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UNIT 1 ENVIRONMENTAL CHANGE AND MANAGEMENT

TOPIC 5
Managing change in coastal 
environments

5.1 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.

5.1.1 Introduction
The coast is home to 80 per cent of the world’s population, and it 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.

Houses along Malibu Beach in California are regularly threatened by severe storms. Is housing the 
most suitable land use for this area?
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5.2 Why must we preserve the coast?
5.2.1 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. Nine out of 10 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.

5.2.2 The coastal zone
The coastal zone may be defined as the zone where the land meets the sea (see figure 1). Generally speaking, 
it includes an area called coastal waters. This area includes the zone between high and low tide and an area 
of land called the hinterland. 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 conti-
nental shelf.

In these varied coastal environments many of Australia’s World Heritage sites are found, 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 people 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 occupation of 
the Australian coast. Therefore, we need to manage the coast in a much more sustainable way.

Starter questions
1. How do people use coastal places?
2. What changes have people brought to the coastal area in the image on these pages?
3. What could you do here to help reduce this problem of people versus nature?
4. What changes to coastal areas have you observed when visiting a beach?
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5.2.3 What types of 
human activities affect 
coasts?
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 environ-
ments); and the disposal of waste 
from coastal and other settlements.

The 2015 World Ocean Review 
indicates 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:
 • 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 nat-
ural gas reserves, construction of wind turbines, future mineral extraction)

Hinterland

High tide 
line

Coastal waters

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

FIGURE 2 The Great Barrier Reef was placed on the World 
Heritage List in 1981.
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 • Growing demand for resources
 – Exploitation of oil and natural gas reserves in inshore areas and increasingly also in deep-sea areas, 
resulting in smaller or greater amounts of oil being released into the sea

 – 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.

(Source: World Ocean Review, 2015)

The greatest threat to coasts today is rising sea levels. It is recognised that global warming is a result of 
enhanced greenhouse gas emissions, which is human-induced. This 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:
 • increases in 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 com-

munities and critical infrastructure
 • loss of important mangroves and 

other wetlands
 • impacts on marine ecosystems such 

as coral reefs.
Coastal environments have not 

always been managed sustainably. In 
the past, decision-makers had limited 
knowledge about the fragile 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 high-rise apartments and tourist resorts on sand dunes seemed a 
good idea — until they fell into the sea when storms eroded the shoreline.

FIGURE 3 To bring attention to issues of global warming, a 
meeting was held on the sea floor by government representa-
tives of the Republic of the Maldives.
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Over time, people have realised that coastal management requires an understanding of the processes that 
affect coastal environments. To manage the coast sustainably we need to understand:
 • 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 governments in managing coastal 

issues.

5.3 How are coasts built up and 
worn away?
Access this subtopic at www.jacplus.com.au.

5.2 Activities
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. Note: Question numbers may vary slightly.

Remember
1. Why are coasts important to people?
2. What are some impacts that people have on coastal areas?
3. Refer to figure 1. What land use is found at Point Danger? How might this affect the dynamic nature of the 

coastal zone?

Explain
4. What is meant by a World Heritage site and why is it important to preserve the Australian sites identified in 

this section?
5. Select one of the impacts of rising sea levels on coasts identified in this section and explain why this would 

be a problem to a selected coastal settlement in Australia.
6. Explain how activities in coastal hinterlands can have an impact on the coast.

Discover
7. Find out more about the location of World Heritage sites in the coastal zone and show them on a map of the 

world.
8. The Gold Coast is a popular tourist destination in Queensland. Research past and ongoing developments 

along its coastal zone and display these in the form of a photographic essay.

Predict
9. Predict what might happen to the Great Barrier Reef if it wasn’t listed on the World Heritage List.

10. Predict the consequences for the Great Barrier Reef with rising sea levels.

Think
11. Explain why environmental, social and economic criteria must be applied to manage a coastal area such 

as in figure 1.
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5.4 SkillBuilder: Comparing aerial photographs  
to investigate spatial change over time

WHY IS IT USEFUL TO COMPARE AERIAL PHOTOGRAPHS?
Aerial photos are images taken above the 
Earth from an aircraft or satellite. Two 
images taken at different times, from the 
same angle, and placed side by side, 
show change that has occurred over time. 
Comparing aerial photographs is useful 
because each photograph captures 
details about a specific place at a 
particular time.

Go online to access:
• a clear step-by-step explanation to 

help you master the skill
• a model of what you are aiming for
• a checklist of key aspects of the skill
• a series of questions to help you 

apply the skill and to check your 
understanding.

5.5 How do coastal areas change?
5.5.1 Introduction
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.

5.5.2 Merimbula, New South Wales
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.

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. Figure 1 shows the narrow entrance to 
Merimbula Lake.

FIGURE 1 Lake Urmia (a) in 1988 and (b) in 2011

(a) (b)

 Watch this eLesson: Watch this video to learn how to compare aerial photographs to investigate spatial 
change over time.
Searchlight ID: eles-1750

 Try out this interactivity: Use this interactivity to learn how to compare aerial photographs to investigate spatial 
 change over time.
Searchlight ID: int-3368

 RESOURCES — ONLINE ONLY
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Key
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   FIGURE 1  Topographic map extract of Merimbula 
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FIGURE 2 Aerial view over Merimbula Lake

5.5 Activities
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. Note: Question numbers may vary slightly.

Refer to the topographic map of Merimbula (figure 1) to answer these questions. You might also like to use 
Google Earth for a more recent image of the location.

Think
1. Make a tracing of the coastline. Show, shade and label the following natural features:

• beaches
• rocky areas
• Merimbula Lake
• Back Lagoon
• Merimbula Creek.

2. Create an overlay map to show the distribution of built-up (urban) areas. Finish your map with BOLTSS.
3.  (a) Look closely at the contour lines. What is the relationship between elevation and the built-up areas?

(b) Approximately what percentage of built-up areas would be on land higher than 20 metres above sea 
level? Are there any exceptions to this rule? Where?

(c) Suggest a reason for your observations.
4. Mark on your map the area(s) where you would expect wave action to be the most powerful. Include a 

symbol for this in your legend.
5. Give a reason why sand has built up to form a beach at Middle Beach and not at Merimbula Point.
6. Would you expect the water in Back Lagoon to be fresh or salty? Use evidence from the map.
7. In what ways have people changed this coastal environment? List and describe how these changes might 

influence the natural processes along the coast.

Predict
8. If, in the future, the sea level was to rise by 10 metres, which of the following features would be safe from 

the rising sea? Why or why not?
(a) The caravan park, located at GR613137
(b) Merimbula Airport, located at GR585113
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    5.6   SkillBuilder: Comparing an aerial photograph 
and a topographic map  

 WHAT COMPARISONS CAN BE MADE BETWEEN AERIAL 
PHOTOGRAPHS AND TOPOGRAPHIC MAPS? 
 Comparing an aerial photograph with a topographic map 
enables us to see what is happening in one place. Each 
format shows different information. A photograph can 
provide a clear impression of the activities taking place on 
the land or under the water at a particular moment in time. 
Topographic maps allow the cartographer to add informa-
tion that cannot be identifi ed from the air, such as place 
names and building names.  

 Go online to access: 
•    a clear step-by-step explanation to help you master 

the skill 
•    a model of what you are aiming for 
•    a checklist of key aspects of the skill 
•    a series of questions to help you apply the skill and to 

check your understanding.     

  Complete this digital doc: Digital document Topographic map extract of Merimbula, New South Wales
Searchlight ID: doc-11571

 Try out this interactivity: Predict changes around Merimbula: Use this interactivity to consider changes to 
Merimbula’s natural and human environments.
Searchlight ID: int-3296

 RESOURCES — ONLINE ONLY

9.  In what direction(s) is Merimbula likely to expand in the future? Justify your decision. 
10.  Imagine that a series of storms erodes the sand off Merimbula Beach. The local council then decides to 

build a series of groynes along the beach to trap sand that moves north in a longshore drift current.
(a)   On your map, mark in six groynes approximately 50 metres long and 500 metres apart. How might the 

beach change in appearance after the groynes are built? 
(b)  Draw the new shape of the beach on your map using a black dotted line. Include this symbol in your 

legend. 
(c)  Will sand continue to accumulate at the mouth of Merimbula Lake after the groynes are built? Explain 

your answer.    

0 1 2 km

KEY

Source: © Commonwealth of Australia, Geoscience Australia (1982). Topographic map of Daintree National Park — Mossman, QLD. 1:100 000 Series R631, Sheet 7965, Edition 1 1- AAS. 1982. 

  FIGURE 1  Topographic map of Mossman and the 
Daintree River National Park, Queensland, 1982. 

 Watch this eLesson: Watch this video to learn how to compare an aerial photograph and a topographic map.
Searchlight ID: eles-1751

 Try out this interactivity: Use this interactivity to learn how to compare an aerial photograph and a 
topographic map.
Searchlight ID: int-3369
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5.7 Why are low-lying islands disappearing?
5.7.1 The impact of climate change
As a result of climate change, many 
low-lying islands will be flooded by 
the sea. Thermal expansion of oceans 
and melting ice leads to rising sea 
levels, threatening many coastal com-
munities. 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 wind-
storms possible, many low-lying com-
munities will be at risk from storm 
surges (see figure 1 and table 1).

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.

5.7.2 Rising sea levels in the Pacific
Many of the Pacific Islands are small and can in some cases be described as an atoll. Their national bound-
aries, which include the waters and economic zones they control, extend over vast distances. Hence, islands 
such as Kiribati, 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 (see figure 1).

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. Due to sandy soils 
and low altitudes, although rainfalls can be plentiful, little can be retained as streams are few and ground-
water is scarce. Hence any incursion by sea water can be devastating for agricultural produce (see figure 2), 
the urban environment and tourism, which has more recently become a money earner for these islands.

M I C R O N E S I A

M E L A N E S I A
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Source: MAPgraphics Pty Ltd, Brisbane

FIGURE 1 Low-lying islands in the Pacific under threat of 
disappearing due to climate change

Island
Land   area 
(km2)

National   extent 
(km2) Population

Gross income 
per person per 
year (US$)

Highest 
elevation 
(metres above 
sea level)

Kiribati 717 3 550 000 113 400 1 690 80

Marshall Islands 181 2 131 000 54 880 3 346 10

Tuvalu 26 900 000 10 640 3 286 5

Australia 7 690 000 7 690 000 24 000 000 46 550 2 229

TABLE 1 Selected Pacific Island nations, area and population
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Apart from the predicted rise in 
sea levels due to global warming, a 
secondary impact on the life of 
Islanders will be increases in the tem-
perature 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 devas-
tating impacts on the Islanders’ main 
diet, which is fish and other forms of 
seafood.

What can the Islanders do?
If food crops are destroyed by rising 
sea levels, storm surges and saltwater pollution, the Pacific Islanders 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.

The Pacific Islanders are strong advocates for the policies of the Kyoto Protocol on climate change. The 
Protocol has set up 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. The leaders of the 
Pacific nations have spoken at the United Nations and many international climate change forums to make others 
aware of their delicate situation and vulnerability to rising sea levels. They have also approached nations such 
as Australia and New Zealand to see whether they might be able to establish a migration policy into the future.

5.7.3 Rising sea levels in the Maldives
The Maldive Islands are located in the Indian Ocean, to the south-west of India (see figure 3). There are 
about 1200 coral islands, grouped into 26 atolls, most of which average no more than one metre 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.

FIGURE 2 Poulaka crops killed by salt water due to rising sea levels

FIGURE 3 Location of the Maldive Islands
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The Boxing Day tsunami of 2004 exposed how vulnerable the Maldives are, when the wave swept across 
many low-lying islands, causing widespread destruction of their fruit plantations. The relatively low number 
of deaths was due to the fact that most of the population lives in Malé, which is protected by a huge sea 
wall (see figure 4).

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 islands 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 GDP. One hundred and two Maldivians and six for-
eigners reportedly died in the tsunami.

The impact of climate change
The longer-term threat to the Maldives, however, is posed by global warming. Sea levels are currently esti-
mated 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. The United Nations Intergovernmental 
Panel on Climate Change predicts that, by the year 2100, sea levels will have risen by anywhere between 9 
and 88 centimetres. In the worst case, this would see the entire nation of the Maldives virtually 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 longer-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, which sought international agreement to cut back carbon 
dioxide emissions.

Sea wall

FIGURE 4 Malé, the capital of the Maldives, occupies an entire island of its own. Why is there a need for 
a sea wall?
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 Unless the international community agrees to an environmental worldview that incorporates changes to 
make large cuts in emissions, the problems facing the Islanders will get worse. Numerous people will have 
to seek refuge in other countries. Without global action, eventually the Islanders will lose their countries.    

  FIGURE 5  Sand bags protecting a home on the Maldives island Medu Fushi, damaged 
by the 2004 tsunami.  

  5.7  Activities  
 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 .  Note : Question 
numbers may vary slightly. 

 Remember  
1.   Many islands in the Pacifi c and Indian Oceans are under 

threat from rising sea levels. Why is this so? 
2.  What can the governments and Pacifi c Island peoples do, 

both in the short term and long term, to solve the problems 
they will face due to climate change? 

3.  How is climate    change    threatening water supplies and 
affecting food resources?  

 Discover 
4.   Use the  Maldives   weblink  in the Resources tab to watch 

the news article on the Maldivian island of Maduwaree. 
Summarise what is contributing to the receding coastline. 
Detail what    environmental   , social and economic impacts 
the    change    is having on the inhabitants, and outline what 
management solutions are proposed.  

Strengths Weaknesses

Opportunities Threats

  FIGURE 6  SWOT analysis  
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5.8 How do inland activities affect coasts?
5.8.1 Flood-prone Bangladesh
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 flood-prone in the world.

Apart from flooding by rivers in the delta, sea level rises caused by global warming will lead to the 
expansion of ocean waters and additional inflows from melting Himalayan snow. Scientists predict a one-
metre sea level rise by 2100 if global warming continues at the current rate. The United Nations Intergov-
ernmental Panel on Climate Change (IPCC) predicts rising sea levels will overtake 17 per cent of Bangladesh 
by 2050, displacing at least 20 million people.

5.8.2 The Sundarbans
The Sundarbans region, a World Heritage site, is just one area of Bangladesh at risk from increased flooding. 
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 flood 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 fish, as well as being home to the 
endangered Royal Bengal tiger. By sheltering juvenile fish, 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 flee overcrowding in the capital city, Dhaka, or flooding and pov-
erty in rural areas.

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 indus-
tries 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.

Predict
5. As a class, discuss other parts of the world you can think of that might also be threatened if sea levels were 

to rise by about one metre over the next 100 years. Justify your views.

Think
6. In groups, discuss the following statements concerning the impacts of climate change in the Pacific and 

Indian Oceans using environmental, economic and social criteria. Alternatively you may wish to use a 
SWOT analysis to help in evaluating each statement.

7. (a) Australia and New Zealand should be prepared to re-settle the 100 000 people of the islands of Kiribati if 
sea level rises create a ‘climate refugee’ problem.

(b) 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.

 Explore more with this weblink: Maldives

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

 The 1991 Bangladesh cyclone was among the deadliest tropical cyclones on record (see  fi gure 2 ). The 
cyclone struck the Chittagong district of south-eastern Bangladesh with winds of around 250 km/h. The 
storm forced a six-metre storm surge inland over a wide area, killing at least 138 000 people and leaving as 
many as 10 million homeless. 

 Because of these risks, Bangladesh needs to plan and implement management strategies based on under-
standings of the reasons behind the changes and consideration of interactions between  environmental, eco-
nomic and social factors operating in the region. The government encourages farming methods that avoid 
deforestation, and a ban is proposed on heavy-polluting vehicles. A proposed economic solution is ecot-
ourism, as it attracts foreign currency while preserving the natural ecosystems and promoting sustainable 
development.   

India

Nepal

Bangladesh

Approximately 80 per cent of Bangladesh
is located on a large �oodplain and delta,

1 metre above sea level.

Irrigation has diverted much of the Ganges,
removing silt that would otherwise build up
�oodplains further downstream.

Tibet

Annual monsoon means:
• heavy rain and snow
• leaching of soils
• extensive run-off with
   resulting soil erosion.

Cyclones (violent storms) frequently hit Bangladesh, bringing torrential rain. 

Bay of Bengal

Ganges River 

Brahmaputra River 

Himalayas

Increased soil erosion causes a
build-up of silt in rivers, reducing

their capacity to deal with large �oods. 

Increasing population 
pressure in Nepal
and Tibet results in
deforestation.
This, in turn, causes:
•  landslides 
•  more run-off and even
    faster soil erosion.

Spring snow-melt causes soil erosion
and greater volume of water in rivers.

   FIGURE 1  Flooding in Bangladesh — some causes  
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FIGURE 2 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.

5.8 Activities
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. Note: Question numbers may vary slightly.

Remember
1. How do mangroves minimise the impact of floods and coastal erosion?
2. Name two reasons mangroves are being cleared in the Sundarbans.
3. What are ‘climate refugees’?

Explain
4. Refer to figure 1. Explain how the geography of Bangladesh makes it so vulnerable to the threat posed by 

climate change.
5. How can ecotourism play a role in preserving Bangladesh’s ecosystems?

Discover
6. List the factors that are displacing Bangladeshis and forcing them to move to the Sundarbans.

Think
7. Refer to figure 1.

(a) Describe how cyclones can contribute towards 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.
8. Discuss in small groups to what extent you think economic goals and objectives are important with respect 

to environmental goals such as reducing greenhouse gas emissions and societal change. Listen respectful-
ly to one another’s views. Decide as a group what policy direction you would push if you were in a position of 
influence in government, and present this view jointly to the class.
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5.9 Who shifted the sand?
Access this subtopic at www.jacplus.com.au.

5.10 How do we manage coastal change?
5.10.1 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 envi-
ronmental 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.

Of the world’s population, 41 per cent, or some 2.2 billion people live within 100 kilometres of the coast, 
and most of the world’s megacities are located on the coast. According to predictions made by the World 
Ocean Review in 2010 and more recently in 2015, at least one billion people who live in low lying coastal 
areas could experience inundation and/or erosion of their lands into the future (see table 1). This change to 
coasts is seen as stemming essentially from climate change which, as a human-induced event, is leading to 
rising seas and more frequent severe storm events. A consequence will mean an increase in what are known 
as ‘climate refugees’, people who will have to relocate due to coastal changes.

 Try out this interactivity: Bangladesh awash: Use this interactivity to explore the interconnections between 
human changes to the  Bangladesh landscape and their consequences.
Searchlight ID: int-3297

 RESOURCES — ONLINE ONLY

Top 10 nations classified by population in low-lying 
coastal regions

Top 10 nations classified by proportion of population 
in low-lying coastal areas

Nation

Population in 
low-lying coastal 
regions (103)

% of population 
in low-lying 
coastal regions Nation

Population in 
low-lying coastal 
regions (103)

% of population 
in low-lying 
coastal regions

1. China 127 038 10% 1. Maldives 291 100%

2. India  63 341  6% 2. Bahamas 267  88%

3. Bangladesh  53 111 39% 3. Bahrain 501  78%

4. Indonesia  41 807 20% 4. Suriname 325  78%

5. Vietnam  41 439 53% 5. Netherlands 9590  60%

6. Japan  30 827 24% 6. Macau 264  59%

7. Egypt  24 411 36% 7. Guyana 419  55%

8. United States  23 279  8% 8. Vietnam 41 439  53%

9. Thailand  15 689 25% 9. Djibouti 250  40%

10. Philippines  15 122 20% 10. Bangladesh 53 111  39%

TABLE 1 Nations with the largest populations and the highest proportions of population living in low-lying 
coastal areas
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5.10.2 Protecting the coast
The protection of the coast through management programs is a costly business which aims to overcome 
problems associated with land loss, waterlogging and incursions of groundwater salinity.

The Netherlands and Germany together spend 250 million euros on coastal works each year. 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 floating settlements that can rise 
and fall as sea levels change (see figure 1).

5.10.3 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, flooding of low-lying areas and increased erosion of beaches and bluffs. The 
techniques shown in table 2 are used in Australia.

FIGURE 1 Floating settlements anchored to the embankments along the waterfront at  
Maasbommel, the Netherlands

Solution Description Diagram Advantages Disadvantages

Beach 
nourishment

The artificial 
placement of 
sand on a beach. 
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

Sand is used that 
best matches the 
natural beach 
material.

Low environmental 
impact at the beach

The sand must 
come from another 
beach and may 
have an environ-
mental impact in 
that location.

Must be carried out 
on a continuous 
basis and therefore 
requires continuous 
funds

(Continued)

TABLE 2 Possible management solutions to reduce the impacts of sea level rise and erosion
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TABLE 2 Possible management solutions to reduce the impacts of sea level rise and erosion (Continued)

Solution Description Diagram Advantages Disadvantages

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

Groyne

Traps sand and 
maintains the beach

Groynes do not 
stop sand move-
ment that occurs 
directly offshore.

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 under-
mined over time.

Visual eyesore

Will need a sand 
nourishment 
program as well

High initial cost

Ongoing mainte-
nance 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

Purchase 
property

Buy the buildings 
and remove 
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

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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5.11 Review

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

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

Access this subtopic at www.jacplus.com.au.

5.10 Activities
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. Note: Question numbers may vary slightly.

Remember
1. Refer to table 1. Which country is most susceptible to changing coastlines in terms of absolute population 

numbers?
2. Why does the Netherlands spend money on coastal protection?

Discover
3. Explain how a coastal defence system such as a dyke works.

Predict
4. What impact would sea level rise and erosion have on future food security?

Think
5. What might be the impact of sea level rise and coastal erosion on the tourist industries of the Gold Coast 

area of Australia? What strategies of coastal protection, as mentioned in this chapter, could help solve the 
problems, and how might they work?

6. Evaluate the strengths and weaknesses of two of the management strategies shown in table 2.
(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.
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