ) biodiversity and soil quality.
Some non-government organisations are looking

to rehabilitate old mining sites and reduce their
environmental impact. Australia has over 80 000 old
mining sites that are no longer in operation. Current
environmental projects are using spatial technologies to
monitor the growth of new vegetation in these sites and
putting in strategies to support more biodiversity.

e Evaluate the statement: Mining activities have a
significantimpact on landscapes and ecosystems,
but advancements in environmental rehabilitation
offer hope for mitigating these effects.

Change, page 394
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Geographical tools

How can | use block
diagrams to show
degradation?

As humans change landscapes, the land can be degraded through processes such as
deforestation and desertification. Block diagrams help us to visualise these changes,
above and below the surface of the land.

Soil erosion

Deforestation and overgrazing account for two-thirds of
Australia’s land degradation. Vegetation binds the soil together

with its roots, so when trees are cut or plants are trampled by Source 1: Block diagrams give a three-dimensional
cattle. the soil is opened to erosion view of the environment, both above and below
, .

the ground. A pair of block diagrams can show how

Water can remove unpl’otected soil in sheets or cut an environment changes over time. Block diagram
gullies into the earth. Wind can pick up dry soil and deposit it ashows how a forested hillside binds the soil
great distances away. The eroded soil can clog rivers and the tolgeg‘dera”d tel‘:es up ""a;e:cthrougg:i r‘;"ts-

. B i ted hillside.
deforested land can no longer hold onto water, causing more ockclagram® shows a detorested hitisice
) ) ) ) The soil is left unprotected and easily eroded by
erosion and flooding. Worldwide, half of Earth’s topsoil has water and wind because the roots no longer bind
een lostin the las ears. the soil together or take up the water.
been lost in the last 150 y he soil togeth ke up th
v
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Desertification

Desertification occurs on the edges of deserts, when
fragile land is over-farmed and overgrazed, causing
the desert to spread. Desertification can also be
caused by drought.

Natural vegetation returns moisture to
the atmosphere through transpiration.
This creates rain-bearing clouds that

water the land.

Small village

Village grows

Natural ioni i
atural vegetation is into a town.

removed and rainfall
decreases.

Wind removes
now dry soil
and farm is lost.

< _ S ; i) w, 4 Source 2:
~ ~ i & g The use of
labels helps to explain
what is happening on the
block diagram to give a more
complete picture. In this pair of block
diagrams, a shows an environment with
natural vegetation in place and sustainable land
management practices. Block diagram b shows how
desertification occurs through the removal of vegetation
and overgrazing and growth of the town.

Overgrazing

@) Learning ladder 1.20

Representing and communicating e Sources 1and 2: How is movement shown on

information block diagrams?
T o Source 1: Trace or sketch the block diagrams shown here
o Source 1: What information is shown underground and add labels to provide a more complete explanation.

i ?
onthese block diagrams? e Sources 1and 2: Prepare your own ‘stage 3’ diagram

e a Source 1b: Describe what has happened to for either source, showing the action taken to repair
this landscape. the landscape.

b Source2: What are the key processes of change

with desertification and what change do they bring? Block diagrams, page 418
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©ladder

Stepsin

knowledge

progression

I
20

How can | study valuing
and protecting the land?

Landforms and landscapes are valued for their environmental, economic, recreational
and cultural value and need to be managed and protected in a sustainable way,
including community-led initiatives and national and global strategies.

| can analyse how
characteristics
shape places

| can explain
factors that
influence diversity
across places

| can describe the
characteristics
of places

| can locate
features and
characteristics
of places

| can identify
features of places

Characteristics

| can predict
the impact of
processes and

interactions

| can examine
the impacts of
processes

| can explain how
interaction leads
to change

| can describe

processes

I can list processes

Processes
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The Learning ladder lists the knowledge and skills you will develop
throughout the year, with five levels of increasing difficulty.

By mastering foundational knowledge and skills at the lower levels,
you will build a solid understanding that prepares you to tackle more
advanced concepts and skills as you progress towards the top.

| can evaluate
the fairness of
perspectives

| can analyse how
perspectives
influence decisions

| can explain
different
perspectives

| can describe
perspectives

| can identify
perspectives

Perspectives

| can suggest
improvements
to strategies

| can assess
the impact of
strategies

| can explain
how strategies
protect places

| can describe
management
strategies

| can list
management
strategies

Sustainable
management
strategies

| can evaluate
the contribution
of First Nations
Custodianship

| can analyse
the importance
of First Nations
Custodianship

of Country

| can explain the
role of First Nations
Peoples in caring
for and managing
Country

| can describe
how First Nations
Peoples care
for and manage
Country

| can identify
ways First Nations
Peoples interact
with Country

First Nations
Peoples

| can apply a range
of tools, terms
and concepts
to communicate
geographic
information

| can use a range

of tools, concepts
and terms to
understand
geographic
information

| can use
geographic tools,
concepts and terms

| can list
geographical tools,
concepts and terms

| can identify
geographic
information



Source 1: First Nations Peoples have a deep connection
with the land and responsibility to care for Country.

| can analyse the

impact of places
on people and
environments

| can explain
how places are
interconnected

| can use
geographic
vocabulary to
describe a place

| can describe
a place

| can identify
the location
of a place

Place

Geographical concepts

| can assess
changes
to spatial
distributions
and their effects

| can analyse the
impact of spatial
distributions

| can explain
spatial
distributions

| can describe
spatial
distribution

| can identify
spatial
distribution

Space

| can examine
the impact

of change on

environments

| can analyse
processes that
change places

| can explain
physical
processes

| can
summarise the
characteristics
of environments

| can identify
environments

Environment

| can assess
the impact of
changes to
interconnections

| can assess the
effects of inter-
connections

| can explain

the influence
of inter-

connections

| can describe
interconnections

| can
recognise an
interconnection

Inter-
connection

| can assess
how decisions
are influenced
by a range
of scales

| can analyse
how scales
interract to
influence

geographic
processes

| can explain
how processes
vary across
scales

| can describe
processes at a
range of scales

| can recognise
different scales

Scale

| can evaluate
strategies
to improve

sustainability

| can analyse
the long-term
impacts of
sustainable and
unsustainable
practices

| can explain the
importance of
sustainability

| can describe
sustainability

| can identify
sustainability

Sustainability

| can assess
how changes to
processes shape
places

| can analyse
the impact of
change

| can explain
the causes
and effects
of change

| can describe
change

| can identify
change

Change

Steps in skill
progression
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How are we connected

to land

Landscapes and landforms around the wor

scapes?

|d are valued in different ways. Some people

may have a cultural, spiritual or aesthetic connection to a particular landscape, while

others are more interested in the economic

Aesthetic values

The aesthetic value of a landscape is linked to its
uniqueness and its perceived beauty. People are
drawn to a place for many reasons, including how it
looks, how it makes them feel or through a personal
connection with the place.

Mountains are among the most aesthetic landscapes
(see pages 8—11). The beauty of mountains goes beyond
an appreciation of the landscape and the landforms
within it. It also includes concepts such as wilderness
and adventure, and emotions such as excitement,
anticipation and even fear.
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Source 1: Photograph of tourists visiting an
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African safari to benefit from the recreational
value of savanna landscapes
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value of the place.

In Nepal, exploration and appreciation of the
Mount Everest region is something that began when
the peak was first climbed in 1953. Since then more
than 5000 climbers have climbed to the peak of the
world’s tallest mountain (see pages 18—-19). Recently,
mountaineers have complained that the crowds climbing
Mount Everest are taking away from its aesthetic appeal.

Environmental values

Landscapes provide many important and valuable
environmental services. They provide habitats for a wide
variety of plant and animal species. Maintaining these
habitats is crucial for preserving biodiversity, which is
essential for environments to function and overcome
changes. Many landscapes, such as wetlands and forests,
also play critical roles in regulating and filtering water.
They help maintain water quality by filtering pollutants
and storing water during wet periods, which can reduce
the impact of floods and droughts. Landscapes, such as
forests and grasslands, can influence local and global
climates. They regulate atmospheric temperatures,
store carbon and help offset carbon emissions,




Source 2: The aesthetic value of Mount Everest goes P
beyond the beauty of this mountain region. It includes
its uniqueness and majesty as the world’s highest
mountain, along with the achievement of climbing it.

which is vital in managing climate change.
Landforms found in landscapes, such as hills
and mountains, also help form and preserve
soils for vegetation to grow. Vegetation
cover helps prevent soil erosion by wind

and water, which is crucial for agriculture
and maintaining land fertility. Protecting
landscapes and landforms ensures their
environmental values are maintained.

Recreational values

Landscapes provide recreational
opportunities that attract people for activities
such as hiking, skiing, fishing and camping.
These activities offer health benefits and help
people develop a deeper appreciation of and
connection to the natural world. Many people travel

to places around the world to enjoy the recreational
benefits of landscapes — 1.5 million people travel to
Kenya each year to take a safari tour across the savanna
landscapes. Many people around the world travel to the
Swiss Alps to ski across the mountains. Tourists help
boost local economies by creating jobs in hospitality,
transportation and retail, and by increasing the
demand for locally produced goods and services.

As people come to value landscapes for their
beauty and recreational opportunities, they often
become more invested in conserving them. This
stewardship can lead to community involvement and
efforts to maintain or restore natural environments.

Source 3: An oblique aerial image of the Florida
Everglades. This landscape provides many
environmental services, including purifying water
and providing a habitat for thousands of species.

Learning
ladder 2.1

Perspectives of people
and organisations

0 What is the aesthetic value of a landscape?

e Source 1: What are the cultural, aesthetic and
economic values of this landscape?

e Source 2: Explain the values of Mount Everest.

e What is your favourite landform or landscape?
Create and deliver a short presentation on this place.
Consider the following:

a thelocation of the landform or landscape
b how itwas formed
¢ why you have a connection to that place.

e Create and conduct a survey of your class or a
large group of students asking them their favourite
type of landscape and how they are connected
toit. Create graphs or maps to show your findings
and discuss the results.

Interconnection

0 Why do you think tourists are attracted to particular
landscapes and landforms?

e How do the environmental values of landscapes
connect places?

e How do environmental and recreational values
of landscapes connect human activities and
natural ecosystems?

o Source 2: Explain why there is a strong inter-
connection between climbers and Mount Everest.

Interconnection, page 392
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Who benefits from
the economic value
of landscapes?

The physical features of landscapes provide economic opportunities that include income
earned from the use of natural resources, such as minerals, forests and farmland, the
creation of jobs and the growth of tourism. People, communities and even nations rely on
the economic value of their landscapes for prosperity and survival: however, this often
conflicts with cultural and environmental values.

Mining and agriculture

Mining is one of the highest income-generating industries
for countries that are rich in mineral resources. The rocky
landscapes of mountains and deserts are a source of
large mineral reserves. In 2023 the mining industry made
up two-thirds (66 per cent) of Australia’s income from
exports to other countries and annually it contributes
around 10 per cent to its GDP (national income).

Australia takes advantage of the economic value of
resources such as gold and iron ore, having more reserves
of these resources than any other country in the world.
Many of these resources are found in the Hamersley
Ranges in Western Australia’s Pilbara region, known for
its large mining industry.

In some parts of the world, minerals are located on

A Source 2: Sheep and yaks grazing on the meadow on Pamir Plateau,
land that is culturally important to First Nations Peoples. Xinjiang, China

In 2020, when large Australian mining company Rio Tinto
detonated explosives at a Pilbara mine, two historic
Aboriginal shelters were destroyed. The failure to protect
cultural heritage in the pursuit of economic gain was
widely condemned. While the economic value of iron ore
is easy to calculate and the benefits are large, including

to the Aboriginal people employed by mining companies,
itis considered by many as inappropriate to compare
economic values with cultural values, and prioritise money
over cultural connection that spans thousands of years.

Commercial agriculture takes place in landscapes.
In Australia, flat inland plains are used for wheat and
sheep production and the northern grasslands of the
Barkley tableland support beef cattle grazing. Across
Asia, the fertile soils of volcanoes and river floodplains

4 Source 1: Mount Tom Price mine, an iron ore mine are used to grow rice, a major export crop, and hiIIy
located in the Pilbara region of Western Australia
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4 Source 3: Wildlife safari on tha savanna plains of the Serengeti
in Tanzania

land supports plantation crops such as tea, coffee and
palm oil. Producing food in these landscapes often
involves clearing native forests, thereby contributing
to deforestation and loss of habitat and wildlife. The
clearing of land for crops and the use of irrigation

and agricultural chemicals has historically caused the
degradation of landscapes through water pollution

in riverine and coastal landscapes, or erosion in
mountainous regions. There is pressure for agriculture
to use more sustainable practices to minimise the
environmental impact on landscapes and landforms.

Tourism

The recreational and aesthetic values of natural
landscapes and landforms attract tourists who inject
millions of dollars into local economies through their
purchases of food, accommodation, transport and
souvenirs. Tourism also generates employment by
creating jobs in local businesses, and in the tourism
industry, such as local guides and rangers. In Iceland,
spectacular glacial landscapes, waterfalls and volcanoes
attract more than 2 million visitors a year and generate
around 10 per cent of Iceland’s income. Volcano
tourism has become an attraction in recent years with
visitors fascinated by slow-moving lava flows across
already spectacular, often frozen landscapes. Coastal
and underwater landscapes such as coral reefs attract
millions of tourists to Australia, while the native wildlife
of Africa’s grasslands (Source 3) and South America’s
rainforests are significant tourism drawcards that benefit
the economies of nations such as Kenya and Brazil.

A Source 4: Tourists on a whale-watching boat observing
a humpback whale off Mooloolaba, Queensland

In contrast to the economic value of tourism is the
impact of overtourism, where increasing numbers of
tourists destroy landscapes, degrade their quality and
interfere with the lives of local people. To these people,
the social disturbance caused by tourism has to be
balanced against the economic benefits.

Learning
ladder 2.2

Perspectives of people and
organisations

0 Write a definition of economic value.

e Outline how landscapes have economic value.

e Source 2: Describe the perspective of a livestock
farmer on the value of grasslands on the
Pamir Plateau in China.

e Source 1: Explain two perspectives on the economic
value of mineral resources in the Pilbara.

e Analyse how the perspective of a mining company
might influence the use of mountain landscapes.

Interconnection

0 Identify two economic benefits of using landscapes
for agriculture.

e Sources 3 and 4: What problems might arise from
tourism becoming too popular in these landscapes?

e Explain the connection between land degradation
and the use of landscapes for economic gain.

9 How do the values attached to landscapes influence
how they are used?

e Sources 1-4: Suggest strategies for the use of
one of the landscapes shown, which recognises
conflicting values and focus on achieving economic,
environmental, social or cultural sustainability.

Interconnection, page 392
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How do tourists value
coastal landscapes?

Australia’s coastline is the number-one attraction for international visitors. Each year, it
attracts millions of overseas visitors and Australian tourists, and earns billions of dollars
in local and international tourism.

Tourism

Tourism is a very important part of the Australian Tourism Australia is the government agency
economy. It contributes 3.2 per cent of Australia’s total responsible for attracting international visitors to
wealth, also known as the country’s gross domestic Australia. To continue to increase tourism, Tourism
product (GDP). Tourism also employs nearly 5 per Australia undertakes research to understand what
cent of all Australians. Australia welcomed 9.1 million draws tourists to Australia. This research underpins the

international visitors in 2018 and they spent $42.5 billion. planning and marketing activities of Tourism Australia.
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MOST SCENIC RUNWAY

Source 2: Tourism Australia’s research

shows that the Australian coastline is very THERE’S NOTHING
popular with international visitors. LIKE AUSTRALIA

The economic value of the coast

Tourism Australia’s research shows that 70 per cent

experiences as part of their trip to Australia. The tourists

rank Australia as the best place in the world to enjo I dd 2 3
° oy aadaer 2.

7 million international visitors enjoy Australia’s coastline

each year and they contribute $35 billion to the PerSPeCtheS of people

[ ]
of our international visitors enjoy aquatic and coastal ﬂ Leq rn I n g
marine wildlife and coastal beaches. Approximately
Australian economy. and organisations

0 Source 1: Identify three landscapes shown on the
map that are used to attract international tourists.

Australian beaches |GG 53 @ Usingquantitative data, describe how tourism

What attracts international visitors to Australia

The Australian wildlife [ RGN 26 contributes to the Australian economy.
The Great Barrier Reef [N - 9 Source 3: Which Australian landscapes are most
Rainforests/forests and national parks - | R -2 highly valued by international tourists?
Unspoilt natural wilderness - | O e How could we make tourism more sustainable
Island experiences | 3° to ensure our coastlines do not suffer for
Travelling around to more than one place [ NG 30 economic gain?
Australian food and wine [ NG 38
The major Australian cities [ NEGEGEGGN 35 Place
Laidback Australian lifestyle [ NNEEEEE G4
Australian coastal lifestyle |G 34 o Source 1: What attractions are advertised on
Australian history and heritage _ 33 Fraser Island (now called K'gari)?
Australian climate [ NN 32 e Source 3: Which actual coastal location is listed
Local culture and art _ 32 separately on this list?
Australian Aboriginal culture [N 30 e Source 2: Describe the physical characteristics
outback/desert |G 26 of this place and suggest why it is used to
Australian locals [N 23 advertise Australia.
Luxury accommodation and facilities [N 17 Source: 0 Explain how different places across Australia
Casinos, nightclubs and bars [Jll12 Tourism Australia can be enjoyed by tourists in various ways.
4 Source 3: What attracts interngtional visitors to Australia O ) Place, page 390
(percentage) - Tourism Australia 2020 report O
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First Nations Peoples

How are First Nations Peoples
connhected to Country?

Connection to place has always been an important part of First Nations identity and
cultural belonging. For many First Nations people, the relationship with Country is different
from non-Indigenous people and goes beyond thinking about land as something to be
exploited. Rather, First Nations people are in a relationship with Country.

What Country is not

For many First Nations people, Country is not a
commodity; that is, something to be bought, sold,
developed or mined, or take resources from. Country
is also not something that can be owned, or something
used to divide people with and without wealth. It is
also not something to be exploited. These are all ways
that the land has been used by non-Indigenous people
since colonisation and the declaration of Australia as
terra nullius.

What Country is

For many First Nations people, Country is an important
part of everyday life. For many, Country is food,
medicine, building materials and other everyday items.
Country goes beyond the immediate need to thrive in
Australia, and Country for many First Nations people also
represents lore, and law, responsibilities, stories and
languages, community, songs and songlines, dances,
ceremony and culture. Country also represents sacred
places, ancestors and spirits, the past, present and
future. Finally, Country also represents learning, growth,
memory, Dreaming and so much more.

Relationships with Country

For many First Nations people, Country represents so
much more than many Western experiences of land.
Rather than land or Country being owned by people, as
itisin non-Indigenous cultures, for First Nations people,
the Country or land also owns the people. As such, it is
understood that there is a reciprocal relationship with
Country. This means that as people have a responsibility
to care for Country, Country also has a responsibility to
care for the people.

62 Good Geography NSW Stage 4

For some First Nations people, Country is
experienced as part of an extended family or kinship
network. This also often includes the plants and animals
that live on Country, but it also can include the earth,
rocks, waterways and other landmarks. The relationships
with the more-than-human aspects of Country are
shared and celebrated through ceremony, song, dance,
story and ritual. Engaging with Country through these
methods not only builds relationships with Country, but
also supports the ongoing health and wellbeing of First
Nations people.




An outcome of connection to Country is that many
First Nations people have a totem. This is often a plant,
animal or insect that lives on Country that individuals
and groups have a specific responsibility to care for.
First Nations people are often responsible for caring for
their totem to ensure that it remains healthy and in turn
helps to keep Country healthy.

First Nations agricultural and land management
practices have always included sustainable ways of
caring for Country. This means that Country is cared
forin the present, and in turn Country will care for
future generations.

Relationships with Country disrupted

The arrival of the British and declaration of terra
nullius (nobody’s land), and subsequent colonisation
of Australia, meant that many First Nations people
were forced from their Country to live in Missions

and Reserves and on the outskirts of British colonial
centres. Because of this, many First Nations people
have been forced to grow up, live and work away from
their ancestral Country. Despite this disruption, many
First Nations people recognise that it does not matter
whose Country you live on, you still have a responsibility
to care for it.

W Source 1: Manja Shelter at Gariwerd in Victoria contains rock art
of hand stencils. It is believed that the stencils record visits to
the site and renew a person’s ties to Country.

T t« TN, . ¥ N e e

By studying core soil samples, scientists
have been able to observe the impact of
colonisation through the different colours of the
soil. These indicate that removing First Nations
people from Country has significantly changed the
landscape and has contributed to more frequent
bushfires during the hot months, because there
have not been people caring for Country to
effectively manage the land. This is definitive proof
that unlike European myths that the landscape
was ‘pristine’ and ‘untouched’,; which were used to
justify colonisation, it had actually been managed
by First Nations Peoples for millennia.

For many people in Australia today, there is an
expectation that, since the colonisation of Australia,
Country is now shared between First Nations
people and non-Indigenous people, and we are all
responsible for caring for Country to ensure that
Country can care for us all.

Learning
ladder 2.4

First Nations Peoples’
interaction with Country

o What is Country not?

e Give three different examples of the relationship
with Country for First Nations Peoples.

e How have core soil samples provided evidence of
First Nations Peoples’ land management practices?

o What ‘more-than-human’ relationships do First
Nations Peoples have with Country? How does this
encourage caring for Country?

Interconnection

o Why do First Nations Peoples have a duty to respect
and look after their Country?

e What are totems and how are they interconnected
with Country?

9 Source 1: Describe why stencilled handprints are
renewed at Manja Shelter.

e Why is Country much more than a landscape to
First Nations Peoples? Why did European colonists
find this difficult to understand?

Interconnection, page 392
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How can we take action
to manage landscapes?

To help improve a landscape or stop its degradation, management strategies are
employed at a variety of scales — local, regional, national and global. Often the need
to protect and manage an environment is brought to the attention of governments by

people protesting or lobbying members of parliament.

Direct action Lobby groups
People raise awareness about environmental and Lobbying is any attempt by individuals or groups to
otherissues through direct action. Direct action is influence the decisions of government. Lobby groups
an effective way of raising awareness about issues. work on behalf of a particular cause to influence political
Today, people use social media to quickly spread decisions. In Australia, there are many conservation
messages about direct action events and bring issues organisations that work to influence public and
to people’s attention. government opinions on issues such as deforestation,

Protests are an effective form of direct action pollution and the impact of introduced species.
where protesters march or hold a demonstration The World Wildlife Fund (WWF) is a lobby group that
at the site of an issue such as a deforested area or works around the world to protect endangered species
the steps of parliament. Protests can attract large and habitats. It tries to influence political decisions about
numbers of people with placards, T-shirts and badges the environment through media campaigns or speaking
showing slogans to get their message across. Protest directly with federal or state members of parliament.
organisers invite the media to their demonstrations The WWF website gives interested people the chance
to record speeches and beam the protest to a wider to email a message to members of parliament on issues
audience in Australia and around the world. such as protecting koalas from deforestation.
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Source 1: In May 2018,
protesters demonstrated
against deforestation outside
Queensland’s Parliament.
Protesters erected a large
billboard to show how
deforestation has a great
impact on native animals.
Farmers who held an opposing

§ view also gathered to

demonstrate against proposed
changes to land-clearing laws.
Both groups were trying to
influence the members of the
Queensland Parliament who

were about to vote on the issue.




Source 2: Seal Bay Conservation Parkon p
Kangaroo Island in South Australia uses a
conservation management strategy approach
to allow visitors to witness the Australian sea
lion colony, but protect the environment.
Afenced boardwalk behind the beach has been
built to allow tourists to view the sea lions on
the beach, but restrict access to them.

Landscape management
strategies

A management strategy is a plan
to achieve goals and objectives.
Managing landscapes involves
approaches with different levels
of environmental protection.

Preservation

Preservation is a management strategy that plans

to protect an environment in its existing form.

The environment is untouched and people are denied
access. Management of the Great Barrier Reef Marine
Park defines preservation zones as ‘no go’ areas. No one
can enter these zones without written permission.

Conservation

A conservation management strategy involves active
management to reduce environmental damage of a
landscape. Human activities are allowed, but are strictly
controlled, and other uses of resources are limited to
reduce impact on ecosystems. Ecotourism at Seal Bay
on Kangaroo Island is an example of a conservation
management strategy where the natural habitat of a
colony of Australian sea lions is protected, while still
allowing tourists to learn about the importance of
conserving this endangered species and their habitat.

Utilisation

Utilisation is a management strategy that involves
alteration of the landscape to allow human activities
such as farming to occur. This land management
approach usually involves damage to natural
environments. For example, mountain graziers took
stock into the mountains in Kosciuszko State Park each
summer to feed on the lush pastures, causing great
damage to the fragile environment. Grazing leases
were terminated in the park in 1944 and all grazing
had ended by 1970.

Exploitation

Ecosystems are destroyed, degraded or reduced in
extent as a result of exploitation, which is when a
landscape is used with little regard for the impact.

Learning
ladder 2.5

Sustainable management strategies

o Which landscape strategy has the potential to do
the greatest harm to the natural environment?

e Source 1: What environmental impact is spelled
out on the billboard behind the protesters?

e What issue was caused by cattle graziers utilising
mountainous areas such as Mount Kosciuszko
and what action was taken?

o Explain how lobby groups attempt to protect places.

e Rank the four management strategies from the
potential to do the greatest harm to the environment
down to the potential to do the least harm to the
environment. Which of the four strategies are likely
to be used in the management of Australia’s national
parks and why?

Sustainability

o How do management strategies improve
sustainability?

e Source 1: Describe the unsustainable practice
these protesters are trying to stop.

e Explain why preservation zones have been
established in the Great Barrier Reef Marine Park?

o Source 2: Explain how the management on Kangaroo
Island can lead to long-term sustainability.

) Sustainability, page 400
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How can we manage
landscapes on an
International scale?

Many landscapes and their processes do not stop at country borders and can be
shared between neighbouring countries. As an example, the Mekong River transports
eroded sediments and pollution from upstream countries like China and Myanmar to
downstream countries such as Laos, Thailand, Cambodia and Vietnam. This can affect
river dynamics, sedimentation patterns and ecosystem health across the entire basin.
This interconnectivity of landscapes makes it important for countries to work together
on an international scale through agreements and cooperation.

International agreements
and treaties

International agreements are formal agreements or

to environmental protection. These international
agreements are often facilitated by international
organisations, such as the United Nations or the

treaties between two or more countries that cover World Bank.

awide range of topics, including environmental

protection and human rights. By signing an World Heritage Sites

international agreement, countries agree to The United Nations Educational, Scientific and Cultural
work together towards common goals to protect Organization (UNESCO) oversees an international
landscapes. This can include agreeing to conserve agreement known as the World Heritage Convention.
environments, implement laws to prevent their This convention has created criteria that is used to
degradation, share knowledge and allocate funding identify places in the world that have outstanding

Source 1: The Mekong River requires international agreements to
effectively conserve and protect, as it flows through six countries
in South-East Asia. This requires all countries to have the same
goals for protecting the quality of the water, to prevent pollution
and disease from travelling downstream into other countries.
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universal value to humanity, referred to as World
Heritage Sites (WHS). These sites encompass
natural wonders, cultural landmarks and significant
historical locations. Through this agreement,
UNESCO collaborates with nations to recognise and
protect these sites, ensuring their conservation and
sustainable management for future generations.

Serengeti-Mara National Park

The Serengeti-Mara Ecosystem, in Tanzania

and Kenya, is protected by many international
agreements. Containing the Serengeti National

Park WHS, it meets criteria of the convention due

to its exceptional biodiversity, including the largest
annual wildebeest migration, where over 1 million
wildebeests and hundreds of thousands of hoofed
mammals engage in a1000-kilometre circular trek
across Kenya and Tanzania. It also meets criteria

by containing a wide variety of aquatic and terrestrial
habitats with diverse ecosystems, including grasslands,
plains and forests. Due to its important World Heritage
Site status, international organisations, such as the
United Nations Development Programme (UNDP)

and the Global Environment Facility (GEF), provide
funding to the Kenyan and Tanzanian governments

to implement conservation projects, regulate human
activities and reduce habitat loss in the Serengeti-Mara
Ecosystem.

International agreements between Tanzania
and Kenya have also been crucial for the sustainable
management and conservation of the Serengeti-Mara
Ecosystem to ensure both countries can support the
movement of wildlife across international borders and
are both aware of shared environmental challenges.
These agreements also ensure both countries equally
implement wildlife conservation strategies, monitoring
programs, law enforcement efforts and methods to
combat the illegal wildlife trade.

World Heritage status and effective international
agreements have resulted in effective laws against
hunting in the ecosystem, developing conservation
areas, establishing land use planning rules to reduce
habitat fragmentation and implementing vegetation
planting projects. It has also led to increases in tourism
and scientific research in the ecosystem, resulting in
increased funding and knowledge about ecosystem
processes to improve conservation efforts. Through
these efforts, elephant numbers have grown in parts of
the ecosystem, and this has also had positive ecological
effects, such as shaping vegetation dynamics and
creating habitat for other wildlife species.

—

Source 2: Annual migration of over 1 million white-bearded (or brindled)
wildebeest and 200000 zebras across the Serengeti-Mara Ecosystem.
International agreements are important for establishing the conservation

efforts of this large ecosystem that goes across two countries.

Learning
ladder 2.6

Sustainable management strategies

0 What is an international agreement, and why are they
important for managing landscapes?

e Describe what World Heritage Sites are and how they
contribute to landscape conservation.

9 Explain the role of UNESCO in overseeing World
Heritage Sites and how countries collaborate to
protect them.

e Explain how the Serengeti-Mara Ecosystem meets
criteria (vii) and (x) of the World Heritage Convention.
What significance do these criteria hold for
landscape conservation?

Sustainability

0 Identify two ways in which international agreements
can address environmental challenges in the Mekong
River basin.

e Describe how international agreements have
improved the sustainability of the Serengeti-Mara
Ecosystem.

9 How does the Mekong River exemplify the need for
international cooperation in managing landscapes?
Provide specific examples.

Q Analyse the effectiveness of international funding
in conserving ecosystems. What are some key
successes and limitations of these efforts?

Sustainability, page 400
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Case study

How is Dorrigo National
Park managed?

Dorrigo National Park sits on the Dorrigo Plateau on the mid-north coast of New South Wales.
Like other National Parks in Australia, Dorrigo National Park has a management plan that sets
out a vision for the park and includes objectives and strategies designed to meet that vision.

The landscape and landforms of Dorrigo National Park that comprise the World Heritage Area of the Central
have their origins in the tectonic uplift that created Gondwana Rainforest Reserves of Australia. The
Australia’s Great Dividing Range. This section of the range rainforests of New South Wales are of international

is an undulating plateau with a steep scarp that drops to significance as:

the coast. The orographic effect of the scarp produces . outstanding examples of major rainforest types
the heavy rainfall that creates waterfalls and supports - sites where rainforest is the main vegetation cover

thick rainforests. These forests are among the oldest in

sites with outstanding geological or scenic features.
Australia and are often referred to as the ‘Gondwana’

rainforests. The Gumbaynggirr people retain strong Management of Dorrigo National Park

connections to this land, its forests and wildlife. Objectives for Dorrigo National Park include:
Management focuses on protecting the cultural and . protection of the physical, biological and scenic

environmental values of this special place, while allowing features as an interrelated system

people to experience the natural features and learn about . protection of rare, endangered and isolated animal

its Indigenous history. and plant species; locations of these species are

mapped and monitored by park staff
control and eradication of introduced plants
and animals using techniques with minimal
environmental impact

World Heritage Site

The New England group of reserves, including Dorrigo
National Park, is one of eight groups of protected areas

maintenance of the water quality of catchments
including reduction of pollutant inflows

Source 1: Footbridge and Crystal Falls along the Wonga Walk
in the rainforest of Dorrigo National Park, New South Wales

\tvﬂ[ 8 S

v

68 Good Geography NSW Stage 4



Source 2: Management techniques used for the safety of visitors and
protection of the environment: fences, lookouts, walking tracks, seats,

information boards, and signs to direct visitors

conservation of Aboriginal sites in consultation
with the Ngiyambandigay Wajaarr Aboriginal
Corporation and employment of Gumbaynggirr
rangers to share culture and knowledge
facilitation of visitor access to selected sites of
the park

- maintenance of walking tracks and signage
indicating grading according to difficulty
for walkers.

Gondwana Rainforests of Australia World Heritage-listed areas
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Source 3: Location of the World Heritage-listed Gondwana
Rainforests of Australia. This site comprises eight protected areas,
including Dorrigo National Park in the New England group of reserves.

Source: Matilda Education Australia/NSW Department of Planning, Industry and Environment

Learning
ladder 2.7

Sustainable management strategies

o List three objectives designed to protect Dorrigo
National Park from damage.

e Source 2: What are the defined walking tracks and
signs designed to do?

e Explain the role of the Gumbaynggirr community
in the management of the park.

0 Analyse the objectives for the management of
Dorrigo National Park. Which objective do you think
is most difficult to achieve and why?

e Source 2: Evaluate the effectiveness of pathways
for tourists. How can pathways and tracks best
control where visitors to national parks can travel?

Scale

o Source 1: s this photo showing a local, state, national
or global scale?

e Source 2: Describe one way Dorrigo National Park
is managed on a local scale.

e Source 3: Explain the location of Dorrigo National
Park, referring to where it is on a state and
national scale.

0 Dorrigo National Park is part of the Gondwana
Rainforests, which are listed as an important world
heritage site. Why do you think visitors are allowed
to come to such animportant site?

e Is Dorrigo National Park mostly managed on a local,
state or national scale? Explain why.

Scale, page 398

Valuing and protecting theland 69



o
28

How do people
manage coasts?

Natural processes such as longshore drift and events such as storms are constantly
changing the shape of our coastlines. Settlements built in coastal areas are affected
by these changes.

Managing coastlines . Breakwaters are rock walls parallel to the beach
Humans have tried to manage coasts to ensure we and located in the water. They are designed to direct
have beaches to enjoy, that erosion doesn’t threaten the force of the waves at the wall and not at the
communities and that sand doesn’t clog harbours. beach and sand dunes behind it.
To stop or slow the movement of sand, communities - Groynes are walls that extend out from a beach into
construct walls from concrete, rock, timber and the sea. They are designed to trap the sand moving
sandbags. Solid sea walls deflect wave energy down, along the beach. Groynes also direct waves away
scouring sand away and undermining the wall. Loose from the shore, reducing erosion.
rock walls help disperse the energy of the wave. - Training walls are built on either side of a river

The different types of walls are as follows: mouth to stop sand from blocking it.

Sea walls run parallel to the shore and are designed

to stop erosion by waves and storms. They protect ™

the paths, roads and houses built along the shore. ~ 3 \

Deposition

Groynes Breakwater

Original
shoreline

Source 1: The use of different P
types of walls is a coastal
management technique
designed to keep sand from
eroding on beaches.
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Source 2: Ahuge dredger pumps sand towards

the Surfers Paradise coastline to replenish eroded
beaches. Sand is dredged from kilometres offshore
and pumped back about 50 metres away from the
breaking waves to redistribute to the beaches.

Repairing damaged coastlines

Coastal engineers use a number of methods to repair
damaged beaches. They can transport sand by truck
or dredge it from offshore, and then pump it back just
offshore to replenish eroded beaches. This process

is known as beach nourishment. On the Gold Coast,
millions of cubic metres of sand have been dredged
from the sea floor or transported from other places to
restock eroding beaches.

°
DUNE VEGETATION
SENSITIVE AREA

PLEASE KEEP OUT

Sand dunes are stabilised and repaired by erecting
fences and signs to keep people off the dunes.
Replanting sand dunes with vegetation such as coastal
grasses and native plants helps bind the sand together
and holds itin place. Sand also mounds up against
the plants.

Source 3: The North Cronulla sand dune revegetation program
involved fencing and replanting.




4 Source 4: Plan view of
Tweed Heads (NSW) and
Coolangatta (Queensland)

Kirra Beach Kirra Point groyne

Coolangatta Beach

Greenmount Beach

Training
WELE

=

Tweed Sand
Bypassing
jetty

Source: State of Queensland 2011

Source 5: The Tweed Heads and Coolangatta coastline
v
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Managing the coast
at Coolangatta

Coolangattais a popular tourist resort
on Queensland’s Gold Coast, just north
of Tweed Heads. After many attempts to
restore them, the wide beaches along
Coolangatta have returned to the way
they were 100 years ago.

Changes made along the coastline on
the border between Queensland and New
South Wales greatly affected the beaches at Coolangatta.
In 1962, the training walls on either side of the Tweed
River were extended to protect the mouth of the river
from a build-up of sand. Unfortunately, longshore drift
was unable to move sand past the training walls and
Greenmount and Kirra beaches quickly disappeared.

A Source 6: Changes in beaches
at Coolangatta from 1935 to 2004

Learning
ladder 2.8

Sustainable management strategies

In 1972, a groyne was constructed at Kirra Point at
the northern end of Coolangatta Beach to help restore
sand to Greenmount Beach. The beach expanded
as sand accumulated against the groyne. Beach
nourishmentin1974,1989 and 1995 pumped sand
onto the beach.

o List three different techniques used to manage
coastlines.

e Source 1: How are groynes and breakwaters similar
and differentin managing the coastline?

From 2001, sand has been pumped from south of the
Tweed River training walls through pipes to Greenmount
and Kirra beaches to match the natural longshore drift of
sand that was in place before they were built. This project

9 Source 1: Explain what coastal managers are
attempting to do using these constructions.

e Source 2: What is the management strategy shown

was called Tweed Sand Bypassing. Sand transported by here? How is this strategy interconnected with the
longshore drift is pumped from nearer the shore, along natural process of longshore drift?
the jetty seen in Sources 4 and 5 and released back into © create aphotoessay illustrating the use of key
the ocean at the end of the jetty, past the training walls coastal management strategies in real-life situations.
to continue its journey northwards. For each photo, describe the management strategy
being used and what natural processitis trying
to prevent.

Change

° Source 2: What change is occuring here?

e How has sand been pumped to Greenmount and
Kirra beaches?

e Sources 4 and 5: Examine the training walls built at
the mouth of the Tweed River. Prepare a diagram to
explain why the training walls have been built and
show where the sand is building up and why.

0 Source 6: How is the Coolangatta coastline now
similar to the 1935 profile?

e Source 6: Examine the two aerial images from 1935
and 2004. Describe the change to Greenmount
Beach and explain why it occurred. Outline the
management techniques to replenish the beach
and explain how they have tried to mirror the natural
cycle of sand movement.

! H'I(')OW ) Change, page 394; Photo essays, page 419
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First Nations Peoples

How do First Nations
Peoples care for Country?

First Nations people have been connected to Country and caring for Country for
more than 60000 years. There are many ways that First Nations people continue to
care for the diverse landscapes that Australia presents. First Nations people live in all
parts of Australia, and each cultural or language group holds knowledge about their

unique landscape.

Caring for Country

‘Caring for Country’ is about knowing and
understanding the delicate ecosystems within

the environment. Animals, plants, waterways and
landforms are all connected through creation stories,
as oral traditions and individually as ‘being and

living as part of Country’. Elders and knowledge
holders teach particular ways of caring for Country to
younger generations. Knowledge holders and cultural
obligations still guide communities through deeply
understood principles of sustainability. Caring for
Country also requires an understanding of the bond
between people, place and knowledge of Country.
The ways that Country is described and cared for is
different between First Nations and non-Indigenous
people; however, all of us are responsible for Country
asissustainsusall.

Where salt water meets freshwater

Many First Nations communities are located on or
near coastal and or river regions. These communities
benefited from a sustainable landscape that enabled
them to feed and nourish their communities and
trade with neighbouring communities. Most First
Nations people did not travel vast distances as there
was a ready-made infrastructure and economic trade
system built within Country. D’harawal (Tharawal) and
Gandangara peoples still share specialist knowledge
in a variety of ways. These urban coastal and river
communities are still transmitting and teaching this
knowledge to future generations.
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Caring for these environments requires
an understanding of both Dreaming and the
interconnectedness Country has with the living and
non-living worlds. Understanding and caring for Country
involves cyclical seasonal knowledge, such as breeding
cycles and plant life cycles, and associated knowledge
such as insects that thrive on native plants, tidal and
moon connections to water and seasonal migrations,
and the healing and medicinal links to water, animals
and plants.

Rivers and mountains

First Nations Peoples have creation stories about
rivers and mountains. This relationship with the
natural world comes from the belief that all elements
of the universe, including humans, plants, animals,
landforms and waterways, as well as the Sun, Moon
and stars, were created by Ancestral (spirit) beings.
These exist as connected entities and form the guiding
knowledge that supports First Nations communities to
remain sustainable.

The story of Yeperenye the caterpillar and
the formation of mountainous landforms located
at Mparntwe (Alice Springs) demonstrates the
interconnected stories the Arrernte community
have transmitted for generations. This story shows
why caring and understanding the cycles of the
environment, rivers and mountains is so important.
Yeperenye is the most important of three caterpillars
in this region, and the Dreaming stories are about
these caterpillars and a carab beetle creating
parts of Tyerretye (MacDonnell Ranges).



Time of Ngoonungi - Murrai’yonggory

(cool, getting warmer) The time of the gathering of
the flying foxes, when the flying foxes gather in the
darkening skies over D’harawal Lands. They come in
from the north-east, the north, the north-west and the
west, and swirl over the Sydney area in a wonderful,
sky-dancing display just after sunset, before setting
off for their night-time feeding grounds to the south.
Butitisalsoaveryimportant ceremonial time for the
D’harawals, which begins with the appearance of the
splashes of the bright red Miwa Gawaian (Telopea
speciosissima) in the bushland.

(warm and wet) This season begins with the Great

Eel Spirit calling his children to him, and the eels that
are ready to mate make their way down the rivers and
creeks to the ocean. Itis the time of the blooming of
the Kai’arrewan (Acacia binervia) which announces the
arrival of fish in the bays and estuaries.

V'S

Time of Burran - Gadalung Marool

(hot and dry) The behaviour of the male kangaroos
becomes quite aggressive in this season, anditisa
sign that the eating of meat is forbidden during this
time. This is a health factor; because of the heat of the
day, meat does not keep, and the likelihood of food
poisoning is high. The blooming of the Weetjellan
(Acacia implexa) is an important sign that fires must
not be litunless they are on sand only and well away
from bushland, and that there will be violent storms
and heavy rain, so camping near creeks and rivers is
not recommended.

Time of Marrai’'gang - Bana’murrai’yung

(wet, becoming cooler) The time when the cries of

the Marrai’gang (Quoll) seeking his mate can be heard
through the forests and woodlands, and when the lilly
pillys ripen on the trees. However, when the lilly pillys
start to fall, it is the time to mend the old warm cloaks
from last cold season, or make new ones, and begin the
yearly trek to the coastal areas.

Compiled by Frances Bodkin
Illustrated by Lorraine Robertson

Time of Burrugin - Tugarah Juli

(cold, frosty, short days) This is the time when the
male Burrugin (echidnas) form lines of up to ten as they
follow the female through the woodlands in an effort
to wear her down and mate with her. Itis also when the
Burringoa (Eucalyptus tereticornis) starts to produce
flowers, indicating that it is a time to collect the nectar
of certain plants for the ceremonies that will begin to
take place during the next season. Itis also awarning
not to eat shellfish again until the Boo’kerrikin blooms.

(cold and windy) The lyrebird calls ring out through the
bushland as he builds his dancing mounds to attract
his potential mates. Itis the time of the flowering of the
Marrai’uo (Acacia floribunda), which is a sign that the
fish are running in the rivers. At the end of this time,
the Boo’kerrikin (Acacia decurrens) flowers, which
indicates the end of the cold, windy weather, and the
beginning of the gentle spring rains.

Source 1: ‘The yearly calendar does not rely upon dates in months and weeks, or even an understanding of the solstices, but on key events
that occur in the environment. These events involve specific plant flowerings and fruitings, and noticeable quirks of animal behaviour that
occur only at certain times of the year. The calendar is not set rigidly in time, but responds to the triggers of the environment, a response

to the Land of the D’harawal Peoples as they moved through the environment, observing the signs of these changes! Frances Bodkin and
Lorraine Robertson, D’harawal Climate and Natural Resources.
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Included are stories about passes, rock piles, trees
and woodlands in the Mparntwe region. There are
also places in between like Ellery Creek Big Hole,
which cuts through a gorge in Tyerretye, the West
MacDonnell Ranges, and these require special care.

Knowing stories is another important feature of
caring for Country. Many stories hold information
to help understand key features and topographic
knowledge of rivers and mountains.

Deserts

An Australian geographical feature that has changed
dramatically is the desert region of Lake Mungo in
NSW. It is the place where archaeological evidence
of human occupation dating from 45 000 to

60 000 years ago is visible to the public. Mungo

is part of the Willandra Lakes Region of NSW. The
vast area is home to the Paakantji, Ngyiampaa and
Mutthi Mutthi, and care for Lake Mungo is not only
about maintaining the spiritual significance, but

its protection as a World Heritage Site. The site
exemplifies major stages in the Earth’s evolutionary
history, direct links to long-held cultural traditions,
archaeological significance and clear evidence of
ongoing geological processes.

76 Good Geography NSW Stage 4
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Representatives of the Paakantji, Ngyiampaa
and Mutthi Mutthi work as rangers at Lake Mungo
to share some of the cultural history and take part
in the ongoing research and management of the
Mungo National Park and the Willandra Lakes
Region World Heritage Area.

Rainforests

There are many types of rainforests (subtropical,
littoral, dry, warm and cool) and the First Nations
communities that are entrusted to care for them
have ongoing connections to the Dreaming stories
and cultural knowledge that makes them continue
to be part of Australia’s unique landscape.

Dorrigo National Park, part of the Gondwana
Rainforests of Australia, is a World Heritage Area
located on the NSW mid-north coast region
(see page 68). Dorrigo National Park includes
both temperate rainforest and subtropical
rainforest. Traditional Custodians of this area
are the Gumbaynggirr community. They care for
unique plants, animals and rock formations in the
region. Native marsupials, including the swamp
wallaby, long-nosed potoroo and spotted-tail quoll,
can be found in the area.

e P - =%

3 Source 2: Ellery Creek
Big Hole (Udepata) is a
permanent waterhole in the
West MacDonnell Ranges in

| the Northern Territory. Itisa
¥ special meeting place for the

Arrernte people. The main
Dreaming story at Udepata
is Honey Ant Dreaming, and
a Fish Dreaming story is also
associated with the waterhole.




iinagay! My name is Uncle Mark

Flanders and I’d like to welcome

you to the Gumbaynggirr Aboriginal
Country, my Country. We are saltwater-
freshwater people. We are land and sea
people. We are custodians of our lands and
waters and we are caretakers of our lands
and waters. This bush you’re looking at, this
is our calendar. This told us when the foods
were available, when to move camp; the
seasonal patterns determined what we were
doing. At winter time, we travelled from
the mountains down into the ocean because
there’s lots more food available. In the
summertime, before the summer, we’d travel
back up into the mountains here again. Come
up here and visit this beautiful rainforest
up here on the escarpment that we have.
The foods are still here, our medicines are
still here. Our culture is still strong in this
area. Come up here and visit. You'll enjoy it.

Source 4: Uncle Mark Flanders shares his Gumbaynggirr
Culture at Dorrigo National Park.

Source 3: Paakantji, Ngyiampaa
and Mutthi Mutthi rangers from
Mungo National Park and student
volunteers from La Trobe University
survey a 50-by-50-metre grid
looking for traces of past human
activity preserved in the sediments
of the lunette.

Learning
ladder 2.9

First Nations Peoples’ interaction
with Country

o Source 1: At what time of year do the D’harawal head
to the coast?

e How does the story of Yeperenye link the Arrernte
people to the land?

e Describe one method used by First Nations Peoples
to care for Country.

© source 4: Explain how Gumbaynggirr use
geographical knowledge to manage Country.

e Source 3: Why were the Paakantji, Ngyiampaa and
Mutthi Mutthi Peoples important in establishing the
evolution of the Lake Mungo region and its cultural
traditions? What role do they continue to play today?

Environment

o Source 2: What environment is shown here?

e Give three examples of different environments that
First Nations Peoples call Country.

9 According to Arrernte Dreaming, how did the
MacDonnell Ranges form?

0 How is knowledge of Country essential for
understanding the processes of change at
Lake Mungo?

e Source 1: How is the D’harawal calendar reliant on
the enviroment as signals for action?
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How can | understand
geomorphic hazards?

Geomorphic hazards such as volcanic eruptions, earthquakes, tsunamis, landslides and
avalanches occur across the Earth every day. A hazard becomes a disaster when it
causes death, loss of livelihood and damage to property. As disasters are unpredictable,
preventative measures from the local to the global scale aim to minimise losses.

| can analyse how
characteristics
shape places

| can explain
factors that
influence diversity
across places

| can describe the
characteristics
of places

| can locate
features and
characteristics
of places

| can identify
features of places

Characteristics

| can predict
the impact of
processes and

interactions

| can examine
the impacts of
processes

| can explain how
interaction leads
to change

| can describe

processes

I can list processes

Processes

80 Good Geography NSW Stage 4

The Learning ladder lists the knowledge and skills you will develop
throughout the year, with five levels of increasing difficulty.

By mastering foundational knowledge and skills at the lower levels,
you will build a solid understanding that prepares you to tackle more
advanced concepts and skills as you progress towards the top.

| can evaluate
the fairness of
perspectives

| can analyse how
perspectives
influence decisions

| can explain
different
perspectives

| can describe
perspectives

| can identify
perspectives

Perspectives

| can suggest
improvements
to strategies

| can assess
the impact of
strategies

| can explain
how strategies
protect places

| can describe
management
strategies

| can list
management
strategies

Sustainable
management
strategies

| can evaluate
the contribution
of First Nations
Custodianship

| can analyse
the importance
of First Nations
Custodianship

of Country

| can explain the
role of First Nations
Peoples in caring
for and managing
Country

| can describe
how First Nations
Peoples care
for and manage
Country

| can identify
ways First Nations
Peoples interact
with Country

First Nations
Peoples

| can apply a range
of tools, terms
and concepts
to communicate
geographic
information

| can use a range

of tools, concepts
and terms to
understand
geographic
information

| can use
geographic tools,
concepts and terms

| can list
geographical tools,
concepts and terms

| can identify
geographic
information



Source 1: Following a

| 6.8-magnitude earthquake
that struck Dingri County
in Xizang Autonomous
Region, south-west
China, rescuers transfer

the personal belongings
of earthquake-affected
residents to a safe area
on 11 January 2025 in

G

Xigaze City, Xizang, China.

| can assess

. | can assess
| can analyse the | can examine | can assess e | can evaluate | can assess
. changes ; . how decisions :
impact of places - the impact the impact of : strategies how changes to
to spatial are influenced .
on people and = of change on changes to to improve processes shape
. distributions ! . . by a range AL
environments . environments  interconnections sustainability places
and their effects of scales
| can analyse | can analyse
. how scales the long-term
| can explain | can analyse the | can analyse | can assess the X ! | can analyse
X . ! interract to impacts of .
how places are  impact of spatial ~ processes that  effects of inter- . i the impact of
X S ) influence sustainable and
interconnected distributions change places connections . : change
geographic unsustainable
processes practices
| can use . . | can explain | can explain . | can explain
. | can explain | can explain . | can explain the
geographic 1 . the influence how processes . the causes
spatial physical . importance of
vocabulary to S g of inter- vary across Y and effects
. distributions processes . sustainability
describe a place connections scales of change
. | can describe | can . | can describe . .
| can describe . summarise the | can describe | can describe | can describe
spatial R g 2 processes at a . ¥
a place o characteristics  interconnections sustainability change
distribution ) range of scales
of environments
| can identif | can identif . . I can . . . . .
'ty erity | can identify . | can recognise | can identify | can identify
the location spatial : recognise an . N
AP environments . . different scales sustainability change
of a place distribution interconnection
- Inter- - qH
Place Space Environment - Scale Sustainability Change
connection

Steps in skill
progression

Geographical concepts
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What are
geomorphic hazards?

Geomorphic hazards, or geohazards, are dangers that originate at or near the Earth’s
surface, such as volcanic eruptions, earthquakes and landslides. They pose a great threat

to people and environments.

Volcanoes

Volcanoes pose a huge threat to nearby communities.
Dangerous pyroclastic flows, volcanic bombs, lava
flows and volcanic gases are an immediate threat

to people. Other geomorphic hazards can follow
avolcanic eruption, including lahars (mudflows),
landslides and even tsunamis caused by ocean-floor
volcanic eruptions.

Source 1: Ash-covered Aeta people were forced P
from their villages on the slopes of Mount Pinatubo
(see pages 84-5) following a volcanic eruption in
1991. More than 200000 Aeta lost their homes and
were forced into resettlement camps or moved to
urban areas.

Good Geography NSW Stage 4

-

Earthquakes

Earthquakes are one of the deadliest geomorphic
hazards. An earthquake occurs when seismic waves
shake the surface of the Earth. These waves are
generated from the sudden release of energy in or
beneath the Earth’s crust. The shaking can cause
massive damage to buildings and large death tolls.
Earthquakes can also trigger landslides and tsunamis.




Energy is released as shock The epicentre is the point
g waves,whichare strongest on Earth’s surface directly
TE nearer the hypocentre. above the hypocentre.

A SN a9
LN

The hypocentre, or focus, is the point inside
Earth where the earthquake is triggered.

A Source 3: An earthquake in action

Source 2: Rescue workers digging in the rubble of a collapsed house
following a 7.8-magnitude earthquake that hit TUrkiye and Syria

in 2023. More than 1.5 million people were left homeless and nearly
60000 people died.

Learning
ladder 3.1

Sustainable management strategies

A major earthquake struck Haiti’s capital,
Port-au-Prince, in January 2010. Up to 85000 people
died and another million were made homeless. Haiti is a
less economically developed country (LEDC) and most of
its population live in poverty. Those left homeless by the
earthquake could not afford to move elsewhere. In the
devastated urban areas, displaced Haitians were forced
into crowded and unsanitary camps in city parks, and they
were living in self-made structures or donated tents.

o List the threats from a volcanic eruption.

9 What made the earthquake disaster in Haiti more
difficult to deal with? What more could have
beendone?

9 Compare the response to the Mount Pinatubo and
Haiti disasters. What similarities are there?

Humanitarian organisations such as the United
Nations and the Red Cross supplied aid. Countries
sent doctors, relief workers and supplies in the wake of
the disaster in Haiti. Aid agencies struggled to supply
the most basic needs, and in October contaminated
food and water caused an outbreak of cholera in the
camps, claiming hundreds of lives. Two years after the
earthquake, more than half a million people were still
living in refugee camps.

e What human factor influences landslides and how
can this factor be reduced?

e Source 2: What rules need to be made for buildings in
earthquake-prone areas? Why might this be difficult
to enforce in countries like Haiti?

Change

o List one other geomorphic hazard that earthquakes
cantrigger.

Landslides

Alandslide is the mass movement of soil, rock and debris
down a slope. In most cases, landslides are caused by
extended rainfall or flooding, where the soil becomes
saturated and heavy. Landslides can also be triggered by
earthquakes, volcanic eruptions or cutting into slopes
for buildings and roads. In 1997, a landslide at Thredbo
in New South Wales destroyed two buildings and killed
18 people. Miraculously, rescue workers pulled the sole
survivor, Stuart Diver, from the rubble after three days in
sub-zero temperatures.

e Source 1: Describe how change in this environment
has occurred.

9 Source 3: Explain how earthquakes work and why
they cause so much damage.

e Source 2: What are the implications of change
in this environment for rescue workers?

e Source 1: Evaluate the implications of change for
the Aeta people and suggest actions that might
have been taken to assist them.

Change, page 394
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What happens when
a volcano erupts?

Volcanic eruptions are one of the most dangerous natural hazards on Earth.
Explosive eruptions can completely destroy the surrounding area and ash clouds can
travel for thousands of kilometres. Other eruptions may just produce small ash clouds

or slow-flowing streams of lava.

The main categories of volcanic eruptions are:
effusive eruptions where magma flows out of the
volcano as a lava, also known as Hawaiian eruptions
explosive eruptions, either where magma full of
bubbling gas explodes as it reaches the surface,
also called a Plinian eruption, or where magma
reacts with water to create a steam-blast, also
called a phreatic eruption.

The magma that feeds volcanoes along plate
boundaries generally contains a lot of gas. If magma
moves up through the volcano’s vent slowly, the gases
are released slowly and escape safely. However, if
magma moves to the surface quickly, most gases are
retained and will explode if there is enough pressure.
Explosive volcanic eruptions push huge amounts of
ash and gas high into the air. Powerful eruptions can
launch large rocks, known as volcanic bombs, into

the air.

Source 1:
Different types
of volcanic
eruptions

4 Y g o 1 , 2
Explosive (or Plinian) eruption
' The most powerful eruptions involve the
- explosive ejection of ash and other tephra and
fast-moving deadly pyroclastic flows. The 1991
Mount Pinatubo disaster was a Plinian eruption.

)

LT
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Mount Pinatubo erupts

When Mount Pinatubo erupted in the Philippinesin 1991,
it ejected more than 5 cubic kilometres of material from
its vent, and the ash cloud rose 35 kilometres into the air.
An ash and sulphur-dioxide gas cloud travelled several
times around the globe, blocking the sun and lowering
world temperatures by 0.5°C for a year.

A pyroclastic flow raced down Mount Pinatubo, wiping
outvillages and everything else in its way. A pyroclastic flow
is a huge avalanche of hot gas and rock particles, known as
tephra, that can move at speeds of up to 700 kilometres
per hour and heat to temperatures of 1000°C, destroying
everything isits path. Near Mount Pinatubo, valleys were
filled with ash and rock up to 200 metres thick. Heavy
rains washed this material onto lowlands in fast-moving
mudflows called lahars, creating even more damage than
the eruption. More than 700 lives and 100 000 homes
were lost in the Mount Pinatubo eruption.

Effusive (or Hawaiian) eruption

Lava is thrown into the air and lava flows down
the volcano in streams. This can occur in lines
along fractures or through a central vent,

like the Hawaiian eruption of Mount Kilauea
in2018.



Source 2: The Mount Pinatubo eruption in 1991 was the
second-largest volcanic eruption of the 20th century.
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Steam-blast (or phreatic) eruption
Steam-blast eruptions result from
© water or cold ground coming into
~ contact with magma. White Island
-, volcano in New Zealand erupted in
this way in 2019

s - s
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Learning
ladder 3.2

Processes that transform, people,
places and environments

0 Source 2: Was the eruption of Mount Pinatubo in 1991
an effusive or explosive eruption? Explain.

9 What is a pyroclastic flow and why is it so dangerous?

9 How does the speed of moving magma influence
volcanic eruptions?

e What impact did Mount Pinatubo’s eruption have:
a locally
b globally?

e More than 700 lives were lost in the Mount Pinatubo
eruptionin1991and no lives were lost in the
Mount Kilauea eruption in 2018. Explain why there
is such a difference.

Environment

o Source 1: What two environmental factors are
presentin a steam-blast eruption?

e Describe the common factors in volcanic eruptions.

e Source 1: Explain the processes behind an
effusive eruption.

o What are lahars and how were they even more deadly
than the Mount Pinatubo eruption?

Geomorphic hazards 85




L]
3.3

Case study

Why do volcanoes
erupt in Indonesia?

Indonesia, an archipelago comprising thousands of islands to the north of Australig,

has more active volcanoes than any other country. Volcanoes bring benefits to 280 million
Indonesians, but the high population density of 160 people per square kilometre means
large volcanic eruptions become disasters that destroy lives, property and incomes.

Active, dormant and extinct volcanoes potentially erupt in the future. Many lie dormant for

Indonesia lies on an active tectonic plate boundary, a years. On the Island of Bali, for example, over 65 years

section of a 40000 kilometre-long tectonic collision zone ~ Separated the disastrous eruption of Mt Agung in

(converging plates) circling the Pacific Ocean, known as 1963-64 and the recent and continuous lava flows

the ‘Ring of Fire’. The subduction of the Indo-Australian and ash plumes between 2017 and 2019.
Plate beneath the Pacific Plate results in both explosive The most famous and deadly volcanic eruption
(blasts of ash) and effusive (lava flows) eruptions. in Indonesia was Krakatoa in 1815, which blew the
There are currently 55 recently active volcanoes island apart and killed over 35000 people. It now lies
in Indonesia, 40 in Japan and 39 in the United States. dormant, but could erupt again. The most active volcano

An active volcano is one that has erupted in the past is Mount Merapi, with a history of eruptions since
10000 years, or recently (since 1960), or could 1548. It has been on high-level alert status since 2020
following increased activity, and erupted again in 2025.

Volcanic eruptions in Indonesia since 1900
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4. Source 1: The location and pattern of major volcanic eruptions in Indonesia since 1900
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Ashfall from Mount Tambora eruption, 1815
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A Source 2: The calculated thickness of ashfalls following the 1815
eruption of Mount Tambora. Ashfall information is provided by The
Indonesian Center for Volcanology and Geological Hazard Mitigation,
the Darwin Volcanic Ash Advisory Centre and satellite imagery.

Local and global impacts

Volcanoes create fertile soils that support intensive
agriculture and the livelihoods of millions of Indonesian
farmers. Sulphur, an economically valuable mineral,

is mined from active volcanoes in Indonesia. Many
volcanoes are popular tourist attractions with spiritual
significance to islanders. Eruptions also have human,
economic and environmental impacts.

Ash can suffocate people and wildlife, and toxic fumes
cause ongoing health problems or death. Mapping ash
falls and monitoring ash clouds allows for health warnings
to reduce human impacts. Interruptions to air traffic and
tourism are global impacts of large ash plumes. Lava and
ash destroy property and lives, force evacuations and
interrupt economic activities, often for years following
lava flows.

Source 3: Volcanic

materials spewed out
from Mount Merapi are”
seen at a nearby village in

o\

Legend
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Learning
ladder 3.3

Characteristics of places
and environments

0 Name the four largest islands of Indonesia shown
inSource 1.

e Describe the location of Krakatoa and Merapi
volcanoes.

e Sources1and 2: Describe the following spatial
patterns:
i Volcanic eruptions since 1960. Refer to the

Equator and Indonesian islands.

ii The spread of ashfalls from Mount Tambora in 1815.

0 Create a table to summarise the benefits and
disadvantages of volcanoes to Indonesians.
Add arow toinclude international impacts.

e Assess the values of volcanoes in Indonesia.

Interconnection

o How are all of the volcanoes in Sumatra and Java
connected?

e Source 2: Why is the thickness of ash from volcanic
eruptionsimportant to know?

e Explain the connection between international travel
to Australia and Indonesia and volcanic interruptions.

0 Create a flow diagram to show how a subducting
plate leads to a volcanic eruption which then benefits
Indonesian people.

87
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Geographical tools

How can | use contour
maps to study volcanoes?

Geographers use contour lines and shading to represent three-dimensional shapes on
a flat piece of paper. We can locate volcanic mountains and their calderas on topographic
maps by interpreting the contour patterns.

The shape of volcanoes

Volcanoes are shaped like an upside-down ice-cream Calderas such as Calderéon Hondo (see Source 1)
cone with a bowl-shaped crater on top. During a volcanic are different. When Calderén Hondo erupted, so much
eruption, magma and volcanic gases rise from under the magma came to the surface that the surface sank to
ground through vents to the crater, where gases escape form a bowl shape called a caldera.

into the atmosphere and molten magma escapes as lava.
The volcano we typically think of is a stratovolcano,

. Source 1: Calderén Hondo is a 278-metre-high volcano with a larger
with a tall cone shape and a small crater at the top. g g

crater known as a caldera on top. The volcanic caldera, and one of

The cooled lava builds up through many many eruptions eight volcanoes on the island of Fuerteventura, is part of the Canary
to form a cone. Islands off the north-west African coast.
v
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Contour map of Calderén Hondo
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Source: Matilda Education Australia

Using contour lines to show shape

The distinctive shape of volcanoes is easy to spot on

a contour map, where lines join places of the same
height above sea level. A pattern of concentric circles in
Source 2 indicates a volcano or a round hill or mountain.
Instead of building to a peak, Calderdn Hondo has a
bowl-shaped caldera, indicated where the contour lines
decrease rather than increase. The map is also enhanced
by shading that clearly shows the depression on top of
the volcano.

The cross-section from point A to point B in Source 3
shows the dip in landscape where the caldera has formed.

Cross-section of Calderon Hondo
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170

A Source 3: Cross-section of Calderén Hondo from points
marked A to B in Source 2

Learning
ladder 3.4

Representing and communicating
information

What are contour lines?

Source 2:

a Whatisthe typical shape of avolcanoona
contour map?

b Which two methods has the cartographer used
to show the caldera on the map?

¢ Whatis the lowest point of the caldera?

d Whatis the distance between points A and B?

Source 3:

a Howdeepisthe caldera?

b Whatisthe difference in height between the
two rims of the caldera?

Sources1-3:

a Fromwhichdirection was the photographin
Source 1taken?

b Inwhich direction would you travel from point A
to point B?

Cross-sections, page 410
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How and where do
earthquakes occur?

Earthguakes are one of the deadlist geomorphic hazards, with thousands occurring every
day as the Earth moves along fault lines. Large magnitude earthquakes can destroy nearby
settlements and trigger tsunamis that can damage areas thousands of kilometres away.

Causes and spatial patterns

The Earth’s crust is dynamic, with the tectonic plates
continually and slowly moving around on the mantle
below. At the boundaries between plates, the fault
zones and the crustal rocks interact, colliding and often
sliding against each other. In these locations plates can
get stuck, causing pressure to build up as they try to
move. When plates move again or a plate breaks, the
movement is usually sudden and sends shock waves
through the crust. A similar process occurs along fault
lines within tectonic plates. As it is located at the middle
of atectonic plate, these are the type of earthquakes
experienced in Australia.

The location within the crust where the
earthquake begins is the hypocentre, while the
location directly above this on the Earth’s surface
is the epicentre. A naturally occurring earthquake,
also called a tectonic earthquake, may coincide
with the location of volcanic activity, particularly
around the Pacific Ocean rim, where 80 per cent of
large earthquakes occur. Other large earthquakes
occur along the mountainous belt running through
the European Alps, the Himalayas and Asia where
tectonic plates collide. Random earthquakes

Fault &
; S ¥

Source 1: p
The hypocentre
and epicentre of
an earthquake

Hypocentre Epicentre
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are also caused by human activities such as oil drilling,
fracking, mine blasting and underwater seismic testing.

Measuring earthquakes

The energy released by earthquakes radiates outwards
in seismic waves. Seismometers record earthquakes as
zig-zag lines that increase in size with the magnitude
(strength) of the waves. These are reported on the
Richter Scale, used to compare different earthquakes.
On this scale, the magnitude of earthquakes at each level
is ten times greater than the previous one. For example,
a magnitude 7is 10 times stronger than a magnitude 6,
and 100 times stronger than a magnitude 5. Scientists
also assign a magnitude rating based on the strength
and duration of seismic waves. A quake measuring 2.6
to 5.4 is considered minor or light, and 7 to 7.9 a major
eruption. A magnitude 9.5 earthquake in Chile in 1960

1
o . 2.50rless
2 Micro Usually not felt, 8000 a day
3 Minor 2.6t05.4
- Often felt, causes minor damage,
1000 a day
4 Light
q 5.5t0 6.0
5 Moderate Slight damage to buildings,
— 800 ayear
6 Strong 6.1t0 6.9
. Major damage in populated
; areas, 120 a year
7 Major
7.0t07.9
- Serious damage over
8 Great 160 km+, 18 a year

8.0 or greater

Can totally destroy
communities near

its epicentre, 1 per year

9 Catastrophic

4 Source 2: Earthquake magnitude, frequency and impacts



Major earthquakes, 1900-2017

Legend
*| —— Tectonic plate boundaries
- | @® Earthquakes above 6.5 magnitude

. Equator_]

Source: Alamy

A Source 3: Major earthquakes and their magnitude, 1900-2017

was the strongest ever recorded. Aftershocks follow earthquake-related deaths occurring between 1998
earthquakes, gradually diminishing in power after the and 2017. Deaths are caused by collapsing buildings
main hazard event. Pre-shocks can help with early and infrastructure, as well as related mudslides, fires
warning systems. and tsunamis. The impact is influenced by magnitude,

depth below the surface, rock structure, land use and
Impacts and responses population density. Although earthquakes cannot be
According to the World Health Organization, prevented, damage and loss of life can be minimised
earthquakes cause over 50 per cent of deaths with early warning systems, earthquake-proof buildings
from natural disasters, with around 750000 and well-planned evacuation procedures.

@ Learning ladder 3.5

Processes that transform people, Space

pIaces and environments a Source 1: Describe the pattern of seismic waves around

the hypocentre and epicentre of an earthquake.

0 Define fault zone, seismic waves, hypocentre
and epicentre. e Source 3:

e Describe how tectonic plate movements cause a Analyse the spatial distribution of major earthquakes
earthquakes. ataglobal scale.
b Explain why Australia experiences fewer earthquakes

e Source 2: Explain how earthquakes change places.
than New Zealand.

e Source 2: Explain the relationship between the
magnitude of earthquakes and the damage caused.

e Compare the spatial distribution of earthquakes and
volcanoes in Indonesia using Source 3 and Source 1

e Analyse the factors that influence the impact of
on page 86.

earthquakes on people, places and environments.

Space, page 388
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Case study

What was the impact of
the 2023 earthquake in
Turkiye and Syria?

On 6 February 2023, a magnitude 7.8 earthquake hit southern Turkiye and northern Syria
leading to widespread damage over 350000 square kilometres, killing 59 259 people and
leaving 1.5 million people homeless in one of the deadliest disasters of the 21st century.

The earthquake

The M7.8 earthquake is the largest in Tlirkiye since 1939.
The epicentre was close to Kahramanmaras in southern
Turkiye, near the Syrian border. The earthquake
hypocentre was 10 kilometres below the surface.
Shallow earthquakes such as this are more damaging
than deeper earthquakes because the seismic waves
have less distance to lose energy. It was followed by

a M7.7 earthquake hours later, 95 kilometres from the
first epicentre, and 30000 aftershocks in the three
months that followed.

The sequence of earthquakes was the result of
shallow strike-slip faulting, where parallel rock masses
slipped past one another along the East Anatolian fault.
The earthquake opened two enormous cracks, known as
fissures, on the Earth’s surface near the Tirkiye-Syria
border. The fissures were up to 7 metres wide and
300 kilometres long.

Fault lines and tectonic plates, Tiirkiye
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A Source 1: Map of Turkiye's fault lines and tectonic plates

Major earthquake
on Monday,
6 February 2023
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Impacts

The earthquakes caused widespread damage over
about 350000 square kilometres. More than 160000
buildings collapsed or were severely damaged, leaving
1.5 million people homeless. The death toll was 50783
in Tlrkiye and 8476 in Syria — a total of 59 259 people.
The damage bill is estimated at US$119 billion.

Roads and communications
damaged by the earthquakes
and winter storms
hampered rescue efforts.
Tirkiye’s Disaster and
Emergency Management
Presidency’s team of
rescue and relief workers
included a60000-strong
search-and-rescue team,
5000 health workers and
30000 volunteers. A further
141000 people from 94
countries joined the rescue
and relief effort.

Some places, such as Japan
and California, have warning
systems that can warn of an
incoming earthquake up to a
minute before it starts. These
systems turn street lights
red and bring trains to a halt.
Turkiye did not have these
systems in place.




Following a large earthquake in 1999, the Turkish
government implemented a series of building codes
to improve the rigidity of buildings to better withstand
earthquakes. This meant any new buildings had to
include at least one of the following designs:

Structurally tie walls and floors together, using more

steel than concrete.

Design materials and layouts so opposite walls of

a building move together during seismic activity,

rather than apart as regular buildings do. This

prevents buildings splitting and inner floors
collapsing on each other.

Deepen the foundations of a building so they are
connected to bedrock.

4 Source 3: Oblique aerial view of rescue effort from collapsed
buildings in Kahramanmaras, the epicentre of the

Build on flexible pads to isolate the building from first earthquake in February 2023.
ground motion.

However, these design changes can increase building
costs by 20 per cent or more. Many builders chose to
pay a cheaper ‘construction amnesty’, where they were
given approval to build without these structural designs.
Further, many journalists have reported that the building
codes were not strictly enforced. This resulted in more
collapsed buildings, more damaged infrastructure and
increased debris to sift through to find survivors.

Learning
ladder 3.6

Perspectives of people
and organisations

° What are some different opinions on earthquake
safety measures in TUrkiye and Syria?

e Describe how people might feel about the
building codes designed to prevent earthquake
damage in Turkiye.

e Sources 2 and 3: Using examples from the
oblique aerial photographs, explain the different
perspectives of impacts of the earthquakes
in Kahramanmaras.

o How did the government’s view on building codes
influence decisions about construction safety
in TUrkiye?
e Isit fair to blame the building regulations for the high
number of deaths in TUrkiye, or should other factors
be considered?

Place

o What was the epicentre of the 2023 earthquakes?
e Source 1: Describe the location of Turkiye.

e Source 2: Describe the physicaland human
characteristics of Kahramanmaras.

e Source 2: What are the small white structuresin the
Kahramanmaras stadium and why are they needed?

grounds of the Kahramanmaras stadium to temporarily
'~ house the people left homeless by the earthquake on

6 February 2023. Snow on the nearby hills gives some idea
of the freezing temperatures survivors and rescue workers
faced in the aftermath of the earthquakes.

e How can the government better support builders to
implement earthquake-resistant designs to protect
the city?

Place, page 390
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How do tsunamis
Impact coastlines?

Tsunamis are geomorphic hazards that originate at or near the Earth'’s surface, when
water is pushed up by undersea earthquakes and volcanoes. They travel at speeds of up
to 800 kilometres per hour and cause extensive damage when they crash onto coastlines.

How tsunamis work

Atsunamiis caused when tectonic plates shift or
volcanic activity occurs under water. The energy from
these movements displaces the water above it, creating
waves that move rapidly across the ocean. Initially,
tsunami waves appear quite small. However, as they near
coastal areas, the decreasing depth forces the wave to
slow down and build in height. This process can produce
waves towering up to 30 metres high.

Often, the first sign of an approaching tsunami is the
sudden withdrawal of water from the shoreline. This is
caused by the wave’s trough reaching shore before the
crest, leaving the seafloor exposed. The retreating sea
water is an important warning sign that a tsunami wave
is coming. Tsunamis hit the shore as a huge wave or a
surging tide of water. They cause incredible damage to
coastlines, and in low-lying coastal areas they can flow
many kilometres inland.

Tsunamis around the world

Tsunamis can form in any ocean where underwater
geological activity disturbs the sea floor. One of the most
active regions on Earth is the Pacific Ring of Fire, a vast,

Tsunami waves travel at speeds of
up to 800 kilometres per hour away
from the focus of the earthquake.

Source 1: p
Formation of
atsunami

-y g

Water is displaced and pushed up
by movement under the sea bed.
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horseshoe-shaped zone found in the Pacific Ocean.
Here, multiple tectonic plates meet and interact, leading
to around 90 per cent of the world’s earthquakes and

75 per cent of its volcanoes. This concentrated tectonic
activity makes the Pacific Ring of Fire the source of
approximately 90 per cent of all tsunamis worldwide.

As a result, many Pacific countries located closer to the
Pacific Ring of Fire are more vulnerable to tsunamis;
such as Japan, Indonesia and the Philippines.

The impact of tsunamis on coastline

Tsunamis dramatically reshape coastlines by eroding
coastlines, destroying coral reefs, uprooting vegetation,
altering the shape of river mouths and damaging
wetlands and estuaries. This can lead to the destruction
of natural habitats and built environments. For example,
the 2004 Indian Ocean tsunami was triggered by a
magnitude 9.1 undersea earthquake off the coast of
Sumatra. The waves struck surrounding countries

Tsunami waves
slow down and
grow in heightin
shallow water.

The tops of the waves move
faster than their bottoms do,
which causes them to break

onto the shore, sweeping \
away anything in their path.

J /

\ The hypocentre of the earthquake is

where tectonic plates shift.
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4. Source 2: Major earthquakes near Australia since 2000

within hours, reaching heights of up to 30 metresin Leq rn i n g

some locations. Coastal areas in Indonesia, Sri Lanka
and Thailand were severely impacted. Entire stretches I q d d e r 3 .7
of beach and mangroves were eroded, villages and _—
infrastructure was destroyed and farmland was flooded
with saltwater, making the land unusable for years.

In many regions, thick layers of sand and debris were
also deposited inland, contaminating water sources and 0 Define a tsunami in your own words.
transforming the landscapes for years to come. e Source 1: Describe how tsunamis are formed.

e Explain how the 2009 Samoa tsunami was formed.

o Why was the 2004 Indian Ocean tsunami the
deadliestin history?

Processes that transform people,
places and environments

Space
Water is sucked out to sea 0 Source 2: In which directions are the Indo-Australian
as the wave trough hits the and Pacific plates moving?
shore, exposing the sea bed. 9 Source 2: Describe the distribution of major

earthquakes near Australia since 2000.

e Source 2: Explain why tsunamis are prevalent
in thisregion.

o Source 2: Analyse which countries experience
more frequent tsunamis and why.
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Case study

How did the 2011
tsunami impact Japan?

On 11 March 2011, one of the strongest earthquakes ever recorded occurred
approximately 72 kilometres east of the coast of Tohoku, Japan. The force of the

9.1 magnitude earthquake was so strong that it shifted Japan’s main island, Honshu,
by approximately 2.4 metres. The force of the earthquake resulted in a destructive
tsunami that reached Japan within 30 minutes, with waves as high as 40 metres.

Social and economic impacts

The 2011 tsunami caused a major humanitarian crisis.
Nearly 20000 people lost their lives, and thousands
were injured or were missing. More than 450000 people
were forced to leave their homes, many of whom had to
live in temporary shelters for months. Schools, hospitals
and infrastructure were destroyed, with over 4 million
households losing electricity and over 1.5 million losing
access to water.

Homes, roads, railways and businesses were
destroyed in the disaster. Major factories and transport
networks were also forced to shut down, affecting global
supply chains and reducing employment. The tsunami

96 Good Geography NSW Stage 4

was estimated to cost more than US$235 billion, making
it the most expensive natural disaster in history.

Environmental impacts

At the Fukushima Daiichi nuclear power plant, the
tsunami waves flooded the site and damaged the
emergency generators that were designed to cool the
nuclear plant. As a result, the cooling system stopped
working and the plant overheated, leading to explosions
and the release of radiation into the environment.

This caused serious concerns about safety, health and
long-term environmental damage. Nearby farmland
was contaminated, making crops unsafe to eat, and
radioactive water leaked into the Pacific Ocean,

Source 1: The city of Miyako
on the north-east coast

of Japan’s Honshu island

was devastated by the 2011
tsunami. The 13-metre-high
tsunami swamped the city’s
seawall and tsunami shelters.
Over 600 people were killed
and 6000 buildings were
destroyed in that city.



Japan’s 2011 tsunami wave data
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Source 2: The heights of Japan'’s tsunami waves
and the time it took to travel across the world

Learning
ladder 3.8

Processes that transform people,
places and environments

affecting marine life. Some fish and seafood caught in
the area showed increased levels of radiation for years
after the disaster. The tsunami also severely affected
Japan’s coastlines, eroding beaches, damaging coral
reefs, flooding rice paddies with saltwater (making
the land unusable for years) and spreading rubbish,
chemicals and debris inland for kilometres.

o What was the cause and magnitude of the
2011 earthquake?

Was Japan prepared?
e Describe the social impacts of the 2011 tsunami.

Japan is located along the Pacific Ring of Fire, a region
known for its frequent earthquakes and tsunamis.
Because of this, the country has some of the most
advanced earthquake and tsunami warning systems

in the world. These include early alert systemes,

sea wall defences, and public education on how to

e Explain how the tsunamiimpacted economic
activity in Japan.

o How did the tsunami affect Japan’s environment?

e Assess the success of Japan’s preparation for
an earthquake and tsunami.

respond during emergencies. In 2011, people living Space

in coastal areas received warnings just minutes after €) source 2: Describe the path of the tsunami across
the earthquake struck. Many were able to move to the Pacific Ocean.

higher ground in time, which saved thousands of lives. e Source 2: How long did the tsunami take to reach
However, the size of the tsunami was still much larger Chile, and what was the height of the waves?

than expected, and in some places the waves were so e Explain why Japan'’s location makes it vulnerable
powerful they passed over sea walls and swept inland » to tsunamis.

faster than people could evacuate. s
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How do countries respond

to and mana

ge tsunamis?

In the last century, more than 58 tsunamis have claimed over 260000 lives. More of these
hazards are expected in the future as climate change leads to rising sea levels. Countries
cannot prevent tsunamis, so it is important to be prepared for when they do occur. It is
difficult to be entirely prepared, as tsunamis travel as fast as 640—-960 kilometres per hour,
and their direction and magnitude can be influenced by the shape of the seabed, the water
depth and the location of the epicentre. However, new technologies have made this easier.

Warning systems

Technologies can be used to detect tsunamis.
Seismologists (scientists who study the Earth’s tectonic
crust) can use conductivity instruments, seismometers
and thermal cameras to detect underwater volcanic
activity and tectonic movements. Drones, satellites

and buoys placed around the ocean can also detect if
water surface levels decrease, a sign that a tsunami is
about to occur. These technologies feed live information

GPS satellite

The signal is then
sent to early-warning
station on land.

Fs

Source 1: Tsunami warning systems use a variety of technologies to quickly identify earthquakes and
determine the risk of tsunamis. This can help nations issue evacuations quickly to affected communities.
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to international organisations that constantly monitor
tsunami activity, such as the Pacific Tsunami Warning
Centre. The information is used to determine the
tsunami risk and potential severity, and countries likely
to be affected are notified. Each national authority is
responsible for issuing tsunami warnings to their citizens
and implementing evacuation protocols. The news,
media and government SMS systems can explain to
people how to evacuate and keep safe. If implemented
effectively, evacuation procedures can occur within

15 minutes of an earthquake, giving people as much time
as possible to evacuate or seek high ground.

Coastal defence

Tsunami-vulnerable
countries can implement
coastal defences to mitigate
the impact of tsunamis.
This includes building
structural measures such
as seawalls, offshore
breakwaters, tsunamiwalls
and flood levees to prevent
coastal erosion and reduce
the energy of incoming
tsunamis before they reach
land. A more cost-effective
solution for developing
countries can be to
strengthen natural barriers
to reduce the energy of
waves, such as coral reefs,
This can be done by using
nature-based solutions
like rock armour or

heavy sandbags.

@ The buoy sends
the signal further
to a satellite.

" ). Surface buoy
)y



Forests can also be planted between communities and
coasts to act as a buffer zone, reducing the impact of
tsunami waves on communities.

Governments must also build critical infrastructure,
such as power plants and densely populated areas, on
higher ground to minimise their risk of damage. After the
2011 Tohoku tsunami in Japan, towns were rebuilt on
elevated ground filled with compacted soils. This helps
reduce the impact tsunamis will have on infrastructure
and people in the future.

Aid responses a

L . . Source 2: An aerial image of a new coastal levee under construction
Aid is crucial after tsunamis to support affected ; ) .
in Japan. This concrete levee will absorb energy from any future

communities in their recovery and rebuilding efforts. tsunami waves, to reduce the intensity of the waves moving inland
Governments, international organisations, non- towards communities.

governmental organisations (NGOs) and individuals all
contribute aid to impacted areas. This aid can take various
forms, including financial assistance, medical supplies,

food and water, shelter, and rebuilding infrastructure L M

and housing. Governments of affected countries often e q r n I n g

coordinate relief efforts and distribute aid to affected I d d

regions through their national disaster management q er 3.9

agencies. International organisations, such as the -

United Nations (UN) and the Red Cross, provide Sustainable management strategies
additional support by mobilising resources, coordinating

relief efforts and delivering aid directly to affected © How dotsunami warning systems work?
communities. Following the 2004 Indian Ocean tsunami, @ Describe the role of seismologists in detecting
$6.25 billion was raised by the UN relief fund and used tsunamis, including the technologies they use.

e Explain the role of aid in supporting communities
affected by tsunamis, and identify the various
sources of aid.

to assist 14 countries, including Sri Lanka, Myanmar,
Somalia, Indonesia and Thailand. A separate flash fund by
the UN raised $1.25 billion. Source 3 shows how the total
US$1.7 billion of funds were distributed.

e Discuss the importance of natural barriers, such
as coral reefs and forests, in reducing the energy of
tsunami waves and protecting coastal communities.

2004 Indian Ocean tsunami funding by sector (US$ millions) e Analyse the significance of aid to help in the response

Agriculture US$30 of countries to tsunamis. Refer to the 2004 Indian
Ocean tsunamiaid as an example.

Multi-sector US$41

Safety and security

Protection/human rights/ of staffand S I
rule of law US$41 operations US$2 cale
Water and sanitation US$98 ° Identify one international and one national response
c ) 4 to tsunamis.
conomic recovery an
infrastructure US$105 Li,nslgﬁ-,n e Describe how governments coordinate relief efforts

g s and distribute aid to affected regions after a tsunami.
Education US$115
e How can national governments implement coastal

defence to mitigate the impact of tsunamis?

Health US$174 o Analyse the importance of international

organisations in monitoring tsunami activity and
Coordination and issuing warnings to affected countries.
Shelter and non-food support services

e Technologies are required to effectively warn people
items US$187 Us$195

of anincoming tsunami. Why might this disadvantage
lower income nations?

Source: FTSUNOCHA

o

Source 3: The distribution of over US$1.7 billion of aid following the
2004 Indian Ocean tusunami, including US$1.25 billion raised by the
United Nations. This was divided among the 14 affected countries,
with Indonesia and Sri Lanka receiving the most funding.

Scale, page 398
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How do landslides occur?

When weathered and loose sediment or rock moves downslope under the force of gravity
it is classed as a landslide. Often the movement is very slow and barely noticeable;
however, when it is sudden and unexpected the impacts are devastating on people

and communities.
Source 2: Location of different
types of landslides in a landscape.

Rockslide -4

Contributing factors Landslide caused
by poor road

Alandslide can be triggered by many construction

factors, often in combination.

= Gradient of the land. Steeper
slopes, particularly in mountainous
landscapes, are more vulnerable to
large and devastating landslides.

= Water lubricates layers of earth
and rock, while also adding
weight. Large landslides, including
mudslides, occur after heavy rain
or where drainage is poor.

= Weathering and erosion undercut
the land below a slope and cause
rock falls and landslides in coastal _

. Riverbank
and river landscapes where collapse
waves and rivers erode the
bases of cliffs and hillsides.

Debris flow in
stream channel

Rockfall

Eroding
cliff

Ice age
sediment

Rock
Landslide

Submarine landslide

= Tectonic movements in Earth’s crust.

Earthquakes can destabilise rock and soil, Climate change is predicted to increase the frequency,
causing it to start moving downslope. These magnitude and vulnerability of places to landslides
landslides occur in mountainous landscapes, through extreme rainfall events, flooding, melting
including underwater. glaciers and wildfires.

= Human activity. Clearing slopes of vegetation
increases erosion and destabilises land and

Types of landslides

building infrastructure, such as roads, and housing Landslides are categorised by speed of movement,
on steep slopes interferes with natural drainage. the nature of the material moving and how the
Mine-blasting can also trigger rockfalls. movement occurs. Loose sediment can flow, slump

or creep downslope. Soil creep is slow, common and

Source 1: Types of landslides
v

Flow

Slump Slide
Original

......... Ao

Original

Moving

> Original
. \/

bl

Slumped

Moving
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Source 3: A massive landslide buried much P
of the small city of Alausi in Ecuador’s Andes
Mountains in 2023. The landslide destroyed
57 buildings and left 1000 people homeless.
At least 48 people died in the landslide,
caused by months of heavy rainfall.

evidenced by leaning fences or
trees. Slumping can be fast or slow.
Scars on the land where a section
of soil has moved are evidence of
slumping. Soil flow is very common
and usually occurs after heavy rain.
Large amounts of soil and rock

can travel large distances, often
clogging rivers and valleys and
burying settlements downstream.
These soil movements are most
visible in agricultural landscapes,
particularly land used for grazing.
Rockfalls are most commonin
landscapes dominated by structural
landforms such as coastal cliffs and mountain valleys.
Rocks topple, slide or fall when a combination of factors
reduces the cohesion of the layers of rock and resistance
against gravity.

Responding to disasters

In 2024, there were over 17000 landslides of different
sizes and intensity in Hunan Province, China attributed
to typhoon Gaemi. It affected 136 villages with

50 deaths and the displacement of 128500 people.
Many villages are now considered uninhabitable after
recurrent landslides over years. Even forested slopes are
notimmune to landslides and climate change is causing
increased rainfall and floods. Reinforcing riverbanks,
improving drainage and mapping disaster-prone zones
has not worked and it is now considered essential to
relocate people and communities away from floodplains
and mountain slopes. The dilemma for people is leaving
land that has been farmed by their families for decades
in favour of safety and an uncertain future livelihood.

Creep Partially Fall

covered

Original

Tilted

Falling

Learning
ladder 3.10

Processes that transform people,
places and environments

0 Mindmap the factors that contribute to landslides.

e Describe the difference between slow and fast
landslides using examples.

e Explain how rainfall and gradient interact to
cause landslides.

e Source 3: Explain why the landslide in Alausi and
the landslides in Hunan Province are considered
disasters and not just natural hazards.

e Assess the impact of landslides on people,
places and environments.

Environment

a Identify environments where landslides occur.

e Source 1: Describe how slump and creep landslides
differ from topple and fall landslides.

e Explain why river and mountain environments are
vulnerable to landslides.

0 Source 3: Draw and label a photo sketch to include
features of the landslide, contributing factors visible
inthe landscape and impacts on the town below.

e Research arecent landslide to create a photo essay.

Environment, page 396; sketches and annotating,
page 416; visual communication, page 418
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Case study

What was Australia’s
worst landslide disaster?

The 1997 Thredbo landslide, although small by world standards, was Australia’s deadliest

landslide with the loss of 18 lives.

The landslide and its impacts

At11.40 pm on 30 July 1997 a landslide event occurred
at Mount Thredbo, causing part of the Alpine Way
embankment to slide down a steep slope into the
skiresort in New South Wales’ Snowy Mountains.

The flow landslide knocked Carinya Lodge off its
foundations and pushed it into Bimbadeen Lodge at
high speed, destroying both buildings and burying

19 victims under 2000 cubic metres of rubble.

Water-laden Rubble drain Alpine Way

topsoil

Landslide occurs
as a section

of earth drops

in a circular

movement. L J
Water seepage

Movement
of topsoil

Earth travels parallel
to surface, taking the
ski lodge with it.
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The steep slope and instability of the land hampered
rescue operations. An underground stream that was
exposed by the landslide needed to be dammed before
the rescue operation could start. Eighteen bodies
were recovered from the rubble and only one survivor,
Stuart Diver, was rescued after spending more than
60 hours under the debris.

Source 1: How the 1997 Thredbo landslide disaster occurred

Carinya

~ Ski Lodge
|

bedrock
interface
Water seepage




Source 2: Damage being surveyed by rescue
teams at the site of the 1997 Thredbo landslide

Investigations and analysis of the
landslide found a leaking water main

had saturated the embankment on

the Alpine Way road, causing a flow

landslide, where the land slipped

down in a semi-liquid state.
A large section of the Alpine Way
was reconstructed following

the landslide, including
support structures above
and below the road to

stabilise the land on
the steep slope.

Bimbadeen
Staff Lodge

\f‘f

_ " ! i
> " i" =
\ F’:-

Learning
ladder 3.11

Processes that transform people,
places and environments

o What type of landslide occurred at Thredbo in 19977
e Source 1: Describe the cause of the landslide.

e Explain the impacts of the Thredbo landslide.

e Source 2: Why was the rescue effort a difficult one?

Sustainability

0 What elements of the Thredbo landslide recovery
effort show a focus on sustainability?

e Describe how the reconstruction of the Alpine Way
after the Thredbo landslide aimed to make the area
more sustainable.

e Explain how an unsustainable water management
system contributed to the Thredbo landslide.

e Analyse how the improvements made after
the landslide could have long-term benefits.

e Evaluate the strategies used to improve the stability
of the Alpine Way after the Thredbo landslide. Were
they effective in ensuring future sustainability?

Sustainability, page 400
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Where and why do
avalanches occur?

An avalanche is a large mass of snow, ice, rock and soil, often weighing millions of tonnes,
that travels quickly down a mountainside at speeds of up to 320 kilometres per hour.
Each year avalanches kill more than 150 people worldwide. In most fatalities, the victim
or someone in their ski party causes the avalanche.

Contributing factors

The gradient of the land and tectonic events, such as
earthquakes, extreme weather and climate change,
influence the occurrence, magnitude and impact of
avalanches in a similar way to landslides. A combination
of factors reduces the cohesion of the snow layers until
they can no longer resist the force of gravity. The risk of
an avalanche is greatest on slopes with a gradient over
28 degrees, although wet avalanches occur at lower
angles following heavy rain or thawing.
= Snowpack features. The build-up of new snow
adds mass to an existing snowpack. If the new
layer accumulates quickly, it can slide downhill
as a surface avalanche or the increasingly deep
snow mass can slide downhill as a full-depth
avalanche, exposing the rock beneath.
Conditions within the snow such as weak
or slippery layers and air pockets can also
increase instability and
cause fresh snow to melt and refreeze.
= Atmospheric conditions. Warming temperatures
and sun exposure can make layers of snow less
cohesive. Strong winds and heavy rainfall caused
by storms can quickly change conditions,
causing large snow accumulations or ‘cornices’
(overhangs) on mountain ridges that can
collapse quickly.
= Surface features. Trees and rock outcrops in the
landscape can act as anchors for snow; however,
they can also cause temperature differences
between snow layers and increase instability.
= Human activities. Skiing is a known trigger for
avalanches and participants of snow sports
make up the greatest number of human victims.
Alpine settlements, resorts and infrastructure
located in mountain valleys contribute to and
are destroyed by avalanches.

104 Good Geography NSW Stage 4

Spatial pattern and magnitude
of avalanches

Avalanches occur globally in high altitude locations.
Avalanche-prone mountain landscapes cover roughly

6 per cent of Earth’s land area, mostly in the major ranges
such as the Himalayas and European Alps. Climate
change and the likelihood of reduced snowfall, rising
snow lines and shorter snow seasons are predicted to
result in the migration of avalanches to higher altitudes
and a reduction in their frequency and size. Avalanche
magnitude is assessed using a scale ranging from1to 5,
based on potential destructive force due to the mass,
density, speed and length of the avalanche path.

Source 1: Large avalanche on Shkhara

Mountain in Georgia. The top of the

avalanche is known as the crown.

The end of the avalanche is the PO e SR
deposition zone. R e




How a loose snow avalanche forms

Temperature inside the
upper snow layers drops
from -10°C to -20°C

— The snow layer near the ground
retains temperatures close to
0°C (about -2°C)
Atemperature difference

forms between the

upper and lower
snow layers

Evaporation begins under the
lower snow layers

The stability (cohesion) of the
lower and upper snow layers
is disrupted

The upper snow layers
lose their support and
begin to slide

Avalanche forms
dangerous

A Source 2: Causes of avalanches

Impact of avalanches

The people who die in an avalanche are generally
affected by suffocation, trauma or hypothermia.

Asize 1avalanche is small and less likely to bury a
person compared to a size 5 event, which can devastate
a landscape and bury both people and settlements.

3
: Processes that transform people,
places and environments

0 Define an avalanche.
e Source 2:
a Outline differences between wet and dry avalanches.
b Differentiate between ‘surface’ and ‘full depth’
avalanches.
c Differentiate between ‘loose snow’ and ‘trough’
avalanches.
e What features of a snowpack canincrease the possibility
of anavalanche?

o Explain management techniques used to control the
impact to property and lives.

e Create a flow diagram to illustrate the formation of
loose snow avalanches.

when snow
accumulates on

steep slopes with
an inclination of 15°
or more

Slopes with an inclination
of 30-35° are particularly

_, Learning ladder 3.12

Speed of avalanches and snow density

Asarule, dryavalanches move at 20-70 metres per second
and up to 125 metres per second, with snow density being
0.02-0.3 g/cm?

Wet avalanches move at 10-20 metres per second and up to
40 metres per second, with snow density being 0.3-0.4 g/cm?®

The speed of avalanches depends on the ground where the
snow is lying, on the slope inclination and on the condition
and size of the snow mass. The average speed of avalanches
is about 20-30 metres per second

Types of avalanches

Loose snow
avalanches

They slide down
the entire surface
of the slope
outside specific
channels

Interesting facts

The first snow avalanche
was mentioned in 1129.

A historical document
records the death of
people from the entourage
of Bishop Rudolf, who was
headed for Rome via the
Great St Bernard Pass in
the Swiss Alps.

On10 January 1962,
ahuge avalanche, called
by some experts the
largestin the history of
recorded observations,
wiped out an entire city

in Peru. The 1000-metre
long avalanche edge
rushed along at a speed of
150 kilometres per hour.

‘Trough’

type avalanches
move down narrow
gullies, ravines and
erosion furrows

Avalanches
occuronly

‘Jumping’
avalanches
These free-falling
avalanches move
along ledges

Risk assessments are used to determine potential
impacts. Avalanche barriers, hazard maps, road and
skifield closures, evacuations and the artificial triggering
of avalanches have helped reduce the death toll and
impact on places.

Interconnection

0 Source 1: Identify the type of landscape where
avalanches occur.

e Source 1: Outline factors contributing to the avalanche
in Georgia.

e Explain how gradient influences the occurrence and
characteristics of avalanches.

0 Explain the connection between the scale of an
avalanche and impacts on people, places
and environments.

e Climate change is causing more frequent storms and
increased warming in mountainous areas. How might
this influence the frequency of avalanches?

Interconnection, page 392
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Thinking geographically
Landscapes
and landforms

Geographical concepts, inquiry and tools
Place, environment, sketch map, written or oral report

Learning ladder:
page 80

Key inquiry question
How does tectonic activity impact environments and people in Iceland?

the value of tectonic landscapes and landforms for
tourists and Icelandic people

one sketch map or simple diagram. Where possible,
refer to the sources in this spread to support

your judgements.

In a written or oral report, use the knowledge and
understanding developed in the activities below to
answer the inquiry question. Include the following:

the location of Iceland

tectonic plates and their movement

landforms and processes caused by tectonic activity

The geographical features of Iceland NG ) D

Source 1 activities

1 Describe the location of Iceland
using geographical language. Refer to
hemisphere, latitude and longitude,

See Geo How-To
for latitude and
longitude, page 404

Iceland relief and glaciers

and water bodies. 67N T
4 + $ N' $
2 Whatare the spatial dimensions D?S’t’;zl?t’k Greenland Sea A o 2y gk
of lceland? Arctic Circle Norwegian
a Calculate the distance from coast e
to coast along the 20°W longitude e
line and from coast to coast along 66°N | QEeoRey 1 AR T €
the 65°N latitude line. ‘ ' Saudarkrokur ,
! ~ *Akureyri
b Islicelandalarge or small /8 2 l
country? Give areason for { b ! :
{ \ * Egilsstadir
your answer. 650 I | i i 4
o ; ; TN e i g Tt A e
3 Ifyog erWfa plane algngthe18 W { ' o / {
longitude line, describe how the land Langjokull 3 =
Borgarnese ¥
below you would change. Refer to ~ Vatnajokull | @
the height of the land and features ! Lo *Hofn g
Id Bett il ; Reykjavik o , A 2
you would see. Better answers wi 64°N | Kefiavilh o g <
use the scale to refer to distances. R : 6
£ 2
” ®
4  Suggesttwo reasons why there are 'S </ohd = S
glaciersin Iceland. i E
. ) ‘ ke}
5 Identify two agents of erosion o ATLANTIC|OCEAN Legend =
evident on the map that shape | | | Lowlands <500 m || =
P P = = = = = Highlands >500 m g
thelandscapes and landforms 2 2 3 2 A Glaciers 5
. Y N N - — °
inIceland. %)
Vs
Source 1: The geographical features of Iceland
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B How plate tectonics are impacting Iceland w

Source 2 activities Source 2: The tectonic plate See Geo How-To for interpreting
Refer also to the tectonic plate map on page 16. movements that affect Iceland block diagrams, page 418
1 Describe the location of the Mid-Atlantic hd
Ridge in Iceland. Mid-Atlantic
2 Whatis happening along the Mid-Atlantic An:‘:::an Aiade
Ridge? Refer to tectonic plates, movement Plate

of plates and magma.

3 Explainthe connection between tectonic
plates and the location of volcanoes : Eurasian
in Iceland. - Plate

Spreading centre

4 How does tectonic activity affect the (divergent boundary)

natural environment of Iceland?

5 Predict what may happen to the size of
Iceland in the future. Give a reason for
your answer.

Tourismin lceland e

Iceland attracts thousands of tourists every year.

Source 3:
Tourists walk through the Thingvellir Rift Valley, Tourists experiencing
where the North American and Eurasian tectonic geomorphic features R
plates are pulling apart. Where water enters the rift inlceland 8

valley, tourists dive between the plates at the Silfra
fissure, the only place in the world where this is
possible. Volcano tourism has grown rapidly in recent
years. Iceland is one of the few places where tourists
can get close to lava flows. In 2022, 1.8 million
tourists visited Iceland. Tourism contributes an
average of 5-8 per cent to Iceland’s income (GDP)
each year and creates around 30000 jobs in areas
such as transport, accommodation and hospitality.

Tourism in Iceland (percentage of GDP)

9
8.5%
_ / \ / a
o 7
s€ .| \/
2
o e .
s a e \ / Sources 3-4 activities
26 517 2
s % 4 \ / § 1 Identify the tectonic landformsin
§ ‘_% 3 \/ g the photograph.
5 § = 2 Whatisthelink between plate tectonics
2 2 & and tourism in Iceland?
Q
1 % 3 Whywould tourists be excited to swim
0 T T T T T T T T T 1 9 at Silfra fissure?
Q'\(b q/g’\\)‘ Q'\QJ r?/Q\@ Q/Q'O Q'\Q) Q'g OQ/O q/ofi\ Of?/q’ OQ/Q’ 4 Suggestareason why tourists are increasingly
v v YQ/ v v attracted to volcanic eruptions.
ear
5 Assessthe economicimportance of tectonic
A Source 4: The contribution of tourism to Iceland’s economy landscapesinIceland.
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I Impacts of tectonic activity in Iceland

Vs

Source 5: Thermal power station
and Blue Lagoon heated pools

-

1 Rainand melted glacier 5 The hot water is used to heat homes,

water seep into the ground. greenhouses and roads in the cities.
2 Water pools underground. 6 Hotwaterisalso used for geothermal
3 Water gets heated pools and spas.

by magma. 7 Used wateris cleaned in a centrifuge
4 Hot water is pumped up then dumped into the ocean by a

to the surface. 3-kilometre pipe.

8 Cold waterisalso collected from

the country’s only cold spring.
J

A Source 6:

4. Source 7: Thermal powered greenhouse. The cold climate in Iceland means
heated greenhouses are essential for food production.

Sources 5-8 activities
1 Write your own definition for geothermal energy.
2 Sources 6 and 7: Identify four uses for heated water in Iceland.

3 Explainthelink between the water cycle and geothermal energy
in Reykjavik.

4  Analyse theimportance of geothermal energy for food production
inlceland.

5 Discuss the statement: ‘Tectonic activity in Iceland is both a threat
and an opportunity’.

108 Good Geography NSW Stage 4

How thermal power is |
produced in Reykjavik

See Geo How-To forinterpreting
flow diagrams, page 419

Satellite image of volcanic eruption in Grindavik 2024

30 Mar. 2024: Ongoing eruption

after two weeks of activity R nsive wall

Blue Lagoon —i

/ New fissure

Power plant

Main road into \

town cut off by
lava flow U \

Infrared signature

N\

b Defensive wall,

' breached after J
%, 18 Dec. eruption;

Town of 4000 ¥
people.evacuated
in Novembey,

&

4. Source 8: Threats to settlements and roads.
A 2024 volcanic eruption in Grindavik cut roads,
burnt homes and interrupted power supplies.
{ 0\ See Geo How-Tofor interpreting
satellite images, page 423

Source: NASA
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©ladder

knowledge
progression

Stepsin
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How can | understand
the places where we live?

Australia is classified as a more economically developed country (MEDC). This means
that we generally have good access to education, health care, transport, open spaces
and other key elements that make our country liveable. In 2023, Melbourne and Sydney
were ranked in the top 10 most liveable cities in the world.

| can analyse how
characteristics
shape places

| can explain
factors that
influence diversity
across places

| can describe the
characteristics
of places

| can locate
features and
characteristics
of places

| can identify
features of places

Characteristics

| can predict

the impact of
processes and

interactions

| can examine
the impacts of
processes

| can explain how
interaction leads
to change

| can describe

processes

I can list processes

Processes

110 Good Geography NSW Stage 4

The Learning ladder lists the knowledge and skills you will develop
throughout the year, with five levels of increasing difficulty.

By mastering foundational knowledge and skills at the lower levels,
you will build a solid understanding that prepares you to tackle more
advanced concepts and skills as you progress towards the top.

| can evaluate
the fairness of
perspectives

| can analyse how
perspectives
influence decisions

| can explain
different
perspectives

| can describe
perspectives

| can identify
perspectives

Perspectives

| can suggest
improvements
to strategies

| can assess
the impact of
strategies

| can explain
how strategies
protect places

| can describe
management
strategies

| can list
management
strategies

Sustainable
management
strategies

| can evaluate
the contribution
of First Nations
Custodianship

| can analyse
the importance
of First Nations
Custodianship

of Country

| can explain the
role of First Nations
Peoples in caring
for and managing
Country

| can describe
how First Nations
Peoples care
for and manage
Country

| can identify
ways First Nations
Peoples interact

with Country

First Nations
Peoples

| can apply a range
of tools, terms
and concepts
to communicate
geographic
information

| can use a range

of tools, concepts
and terms to
understand
geographic
information

| can use
geographic tools,
concepts and terms

| can list
geographical tools,
concepts and terms

| can identify
geographic
information



Source 1: A tent city of homeless
people was established in Sydney’s
Martin Place for most of 2017 before

it was dismantled. While Australia has
some of the most liveable cities in the

world, liveability is not enjoyed by all.

| can analyse the

impact of places
on people and

environments

| can explain
how places are
interconnected

| can use
geographic
vocabulary to
describe a place

| can describe
a place

| can identify
the location
of a place

Place

| can assess
changes
to spatial
distributions
and their effects

| can analyse the
impact of spatial
distributions

| can explain
spatial
distributions

| can describe
spatial
distribution

| can identify
spatial
distribution

Space

| can examine
the impact

of change on

environments

| can analyse
processes that
change places

| can explain
physical
processes

| can
summarise the
characteristics
of environments

| can identify
environments

Environment

| can assess
the impact of
changes to
interconnections

| can assess the
effects of inter-
connections

| can explain

the influence
of inter-

connections

| can describe
interconnections

| can
recognise an
interconnection

Inter-
connection

| can assess
how decisions
are influenced
by a range
of scales

| can analyse
how scales
interract to
influence

geographic
processes

| can explain
how processes
vary across
scales

| can describe
processes at a
range of scales

| can recognise
different scales

Scale

ROUP | INVESTA®

| can evaluate
strategies
to improve

sustainability

| can analyse
the long-term
impacts of
sustainable and
unsustainable
practices

| can explain the
importance of
sustainability

| can describe
sustainability

| can identify
sustainability

Sustainability

| can assess
how changes to
processes shape
places

| can analyse
the impact of
change

| can explain
the causes

and effects
of change

| can describe
change

| can identify
change

Change

Steps in skill
progression

Geographical concepts
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Why do we live
where we do?

Liveability is a judgement about what a place is like to live in. It impacts wellbeing because
people live where they do to try to maximise the ‘good’ things that will make their lives

better. Liveability is about our quality of life.

What we value

People value places that offer freedom and the protection
of their human rights; personal safety; the availability

of employment, and essential goods and services such

as health, transport and educational facilities; and an
attractive or healthy environment. If a place provides the
things we need and satisfies most of the things we want,
then we consider it to be more liveable.

Attempts have been made to rate or rank the
liveability of large cities in Australia and across the world.
Organisations use a range of factors or ‘criteria’ to judge
liveability — they survey people to create these rankings.
Rankings are very general and do not account for the
perspectives or opinions of individuals at a local scale.

Choosing where to live

The ideal place for a family with young children will be
different from the preferred location of an older couple
or a university student, because each represents a stage
of life with different needs and lifestyle preferences.
Medical care might be a priority for the wellbeing of

an elderly couple; entertainment and sports facilities
may be a high priority for teenagers and young adults;
and schools could be a high priority for a young family.
The importance of different factors will vary between
people — we call these our ‘perceptions’. Some factors,
such as safety and freedom, will be important for
everyone, and our influences will change over time.

Not all people have a choice about where they
live, and some people will remain in the same place
for their whole lives. People who are able to make
choices will be influenced by their own situation and the
qualities of different places. These can be placed into
two categories:

the personal characteristics of people that influence

their decisions

the characteristics of places and what they offer

to people.
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What affects the liveability of places?

Environmental factors: The environment is our total
surroundings, the physical and human features.

It provides natural resources such as water and land,
and determines our capacity to produce food. It affects
the availability of housing, services and facilities such
as shops, schools, hospitals and transport. An arid or a
polluted environment will be perceived as less liveable
than a forested location with clean air.

Political factors: Political stability is important for
liveability because it means a society is not interrupted
by conflict. Many of the least liveable places in the world
are in conflict zones where infrastructure has been
destroyed and basic needs such as food, water and
shelter are not met. High emigration rates reinforce the
low liveability of these places. Political policies affect
human rights. Where a decent income, freedom of
movement and freedom of speech are not protected

by law, places are perceived as less liveable.

Age i Affordability
CFamily CEmployment
CAspirations PResources
cutwe [Climate
Gender PHumanrights
ncome | Transport system

Occupation i Recreational and
. health facilities
Stage of life : Quality of the environment

Sporting or cultural
interests

4 Source 1: Personal and locational influences on where people live



A Source 2: Dharavi, slums in Mumbai

Economic factors: The level of development of countries
affects the capacity to provide the basic needs of a
population, a range of employment opportunities and
different types of housing. The poorest countries in the
world are perceived as less liveable. Rich nations such
as Dubai can create highly liveable places in otherwise
inhospitable environments.

Social factors: People value interactions with others

in society, particularly those with a common cultural,
language or working background. High standards of
behaviour, acceptance of cultural diversity, low crime
rates and perceptions about freedom and safety are
considered important features of highly liveable places.

Dubai and Dharavi

Dubai exists in an arid desert environment in an oil-rich
country. Political stability and high levels of wealth have
created a highly liveable city offering luxury lifestyles,
executive employment, world-class services and a

high standard of living. It is one of the safest places in
the world to live and work. Many workers are ‘digital
nomads’ working remotely for overseas businesses,
while enjoying the tax-free, luxury lifestyle and social
life the city offers. Dubai is one of the world’s fastest-
growing remote-working destinations.

Dharavi is an area of Mumbai, India, that attracts poor
migrants moving from rural India to find employment
to improve their lives. A lack of housing means they
settle in slums like Dharavi, which lacks infrastructure
and is considered a dangerous place. It is liveable
because it offers employment, schools and businesses
opportunities and is a place where a home can be
set up in the middle of the city. Itis a very productive
place that produces goods and services. Government
redevelopment schemes are slowly upgrading housing
and infrastructure to make Dharavi more liveable. Most
Australians would consider Dubai highly liveable but an
expensive place to live, and Dharavi a slum that is highly
unliveable because of the lack of sanitation, poor quality
housing and lack of basic facilities.

A Source 3: Dubai

Learning
ladder 4.1

Perspectives of people
and organisations

o Source 1: Identify three factors about yourself that
would influence the liveability of places if you had a
choice to make.

e Describe how stage of life would influence
perceptions about the liveability of places.

e Sources 2 and 3: Explain how income has influenced
the liveability of Dubai and Dharavi to different
groups of people.

o Source 2: Why would people consider Dharavi
aliveable place?

e Assess the importance of safety in people’s
perceptions of liveability.

Scale

o Identify three environmental features of your local
place that make it liveable.

e Outline two features of your local place that reduce
its liveability.

e Describe two changes that would make your local
place more liveable.

o Use a Venn diagram to compare the liveability
of Dubai and Dharavi.

e What are international liveability rankings? Suggest

reasons why cities such as Sydney and Melbourne
like to rank highly on global liveability rankings.

Scale, page 398

Influences on liveability 113



L]
4.2

Where do people
live in the world?

Ninety per cent of the world's population lives on just 10 per cent of all the available land
on Earth. Some places on Earth — such as deserts, high mountains and polar regions —
are inhospitable, and it is difficult for humans to live there.

Living on Earth

The most liveable places on Earth are between the
Arctic Circle and the Antarctic Circle, where the
temperatures are warm enough to grow food.

Antarcticais the only continent that does not have
a permanent population. It is the coldest place on
Earth. Scientists spend time on Antarctica — but mainly
during the summer months, when there are more
opportunities to work outside.

The world’s population is 7.8 billion people, and
we inhabit six of the seven continents. Asia has the
highest population, at 4.5 billion people. Sixty per cent
of the world’s population lives in Asia, and 36 per
cent of the world’s people live in just two countries:
China and India.

World population distribution

Population density

The population density of a region is a measure of how
crowded that place is. It is calculated by dividing the
population by the area of the region. For example, the
continent of Australia has a population of 25000000,
and an area of 7692024 square kilometres, so its
population density is 3.25 persons per square kilometre.

Population density varies from continent to
continent. Australia has the lowest population density
of all the populated continents. Asia has the world’s
highest population density — with 146 people for every
square kilometre of land. On average, the world’s
population density is about 15 people for every square
kilometre of land on Earth. However, about 90 per cent
of the Earth’s population lives on just 10 per cent of
the land — mainly along coastlines and near sources
of fresh water.

Arctic Circle

Legend

One dot represents
1 million people

Tropic of Cancer

ATLANTIC OCEAN

Tropic of Capricorn

A

0 2000 4000 km

~

o, AMERICA

P

| R
seaxy

N
b AUSTRALIA\

\{f"-%_j;
kv

4 Source 1: World population distribution dot map
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World environments
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4 Source 2: World environments shown on a satellite image

Least liveable regions

Over half of the Earth’s land mass consists of regions
with harsh conditions that make it difficult for humans
to survive. This is why polar regions, deserts and

high mountains have very low population densities.
Every continent has low population density regions:

Learning
ladder 4.2

Characteristics of places

- Africa: Northern half contains the Sahara Desert. and environments

Europe: Far north is in the frozen Arctic Circle. o Give three examples of places where few people live.

Asia: Central Asia has the Himalayan Mountains
and desert, northern Asia has the Arctic Circle.

e Brainstorm a list of basic things that humans require
toliveinaregion.

e Source 3: Describe the physicaland human
characteristics of this place.

- Australia: All of Central Australia is desert or
semi-desert.

o Explain why Antarctica is the only continent with
no permanent human population.

North America: Northern tip is in the Arctic,
plus deserts in the south-west.

- South America: Northern half contains the
Amazon Rainforest.

Space

0 Source 1: Which continent has the highest
population density?

e Source 1: Describe the spatial distribution of
the world’s population using the PQE method.

Source 3: Reindeer graze in the tundra around a nomadic

yurt inside the polar circle in Asia.
v

6 Source 2: How does Antarctica’s environment
contribute to its low population density?

e Source 2: Identify the environments that provide
the least liveable conditions on Earth and suggest
the impact these conditions have on liveability.

e Source 1: How will the pattern shown on this map
change as the world’s population grows?

PQE, page 412; Space, page 388
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How do environments

affect liveability?

The quality of the environment is an important factor in the liveability of a place. In large
cities, liveability improves with access to clean air and open space. To find clean air and
open space, people are increasingly moving away from cities to coastal or rural areas
so they can enjoy a more liveable environment.

Sea change

More people are choosing to live

in coastal towns, where they can
enjoy the natural environment as
well as swimming, surfing, fishing
and walking along the beach.

The decision to move to a coastal
location is known as a sea change.
Increasingly, large numbers of
people are moving to coastal areas
to get away from the pressures

of big city life. Apart from capital
cities, coastal communities are
the fastest growing regions

in Australia.

Tree change

A tree change is when people
move from the city to a rural area.
People usually make the change
in search of a more liveable
environment. Country towns offer
people a better balance of work
and leisure (called ‘work-life
balance’), a lower cost of housing
and living, clean air and a slower
pace of life.

For people considering a
tree change, the lower cost of
homes in rural areas is tempting.
A buyer might get alarge home
on a block of land for the price
of an apartment in a capital city.
Over 30 per cent of people moving
to country areas say cost of living
was their main reason to move.
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Migration in and out of the central coast of NSW, 2016-21
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4 Source 2: Mudgee is a rural town 260 kilometres north-west of Sydney, with a population
approximately of 10 923. Renowned for historical colonial architecture and extensive
vineyards, Mudgee lies within the Cudgegong River valley, amid fertile agricultural land.

It serves as a nexus of cultural heritage and scenic landscapes.

Source: Matilda Education Australia



Source 3: Residents of Victoria’s Surf Coast enjoy a pre-dawn

surf. Some of them will then head off to work locally. Others will be
driving to jobs in Geelong (20 minutes) or Melbourne (90 minutes).
More and more people are making a ‘sea change’ to enjoy the coastal
environment and the activities available there.

With improvements to internet connections across
Australia, more residents can make a tree change and
work from home to minimise their travel time and
increase their quality of living.

A key motivation for a person to make a tree change
toarural areais to find a better living environment.
The aesthetic appeal of rolling green pastures with
grazing animals and fresh air appeals to many people.

Green belts and wedges
Green belts and green wedges are undeveloped areas
within or around cities that have been set aside for open
space. Green belts surround the outer limits of cities,
and green wedges run through urban areas.

These green zones help make major cities more
liveable, as they:

protect natural and rural environments

improve air and water quality

give city residents access to rural and natural

environments

provide bushwalking, camping and riding areas

close to cities

provide a connected habitat for native animals

and plants.

Learning
ladder 4.3

Processes that transform people,
places and environments

o Define the term ‘sea change'.

e Whatis a tree change? Why do people choose to
make them?

e Explain how green belts and green wedges improve
liveability.

o Source 1: Analyse the pattern shown on the map.
Where have the greatest population increases
occurred? Why do you think this is the case?

Environment

o Source 3: What type of environment is shown here?

e Source 2: Describe the physicaland human
characteristics of this environment.

e Source 3: Why has Victoria’s Surf Coast become
such a popular place to live for an increasing number
of people?

6 Source 2: Explain the main pull factors for people
making a tree change.

e Source 1: Evaluate the impact on environments

in the fastest growing regions. How might the quality
of the environment suffer?

Environment, page 396
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Can humans live in
extreme environments?

Some of the least liveable places on Earth are mountains, deserts and polar regions.
Over time, some people have adapted well to living in these harsh environments.
Their bodies have become used to extremes in temperature, or less water or oxygen.

Difficult environments

Some environments have very harsh conditions that
make it difficult for humans to survive. They may be
extremely hot or cold, or there may be no water or little
oxygen to breathe. Polar regions, deserts and high
mountains are examples of extreme environments
where the few humans who live there have had to adapt
to survive.

Polar regions

The Arctic and Antarctica are the Earth’s two polar
regions. The Arctic is the cold area around the North
Pole. One Indigenous group who lives there is the Inuit.
The Inuit have adapted their diet, clothing, transport and
housing to help them live in the extreme cold.

Antarctica is the coldest, highest and windiest place
on Earth. Itis the only continent that has no permanent
human population. Scientists from Australia, New
Zealand and many other countries work and live in
scientific stations in Antarctica where even in summer
the temperature can drop to -50°C.

Buildings on Antarctic stations are heated to 18°C.
When working outside, people have to wear lots
of layers topped with a thick, quilted freezer suit.
Hypothermia (lowering of body temperature below
normal) and frostbite (freezing of the skin and other
tissues) are both dangerous risks.
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Antarctic air is so dry that a person’s body can lose
water just through breathing. A person needs to drink
6 to 8 litres of water per day to stay hydrated while
in Antarctica.

Desert regions

Deserts are very dry areas that receive less than

250 millimetres of rain a year. Most people think that
deserts are hot places, and in the day many deserts are.
But overnight, deserts are cold. Deserts known as ‘cold
deserts’ also have relatively low temperatures during
the day.

Places without a water supply are difficult to live in.
People such as the Bedouins of the Middle East and
North Africa are nomadic — they herd animals around
in search of the most productive land. In Chile’s
Atacama Desert — the world’s driest place — the people
of the village of Chungungo use fine nets to capture
moisture from the sea fogs that pass over the desert.
The water droplets drip into large containers and pipes
that supply the village with water.

Mountain regions

People living in the high mountains of the world need
to adapt to cold temperatures and rugged terrain.
Living in mountains also offers unique challenges

for breathing. Many visitors to high altitudes suffer
mountain sickness caused by the oxygen-thin air.




and furs to make warm clothing. The Inuit people are :
unable to grow their own food because the Arctic
climate is so harsh, and mostly eat meat from seals,
whales, polar bears and caribou. Originally, Inuit

used dog sleds for transport — but today they use
snowmobiles.

Symptoms range from shortness of breath, dizziness
and headaches, which can result in coma or even death.

Groups that have lived in high altitudes for many
generations, such as Tibetans and Sherpas in the
Himalayas, and Quechuan in the Andes Mountains, have
developed a genetic change in their blood that allows
them to comfortably live and work at high altitudes with
less oxygen.

Source 1: Bedouin tribes live in desert areas in North Africa
and the Middle East. They have herds of camels and other
animals that are well adapted to desert conditions. Their
traditional nomadic lifestyle means they frequently move
to find scarce resources in the dry desert environment.
Bedouin tents are designed to allow air to circulate. Animal
hair is used to insulate the tents so they stay cool during
the hot days but warm during the freezing nights.

v

Learning
ladder 4.4

Characteristics of places
and environments

0 Define the term ‘extreme environment’.

e Give two examples of people living in extreme
environments.

9 Source 2: Describe the characteristics of this place
anditsimpact on liveability.

e Explain why Tibetans, Sherpas and Quechuan
peoples might have a different perception of the
liveability of high mountain areas.

Place

o Identify three different extreme environments.

e Source 1: Describe the physical and human
characteristics of this environment.

e Source 2: How have the physical characteristics
of this place influenced how the Inuit live?
0 Sources 1and 2: Compare how the Inuit and

Bedouins have responded to living in extreme
environments.

e Compare the strategies for working and living
in polar regions used by the Inuit and scientists
working in Antarctica.

Place, page 390
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Why is a community
of place important?

Living in a community brings people together. Being part of a community helps people
feel more connected and supported — and makes a place more liveable.

Connected communities Sports practised by boys and girls aged 6-13 years
The most liveable places are those where 20

everyone feels connected to the local community. Base: Australian children 6-13
A community is a group of people who have 60 W Boys |-

Girls

something in common such as a neighbourhood,
aworkplace, a school, a sporting club, a music or
crafting club, or a language group. 401
We are all members of many different 30+ —
communities that make our lives more enjoyable. 0. |
10 —
sport at an elite level or just for fun, or they might o . . . . . . |

For example, over 6 million Australians are actively
involved in sporting communities. They might play

be a spectator or follow a particular sporting team. Swimming Soccer Bicycling Cricket Tennis ~ AFL  Netball
Sport

50

Percentage (%) of participants

Source: Roy Morgan Young Australians Survey, 2015

PN
Source 2: Sports practised by
Australian boys and girls aged
6-13 years. People connect
with each other when they join
up to share acommon interest,
such as sport. If people feel
connected through
communities, the place they
live in becomes more liveable.

Source 1: ShriShiva p
Vishnu Hindu temple

at Carrum Downs is a
popular community venue
for Melbourne’s Indian
community.
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Community of place

A community of place is a community of people who
come together because of where they live, work, visit
or spend time.

People living in remote or rural areas need the
support and sense of belonging to a local community
to overcome the isolation of where they live. Places
such as schools, churches, recreational clubs, cafes and
hotels are important meeting points for country people.
Community events — such as rodeos, agricultural shows,
festivals, sporting events and social celebrations —
are important to help overcome the loneliness felt
by many people on the land.

Cultural communities

People are often attracted to a place where they

know there are other people from the same cultural
background. Half of Australia’s population was either
born overseas or has a parent who was born overseas.
So some people find specific rural towns — and specific
suburbs in some cities — are more liveable for them
because they know there are other people living there
who share their language and culture.

Cultural communities often share the same
religious beliefs. Melbourne has Australia’s largest
Indian community, so Hinduism, which is India’s biggest
religion, has become Melbourne’s fastest growing
religion. Belonging to a religious community helps
make places more liveable for new Australians who
have migrated from another country.

Source 3:
Agricultural shows
are a way of bringing
rural communities
together. Local,
regional and state
shows give an
opportunity to
showcase livestock
and produce.

For many peoplein
remote areas, the
local show is the
highlight of the year -
and the focus for the
whole community.

Learning
ladder 4.5

Characteristics of places
and environments

o Define the term ‘community of place’.
e How does ‘community of place’ increase the
liveability of an area?

e Source 1: Describe the characteristics of this place
and itsimpact on liveability.

o Sources 1and 3: Explain how the characteristics
of these places influence differencesin their
communities.

Interconnection

0 Source 2: Suggest two reasons why sport enables
interconnection.

e Source 3: Describe how rural shows help country
people to come together.

9 List the local community groups in your area.
As a class, discuss how these groups contribute
to the local community of place.

0 Source 3: Why are opportunities for interconnection
through a community of place even more important
for people in rural communities?

Interconnection, page 392
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How does climate change
impact liveability?

Climate change refers to increasing global temperatures and changing weather patterns.
The current rapid rate of change is a result of additional carbon dioxide and other
greenhouse gases emitted into the atmosphere by people, particularly through the
burning of fossil fuels. Environmental changes resulting from climate change are impacting

the liveability of places.

Rising sea levels

One of the greatest impacts of climate change on
where people live, and their quality of life, is rising

sea levels. The global average sea level has risen by
21-24 centimetres since 1880 due to increasing melt
water from glaciers and ice sheets, and the expansion
of warming seawater. According to the United Nations,
rising sea levels are already threatening the lives of

40 per cent of the human population: those who live in
coastal communities. The most affected places include
low-lying Pacific Island nations such as Kiribati and
Tuvalu; places with large areas of coastal lowlands such
as Bangladesh in Asia, Florida in the United States and
the Nile River delta in Egypt; and the world’s largest
cities including New York and Shanghai.

Rising sea levels have many consequences:
Inhabited land is flooded (inundation).

Salt invades freshwater supplies, including
groundwater (salinisation).

Crops and plants die as soils become waterlogged
and salty.

Coastal erosion threatens properties and
infrastructure.

Water and food security declines.

Small coastal communities

Livelihoods and food sources are lost as farmlands
flood, and fisheries fail because coastal ecosystems
such as mangroves, the nurseries of the sea, collapse.
People living in these areas can no longer meet their
basic needs of food, water and shelter, making these
places unliveable. The most vulnerable people are the
poor, who often live on the most flood-prone land and
have few other resources. For Indigenous communities,
the loss of sacred and culturally important coastal sites
means a loss of cultural identity and connection to
place. The Philippines is an archipelago with more than
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half of its cities and communities living on the coasts of
its islands. Millions rely on coastal fisheries or farming

the narrow coastal plains. The country’s sea levels have
already risen three times more than the global average.

Large coastal cities

It has been predicted that by 2050, over 800 million
people living in 570 cities will be impacted by sea
level rises of more than half a metre. High population
densities and the concentration of employment in
large cities means millions of urban dwellers could be
displaced or lose their livelihoods. The largest urban
populations vulnerable to flooding are in Asia and
include Shanghai where over 17 million people are at
risk, and Kolkata, Mumbai and Dhaka where between
11 and 14 million people are at risk.

Source 1: Urban Miami in

Florida could be permanently

inundated by the ocean if temperatures
increase by 3°Cin 2050 (top).

Farming communities in coastal Bangladesh
already face inundation by the sea (bottom).




Coastal cities impacted by rising sea levels

Population

Alexandria The Hague Miami  Rio de Janeiro

3.0 million 2.5 million 2.7 million 1.8 million
1

Source 2: Millions of people in large coastal Shanghai

cities are impacted by rising sea levels. The worst 17.5 million
affected cities by population will be in Asia.
v
Hong Kong
8.4 million
Osaka I

5.2 millionI

Oceania Africa Europe North South

America America .
Region

Human displacement

Sea-level rise leads to the forced migration of millions
of people as internally displaced people (within their own
nation), migrants to other countries or environmental
refugees. An influx of displaced people then reduces

the liveability of the places where they arrive through
increased pressure on resources, increased population
densities and lack of permanent housing and
employment opportunities. In Bangladesh, 40 million
people are at risk of internal displacement if sea levels
rise by one metre.

Holding back the ocean

Addressing the causes of climate change is the only action
that will prevent further rising sea levels and protect the
liveability of places. This means a global commitment to
the Paris Agreement to reduce carbon-dioxide emissions.
This is called ‘mitigation’, without which even more places
will become unliveable in the future.

To preserve the liveability of places already threatened
by rising sea levels, a variety of actions are being taken
to protect the coast and coastal communities. This is
known as ‘adaptation’. Many of the strategies, however,
are too expensive for poorer countries and communities
to implement. They will require international financial
assistance to adapt to climate change. The United Nations
has committed to helping low-lying island nations.

Retreat: Relocate populations and infrastructure away

from the coast.

Elevate: Create higher land or raise buildings above

projected sea levels.

Block/defend: Build structures such as seawalls to

protect properties from inundation and increased

threats of erosion.

Restore: Replant coastal habitats such as seagrasses,

coral reefs, kelp and mangrove forests that protect

coastlines from erosion. This will help restore

ecosystems and marine life populations.

Relocate: Buy land in other countries and plan

for relocation.

Asia Source: Copyright Guardian

News & Media Ltd 2024

The government of Kiribati has already purchased land in
Fiji where extra food could be grown, and as a future place
to settle if the nation entirely disappears below the sea.

Shanghai 2023 and projected water coverage in 2050

Chongming
Island

Honggiao Shanghai
Airport Yellow Sea
Pudong

Airport

N

Hangzhou Bay :
A China °
0

Hangzhou Bay

Source: Copyright Guardian News & Media Ltd 2024

4 Source 3: These two maps show Shanghai, the city that is most
vulnerable to sea-level rise by 2050. The top map displays the
locations of the highly populated urban space, which accommodated
over 29 million people in 2023. The bottom map shows the areas that
are vulnerable to being submerged in water if global temperatures
increase by 3°C in the next 25 years. Many management strategies are
being employed to try to reduce this challenge. These include building
seawalls along the waterfront, raising walkways and putting drainage
and water controls into place to protect people and property.
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Climate indicators
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Source 4: Indications and impacts of climate change in Pacific Island nations
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Other climate change impacts

Atmospheric warming causes other environmental
changes that, in turn, affect liveability:

Learning
ladder 4.6

Higher average temperatures cause heatwaves

and increase heat stress, particularly in large cities
where a ‘heat island effect’ already impacts millions
of residents. Heatwaves result in more deaths than
any other climate-related disaster, and wildfires start

Processes that transform people,

more easily and spread faster in these conditions. places and environments

Fire events increase air pollution and reduce 0 Use a mind map to identify the ways climate change
environmental quality. The quality of life of vulnerable impacts people and environments.

groups such as babies, the aged and people with e a Write your own definitions for the following terms:
lung diseases is reduced and working outdoors is inundation, salinisation, heatwave, mitigation,

more difficult. adaptation.
b Useeachterminasentence about theimpacts

Extreme weather events such as floods and droughts, ,
of climate change.

cyclones and bushfires become more common.

In recent years, NSW has experienced greater
frequency and intensity of heatwaves and heavy rain,
while parts of Africa have had more severe droughts

e Why are rising sea levels considered the greatest
threat to humanity from climate change?

e Source 5: Rank the adaptation strategies in the
diagram from most effective to least effective.

and are at increased risk of famine. Explain your rankings.

Marine heatwaves change coastal ecosystems e Source 4

that human livelihoods and cultures depend on. a Assess the vulnerability of Pacific Island nations
Melting sea ice and permafrost in polar regions to multiple impacts of climate change.

reduces the capacity of traditional communities to b Propose two strategies governments could use
travel across their lands and onto sea ice to hunt and to pr(?t?Ct the liveability Othe'r 'Slénd nations.
fish. The loss of sea ice also means greater coastal Why is itnecessary for the international

. . ) , community to assist Pacific Island nations
erosion and the loss of liveable land. Coastal villages in

) A financially for climate change adaptation?
Alaska are being relocated because of rising sea levels. Create anllustration showing an island coastiine

All of these climate-related issues reduce liveability: with a range of strategies in place that will
places become unsafe, people face increased risks to their maintain liveability.

health and survival, and their quality of life deteriorates. Scale

The cumulative impact of climate change for small islands

is shown in Source 4. 0 Source 1: Identify an impact of climate change at

the local scale.

Retreat . . T
) e Source 2: Describe the regional variations in the
- 4 Source 5: Climate ) . . L
A impact of climate change on the liveability of large
change adaptation o .
_ . cities. Suggest a reason for the differences.
strategies to defend
against overland e Source 3: Use the scale of the map to calculate how
flooding. If we ignore farinland the coastline will be if global temperatures
Elevate groundwater, flooding increase by 3°C.
may still happen 0 Explain how changes on a global scale will have

behind our existing different national and local impacts.

or future defences. )
e Explain how the responses of governments
to climate change could affect where and how
Block people live in the future.
e
| 9
——— Scale, page 398

Restore
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How is safety interconnected
with liveability?

Being safe is a key ingredient of a liveable place. Many people in the world live in unsafe
places with the threat of volcanoes, earthquakes and tsunamis. Others live with conflict,
or are forced to escape war zones as refugees.

Looking for safety

Along with having food, water and shelter, feeling safe is the most important
factor in the liveability of a place. Many of the world’s least liveable cities are

found in war-torn countries such as Syria, Afghanistan and South Sudan. Source 1: Global Peace Index 2023
. f fli | f dtol heir h h measures global peacefulness. This annual
In regions of contlict, people are forced to leave their homes. They report produced for the Institute for

seek safety, food and shelter in camps that have been set up by welfare Economics and Peace uses 23 qualitative
organisations. Some people are forced to flee their homes and move and quantitative indicators to measure:
to camps somewhere else in their country — these are called internally the level of safety and security

. , the extent of ongoing conflicts
displaced persons. Many threatened people flee to other countries as x going contl
the degree of militarisation.

refugees in order to escape war, violence or a natural disaster. More than In 2023, deaths from global conflicts

one million refugees from South Sudan are now living across the southern doubled from the previous year,

border in Uganda. with 238 000 people killed and 91 countries
involved in a conflict, up from 58in 2008.

Global peacefulness, 2023 A4
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Source: Institute for Economics and Peace, 2023
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conflict between two rival ethnic groups.

Safe and unsafe countries

The Global Peace Index ranks countries according
to their level of peacefulness. In 2023, the
countries rated as the most peaceful were New
Zealand, Canada and Japan, as well as some
countries in Europe. Russia, eastern Europe, the
Middle East and central Africa were rated among
the world’s least peaceful regions.

The following measures (or criteria) are used
to measure peacefulness:

safety and security: amount of crime, numbers

of people jailed, the threat of terrorism, the

number of refugees

ongoing conflict: number of conflicts and

casualties

militarisation: military spending and numbers

of military personnel.

Source 2: A soldier walks past women in northern South Sudan who
are carrying their belongings. One-third of South Sudan’s population
has been forced to find a safer place to live following a long-running

Learning
ladder 4.7

Processes that transform people,
places and environments

0 Define the word ‘safety’ in the context of where
people live.

e Describe two key differences between an internally
displaced person and a refugee.

e Explain the human processes that impact safety
and decrease liveability.

e Compare the performance of New Zealand and
Russia in the 2023 Global Peace Index. What actions
might have led to these rankings?

Interconnection

o How is safety interconnected with liveability?

e Many refugees are escaping conflict. Describe the
areas of the world shown in Source 1where refugees
are likely to come from.

e Where do refugees move to seek safety from the
conflict where they live?

o Source 2: What are the implications for these
refugees? Where are they, how might they be feeling,
what are they carrying and where are they going?

e Source 1: Use SHEEPT to explain why Australia is
ranked with a high level of peace. Research how
the Australian government has reacted to refugees
trying to reach Australia by sea. Why have they taken
this action?

SHEEPT, page 414; interconnection, page 392
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Why do people live
in unsafe places?

The threat of natural hazards can make some areas of Earth less safe than others to
live in. For example, floods occur in low-lying areas near water, and earthquakes and
volcanoes tend to occur near the boundaries of tectonic plates. Fear of crime forces
people to avoid places where they feel threatened.

Living in a hazardous place

Hundreds of millions of people around the
world choose to live in areas that are prone
to natural hazards. For example, areas
with volcanoes are hazardous, but they
attract many people because the rich soil
is good for farming.

Because so many people have chosen
to live in hazardous zones, natural events
such as volcanic eruptions, earthquakes,
tsunamis and cyclones can quickly turn
into natural disasters. In Australia the most
common natural disasters are bushfires,
floods and cyclones.

Making places safe from crime

The most liveable places are where people
feel safe from injury, abuse, theft and
damage. Australian cities are regarded as
safe by world standards, so they perform
well in liveability rankings (see page 158).
Governments are continually looking at
ways to make places safer. They measure
safety by surveying communities and
studying crime statistics. Maps can show
the areas where most crimes occur and

police can be moved to areas of high crime.

Different measures are putin place
to make public spaces safer. For example,
improved lighting and building design
can help make public areas more visible.
Police patrols and surveillance cameras
help prevent crime and make residents
feel safer. These strategies help to reduce
the number of crimes because if places are
more visible and a police presence is more
obvious, then any criminal activity is also
easier to see.
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Learning

ladder 4.8

Characteristics of places
and environments

F's
Source 2: An aerial view showing the complete destruction of Paluin
Sulawesi, Indonesia. The area was devastated in 2018 by an earthquake

What factors cause a place to be ‘unsafe’?
and tsunami that claimed more than 2000 lives. o P

. ) - ) ) e Source 2: Describe what has happened to this place.
Source 3: The dots and triangles on this map indicate major volcanic

eruptions, earthquakes and tsunamis. e How is safety linked to liveability? How important

do you think it is for acommunity to feel safe where
they live?

e Sources 1and 2: Explain how these places have
different experiences of being unsafe.

NORTH AMERICA Cel e Source 1: Suggest what action could be taken
in Sydney to make it a safer place.

ATLANTIC OCEAN
Tropic of Cancer S pa ce

o Source 1: Which is the most liveable region of
Sydney in terms of safety?

e Source 1: Use PQE to describe the distribution
of crime across Sydney.

9 Source 3: What natural hazards are shown here

- and which areas of the world are affected by them?
Legend

@ Major earthquake o Why do people choose to live in unsafe regions

@ Other earthquake - prone to volcanoes, earthquakes and tsunamis?

V¥ Tsunami

A Volcanic eruption

y
Source: Matilda Education Australia
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Why is access to services
and facilities important?

Access to services and facilities can impact the quality of life of all people. A service is the
provision of something you need done for you, such as transport or health care. Services
are intangible and are usually paid for, such as a payment for a doctor or internet access.
Services may be provided by an organisation such as a charity for people who are unable
to pay. Facilities are tangible and consist of the infrastructure needed to supply goods

or services. Examples of facilities include hospitals, shopping centres, sports clubs, and
road and railway networks. Parks and other public spaces are considered important
community facilities. Facilities in a local area are often referred to as ‘social infrastructure’
because they benefit society.

Public and private services and facilities

Governments are involved in the provision of facilities
for everyone to use. These are public facilities and
include hospitals, transport networks, police stations,
entertainment, sporting facilities and some public
housing. People pay a fee for using these facilities or
the services they provide. For example, the Australian

‘out of town’ or in outer suburbs of cities have
reduced accessibility.

Economic access: Some people may not be able

to afford to use the facilities or services available.
Cultural background: Language barriers, shops
selling ethnic foods or clothing and religious services
are limited in many locations.

Government has built the National Broadband Network
(NBN) and consumers pay to use the internet service.

These factors are considered in planning decisions

and when looking to enhance the liveability of places for
all groups of people in a town, suburb, neighbourhood
or community.

Governments also give approvals for private
organisations and businesses to build infrastructure
such as shopping centres, schools and hospitals to
make sure there is a variety of facilities to provide the
goods and services communities want. These private
organisations also build specialised facilities such as
aged care, child care, churches and schools.

As the population of communities changes, the
demand for infrastructure and services will also change.
Ageing populations will require specialised housing and
health care, and suburbs with a large working population
need fast, efficient transport systems.

Accessibility

Availability and accessibility impact the liveability of
places for different groups. Accessibility is the extent to
which a facility or service is able to be used. Factors that
impact accessibility include:

¥ Source 1: An artist’s impression of a multi-use public community facility

Location: It is well known that cities provide a
larger range of services and facilities than smaller
settlements and in greater variety. However, in
developing countries, even large cities such as
Mumbai in India and Sao Paulo in Brazil cannot
provide for their large and growing populations.
Physical access: This means being able to find

or get to a place to use its facilities or services.
People with disabilities, the aged and people living
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