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

13.1.1 Introduction
The coast is home to 80 per cent of the world’s population, and is a popular place to settle for reasons of climate, 
water resources, land for agriculture and industry, access to transportation systems and recreation. Hence, it is 
essential to understand the changes that are occurring to coastal environments and how they will affect human 
settlements. The changes are both natural and human-induced. They are sometimes short term (as a result of storms 
and tsunamis) and sometimes long term (climate change leading to rising sea levels). To cope with these changes, 
careful planning and management is needed to ensure a sustainable future for human activity at the coast.
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Although it may not be obvious, coasts are constantly changing. How do natural and human processes 
contribute to this?

Resources

eWorkbook Customisable worksheets for this topic (ewbk-6202)

Video eLesson Washed away (eles-1710)

FIGURE 1  Storm surges and rising sea levels pose a significant threat to 
some coastal communities.
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13.2 Understanding coastal landscapes

13.2.1 The importance of the coast
Coasts are a dynamic natural system. The forces of nature are constantly at work, either creating new land 
or wearing it away. Over 85 per cent of Australians live within 50 kilometres of the coast. As well as being a 
favoured place to live, the coast is the most popular destination for tourists and visitors.

All forms of human activities can have impacts on coastal landforms and the ecosystems of plant and animal 
life. Australia’s coasts need to be managed to achieve goals of sustainable living for all who share this common 
environment. In addition, there is a need to balance the diverse viewpoints of human-induced development with 
conservation principles.

13.2.2 The coastal zone
The coastal zone may be broadly defined as the zone where the land meets the sea  
(see FIGURE 1). It includes an area of water known as coastal waters (waters within  
3 nautical miles of the shore) and an area of land called the hinterland, which extends 
several kilometres inland of the coast. The Australian coast, which is approximately 
37 000 kilometres in length, consists of many different environments such as plains, 
rivers and lakes, rainforests, wetlands, mangrove areas, estuaries, beaches, coral reefs, 
seagrass beds and all forms of sea life found on the adjoining continental shelf.

Hinterland

High tide
line 

Coastal waters

FIGURE 1  Typical Australian coastal scenario, Point Danger, Tweed Heads, New South Wales

ecosystems    systems formed 
by the interactions between the 
living organisms (plants, animals, 
humans) and the physical 
elements of an environment

hinterland    the land behind a 
coast or shoreline extending a few 
kilometres inland

LEARNING INTENTION

By the end of this subtopic you will be able to explain the ways in which coasts are constantly changing, and 
identify various coastal landforms and the processes by which they are formed over time.
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Many of Australia’s World Heritage sites are found in these varied coastal environments, such as the Great 
Barrier Reef (see FIGURE 2), Lord Howe Island, Fraser Island and Shark Bay. The coast is also important for 
human settlement: urban complexes, ports and harbours. Many Aboriginal and Torres Strait Islander peoples 
lived and continue to live in coastal communities. Historical evidence of middens, art sites, fish traps, stone and 
ochre quarries, and burial and religious sites show the long history of peoples living by the Australian coast. It 
is important that we understand our coastal environments in order to ensure their sustainable management, to 
maintain marine biodiversity and so that they may be preserved for the many generations to come.

13.2.3 Coasts as natural systems
Coasts are natural systems consisting of landforms (beaches, dunes and cliffs) as well as biotic elements 
(aquatic and terrestrial plants and animals). Geographers refer to all these things as biophysical elements. 
Coasts are also said to be in a state of dynamic equilibrium, which means they are constantly changing. 
Examples of small-scale and short-term agents of change are the tides, ocean currents and wave action. 
Examples of large-scale agents of change (which happen over vast periods of geological time) include 
continental drift, uplift and sinking of land, movement of sea levels due to ice ages and warm periods, and 
creation of islands by volcanic activity.

13.2.4 Coastal landforms
There is a wide range of marine and terrestrial structures found at the coast. Many are 
familiar to us, such as the landforms of beaches, bays, dunes and cliffs (see FIGURE 

3). Others such as fiords are unique to polar regions, which were affected by ice 
ages. Structures found under the sea are not so widely known and can include the 
continental shelf, canyons and trenches.

4 Jacaranda Humanities and Social Sciences 10 for WA Second Edition

FIGURE 2  The Great Barrier Reef was placed on the World Heritage List in 1981.

dynamic equilibrium    when the 
input of a coastal system such 
as winds and waves moving 
sediments onshore is equal to 
the output that moves sediments 
offshore, the system is said to be 
in a steady state. It is therefore 
not unstable and it has a dynamic 
equilibrium.
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  13.2.5  Ocean processes 
 Waves and the movement of coastal waters caused by tides, currents, rips, storm surges and tsunamis are 
ongoing processes that mould the coast, creating and destroying landforms and submarine forms. Tides, which 
are generated by the gravitational pull of the moon and the sun, cause changes in sea level; this can vary 
between low and high tide by as much as 10 metres, such as is found in Broome, Western Australia. 

 Waves are generated by winds out at sea and this creates what is called swell; the larger the fetch area or 
distance to the coast, the greater the potential height of the wave, particularly in storm conditions. Waves that 
are generated in storm conditions are called destructive waves, and these lead to increased erosion of coastal 
forms (see  FIGURE  4  ). Waves that are generated in calm conditions are known as constructive waves, and these 
may build up sediments, giving rise to beaches and dunes (see  FIGURE  5  ).   
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  FIGURE 3    The range of coastal landforms   

     1  Dune blowouts occur when loose sand is blown from the dune because vegetation has been removed. 

     2  Waves are refracted (bent) towards a headland and release energy either side of it. Caves will be formed 
where weak rocks are eroded on each side of a headland. 

     3  Over time the caves will erode on either side of a headland and join to form an arch. 

     4  Erosion between low and high tides undercuts rocks and a rock platform develops. This undercut section 
eventually becomes weak and collapses, creating a cliff. 

     5  Longshore drift moves sand and other material along a beach. If this drift occurs mainly in one direction, 
sand may extend along the coastline forming a spit. 

     6  Estuaries are the parts of a river that are tidal and occur at the sea. They catch mud, sand and nutrients. 

     7  A lagoon is formed when a sandbar begins to develop, eventually closing an estuary. 

     8  Beaches are formed when material is brought to the shore by waves. The material can be sand, stones or 
pebbles. 

     9  Dunes are formed when sand on a beach is stabilised by vegetation. 

     10  Further erosion of the rock supporting the arch will cause it to collapse, leaving a stack. 

     11  If caves develop in places exposed to the sea and waves, water rushes in and can cause pressure to build at the 
back of the cave. If a section of rock in the roof of the cave is weak, part of the roof may collapse and a blowhole 
is formed. 

     12  A spit can sometimes join two land areas. This is called a tombolo. 

     13  Headlands are formed when coastal rocks are very hard and resist erosion from the waves. Softer rocks 
either side of the headland are eroded and transported elsewhere.   

  int-5594 
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 As a wave approaches the coast it translates into a swash, or forward movement, and to a backwash, or return 
to the sea, after its encounter with the land. Surfers look for the swash element of waves to carry them actively 
forwards (see  FIGURE  6  ). If waves come into the coast at an angle, the swash will move up the beach at that 
angle but the backwash returns under the action of gravity directly down the beach. This leads to what is called 
longshore drift (see  FIGURE  7  ), which can move large quantities of sand along the coast and lead to spectacular 
forms such as spits, bars, barriers and tombolos.   
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More powerful swash

Weaker backwash

  FIGURE 5    Constructive wave  
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  FIGURE 6    How a wave breaks  

Weaker swash

More powerful backwash
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  FIGURE 4    Destructive wave  

Swash carries material
up the beach following
the angle of the waves
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Backwash takes material straight
down the beach under gravity

 Longshore driftWaves approach the beach at
an angle similar to that of the wind.

Prevailing
(usual)
wind direction

  FIGURE 7    Longshore drift  
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13.2.6 Erosional forms
As noted, erosion through the power of waves is significant in creating coastal landforms. For instance, during 
storm conditions it has been estimated that the hydraulic action or weight and pressure of water hitting the 
coast can amount to 10 tonnes per square metre. The mere contact of sea water with coastal rocks can lead to 
weathering, whereby rocks or loose sediments are either dissolved or abraded or worn away by the action of 
waves armed with pebbles and sediments. In some cases a section of the coast that is undermined by the sea 
may collapse; this is referred to as mass wasting. Erosional landforms include headlands, bays and bights, 
cliffs, platforms, caves, arches, blowholes and stacks.

Headlands and bays
Headlands and bays are created by a process of differential erosion. Some parts of the coast may be made up 
of harder rocks or rocks that have fewer fractures, and these areas form headlands that tend to resist erosion. 
Bays, on the other hand, are composed of softer or more fractured rocks that are more easily eroded, leading to 
coastline retreat (see FIGURE 8).

Cliffs and platforms
As waves approach the coast, their erosive powers will have an impact on rock structures. 
The force of the water acting on any raised rocky structure will create what is called a 
cliff. A notch, which is a zone where active wave energy is concentrated, will form at the 
base of the cliff, and this will lead to the cliff collapsing into the sea and the coastline 
retreating inland. With cliff retreat, as the active wave zone in the ocean waters becomes 
enlarged, a platform will develop (see FIGURE 9).
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Headland
erosion

BeachDeposition

Wave direction

Headland
erosion

FIGURE 8  Refraction results in a convergence of waves on a headland and divergence in a bay.

mass wasting    the movement of 
rock and other debris downslope 
in bulk, due to a destabilising 
force such as undermining 
compounded by the pull of gravity
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 Caves, arches, blowholes and stacks 
 Differences in the hardness of rocks and its joints and fractures can be exploited by erosion to create features such 
as caves, arches (see  FIGURE  10  ) and stacks. Caves are parts of the coast that have been more actively eroded from 
the surrounding rocky area, leaving a hollow in the cliff section. If part of the roof of the cave collapses, in-rushing 
waves may be channelled up this chimney structure, forcing water and air out at the horizontal land surface above 
(see  FIGURE  11  ). Stacks are simply remnants of cliff areas that have resisted erosion and been left stranded out to sea.   
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  FIGURE 10    Tasman Arch, 
Tasmania  

  FIGURE 11    Waves are forced upwards through the blowhole at Quobba 
Point near Carnarvon, Western Australia  

The line of cliffs retreats.

The sea attacks
ahead rather than
down, so after the
cliff collapses and
rubble is carried
away, a wave-cut
platform is left.

The notch becomes
larger and the weight
of the cliff causes it
to collapse.

The sea undercuts
the cliff, forming
a wave-cut notch.

  FIGURE 9    Formation of cliffs and rocky platforms  
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13.2.7 Depositional forms
Depositional coastal forms include beaches, sand dunes, bars and barriers, spits, sand islands, tombolos and 
lagoons. Processes that create these features are generally associated with constructive waves, movement and 
accumulation of sands due to longshore drift, and wind blowing sandy sediments onshore.

Beaches
Australia has many beaches, and we are all familiar with their structure. Sediments and sands from which 
beaches are formed come from materials eroded from cliffs and, more particularly, sediments brought down 
to the coast by rivers. Waves wash these sediments onto shallow sloping coastal platforms. As beaches are 
composed of soft materials, they are easily eroded in storms, but generally sands that are taken offshore will 
return when calmer conditions return and constructive waves can move the sediments back.

Dunes
At the back of the beach and in the zones above high tide, sandy sediments dry out. 
The wind can then pick these up and move them onshore and inland. Usually a fore 
dune will form (see FIGURE 12) and a depression will be found just inland behind it. If 
sufficient sand is available, a secondary dune may form, and in some cases dune fields 
may result with many lines of dunes. The development of dune vegetation that has 
adapted to survive in harsh conditions is important to stabilise dunes. This vegetation 
becomes larger and more varied as soil and freshwater conditions on the dune improve inland; this process is 
known as coastal dune vegetation succession. Dunes, due to their sandy structure, are particularly fragile and 
need to be managed carefully so that pedestrian traffic does not disturb stabilising plant life. Fraser Island in 
Queensland is composed of sandy sediments and covered with dunes that were built up during the last ice age.

Other depositional coastal forms
Spits are sandy extensions of beaches formed by longshore drift currents (see FIGURE 13). There is a large spit at 
the mouth of the Noosa River in Queensland. Bars and barriers are sandy offshore structures that run parallel to the 
coast, and lagoons or wetlands may form behind them. The Coorong at the mouth of the Murray River in South 
Australia is an example of these features.
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FIGURE 12  Transect showing the beach and stable and well-vegetated dunes

coastal dune vegetation 
succession    the process of 
change in the plant types of 
a vegetation community over 
time — moving from pioneering 
plants in the high-tide zone to fully 
developed inland area vegetation
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   13.2  ACTIVITIES  

     1.  Investigate the location of World Heritage sites in the coastal zone. On a world map, label each site and note 
the reason for its signifi cance.    HASS skills: Evaluating 

     2.  Coastal landforms can be formed by processes of erosion and deposition. Using the internet, fi nd examples 
of well-known erosional and depositional landforms and present them as a poster. 

 HASS skills:   Questioning and researching, Communicating and refl ecting 
     3.  Using a series of labelled sketches, explain how a rocky shore platform is formed. 

 HASS skills:   Communicating and refl ecting 
     4.  Fraser Island is located off the coast of Queensland. It has been recognised as the largest sand island in the 

world and contains many specialised landforms and unique coastal ecosystems. Once mined for sand and 
logged for timber, it has become a popular ecotourism destination. An issue for today is how to sustainably 
manage the impacts of ecotourism and protect the environment of this World Heritage listed island. 

     a.  Research the past and present uses of Fraser Island. 
     b.  When did it become a World Heritage site? 
     c.  What are some of its unique features? 
     d.  What does the future hold for Fraser Island?  

 HASS skills:   Questioning and researching, Analysing, Evaluating 

   13.2  EXERCISE 

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

    Deepen your understanding of this topic with related case studies and questions. 
     •  Investigate additional topics > Oceans and coasts >  Coastal processes

Explore more with

Bay

Bar

Inlet

Beach

Sea
island

Bay mouth
bar

A spit can sometimes join two land
areas. This is called a tombolo.

A beach forms when material is brought to shore by waves.
Sand dunes form when plenty of sand builds up on the land.

A lagoon develops
when a sandbar closes
in an area.

Longshore drift can build
up sand to form a spit.

Bay

  FIGURE 13    Coastal landforms created by transportation and deposition  

 Learning pathways    

  LEVEL 1 
  Questions   
5, 11, 12, 13 

  LEVEL 2 
  Questions   
2, 6, 8, 10 

  LEVEL 3 
  Questions   
1, 3, 4, 7, 9 
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13.3  Challenges to coastal management

13.3.1 Human impacts on coasts
Human activities along the coast can interfere with natural coastal processes, resulting in significant changes 
to coastal environments. Our day-to-day lives across the globe contribute to global warming and sea-level rise, 
which in turn also affect our coastlines.

Human impacts on coastlines include the construction of ports, boat marinas and sea walls; changes in land  
use — for example, from a natural environment to agricultural or urban environments —  and the disposal of 
waste from coastal and other settlements.

The World Ocean Review series is published by a not-for-profit company that seeks to raise awareness of issues 
relating to marine science and sustainable use of our oceans. The 2015 Review suggested that for oceans and 
coasts to be sustainably managed into the future, new environmental policies must be implemented. The issues 
identified in the review that need to be addressed include the following.

 • Marine pollution
 • Toxic substances and heavy metals from industrial plants (liquid effluent and gaseous emissions)
 • Nutrients, in particular phosphate and nitrogen, from agricultural sources and untreated wastewater 

(eutrophication of coastal waters)
 • Ocean noise pollution from shipping and from growing offshore industry (exploitation of oil and 

natural gas reserves, construction of wind turbines, future mineral extraction)

LEARNING INTENTION

By the end of this subtopic you will be able to:
 • explain the human impacts on coasts
 • identify the threat posed by rising sea levels due to global warming
 • evaluate the impact on island nations.

Check your understanding

 1. Why are coasts important to people?
 2. Refer to FIGURE 1. What land use is found at Point Danger? How might this affect the dynamic nature of the 

coastal zone?
 3. What are the two main coastal processes that form coastal landforms?
 4. What are the differences between constructive and destructive waves?
 5. Refer to the vegetation transect in FIGURE 12.
 a. Why does the vegetation change as you move inland?
 b. What adaptations does dune vegetation show in terms of being adapted to dry, windy coastal environments?
 c. What would happen to the vegetation on the back dune if a blowout removed all the vegetation from the fore dune?
 6. Explain how longshore drift moves sand along a coastline. What is likely to happen on a beach if a council 

constructs a rock barrier at right angles to the beach?
 7. Explain the changes that high-energy waves can cause on coasts.

Apply your understanding

 8. Explain why environmental, social and economic criteria must be applied to manage a coastal area such as 
that shown in FIGURE 1.

 9. Predict what might happen to the Great Barrier Reef if it wasn’t listed on the World Heritage List.
 10. Draw and label a sketch of coastal depositional forms such as those shown in FIGURE 3. What role has 

transportation of materials by longshore drift had in the development of these features?
 11. Refer to the photograph of Tasman Arch in FIGURE 10. What will happen to this coastal feature in the future? 

Explain how this change will occur.
 12. Discuss what happens over millions of years to eroded material that falls into the sea.
 13. Refer to the FIGURE 8 wave refraction diagram. Why are headlands more vulnerable to erosion than bays?

For sample responses to every question, go to www.jacplus.com.au.
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 • Growing demand for resources
 • Exploitation of oil and natural gas reserves 

in inshore areas and increasingly in deep-
sea areas, resulting in smaller or greater 
amounts of oil being released into the sea

 • Extraction of sand, gravel and rock for 
construction purposes

 • For the development of new 
pharmaceuticals: extraction of genetic 
resources from marine life such as bacteria, 
sponges and other life forms, the removal 
of which may result in damage to sea floor 
habitats

 • Future ocean mining (ore mining at the 
sea floor), which may damage deep-sea 
habitats

 • Aquaculture (release of nutrients, 
pharmaceuticals and pathogens)

 • Overfishing
 • Industrial-scale fishing and overexploitation 

of fish stocks; illegal fishing
 • Habitat destruction

 • Building projects such as port extensions or hotels
 • Clear-felling of mangrove forests
 • Destruction of coral reefs as a result of fishing or tourism

 • Bioinvasion
 • Inward movement of non-indigenous species as a result of shipping transport or shellfish farming; 

changes in characteristic habitats
 • Climate change

 • Ocean warming
 • Sea-level rise
 • Ocean acidification

The 2017 World Ocean Review explores the coastal habitat and the diverse demands on this habitat. It 
illustrates how the varied ecosystem services rendered by the coasts are being subjected to increasing pressure, 
and outlines measures that will be necessary in the future to respond effectively to the threats from both 
climate change and natural disasters.

Coastal environments have not always been managed sustainably. In the past, decision makers generally 
had less understanding of the delicately balanced nature of many coastal ecosystems and they had limited 
environmental worldviews about the use of coastal areas. Their aim was to develop coastal areas for short-term 
economic gains. This was based on the belief that nature’s resources were limitless. Building apartment blocks 
and tourist resorts on sand dunes seemed like a good idea — little thought was given to the fragility of the 
coastline and the long-term suitability of such development in an environment subject to coastal storm erosion 
and, in more recent times, rising sea levels.

Over time, people have realised that sustainable coastal management requires an understanding of:
 • the coastal environment and the effect of physical processes
 • the effect of human activities within the coastal zone
 • the different perspectives of coastal users
 • how to achieve a balance between conservation and development
 • how decisions are made about the ways in which coasts will be used
 • how to evaluate the success of individuals, groups and the levels of government in managing 

coastal issues.
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FIGURE 1  Destruction of mangrove habitats has 
enormous impacts on biodiversity.

Source: World Ocean Review 2015.
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13.3.2 The threat of global warming
Perhaps the greatest threat to coasts today is rising sea levels. It is recognised that global warming is a result of 
the enhanced greenhouse effect, which is a human-induced phenomenon that is leading to the melting of polar 
ice caps and glaciers. Some of the changes to coastal environments that will result due to global warming include:

 • increased intensity and frequency of storm surges and coastal flooding
 • increased salinity of rivers and groundwaters resulting from salt intrusion
 • increased coastal erosion
 • inundation of low-lying coastal communities and critical infrastructure
 • loss of important mangroves and other wetlands
 • impacts on marine ecosystems such as coral reefs.

13.3.3 Our disappearing islands
As a result of climate change, it is currently anticipated that many low-lying islands will be flooded by the sea. 
Sea levels are currently estimated to be rising by about 2 to 3 millimetres each year. Melting glaciers and polar 
ice are adding to the water volume of the oceans; also, as the water warms, its volume increases. At current 
rates, many island groups in the Pacific and Indian oceans will be almost completely 
inundated by 2050.

Coastal storms, tsunamis, flooding, inundation, erosion, deposition and saltwater 
intrusion into freshwater supplies present a combined threat to coastal regions. With 
stronger windstorms possible, many low-lying communities will be at risk from 
storm surges (see FIGURE 3 and TABLE 1).
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FIGURE 2  To bring attention to issues of global warming, in particular rising sea levels, a meeting was held on the 
sea floor by government representatives of the Republic of the Maldives.

enhanced greenhouse effect    
increasing concentrations of 
greenhouse gases in the Earth’s 
atmosphere, contributing to global 
warming and climate change
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People living on low-lying islands will be among the first wave of ‘climate refugees’. Due to environmental 
change, mainly through rising sea levels, some people have already had to move, and many more could be 
without a home in our lifetime.

13.3.4 Rising sea levels in the Pacific
Many of the Pacific Islands are small and can in some cases be described as atolls. Their national boundaries, 
which include the waters and economic zones they control, extend over vast distances, but their land area is 
limited. Islands such as Tuvalu and the Marshall Islands in the south-west Pacific, which are only a few metres 
above sea level, are particularly vulnerable to rising sea levels and associated severe storm activity due to 
climate change.

The economies of these Pacific Islands are small-scale and earnings are not high, with a reliance on what 
limited natural resources occur on the islands and in the surrounding ocean waters. Although rainfall can 
be plentiful, not much water can be retained, due to sandy soils and low altitudes; 
streams are few and groundwater is scarce. Hence, any incursion by sea water can 
be devastating for agricultural produce (see FIGURE 4), the urban environment and 
tourism, which has more recently become a money earner for these islands.
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FIGURE 3  Low-lying islands in the Pacific under threat of 
disappearing due to climate change

TABLE 1  Selected Pacific Island nations, area and population

Island
Land area 

(km2)
National extent 

(km2) Population

Gross income 
per person per 

year (US$)

Highest 
elevation 
(masl*)

Kiribati 717 3 550 000 116 398 4280 80

Marshall Islands 181 2 131 000 53 127 5590 10

Tuvalu 26 900 000 11 192 5780 5

Australia 7 690 000 7 690 000 25 464 116 47 160 2229

* metres above sea level

atoll    a coral island that encircles 
a lagoon
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Apart from the predicted rise in 
sea levels due to global warming, a 
secondary impact on the life of Pacific 
Islanders will be increases in the 
temperature of the sea, which will affect 
coral reefs and fish stocks that live 
in that environment. As for the Great 
Barrier Reef in Australia, bleaching 
and death of coral reefs can lead to 
the destruction of the whole aquatic 
ecosystem, and this will have devastating 
impacts on the Islanders’ main diet, 
which is fish and other forms of seafood.

What can be done?
If food crops are destroyed by rising 
sea levels, storm surges and saltwater 
pollution, the Pacific Islander peoples do not have much scope for importing food due to their remoteness, high 
transport costs and low earnings of individuals. Combined with loss of seafood stocks, the Islanders will need to 
move to other islands to find a new home and livelihood. Clearly, this is an outcome that no-one wants to see. The 
task falls to the global community to instigate change to combat this impending humanitarian and ecological disaster.

The Pacific Islander peoples are strong advocates for the policies of the  
Kyoto Protocol and the subsequent Paris Agreement on climate change. Under 
the auspices of the United Nations Framework Convention on Climate Change 
(UNFCCC), these agreements have established a range of measures to reduce the 
impact of greenhouse gas emissions by introducing carbon trading schemes and 
energy-efficient forms of technology such as wind and solar power. One hundred 
and eighty-nine countries have ratified the Paris Agreement, which came into 
effect in November 2016. Signatories have agreed to ambitious targets for the 
reduction of greenhouse gas emissions, with an aim of keeping global temperature 
rise below 2 °C, and attempting to limit it further still, to just 1.5 °C. All parties 
are required to report regularly on their progress towards emissions targets. It is 
hoped that through these measures, the low-lying Pacific Islands can be saved.

The leaders of the Pacific nations have spoken at the United Nations and many 
international climate change forums to raise awareness of their perilous situation 
and vulnerability to rising sea levels. They have also approached nations such as 
Australia and New Zealand to discuss the establishment of a future migration policy 
if global efforts to stem sea-level rise do not succeed.

13.3.5 Rising sea levels in the Maldives
The Maldive Islands are located in the Indian Ocean, to the south-west of India (see FIGURE 5). There are about 
1200 coral islands, grouped into 26 atolls. The average elevation across the islands is around 1.5 metres above 
sea level (the highest point in the island group is just 2.4 metres above sea level). Economically, the nation 
depends on tourism and the continuing appeal of its beautiful beaches.
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FIGURE 4  Poulaka crops killed by salt water due to rising 
 sea levels

DISCUSS

In small groups, consider the following statement.

As Pacific neighbours, Australia and New Zealand should fulfil a duty and accept environmental refugees from 
Pacific islands in danger of flooding from sea-level rise.

 General capability: Ethical understanding

storm surge    a temporary 
increase in sea level from storm 
activity

Kyoto Protocol    an internationally 
agreed set of rules developed 
by the United Nations aimed 
at reducing climate change 
through the stabilisation of 
greenhouse gas emissions into 
the atmosphere

Paris Agreement    United 
Nations Framework Convention 
on Climate Change (UNFCCC) 
agreement outlining steps to 
reduce greenhouse gas emissions 
and tackle global warming

ratify    to formally consent to and 
agree to be bound by a treaty, 
contract or agreement
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The Boxing Day tsunami of 2004 showed how vulnerable the Maldives are, when the wave swept across many 
low-lying islands, causing widespread destruction of their fruit plantations. Eighty-two people died, while at 
least another 26 were reported missing, presumed dead. The number of deaths could undoubtedly have been 
much higher if not for the fact that most of the population lives in Malé, which is protected by a huge sea wall 
(see FIGURE 6).

Only nine islands were reported to have escaped any flooding, while 57 islands faced 
serious damage to critical infrastructure, 14 islands had to be totally evacuated and 
six were destroyed. A further 21 resort islands were forced to close because of serious 
damage. The total damage was estimated to be more than US$400 million, or some 62 
per cent of the country’s gross domestic product (GDP).
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FIGURE 5  Location of the Maldive Islands

Sea wall

FIGURE 6  Malé, the capital of the Maldives, occupies an entire island of its own.

gross domestic product (GDP)    
the value of all the goods and 
services produced within a 
country in a given period, usually 
discussed in terms of GDP per 
capita (total GDP divided by the 
population of the country)
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The impact of climate change
The long-term threat to the Maldives, however, as with the Pacific Island nations, is posed by global warming 
and the associated rise in sea levels. In 2013, the United Nations Intergovernmental Panel on Climate Change 
(IPCC) predicted that by 2100 sea levels would rise by up to one metre. A 2019 study by leading ice scientists 
suggested that the rise could actually be as high as two metres. Even using the more conservative estimate, 
many areas of the Maldives face significant threat. In the worst case, almost the entire nation of the Maldives 
would be effectively submerged.

What actions can save the islands?
The application of human–environment systems thinking in the form of various schemes is being examined by 
the Maldivian government, including moving populations from islands more at risk, building barriers against 
the rising sea, raising the level of some key islands and even building a completely new island. However, 
these approaches offer only short-term solutions. The long-term sustainable challenge is to deal with the basic 
problem: global warming itself. It is perhaps understandable that the Maldives was one of the first countries to 
sign the Kyoto Protocol and subsequent Paris Agreement, which the government ratified on the same day as 
signing.

Unless the international community agrees to an environmental worldview that incorporates changes to make 
large cuts in emissions, the problems facing the Islanders will worsen. Thousands will be forced to seek refuge 
in other countries. Without global action, eventually the Islanders will lose their country.
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FIGURE 7  Sandbags protecting a home on the Maldives island Medu Fushi, damaged by the 2004 tsunami
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  13.3.6  The interconnection of coast and inland waters 

 Bangladesh’s Sundarbans 
 The country of Bangladesh is a large   alluvial plain   crossed by three rivers: the Ganges, Brahmaputra and 
Meghna. Each river carries massive volumes of water from its source in the Himalayas, spreads out along 
the   deltaic plain  , and empties into the world’s biggest delta, the Bay of Bengal. This makes Bangladesh’s 
coastline one of the most fl ood-prone in the world. 

 Apart from fl ooding by rivers in the delta, sea-level rises caused by global warming will lead to the expansion 
of ocean waters and additional infl ows from melting Himalayan snow. At current rates, the IPCC predicts 
rising sea levels will overtake  17 per cent  of Bangladesh by 2050, displacing at least 20 million people. 

 The Sundarbans region, a World Heritage site, is just one area of Bangladesh at risk from increased fl ooding. 
The Sundarbans are the largest intact mangrove forests in the world. Mangroves protect against coastal erosion 
and land loss. They play an important role in fl ood minimisation because they trap sediment in their extensive 
root systems. Mangroves also defend against storm surges caused by tropical cyclones or king tides, both 
common in the Sundarbans. 

 The Sundarbans also provide a breeding ground for birds and fi sh, as well as being 
home to the endangered Royal Bengal tiger. By sheltering juvenile fi sh, the mangrove 
forest provides a source of protein for millions of people in South Asia. Recently, 
the Sundarbans have also attracted a growing human population as Bangladeshis fl ee 
overcrowding in the capital city, Dhaka, or fl ooding and poverty in rural areas. 
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  FIGURE 8    Flooding in Bangladesh — some causes  

alluvial plain    an area where 
rich sediments are deposited by 
fl ooding

deltaic plain    fl at area where a 
river(s) empties into a basin

  int-3297 
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Increasing human occupation poses a severe threat to the Sundarbans. Most Bangladeshis rely on wood as a 
source of energy, and mangroves are being cleared to make charcoal for cooking. Aquaculture industries also 
have a negative impact. Mangroves are cleared to accommodate huge ponds for fish breeding, which quickly 
become polluted by antibiotics, waste products and toxic algae. This damage to the Sundarbans destroys 
Bangladesh’s natural defence against flooding.

The impact of flooding
The increase in temperature, which has led to an increased melting of glaciers and snow inland in the 
Himalayas, will exacerbate the existing problems of flooding in Bangladesh. Climate change also causes shifts 
in weather patterns. If the monsoon season (from June to October) coincided with an unseasonal snow-melt, 
flooding would occur on a scale never before seen, especially with the event of tropical cyclones. Land would 
be lost and people displaced. Many islands fringing the Bay of Bengal are already under water, producing 
‘climate refugees’ — people who have to seek refuge, fleeing their uninhabitable lands.

In addition to rising sea levels and shifting weather patterns, the enhanced greenhouse effect is also predicted 
to increase the intensity of cyclones and storms. For low-lying countries that are already flood-prone, such 
storms can be devastating. One of the deadliest cyclones on record hit Bangladesh in 1991, killing almost 140 
000 people and making around 10 million homeless. The cyclone made landfall in the south-eastern part of 
Bangladesh with wind speeds between 240 and 250 km/h. The resulting six-metre storm surge flooded the 
coastline, contaminating water supplies and destroying farming land and stock.

Bangladesh has regularly experienced severe flooding in recent years. In 1988, 1998 and 2004, flood waters 
inundated between two-thirds and three-quarters of the country. While the height of the floods was lower in 
1999, parts of the country were underwater for over 60 days. In 2017, flooding in some areas of the country 
lasted from April until August.

Because of these risks, Bangladesh needs to plan and implement management strategies based on an 
understanding of the reasons behind the changes and consideration of interactions between environmental, 
economic and social factors operating in the region. The government encourages farming methods that avoid 
deforestation, and new standards relating to vehicle emissions have been set. A proposed economic solution is 
ecotourism, as it attracts foreign currency while preserving the natural ecosystems and promoting sustainable 
development and responsible management of its vital environmental resources.
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FIGURE 9  A village on one of Bangladesh’s coastal islands was devastated by 
a cyclone in 1991. Although people in areas such as these are aware of the risk, 
overcrowding often prevents them from moving to safer regions.
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   13.3  EXERCISE 

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

 Check your understanding 

     1.  What are some impacts that people have on coastal areas? 

   13.3  ACTIVITY 

  In groups, discuss the following statements concerning the impacts of climate change in the Pacifi c and Indian 
oceans using environmental, economic and social criteria. Alternatively, you may wish to use a SWOT analysis to 
help evaluate each statement. 

     •  Australia and New Zealand should be prepared to resettle the 100 000 people of the islands of Kiribati if sea 
level rises create a ‘climate refugee’ problem. 

     •  Increasing the height of the sea wall around the island of Malé will solve the threats of rising sea levels in the 
Maldives and ensure tourism into the future.   HASS skills:  Evaluating 

  DISCUSS 

  To what extent do you think economic goals and objectives are important with respect to environmental goals 
such as societal change and reducing greenhouse gas emissions? What policy direction would you push if you 
were in a position of infl uence in government?  General capability: Ethical understanding 

Resources

Interactivity   Bangladesh awash  (int-3297)   

Google Earth   The Sundarbans  

Strengths Weaknesses

Opportunities Threats

FIGURE 10    SWOT analysis  

 Learning pathways    

  LEVEL 1 
  Questions   
1, 2, 3, 7, 8, 9 

  LEVEL 2 
  Questions   
5, 6, 10, 11 

  LEVEL 3 
  Questions   
4, 8, 12, 13 
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13.4  How do we manage coastal change?

13.4.1 Changing coastlines
Coastal areas are not static or fixed places, and as such they are subject to two main agents of change. 
These can be defined as natural environmental processes and human-induced processes. In terms of natural 
environmental processes, where deposition processes dominate, coasts have been growing. However, where 
erosion processes dominate, coastal land is lost to the sea. Wherever people have imposed their structures, in 
the form of housing, harbour works and the like on coasts, there is a need to manage or at least moderate the 
processes of coastal change in a sustainable manner.

In 2016, 41 per cent of the world’s population, or some three billion people, lived within 100 kilometres of the 
coast. Most of the world’s megacities are located on the coast. According to predictions made by the World Ocean 
Review in 2017, at least one billion people who live in low-lying coastal areas could experience inundation and/or 
erosion of their lands into the future. This change to coasts is seen as stemming essentially from climate change 
which, as a largely human-induced event, is leading to rising seas, associated flooding in major delta regions, 
and more frequent severe storm events, such as hurricanes (see FIGURE 1). A consequence will be an increase in 
people who will have to relocate due to coastal changes.
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 2. Select one of the impacts of rising sea levels on coasts identified in this subtopic and explain why this would 
be a problem for a selected coastal settlement in Australia.

 3. Many islands in the Pacific and Indian oceans are under threat from rising sea levels. Why is this so?
 4. What can the governments and Pacific Island peoples do, both in the short term and long term, to solve the 

problems they will face due to climate change?
 5. How is climate change threatening water supplies and affecting food resources?
 6. How do mangroves minimise the impact of floods and coastal erosion?
 7. What are two reasons for mangroves being cleared in the Sundarbans?
 8. What are ‘climate refugees’?

Apply your understanding

 9. Refer to FIGURE 8. Explain how the geography of Bangladesh makes it so vulnerable to the threat posed by 
climate change.

 10. How can ecotourism play a role in preserving Bangladesh’s ecosystems?
 11. Suggest other parts of the world you think might also be threatened if sea levels were to rise by about  

1 metre over the next 100 years. Justify your views.
 12. List the factors that are displacing Bangladeshis and forcing them to move to the Sundarbans.
 13. Refer to FIGURE 8.
 a. Describe how cyclones can contribute to flooding in Bangladesh.
 b. List some short-term and long-term actions that neighbouring nations Tibet, India and Nepal could 

implement to lessen the impact of flooding in places like Bangladesh.
 c. Divide a table into three columns with the headings ‘Food production’, ‘Transport’ and ‘Settlement’, and list 

the consequences of flooding for each category.

For sample responses to every question, go to www.jacplus.com.au.

LEARNING INTENTION

By the end of this subtopic you will be able to explain the range of coastal management solutions available 
to deal with the impacts of erosion and rising sea levels, and analyse two case studies of Australian coastal 
developments.
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  13.4.2  Protecting the coast 
 The protection of the coast through 
management programs is a costly business 
that aims to overcome problems associated 
with land loss, waterlogging and incursions 
of   groundwater salinity  . 

 The Netherlands, a country with two-thirds 
of its land below sea level, has proven that 
protecting the coastline is possible through 
a large investment of capital. The most 
common form of coastal protection in the 
Netherlands are   dykes   to hold back the 
sea; however, a recent addition is   fl oating 
settlements   that can rise and fall as sea 
levels change (see  FIGURE 2   ).  

  13.4.3  Coastal management in Australia 
 If coastlines are to be protected, a wide range of strategies must be employed to 
combat changes to the coastline and, in particular, fl ooding of low-lying areas and 
increased erosion of beaches and bluffs. The techniques shown in  TABLE  1   are used  in 
Australia .  
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  FIGURE 1    Zones across the world subject to threats associated with climate change  

  FIGURE 2    Floating settlements anchored to the embankments 
along the waterfront at Maasbommel, the Netherlands  

groundwater salinity    presence 
of salty water that has replaced 
fresh water in the subsurface 
layers of soil

dyke    an embankment 
constructed to prevent fl ooding 
by the sea or a river

fl oating settlements    anchored 
buildings that fl oat on water and 
are able to move up and down 
with the tides

  int-7962 
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TABLE 1  Possible management solutions to reduce the impacts of rising sea levels and erosion

Solution Description Diagram Advantages Disadvantages

Beach 
nourishment

The artificial 
placement 
of sand on a 
beach, which 
This is then 
spread along 
the beach 
by natural 
processes

Existing pro�le

Established vegetation –
shrubs and sand grasses

Initial nourishment
designed for 10 years

Sea level
Fencing

Uses sand that 
best matches the 
natural beach 
material. There is 
low environmental 
impact at the 
beach.

The sand must 
come from another 
beach and may have 
an environmental 
impact in that 
location. Must be 
carried out on a 
continuous basis 
and therefore 
requires continuous 
funds.

Groyne An artificial 
structure 
designed to 
trap sand 
being moved 
by longshore 
drift, therefore,  
protecting 
the beach; 
can be built 
using timber, 
concrete, steel 
pilings and rock

Groyne

Traps sand and 
maintains the 
beach.

Groynes do not stop 
sand movement 
that occurs directly 
offshore. Are a visual 
eyesore.

Sea wall A structure 
placed parallel 
to the shoreline 
to separate the 
land area from 
the water

Coastal 
vegetation

Sea wall

Prevents further 
erosion of the dune 
area and protects 
buildings.

The base of the 
sea wall will be 
undermined over 
time. Is a visual 
eyesore. Will need 
a sand nourishment 
program as well. Has 
a high initial cost. 
Involves ongoing 
maintenance and 
cost.

Offshore 
breakwater

A structure 
parallel to the 
shore and 
placed in a 
water depth 
of about 10 
metres

Wave breaks
on breakwater,
reducing much
of its energy

Sheltered area
protected
from erosion

Waves break in 
the deeper water, 
reducing their 
energy at the shore.

Destroys surfing 
amenity of the 
coast. Requires 
large boulders in 
large quantities. 
Cost would be 
extremely high.

Property 
purchase

The purchase 
of buildings 
and removal of 
structures that 
are threatened 
by erosion

House
threatened
by erosion

Sea level

Allows easier 
management of 
the dune area. 
Allows natural 
beach processes to 
continue. Increases 
public access to the 
beach.

Loss of revenue to 
the local council 
May means possible 
social problems with 
residents who must 
move. Exposes the 
back dune area, 
which will need 
protection. Cost 
would be extremely 
high. Does not solve 
sand loss.
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Tra
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FIGURE 3  The Tweed River training walls

13.4.4 CASE STUDY: Shifting sands on the Gold Coast
Have you ever wondered where all the sand on a beach comes from and where it goes? Wind, wave and 
current action is responsible for moving sand on and off a beach and along a coastline. Human-induced 
environmental changes along the coast can interrupt these natural processes, often creating long-term problems. 
One such example is the Gold Coast in Queensland where a human-centred — that is, a technical ‘we can fix 
it’ — viewpoint was taken.

The sand that ends up on the beach actually comes from inland sources, the weathering and erosion of rock 
and soils. Sand is then washed into rivers and transported downstream to eventually arrive at the coast. At the 
mouth of the Tweed River, at the southern end of the Gold Coast, sand would often 
block the river mouth, making it difficult for boats to pass through. As a result, a pair 
of training walls was constructed (see FIGURE 3) 400 metres out to sea, to keep the 
mouth open.

These, however, effectively interrupted the longshore drift current (see subtopic 13.2), 
which moves sand along the coast.

training walls    a pair of rock walls 
built at a river’s mouth to force 
the water into a deeper and more 
stable channel. The walls improve 
navigation and reduce sand 
blockages.
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Further north from the river mouth, 
natural wave action, especially during 
storms, continued to strip sand from the 
beaches. However, without new sand 
arriving in the longshore drift current, 
the beaches eventually eroded. Local 
residents and tourists had lost their 
beach (see FIGURE 4).

The sand destined for the beach was 
effectively trapped at the southern end 
of the training wall, where it built out 
the Letitia Spit by 250 metres (see 
FIGURE 5).

How was the problem solved?
In response, various attempts have been 
made to restore the Gold Coast beaches. 
Rock walls and groynes were built to trap 
sand further up the coast. However, they made the problem worse by interfering further with the longshore drift.

Eventually a sand bypass system was installed (see FIGURE 5). It pumped sand from the build-up on the 
southern end of the training walls and piped it north to the eroded beaches. Each year, 500 000 cubic metres 
of sand have to be moved. This has been successful in maintaining the beaches, but it is an expensive and 
ongoing management technique.
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FIGURE 4  The effect of storm waves on Duranbah Beach

Source: Spatial Vision. 
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Coastal protection works such as groynes, sea walls and training walls are usually built to protect human-built 
structures such as buildings and roads against erosion. However, they usually reduce the ability of coastal 
processes to adjust naturally, often exacerbating the problem and actually accelerating erosion.

13.4.5 CASE STUDY: Sustainable development on the 
Sapphire Coast
The main pressures on many coastal systems relate to the development of towns and tourist facilities. Careful 
management can enable growth of urban areas while at the same time protecting the natural coastal features.

The ‘Sapphire Coast’ in south-east New South Wales is a popular tourist destination because of its array 
of beautiful beaches, stunning scenery and mild, sunny weather. Merimbula is a coastal resort town in this 
Sapphire Coast region. Similar to any other popular coastal location, it experiences natural changes as well as 
the pressures relating to development. FIGURE 6 clearly shows the settlement areas that have been established 
close to the ocean and lake in this region.

The natural landform features along this coastline include a series of headlands separated by bay head beaches. 
Merimbula Lake has formed from a slow and gradual build-up of a sand barrier, leaving only a narrow channel 
for salt water to enter and fresh water to exit. The shallow and sheltered waters of the lake provide an ideal 
environment for oyster farming and recreation. The FIGURE 7 topographical map shows the narrow entrance to 
Merimbula Lake. It also shows the various settlement areas and the geographical elements of the region that 
have influenced this development.

You can learn more about this area by completing the Merimbula worksheet and the Predict changes around 
Merimbula interactivity in the Resources tab.
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FIGURE 6  Aerial view over Merimbula Lake
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Source: © LPI - NSW Department of Finance and Services [2013] Panorama Avenue, Bathurst 2795.
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  FIGURE 7    Topographic map extract of Merimbula  
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13.4 EXERCISE

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

Check your understanding

 1. Refer to FIGURE 1. Write a brief description of the particular climate change–related threats faced by various 
nations and regions of the world.

 2. Why does the Netherlands spend money on coastal protection?
 3. List the various ways that sand can be moved in a coastal region.
 4. What is the purpose of training walls at a river mouth?
 5. Study FIGURE 3. What effect have these training walls had on preventing a sand build-up in the Tweed River 

mouth?
 6. Examine FIGURE 5. Describe the direction of the longshore drift in this region.
 7. Refer to FIGURE 5. What is the approximate distance that sand has to be pumped from the sand collection 

jetty to the Kirra outlet?
 8. One coastal geographer has stated that to manage the beaches along the Gold Coast, ‘ecologically, non-

intervention would be a better and more sustainable option’. This is an Earth-centred rather than human-
centred attitude.

 a. Do you agree or disagree with this viewpoint?
 b. Suggest how you could manage this stretch of the coast without using engineering methods such as the 

sand bypass system.
 9. Refer to the section 13.4.4 case study. How effective has the management of sand along this section of the 

Gold Coast been in terms of environmental and economic criteria?

Resources

Digital document Topographic map extract of Merimbula, New South Wales (doc-11571)

Interactivities Pumping sand (int-3295)

Predict changes around Merimbula (int-3296)

Google Earth Merimbula

13.4 ACTIVITIES

 1. In the US state of North Carolina, it is now illegal to build coastal structures to protect houses close to the 
shoreline. Structures such as rock walls and groynes may offer protection but disrupt the natural movement 
of sand along the coast.

 a. Is this approach fair to those whose houses are threatened by storms and sea-level rising? Why?
 b. What would be the arguments for and against the idea of using ratepayer or taxpayer funds to build coastal 

structures to protect the houses threatened by storms and sea level rising?
 c. Is it equitable for all people who use the coast? Write a page outlining and explaining your views.

 General capability: Ethical understanding
 2. Compete the Merimbula worksheet in the Resources tab to learn more about the environmental 

management of this coastal location.  HASS skills: Analysing

Learning pathways

LEVEL 1
Questions  
1, 2, 3, 4, 7, 10

LEVEL 2
Questions  
5, 6, 11, 12

LEVEL 3
Questions  
8, 9, 13, 14
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13.5  Thinking Big research project — Ecology 
action newsletter — reef rescue
Scenario
Located in the Coral Sea, off Australia’s north-east coast, the iconic Great Barrier Reef is the world’s largest 
coral reef system. It supports a wide diversity of marine life. It is composed of over 2900 individual reefs and 
900 islands and stretches more than 2300 kilometres in length, across an area of approximately 344 400 square 
kilometres. The reef was selected as a World Heritage Site in 1981 but, in addition to global warming, is 
currently threatened by increased shipping and its popularity as a tourism site.

You are a member of your school’s ecology action group. Each term the group publishes a newsletter 
highlighting various environmental issues. This month your focus is on the Great Barrier Reef: how can we 
protect the reef from environmental threats and ensure its health for now and all time?
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Apply your understanding

 10. Explain how a coastal defence system such as a dyke works.
 11. What impact could rising sea levels and erosion have on future food security?
 12. What might be the impact of rising sea levels and coastal erosion on the tourist industries of the Gold Coast? What 

strategies of coastal protection mentioned in this topic could help solve the problems, and how might they work?
 13. Evaluate the strengths and weaknesses of two of the management strategies shown in TABLE 1.
 a. Which strategy would have the least environmental impact?
 b. Which strategy would have the greatest economic impact or be the most costly to maintain?
 c. Which strategies could improve social amenities such as tourism and recreation in coastal areas? Give 

reasons for your answer.
 14. Refer to FIGURES 3 and 5. What changes would you expect to see along this section of coast if the training 

walls on the Tweed River were removed?

For sample responses for every question go to www.jacplus.com.au.
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 Task 
 You will research and create a newsletter focusing on the Great Barrier Reef and the human activity–related 
challenges it faces. Your newsletter can be in print or digital form and should include the following elements: 

     •  an overview of the environmental characteristics of the reef, including a location map (with BOLTSS) and 
appropriate images, annotated to provide relevant information 

     •  interesting facts and fi gures 
     •  details of threats to the reef from shipping and tourism 
     •  details of social, environmental and economic approaches to tackling the identifi ed threats 
     •  an evaluation of the approaches identifi ed, in terms of 

     •  economic viability (affordability) 
     •  social justice (fairness for all people) 
     •  environmental benefi t (minimal negative environmental impact and with future sustainability)   

     •  concluding recommendations for action at individual, local, national and international levels in response 
to the threats, based on your research and evaluation.    

 Process 
     •  Open the ProjectsPLUS application in the Resources for this topic. Click on the  Start new project  button 

to enter the project due date and set up your project group so you can work collaboratively. Working in 
small groups will allow you to swap ideas and share responsibility for the project. Save your settings and 
the project will be launched. 

     •  Navigate to the  Research forum , where you will fi nd starter topics loaded to guide your research. You 
can add further topics to the Research forum if you wish. 

     •  In the  Media centre  you will fi nd an assessment rubric and some weblinks that will provide a useful 
starting point for your research. 

     •  Investigate the threats to the reef and why sustainability measures are needed. What measures are already 
in place? What other actions are proposed or may be considered? Consider environmental, social and 
economic aspects. 

     •  Make notes of your research and remember to record details of your sources so you can create a 
bibliography. Add your research notes and source details to the relevant topic pages in the Research 
forum. All members of your project group can view, share and comment on research fi ndings. 

     •  When you have completed your research, you can print out the  Research report  in the Research forum to 
easily view all the information you have gathered, if you wish. 

     •  Design your newsletter layout. Use headings, annotated images (with captions) and diagrams to break up 
the content and add interest. Remember to include a location map with full BOLTSS. 

     •  Check the  Task  dot points to ensure that you have completed all elements. Review your completed 
newsletter, carefully checking spelling and grammar. Complete your bibliography, listing details of all 
sources used. When you are satisfi ed with your work, submit your newsletter and your bibliography to 
your teacher for assessment and feedback.       
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Resources

ProjectsPLUS Thinking Big research project — Ecology action newsletter — Reef rescue (pro-0214)
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 13.6  Review
13.6.1 Key knowledge summary
13.2 Understanding coastal landscapes

 • A large percentage of the world’s population lives adjacent to the coast, causing major changes to marine 
and terrestrial-based biophysical environments.

 • The coastal zone is where the land meets the sea, and comprises the coastal waters and hinterland.
 • Coasts are dynamic systems that are always changing though the process of building up and wearing 

down by agents such as wind and water.

13.3 Challenges to coastal management
 • Rising sea levels due to climatic change and global warming will have dramatic effects on coastal built 

and natural environments.
 • Places close to the coast that are low lying are at the mercy of natural elements such as storms and are 

vulnerable to rising sea levels that will be the consequence of global warming.
 • Some islands will eventually be submerged by rising sea levels, leading to people becoming climate 

change refugees.
 • Delta areas of the South Asia region are home to large populations.
 • Settlements and farming lands in areas such as Bangladesh are subject to flooding caused by severe 

weather events such as cyclones. This flooding will become more likely as sea levels rise and severe 
weather events increase due to global warming.

13.4 How do we manage coastal change?
 • Rises in sea levels associated with global warming will have significant impacts on people who live and 

work in the coastal zone.
 • Governments have responded to coastal erosion and deposition problems through a range of management 

solutions, such as dredging and building coastal protection structures, including groynes and sea walls.
 • Coastal management programs will need to be extended to cope with even higher sea levels due to global 

warming.
 • Beaches along areas such as the New South Wales and Queensland coasts are prone to storm conditions, 

affecting built environments.
 • Storms, with consequent high sea levels, must be viewed as part of the natural cycle of erosion and 

deposition. These natural events can create ongoing management issues.
 • Coastal locations are highly attractive places for human settlement.
 • People in coastal areas are developing strategies to manage natural and human-induced changes so that 

their livelihood can be secured.
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13.6.2 Key terms

13.6.3 Reflection
Complete the following to reflect on your learning.
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Revisit the inquiry question posed in the Overview:

Although it may not be obvious, coasts are constantly changing. How do natural and human processes 
contribute to this?

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

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

Resources

eWorkbooks Customisable worksheets for this topic (ewbk-6202)

Student Learning Matrix (ewbk-6190)
Reflection (ewbk-6201)
Crossword (ewbk-6200)
Match the definition (ewbk-6199)

Interactivity Managing change in coastal environments crossword (int-7672)

alluvial plain    an area where rich sediments are deposited by flooding

atoll    a coral island that encircles a lagoon

coastal dune vegetation succession    the process of change in the plant types of a vegetation community over time — moving 
from pioneering plants in the high-tide zone to fully developed inland area vegetation

deltaic plain    flat area where a river(s) empties into a basin

dyke    an embankment constructed to prevent flooding by the sea or a river

dynamic equilibrium    when the input of a coastal system such as winds and waves moving sediments onshore is equal to 
the output that moves sediments offshore, the system is said to be in a steady state. It is therefore not unstable and it has a 
dynamic equilibrium.

ecosystems    systems formed by the interactions between the living organisms (plants, animals, humans) and the physical 
elements of an environment

enhanced greenhouse effect    increasing concentrations of greenhouse gases in the Earth’s atmosphere, contributing to global 
warming and climate change

floating settlements    anchored buildings that float on water and are able to move up and down with the tides

gross domestic product (GDP)    the value of all the goods and services produced within a country in a given period, usually 
discussed in terms of GDP per capita (total GDP divided by the population of the country)

groundwater salinity    presence of salty water that has replaced fresh water in the subsurface layers of soil

hinterland    the land behind a coast or shoreline extending a few kilometres inland

Kyoto Protocol    an internationally agreed set of rules developed by the United Nations aimed at reducing climate change 
through the stabilisation of greenhouse gas emissions into the atmosphere

mass wasting    the movement of rock and other debris downslope in bulk, due to a destabilising force such as undermining 
compounded by the pull of gravity

Paris Agreement    United Nations Framework Convention on Climate Change (UNFCCC) agreement outlining steps to reduce 
greenhouse gas emissions and tackle global warming

ratify    to formally consent to and agree to be bound by a treaty, contract or agreement

storm surge    a temporary increase in sea level from storm activity

training walls    a pair of rock walls built at a river’s mouth to force the water into a deeper and more stable channel. The walls 
improve navigation and reduce sand blockages.
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13.6 Review exercise
Multiple choice
 1. What is a hinterland?
 A. The coastal waters up to 5 kilometres offshore
 B. The land behind a shoreline
 C. Treeless, wide plains that are not affected by coastal changes
 D. Areas prone to cyclone damage

 2. Define the term ‘dynamic equilibrium’.
 A. When the inputs to a coastal system are equal to the outputs
 B. When an ecosystem does not suffer negative effects of human interaction
 C. Implementing traditional coast management techniques
 D. When the natural environment changes quickly rather than slowly

 3. Which of these human interventions will help dunes to form?
 A. Vegetation removal
 B. Vegetation planting and protection
 C. Constructing groynes
 D. Removing mangroves

 4. What kind of waves strip the sand from beaches?
 A. Constructive
 B. Constrictive
 C. Destructive
 D. Denuding

 5. Which natural process creates bays and headlands?
 A. Fast vegetation growth
 B. Constructive waves
 C. Deposition and transportation
 D. Differential erosion

 6. Which of the following is not a reason that the sea level rises when the climate warms?
 A. There is increased evaporation from landforms.
 B. Glaciers melt, releasing water into the ocean.
 C. Polar ice caps melt.
 D. The volume of water increases when it warms.

 7. What mitigation strategies might people use to prevent a low-lying island from being inundated by sea 
water?

 A. Building sea walls
 B. Moving to another island
 C. Building groynes
 D. Moving further inland

 8. Which of the following is not a factor that makes Bangladesh flood prone?
 A. Rivers fed by Himalayan snow melts
 B. Its warm climate
 C. That it is in a cyclone-prone area
 D. Nepalese and Tibetan deforestation
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 9. What is an advantage of an offshore breakwater?
 A. Waves break in deeper water, reducing erosion of the shore
 B. Better surf breaks
 C. Inexpensive to create
 D. Allows for easier dune management

 10. How might rock walls and groynes make beach erosion worse?
 A. They can block river entrances.
 B. They can interfere with longshore drift and accelerate erosion.
 C. They can prevent sand relocation efforts by humans.
 D. They encourage more beach users to visit.

Short answer
 11. What changes could sea levels rising bring to a coastal area? Consider both environmental and human 

changes.
 12. Discuss what changes need to be made to the interconnection of natural processes and human activities to 

reduce the destruction of the Sundarbans.
 13. Evaluate the economic and environmental benefits of floating settlements such as those in FIGURE 2 in 

subtopic 13.4.
 14. How can we balance the needs of people with natural coastal processes? You might like to refer to the 

opening image and the case studies throughout this topic.
 15. With the use of specific examples, discuss the ways in which human-induced changes can challenge the 

sustainability of our coastlines.
 16. As Pacific neighbours, Australia and New Zealand should fulfil a duty and accept environmental refugees 

from Pacific islands in danger of flooding from sea level rise. Write two paragraphs presenting your 
perspective of this issue.

 17. Ningaloo Reef faces many of the same challenges as the Great Barrier Reef. Explain how increased 
tourism might benefit and damage the environmental, economic and social structures of the area.

 18. Describe one way that rising sea levels might affect one industry in Australia (e.g. tourism, fishing).
 19. Compare and evaluate beach nourishment and sea wall building as coastal management strategies.
 20. Explain how rising sea levels might affect groundwater salinity.
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RESOURCE SUMMARY Resources

This is a summary of the digital resources you will find online for topic 13 to help support your learning and deepen 
your understanding. When you see these icons next to an image or paragraph, go to learnON to access video eLes-
sons, interactivities, weblinks and other support material for this topic.

13.1 Overview
 eWorkbook

 • Customisable worksheets for this topic (ewbk-6202)

 Video eLesson
 • Washed away (eles-1710)

13.2 Understanding coastal landscapes
 eWorkbooks

 • How are coastal landforms created? (ewbk-6191)
 • How do deposition and erosion change coasts? 

(ewbk-6192)
 • A dynamic natural system (ewbk-6193)

 Interactivity
 • The range of coastal landforms (int-5594)

 MyWorldAtlas
 • Coastal processes

13.3 Challenges to coastal management
 eWorkbook

 • Why are low-lying islands disappearing? (ewbk-6195)

 Interactivity
 • Bangladesh awash (int-3297)

 Google Earth
 • The Sundarbans

13.4 How do we manage coastal change?
 eWorkbooks

 • Managing coastlines (ewbk-6194)
 • Managing coastal change (ewbk-6196)
 • Environmental change in the Tweed (ewbk-6197)
 • Mind map: our changing coastline (ewbk-6198)

 Digital document 
 • Topographic map extract of Merimbula, New South 

Wales (doc-11571)

 Interactivities 
 • Pumping sand (int-3295)
 • Predict changes around Merimbula (int-3296)

 Google Earth
 • Merimbula

13.5 Thinking Big research project — 
Ecology action newsletter — reef rescue

 ProjectsPLUS
 • Thinking Big research project — Ecology action 

newsletter — reef rescue (pro-0214)

13.6 Review
 eWorkbooks

 • Customisable worksheets for this topic (ewbk-6202)
 • Reflection (ewbk-6201)
 • Crossword (ewbk-6200)
 • Student Learning Matrix (ewbk-6190)
 • Match the definition (ewbk-6199)

 Interactivity
 • Managing change in coastal environments crossword 

(int-7672)

To access these online resources, log on to  www.jacplus.com.au.
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