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HOW TO USE

the Jacaranda Geography Alive resource suite

The ever-popular Jacaranda Geography Alive for the Victorian Curriculum is available as a standalone
Geography series or as part of the Jacaranda Humanities Alive series, which incorporates Geography,
History, Civics and Citizenship, and Economics and Business in a 4-in-1 title. The series is available across
a number of digital formats: learnON, eBookPLUS, eGuidePLUS, PDF and iPad app.

Skills development is integrated throughout, and explicitly targeted through SkillBuilders and a dedicated
Geographical skills and concepts topic for each year level.

This suite of resources is designed to allow for differentiation, flexible teaching and multiple entry and

exit points so teachers can teach their class their way.

Features

Al topics start with an
Overview which includes
a pre-test to gauge
students’ readiness

to begin.

An online workbook is
available for customisation
and printing.

SkillBuilders, Thinking
Big research projects and

Reviews are available online
for every topic.

Skills keys identify each
question according to the
skill targeted, providing

insights into skills
development. Progress and
results can be tracked and
filtered by skill online.

9 Meeting our future global
food needs

6.1 Overview

Will there come a time when we don't have enough food to feed everyone?

6.1.1 Introduction

Currently we produce enough food 1o adequately
feed everyone in the world. However, it is
estimated that approximately one in every nine
people (around 820 million) are going hungry.
The world's population is expected to grow by
another two billion people in the next 30 years.
If we want (0 stop the number of hungry people
from increasing, we will need improvements

in food production, new sources of food, betier
aid programs, and different attitudes to food
consumption and waste.

G resouross

 eWorkbook  Customisable workshests for tis topic

[ Video eLesson Future food (es-1721)

LEARNING SEQUENCE
6.1 Overview
6.2 Can we foed the future world population?
6.3 Improving food production
6.4 Global food aid
6.5 SkillBuilder: Constructing a box scattergram
66 proportional
6.7 Do Australians need food aid?
6.8 The effects of distary changes on food supply.
6.9 Urban farms to foed urban populations

6.10 Thinki
6.11 Review

W

T testand

toevery  select your learnON format at

What else is in the soil?

Soil not only supports the plants and there are people on Earth

animals that we see on the surface of

the land: the soil itelfis also home to

a variety offife forms such as bacteria,

fungi, earthworms and algae.
While i

are visible. For instance, more than
400000 earthworms can be found on
ahectare ofland. Regardless of size,
all soil organisms play a vital role in
maintaining soil quality and fertility.
For example, earthworms:
« compost waste and fertilise the soil
« improve drainage and aeration
« bring subsoil to the surface and mix it with topsoil
« secrete nitrogen and chemicals that help bind the soil.

[213) Resources

4 Intoractivty Why are biomes different? (n1.3319)

FIGURE 7 There are more microbes in a teaspoon of soil than

2.4 INQUIRY ACTIVITY

Use your atias to locate Rwanda in central Afrca.
. What type of blome would you expect to find in Rwanda? Give reasons for your answer.
b. What do you in Rwanda?

Evaluating, predicting, proposing

o—|

2.4 EXERCISES

organiing,
proposing

2.4 Exercise 1: Check your understanding
1. GS1 What e the major nfluences on the development of bomes?

2. ol
3. GS2 Explain
a.

tundra, desert and temperate

Topics open with

an inquiry question to
spark students’ curiosity
about the topic.

OnResources feature
boxes provide guidance
about additional
resources online.

Corrective feedback
and sample responses
are available online for
every question.

A range of activities is
provided to promote
deeper inquiry, encourage
collaboration and help
students to develop their
research skills.

Exercise sets at the end

. biomes. .

s i qualty and fety of each subtopic allow

2 ayerciee 2: Aoply your o students to check and

1. 688 Wouldyou expect tofn soi varatons within biomes? Give raasons ”

i e o fonger apply their understanding.
woud why?

4. GS5 Describe Wnyis
5. GS5 What are some of the factors that create variations in biomes?

Go
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Skillbuilders
model and

develop
key skills in
context.

In each topic,
a Thinking
Big research
project
provides

opportunities
for students to
delve deeper,
think creatively

Content is presented using age-appropriate
language, and a wide range of engaging

sources, diagrams and images support
concept learning.

3.10 skilBuilder: Constructing ternary graphs

What are ternary graphs?
Ternary graphs are triangular graphs that show the relationship or
interconnection between features. They are particularly useful when

©  afeature has three components and the three components add up
10100 per cent.

Select your learnON format to access:

= an overview of the skill and its application in Geography
(Tell me)

« avideo and a step-by-step process to explain the skill
(Show me}

« an activty and interactivty for you to pracise the skl
(Let me do it)

+ questions to consolidate your understanding of the skill

(D) Resources

1 Video eLesson Constructing terary graphs eles-1728)
4 interactivity  onstructing ternary graphs (11-3346)

3.1 Thinking Big research project: Subsistence
living gap-year diary

SCENARIO
As an end-of-school gap-year experience, you have been given
the opportunity to Ive with an indigenous community that relies
on traditional subsistence approaches 1o food security such as
® nomaic herding, hunting-gathering or shifing agricuture Your
gap-year diary will help you remember forever the people you've
met and their distinctive ways of managing their environment.

Select your learnON format to access:
« the full project scenario
« resources to guide your project work
« an assessment rubric.

+ improving the food supply chain to remote areas
establishing and improving community stores in remote areas through initiatives such as the Outback
Stores program

education campaigns about nutrition guidelines and healthy food choices

grants 1o support the establishment or improvement of community food initiatives, such as farmers”
markets, food cooperatives, food hubs, community gardens and city farms

food subsidies for fruit and vegetable programs to improve health and nutrition for Indigenous children
funding for the Stephanie Alexander Kitchen Garden National Program to develop gardens in schools
improving skills of Indigenous health workers to enable them to have greater influence on food
security through addressing health promotion and nutrition at the local level.

FIGURE 7 Papunya Community Store, located 240 kilometres north-west of Alice Springs.

Funding has also been made available to various industries that relate to Indigenous peoples” connection @—]
10 the land. Industry ventures have included park and ranch management to further eco-tourism, an
aquaculture. These ventures can also provide food and are a source of revenue for further community
and training ‘They can be scen as developing a sense of pride as

well as prospects for future generations. They are in keeping with Indigenous peoples’ roles as caretakers
and traditional custodians of the land.

One such initiative is Fish River Station in the Daly River region of the Northern Territory, home to an
array of wildlife, plant life and important traditional food sources for Indigenous peoples. The partnership
between government, conservation organisations and the Indigenous Land Corporation aims to preserve
this unique environment for future generations, whilst providing employment for Indigenous people and

and work
collaboratively.

opportunities to reconnect with this culturally significant land.

(0 Resources

—eDISCUSS
ProjectsPLUS Thinking Big research project: Subsistence ving gap-year diary (0r0-0185) What can we learn from the land and resource management practices of Indigenous Australians in relation to
food security? [Intercultural Capability]

Discuss features

explicitly address
Curriculum Capabilities.

4.3.3 What happens when forests are cleared?
FIGURE 4 illustrates some changes that forest clearing in the Amazon can have on the environment.

2.12 Review

2121 Key knowledge summary
Use this dot point summary to review the content covered in this topic.
2.12.2 Reflection

Reflect on your the activities and ided.

(D) fesources

 eWorkbook Reflection (doc-31714)
° Crossword (doc-31715)
“ Interactivity Althe world is a bome crossword fnt-7644)

KEY TERMS

biodiversity the variety of plant and animal lfe within an area

canal housing estate a housing estate built upon a system of waterways, often as the result of draining
wetland areas. All properties have water access.

clear-felling the remova of il rees in an area

coral polyp a tube-shaped mari ives in a colony and prod skeleton. Polyps are the
living part of a coral reef.
forests to make way g or ag development
the qualiy of

Iatitus the angular istance north orsouth from the squator of  point o the Eart's suac
leaching the process by which water runs through soil, o nt the subso
leeward describes the area behind a mountain range, away from the moist pmaumg winds.
logging large-scale cutting down, processing and removal of trees from an area
remains of plant
mangroves, which them to take in air when the tide is in

prairie native grassland of North America
forms in

to the Earth from the sky, most commonly in the form of

A New farmland with mixed crops established H_Erosion of topsoil increases, caused by rain on rain, hall, sieet and snow
& Smoke from clearing and burning exposed soils rain shadow the dry area on the leeward side of a mountain range
G Newly cleared Iand, trees out clown and burned. I Flooding increases as the stream channel is clogged salinity the presence of salt on the surface of the land, i soil or rocks, or dissolved in fivers and groundwater

This is called o treeline the edge of the area in which trees are able to grow
D Weeds and exotic species invade edges of remaining J The river carries more sediment as soilis washed into. ‘tundra the area lying beyond the treeline in polar or alpine regions
forest steams urbanisation the growth and spread of cies
£ New road gives access to more settlers and to animal K Fences stop movement of rainforest animals in search windward describes the side of the mountain that faces the prevailing winds
poachers of food.
F Large cattle ranch L Pesticides and fertiisers wash into the river.
G Introduced cattle erode the fragile topsoil with their M Farm is abandoned as soil fertilty is lost
hard hooves. N Weeds and other species dominate bare land.
o Harvesting of timber recucss forest biodversy.
Links to the ) a
Explore more with
myWorld Atlas -
are provided

throughout.

A range of questions and a

post-test are available online to , ,
Key terms are available in

test students’ understanding of

the topic. every topic review.

HOW TO USE THE JACARANDA GEOGRAPHY ALIVE RESOURCE SUITE ix



learn

Jacaranda Geography Alive learnON is an immersive digital learning platform that enables student and
teacher connections, and tracks, monitors and reports progress for immediate insights into student learning

and understanding.
It includes:
o a wide variety of embedded videos and interactivities

e questions that can be answered online, with sample responses and immediate, corrective feedback

o additional resources such as activities, an eWorkbook, worksheets, and more

o Thinking Big research projects
o SkillBuilders

o teachON, providing teachers with practical teaching advice, teacher-led videos and lesson plans.

teach

Conveniently situated within the learnON format, teachON includes practical teaching advice, teacher-led

videos and lesson plans, designed to support, save time and provide inspiration for teachers.

teachON

The emerging power of western
Europe

210

Learning intention
Display and explain the following learning intention to the class:

By the end of this subtopic you will have learned how changes between the fifteenth and
eighteenth centuries enabled western Europe to come to dominate much of the world,

HITS #1 Setting Goals

Introduction

Briefly introduce the subtopic by asking students to consider how much the West influences the
rest of the world today. Ask them to consider such things as Western fashions, communications
technologies, movies, popular music and the dominance of English as an international language.
Then have a brief class discussion about how this came about.

HITS #3 Explicit Teaching
HITS #7 Questioning

Teaching points

This teacher-led video will use the interactivity A modern artist's impression of a fifteenth-century
caravel (int-4077) to discuss how new shipbullding methods helped western European expansion.

-

RESOURCES

Video eLessons

¥ interactivities

(% myworld History Atlas

[N Teacher-led videos

x HOW TO USE THE JACARANDA GEOGRAPHY ALIVE RESOURCE SUITE
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] Geographical skills and
concepts

1.1 Overview

1.1.1 Introduction

As a student of Geography, you are building knowledge and skills that will be needed by you and your
community now and into the future. The concepts and skills that you use in Geography can also be applied
to everyday situations, such as finding your way from one place to another. Studying Geography may even
help you in a future career here in Australia or somewhere overseas.

Throughout your study of Geography, you will cover topics that will give you a better understanding
of the social and physical aspects of the world around you, at both the local and global scale. You will
investigate issues that need to be addressed now and in the future.

LEARNING SEQUENCE

1.1 Overview

1.2 Work and careers in Geography

1.3 Concepts and skills used in Geography

2>
1.4 Review H

To access interactivities and resources, select your learnON format at www.jacplus.com.au.
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1.2 Work and careers in Geography
1.2.1 Skills for work

In Geography, students develop an understanding of the world. These skills are transferable to the
workplace and can be used as a basis for evaluating strategies for the sustainable use and management of
the world’s resources. An understanding of Geography and its application for managing sustainable futures
is pivotal knowledge that will be desirable to many future employers.

Geographical skills and knowledge are a foundation for many occupations. The study of Geography
includes developing important geospatial and spatial technology skills, which underpin the knowledge base
of a range of courses and careers.

o Geospatial skills: the ability to collecF and collate 1pformat10n FIGURE 1 Using GPS to survey and
gathered from fieldwork and observations. Geospatial record road traffic movements for a
skills are used in careers such as surveying, meteorology, local council
agricultural science and urban planning. ‘e

o Spatial technologies: technologies that demonstrate the
connections between location, people and activities in
digital formats. Jobs in the spatial industry are varied
and include working in business and government. Spatial
technologies apply many techniques, such as photogrammetry,
remote sensing and global positioning systems (GPS).

Spatial technologies manage information about the
environment, transportation and other utility systems.

FIGURE 2 GIS (geographical information systems) being used to manage spaces and plan escape
routes during a fire

Fun exie n
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1.2.2 Where can Geography lead?

Careers that draw on Geography as a foundation skill are many and varied. As you consider your pathway
options for senior studies you may like to research some of the careers that are provided in FIGURE 3.

FIGURE 3 Geography pathways

Meteorologist

Meteorologists use geographical
skills to forecast the weather, study
the atmosphere and understand
climate change.

Agricultural technician

Agricultural technicians use
geographical skills to advise farmers
on aspects of agriculture such

as crop yield, farming methods,
production and marketing.

Surveyors use geographical skills

to measure, analyse and report on
land-related information for planning
and development.

Park ranger

Park rangers use geographical
skills to support and maintain
ecosystems in national parks,
scenic areas, historic sites,
nature reserves and other
recreational areas.

Landscape architects use
geographical skills to plan and
design land areas for large-scale
projects such as housing estates,
schools, hospitals and gardens.

N\
Environmental manager
Environmental managers use
geographical skills for project

management and the development
of environmental reports.

Resources

Weblink Job Outlook

1.2 INQUIRY ACTIVITY

Job Outlook is a federal government website that provides information on employment in a range of occupations.
It also includes information on the training, skills and tools needed for various careers. Use the Job Outlook
weblink in the Resources tab to complete the following.
a. Select one of the occupational profiles presented in FIGURE 3 that interests you and use the Job Outlook
weblink to explore and learn more about this career.
b. Develop a career profile for your occupation of choice. In your profile include:
e the geographical skills needed for this job
e the geographical tools that may be used in this occupation
¢ the study and training requirements that lead to this occupation

¢ the job prospects for your chosen occupation over the next five years.

Examining, analysing, interpreting
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1.3 Concepts and skills used in Geography
1.3.1 Skills used in studying Geography

As you work through each of the topics in this title, you’ll complete a range of exercises to check and apply
your understanding of concepts covered. In each of these exercises, you’ll use a variety of skills, which are
identified using the Geographical skills (GS) key provided at the start of each exercise set. These are:

¢ GS1 Remembering and understanding

o GS2 Describing and explaining

o GS3 Comparing and contrasting

o GS4 Classifying, organising, constructing

o GSS5 Examining, analysing, interpreting

o GS6 Evaluating, predicting, proposing

In addition to these broad skills, there is a range of essential practical skills that you will learn, practise and
master as you study Geography. The SkillBuilder subtopics found throughout this title will tell you about
the skill, show you the skill and let you apply the skill to the topics covered.
The SkillBuilders you’ll use in Year 9 are listed below.

o Describing spatial relationships in thematic maps

o Constructing and describing a transect on a topographic map

o Constructing ternary graphs

o Describing patterns and correlations on a topographic map

o GIS — deconstructing a map

o Interpreting a geographical cartoon

o Constructing and describing complex choropleth maps

o Interpreting satellite images to show change over time

o Constructing a box scattergram

o Constructing and describing proportional circles on maps

 Interpreting topological maps

o Constructing and describing isoline maps

o Constructing and describing a doughnut chart

o Describing divergence graphs

o Constructing multiple line and cumulative line graphs

o Constructing and describing a flow map

o Constructing a table of data for a GIS

o Using advanced survey techniques — interviews

1.3.2 SPICESS

Geographical concepts help you make sense of your world. By using these concepts you can investigate
and understand the world you live in, and you can use them to try to imagine a different world. The
concepts help you to think geographically. There are seven major concepts: space, place, interconnection,
change, environment, sustainability and scale. We will explore each of these concepts in detail in the
following sections and through the activities and exercises in this subtopic.
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FIGURE 1 A way to remember the seven geographical concepts is to think of the term SPICESS.

Space Interconnection

Place Change

1.3.3 What is space?

Environment

N K2 KN K 3 N

Sustainability

Scale

Everything has a location on the space that is the surface of the Earth. Studying the effects of location, the
distribution of things across this space, and how the space is organised and managed by people, helps us to

understand why the world is like it is.

A place can be described by its absolute location: for example, latitude and longitude, a grid reference,
street directory reference or an address. Or, a place can be described using its relative location — where it
is in relation to another place in terms of distance and direction.

FIGURE 2 Topographic map extract, Griffith, New South Wales
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: o
Explore more with myWorldAtlas

Deepen your understanding of this topic with related case studies and questions.
o Developing Australian Curriculum concepts > Space

1.3.4 What is place?

The world is made up of places, so to understand our world we need to understand its places by studying
their variety, how they influence our lives and how we create and change them.

Everywhere is a place. Each of the world’s biomes — for example, a desert environment — can be
considered a place, and within each biome there are different places, such as the Sahara Desert. There can
be natural places — an oasis is a good example — or man-made places such as Las Vegas. Places can have
different functions and activities — for example, Canberra is an administration centre, while the MCG is
a place for major sporting events and the Great Barrier Reef is a place of great natural beauty with a coral
reef biome. People are interconnected to places and other people in a wide variety of ways — for example,
when we move between places or connect electronically via computers. We are connected to the places that
we live in or know well, such as our neighbourhood or favourite holiday destination.

FIGURE 3 Located in a desert biome, this array of greenhouses in Almeria, Spain, allows for the control of soll,
moisture, nutrients and weather conditions, enabling the large-scale farming of fruit and vegetables.

. o
Explore more with myWorldAtlas

Deepen your understanding of this topic with related case studies and questions.
o Developing Australian Curriculum concepts > Place
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1.3.5 What is interconnection?

People and things are connected to other people and things in their own and other places, and
understanding these connections helps us to understand how and why places are changing.

Individual geographical features can be interconnected — for example, the climate within a place
or biome, such as a tropical rainforest, can influence natural vegetation, while removal of this vegetation
can affect climate. People can be interconnected to other people and other places via employment,
communications, sporting events or cultural ties. The manufacturing of a product may create
interconnections between suppliers, manufacturers, retailers and consumers. Trade in goods and
services creates interconnections across the globe.

FIGURE 4 World trade flows — exports of agricultural products by region, US$ billion
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. o
Explore more with myWorldAtlas

Deepen your understanding of this topic with related case studies and questions.
o Developing Australian Curriculum concepts > Interconnection

1.3.6 What is change?

The concept of change is about using time to better understand a place, an environment, a spatial pattern
or a geographical problem.

From a geographical time perspective, change can be very slow — think of processes such as the
formation of mountains or soil. On the other hand, a volcanic eruption or landslide can change landforms
rapidly. It may take some years for the boundary of a city to expand outwards, but in the space of a few
weeks whole suburbs can be demolished to make way for a freeway. Change can also have physical,
economic and social implications. Consider the effect of the internet over the past few years.
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FIGURE 5 Predictions of the effects of climate change on cereal crops
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—Explore more with myWorldAtlas

Deepen your understanding of this topic with related case studies and questions.
o Developing Australian Curriculum concepts > Change

1.3.7 What is environment?

People live in and depend on the

. . . FIGURE 6 The East Kolkata wetlands act as a sewage
environment, so it has an important

filtration system and recycle nutrients through the soil to

influence on our lives. allow a wide range of food crops to be grown. The ponds
The biological and physical world that provide one-third of the city’s fish supply and are a protected
makes up the environment is important to Ramsar site for migratory birds.

us as a source of food and raw materials, ALRR TR
a means of absorbing and recycling
wastes, and a source of enjoyment

and inspiration.

People perceive, adapt and use
environments in many ways. For example,
different people could look at a well-
vegetated hillside and one might see it as a
source of timber for construction, another
might see a slope that could be cleared and
terraced to produce food, while another
might view it as a scenic environment for
ecotourism.
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Explore more with myWoﬁdAﬂos

Deepen your understanding of this topic with related case studies and questions.
o Developing Australian Curriculum concepts > Environment

1.3.8 What is sustainability?

Sustainability is about maintaining the capacity of the environment to support our lives and those of other
living creatures.

Sustainability involves maintaining and managing our resources and environments for future generations.
It is important to understand the causes of unsustainable situations to be able to make informed decisions
on the best way to manage our natural world.

FIGURE 7 The unsustainable nature of fishing
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Explore more with myWorldAtlas

N i

Deepen your understanding of this topic with related case studies and questions.
» Developing Australian Curriculum concepts > Sustainability

1.3.9 What is scale?

When we examine geographical questions at different spatial levels we are using the concept of scale to find
more complete answers.

A little like a zoom lens on a camera, scale enables us to examine issues from different perspectives,
from personal to local, regional, national or global. Using scale helps in the analysis and explanation of
phenomena. For example, climate is the most important factor in determining vegetation type on a global
scale, whereas, at a local scale, soil and drainage might be more important. Different activities can also
have an impact at a range of scales; for example, the construction of an international airport in Cairns
saw the development of tourism evolve from a local to an international scale, with direct flights between
Australia and South-East Asia.
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FIGURE 8 Country of origin for tourists visiting Australia, and destinations for Australian tourists

ARCTIC OCEAN

ATLANTIC
Tropic of Cancer

(. -
i‘ﬁ OCEAN

Australians’ overseas visits, 2017 Nz %

s Over 1000000 , (L
) 500 000 to 1 000 000
el 350 000 to 499 999
—— 200000 to 349 999

= International visitors to
Australia, 2018

I Over 1000000
I 500000 to 1000000

Tropic of Capricorn

. : 4 I 100000 to 499 999
-
YT 2500 5000 km . . [ 50000 to 99999
[ | . ~
s [ ] 10000 to 49999

[ ] Under 10000

Source: ABS, Austrade.

: T
—Explore more with myWorldAtlas

N i

Deepen your understanding of this topic with related case studies and questions.
o Developing Australian Curriculum concepts > Scale

1.3 ACTIVITIES

1. Create a diagram to show the interconnections that could occur for the growing, manufacturing, sales and
consumption of a can of pineapple slices. Classifying, organising, constructing
2. (a) Brainstorm with your class examples of environmental issues at local, national and global scales.
(b) How would solutions differ at each scale? Evaluating, predicting, proposing

1.4 Review

only

1.4.1 Key knowledge summary
Use this dot point summary to review the content covered in this topic.

1.4 Exercise 1: Review
Select your learnON format to complete review questions for this topic.

Resources

eWorkbook Crossword (doc-31713)

Interactivity Geographical skills and concepts crossword (int-7643)
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1.4 Review

1.4.1 Key knowledge summary
1.2 Work and careers in Geography
e Many occupations are linked to the study of geography.
o New jobs are developing in the spatial sciences that use geographical tools such as GPS, GIS, satellite
imaging and surveying.
1.3 Concepts and skills used in Geography
e The acronym SPICESS helps you remember the seven geographical concepts:
e space
e place
e interconnection
e change
e environment
¢ sustainability
e scale.

Resources

eWorkbook Crossword (doc-31713)

Interactivity Geographical skills and concepts crossword (int-7643)
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UNIT 1
BIOMES AND FOOD SECURITY

Food is essential to human life. To ensure we have reliable food sources, we alter our world biomes — clearing
vegetation, diverting and storing water, adding chemicals and even changing landforms. We will need to carefully
manage our limited land and water resources and use more sustainable farming practices to ensure we have future
food security.

2 All the wWorld IS @ DIOME ... 12
3 Feeding the WO 39
4 The impacts of global food produCtion ... 1T
5 Challenges t0 fOOd SECUIILY ... 118
6 Meeting our future global food NEEAS ... 136

only

GEOGRAPHICAL INQUIRY: BIOMES AND FOOD SECURITY
Your task

Your team has been selected to create a website that not only grabs
people’s attention but also informs them of the importance of one
particular biome as a producer of food, and the current threats to
food production. Looking into the future, you will also suggest more
sustainable ways of managing this biome.

Select your learnON format to access:
e an overview of the project task
o details of the inquiry process
e resources to guide your inquiry
e an assessment rubric.

Resources

ProjectsPLUS Geographical inquiry: Biomes and food security (pro-0148)




Al the world is a biome

2.1 Overview

What on Earth are biomes? Are they just another part of the landscape or do we need them to survive?

2.1.1 Introduction

Where do the foods we eat and the
natural products we use daily come
from? The answer is biomes. Biomes
are communities of plants and animals
that extend over large areas. Some are
dense forests; some are deserts; some
are grasslands, like much of Australia;
and so the variations continue. Within
each biome, plants and animals have
similar adaptations that allow them to
survive.

Biomes can be terrestrial (land based) or aquatic (water based). Understanding the diversity within them
is essential to our survival and wellbeing.

Within each biome, there are many variations in the landscape and climate, and in the plants and animals
that have adapted to survive there.

Resources

eWorkbook Customisable worksheets for this topic

Video eLesson Bountiful biomes (eles-1717)

LEARNING SEQUENCE
2.1 Overview
2.2 Defining biomes
2.3 SkillBuilder: Describing spatial relationships in thematic maps
2.4 The characteristics of biomes
2.5 Australia’s major biomes
2.6 The grassland biome
2.7 Coastal wetlands
2.8 SkillBuilder: Constructing and describing a transect on a topographic map
2.9 Coral reefs
2.10 Managing and protecting biomes
2.11 Thinking Big research project: Our world of biomes AVD

2.12 Review

only

only

only only

To access a pre-test and starter questions and receive immediate, corrective feedback and sample responses
to every question, select your learnON format at www.jacplus.com.au.
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2.2 Defining biomes

2.2.1 What and where are the major biomes?

Biomes are sometimes referred to as ecosystems. They are places that share a similar climate and life
forms. There are five distinct biomes across the Earth: forest, desert, grassland, tundra and aquatic biomes.
Within each, there are variations in the visible landscape, and in the plants and animals that have adapted to
survive in a particular climate.

FIGURE 1 Major biomes of the world
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Forests

Forests are the most diverse ecosystems on the Earth.
Ranging from hot, wet, tropical rainforests to temperate
forests, they have an abundance of both plant and animal
life. Over 50 per cent of all known plant and animal species
are found in tropical rainforests. Forests are the source of
over 7000 modern medicines, and many fruits and nuts
originated in this biome. Forests help regulate global
climate, because they absorb and use energy from the sun
rather than reflect it back into the atmosphere. Forest plants
recycle water back into the atmosphere, produce the oxygen
we breathe, and store the carbon we produce. Forests are
under threat from deforestation.

FIGURE 2 Forest biome
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Deserts

Deserts are places of low rainfall and
comprise the arid and semi-arid regions

of the world. Generally they are places of
temperature extremes — hot by day and
cold by night. Most animals that inhabit
deserts are nocturnal (active at night), and
desert vegetation is sparse. Desert rain often
evaporates before it hits the ground, or else
it falls in short, heavy bursts. Following
periods of heavy rain, deserts teem with life.
Not all deserts are hot. Antarctica and the
Gobi Desert in central Asia are cold deserts.
About 300 million people around the world
live in desert regions.

Grasslands

Grasslands can be seen as transitional
environments between forest and desert.
Dominated by grass, they have small, widely
spaced trees or no trees at all. The coarseness
and height of the grass varies with location.
They are mainly inhabited by grazing
animals, reptiles and ground-nesting birds,
though many other animals can be found

in areas with more tree cover. Grasslands
have long been prized for livestock grazing,
but overgrazing is unsustainable and places
grasslands at risk of becoming deserts. Over
one billion people inhabit the grassland areas
of the world.

Tundra

Tundra is found in the coldest regions of
the world, and lies beyond the treeline.

The landscape is characterised by grasses,
dwarf shrubs, mosses and lichens. The
growing season is short. Tundra falls into
three distinct categories — Arctic, Antarctic
and alpine — but they share the common
characteristic of low temperatures. In Arctic
regions there is a layer beneath the surface
known as permafrost — permanently frozen
ground. The tundra biome is the most
vulnerable to global warming, because its
plants and animals have little tolerance for
environmental changes that reduce snow
cover.

FIGURE 3 Desert biome

FIGURE 4 Grassland biome

FIGURE 5 Tundra biome
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Aquatic biomes

Water covers about three-quarters of the Earth. Aquatic biomes can be classified as freshwater or marine.
Freshwater biomes contain very little salt and are found on land; these include lakes, rivers and wetlands.
Marine biomes are the saltwater regions of the Earth and include oceans, coral reefs and estuaries. Marine
environments are teeming with plant and animal life, and are a major food source. Compounds from marine
life have also been used in products such as cosmetics and toothpaste. Elements taken from the roots of
mangroves have been used in the development of cancer medications.

FIGURE 6 Aquatic biome

Resources

Interactivity Beautiful biomes (int-3317)

2.2 EXERCISES

Geographical skills key: GS1 Remembering and understanding GS2 Describing and explaining GS3 Comparing and
contrasting GS4 Classifying, organising, constructing GS5 Examining, analysing, interpreting GS6 Evaluating, predicting,
proposing

2.2 Exercise 1: Check your understanding

1. GS1 Name the five major biomes of the Earth and classify them as either aquatic or terrestrial.

2. GS1 Identify the broad characteristics shared by biomes.

3. GS2 Look carefully at FIGURE 1. Using geographic terminology and concepts (including reference to
latitude), describe the location and characteristics of the major biomes.

4. GS2 Are all biomes equally important? Explain your answer.

5. GS1 Which biome has the greatest biodiversity?

2.2 Exercise 2: Apply your understanding

1. GS2 Explain the important functions performed by the forest biome.

2. GS6 Select one of the categories of biomes described in this subtopic. Suggest how this biome might be
changed and used by humans and what impact this change might have on the environment.

3. GS2 With the aid of a diagram, explain how forests help regulate global climate.

4. GS6 Predict what might happen if the permafrost beneath the Arctic surface thawed.

5. GS6 ‘Deserts are a dry, lifeless plain.” To what extent do you agree with this statement? Explain.

Try these questions in learnON for instant, corrective feedback. Go to www.jacplus.com.au.
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2.3 SkilBuilder: Describing spatial relationships in
thematic maps

=
c
o

What are spatial relationships in thematic maps?

A spatial relationship is the interconnection between two or more

pieces of information in a thematic map, and the degree to which
they influence each other’s distribution in space. Describing these
relationships helps us understand how one thing affects another.

Select your learnON format to access:
e an explanation of the skill (Tell me)
e a step-by-step process to develop the skill, with an example " ataip 4
(Show me)
e an activity to allow you to practise the skill (Let me do it)
e questions to consolidate your understanding of the skill.

7
K)

AT

OCEAN

‘Source: Spatial Vision

Resources

Video eLesson Describing spatial relationships in thematic maps (eles-1726)

Interactivity Describing spatial relationships in thematic maps (int-3344)

2 .4 The characteristics of biomes

2.4.1 Climate’s influence on biomes

Biomes are controlled by climate. In turn, climate is influenced by factors such as the distance from the
equator, altitude and distance from the sea, the direction of prevailing winds, and the location of mountain
ranges. These play a key role in determining a region’s climate and soil, which ultimately influence which
plants and animals will inhabit it.

Temperature and rainfall patterns across the Earth determine which plant and animal species can survive
in a particular biome. For instance, a polar bear could not survive in the hot climate of a desert or a tropical
rainforest. Camels would not survive in the polar regions of the Earth, and fish cannot survive without
water. The plants and animals of a region have adapted over time to the variations in the region’s climate
conditions.

2.4.2 What influences climate?

The geographical features of the Earth’s surface, such as mountain ranges and latitude, are key influences
on climate. Similarities have been found in the adaptations of plant and animal species in mountain regions
and those found near the poles.

Landform

The major geographical influence on climate is the location of mountain ranges (see FIGURE 1). Mountain
ranges affect the amount of precipitation that reaches inland areas, because they pose a barrier to moisture-
laden prevailing winds. Rain shadows form on the leeward side of mountains (opposite to the windward
side). Deserts often form in rain shadows.
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FIGURE 1 The influence of mountains on

climate. This illustration shows the pattern typical

on the east coast of Australia, where there are
warm ocean currents.
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FIGURE 2 Mt Kilimanjaro is only three degrees south
of the equator but it is 5895 metres high; its altitude is
the reason it has snow on its summit.

Altitude also plays a significant role in determining the climate. Temperatures fall by 0.65 °C for every
100-metre increase in elevation. This can be illustrated by Mt Kilimanjaro (FIGURE 2), which is located
on the border of Tanzania and Kenya, in Africa, at approximately 3° latitude from the equator. Towering
5895 metres above sea level, Mt Kilimanjaro is the highest mountain in Africa. Depending on the time
of the day, the temperature at the base of the mountain ranges from 21 °C to 27 °C. At the summit,
temperatures can plummet to —26 °C. As you move from base to summit, variations occur in the landscape
as it transitions from rainforest to alpine desert to desert tundra.

Latitude

The sun’s rays are more direct at the equator. With more energy focused on that region, it heats up more
quickly. At the poles, the sun’s rays are spread over a larger area and therefore cannot heat up as effectively.
As aresult, areas at the poles are much cooler than areas at the equator (see FIGURE 3).

The tilt of the Earth on its axis also has a role to play. When a hemisphere tilts towards the sun, the sun’s
rays hit it more directly. This means that a larger space is in more intense sunlight for longer. The days are
longer and warmer, and the hemisphere experiences summer. The reverse is true when a hemisphere tilts
away from the sun in winter.

Ocean currents and air movement
There are other factors that influence climate
and play a role in the development of biomes.
Two of these are ocean currents and air
movement. In addition, differences also occur
when you move from the coast to inland areas.
When cold ocean currents flow close to a
warm land mass, a desert is more likely to Equal amounts
form. This is because cold ocean currents cool
the air above, causing less evaporation and Rrect rays from the sun heat
making the air drier. As this air moves over AU area. o
the warm land, it heats up, making it less likely Equator
to release any moisture it holds; thus, deserts
form. For example, cold ocean currents flow off
the coast of Western Australia, while the east-
coast Pacific Ocean currents are warmer. As a
result, Perth on average receives less rainfall
than Sydney. 20°S

FIGURE 3 The influence of latitude on climate. The
rotation of the Earth around the sun and the tilt of the
Earth on its axis also influence the seasons.

90°N

Energy from the sun

North Pole

Rays from the sun are
indirect and heat a much
greater area.

Energy from the sun

South Pole
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2.4.3 The role of soil in FIGURE 4 A typical soil profile has a number of distinct
biomes layers.

Soil is important in determining which
plants and animals inhabit a particular
biome. Soils not only vary around the world
but also within regions. The characteristics
of soil are determined by:

o temperature

o rainfall

o the rocks and minerals that make up

the bedrock, which is the basis of soil
development.

The amount of vegetation present also
plays an important role in determining the
quality of the soil. FIGURE 4 shows a typical
soil profile. The different soil layers are
referred to as horizons.

Horizon O (organic matter):

A thin layer of decomposing matter,
humus, and material that has not
started to decompose, such as leaf
litter

Horizon A (topsoil): The upper layer
of soil, nearest the surface.

It is rich in nutrients to support plant
growth and usually dark in colour.
Most plant roots and soil organisms
are found in this horizon, which will
also contain some minerals. In
areas of high rainfall, such as
tropical rainforests, minerals will be
leached out of this layer.

A constant supply of decomposing
organic matter is needed to
maintain soil fertility.

Horizon B (subsoil): Plant litter

is not present in horizon B; as

a result, little humus is present.
Nutrients leached from horizon A
accumulate in this layer, which will
be lighter in colour and contain
more minerals than the horizon
above.

Why do soils differ?
Biomes located in the high latitudes
(those farthest from the equator) have
lower temperatures and less exposure
to sunlight than biomes located in
the low latitudes (those close to the
equator). There are also variations in
the amount of precipitation that biomes
receive. This is determined partly by their
location in relation to the equator: lower
latitude regions generally receive more
precipitation than those in higher latitudes
(see FIGURE 5).

Temperature and precipitation patterns

Horizon C (parent material):
Weathered rock that has not broken
down far enough to be soil.
Nutrients leached from horizon A
are also found in this layer. It will
have a high mineral content; the
type is determined by the
underlying bedrock.

Horizon R (bedrock): Underlying
layer of partly weathered rock

are important factors in determining the FIGURE 5 Latitude is a key factor in climate, which in turn is
rate of soil development. In addition, soil linked to soil characteristics. Soils in high-latitude biomes differ
moisture, its nutrient content and the from those in low latitudes.

length of the growing season also play
key roles in soil development and,
ultimately, the biodiversity of a biome.

Soil is more abundant in biomes Tropic of Cancer i

Arctic Circle High latitudes

) Mid latitudes
that have both high temperatures and

high moisture than in cold, dry regions.
This is because erosion of bedrock is
more rapid when moisture content is
high, and organic material decomposes
at a faster rate in high temperatures.

The decomposition of organic matter
provides the nutrients needed for plant
growth, which in turn die and decompose
in a continuous cycle. This is further

demonstrated in FIGURE 6. SRSes0 | LaeeE

Low latitudes

Tropic of Capricorn

Antarctic Circle
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FIGURE 6 Different biomes have different soil and vegetation characteristics.

A Tropical rainforest

High temperatures cause weathering, or
breakdown, of rocks and organic matter.

e High rainfall leaches nutrients from the soil.
e Soil is often reddish because of high iron levels.

Organic matter is often a shallow layer on the
surface. Nutrients are constantly recycled,
allowing the rainforest to flourish.

Soil fertility is rapidly lost if trees are removed, as
the supply of organic material is no longer present.

B Desert

Limited vegetation means a limited supply of
organic material for soil development.

High temperatures rapidly break down any organic
material.

Soils are pale in colour rather than dark.

e Lack of rainfall limits plant growth.

Lack of vegetation makes surface soil unstable
and easily blown away.
Soil does not have time to develop and mature.

Temperate

Generally brown in colour, soils have distinctive
horizons and are generally about a metre deep.
Soils are ideal for agriculture; they are not
subjected to the extremes of climate found in high
and low latitudes.

Moderate climate; temperature and rainfall are
sufficient for plant growth.

Dominated by temperate grasslands and
deciduous forests.

Tundra

Soil is shallow and poorly developed.

Some layers are frozen for long periods.
Subsoil may be permanently frozen.

Soil is covered by ice and snow for most of the
year.

Growing season may be limited to a few weeks.
Soil may contain large amounts of organic material
but extreme cold means it breaks down very
slowly.

Trees are absent; mosses and stunted grasses
dominate.
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What else is in the soil? FIGURE 7 There are more microbes in a teaspoon of soil than
Soil not only supports the plants and there are people on Earth.

animals that we see on the surface of
the land; the soil itself is also home to

a variety of life forms such as bacteria,
fungi, earthworms and algae.

While most soil organisms are too
small to be seen, there are others that
are visible. For instance, more than
400 000 earthworms can be found on
a hectare of land. Regardless of size,
all soil organisms play a vital role in
maintaining soil quality and fertility.
For example, earthworms:

o compost waste and fertilise the soil

o improve drainage and aeration

 bring subsoil to the surface and mix it with topsoil

 secrete nitrogen and chemicals that help bind the soil.

Resources

Interactivity Why are biomes different? (int-3319)

2.4 INQUIRY ACTIVITY

Use your atlas to locate Rwanda in central Africa.

a. What type of biome would you expect to find in Rwanda? Give reasons for your answer.
b. What do you think the soil would be like in Rwanda? Use the internet to test your theory.

Evaluating, predicting, proposing

2.4 EXERCISES

Geographical skills key: GS1 Remembering and understanding GS2 Describing and explaining GS3 Comparing and
contrasting GS4 Classifying, organising, constructing GS5 Examining, analysing, interpreting GS6 Evaluating, predicting,
proposing

2.4 Exercise 1: Check your understanding

1. GS1 What are the major influences on the development of biomes?

2. GS2 Explain the difference between the windward and leeward side of a mountain range.

3. GS2 Explain how temperature and rainfall can influence the development of soil across different biomes.

4. GS2 Outline the different characteristics of soils in the tropical rainforest, tundra, desert and temperate
biomes.

5. GS2 Describe the role played by soil organisms in maintaining soil quality and fertility.

2.4 Exercise 2: Apply your understanding

1. GS6 Would you expect to find soil variations within biomes? Give reasons for your answer.

2. GS6 Predict the changes that might occur if earthworms or micro-organisms within the soil were no longer
present.

3. GS6 What type of climate and biomes would you expect to find at the equator? Why?

4. GS5 Describe the climate and landscape on Mount Kilimanjaro. Why is there so much variation?

5. GS5 What are some of the factors that create variations in biomes?

Try these questions in learnON for instant, corrective feedback. Go to www.jacplus.com.au.
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2.5 Australia’s major biomes

2.5.1 What factors shape
Australian biomes?

Australia is a land of contrasts. Its mountain
ranges and river systems are small by world
standards. In the north there are tropical
rainforests and savanna grasslands. In the
centre there is a wide expanse of desert that
is second in area only to the Sahara Desert
in Africa. In the south, temperate forests and
grasslands dominate. Australia also has vast
wetlands and coastal ecosystems.

Before European colonisation, the
Australian landscape was shaped largely by
natural processes and Aboriginal burning
practices. With European occupation came
large-scale land clearing, irrigation of the land
through water diversion from rivers, and the
draining of wetlands. New plant and animal
species were introduced to the landscape.
However, despite the large-scale changes made

FIGURE 1 Climate classification of Australia
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since European occupation, Australia’s major
biomes are still clearly evident.

Source: Data copyright Commonwealth of Australia, 2013 Bureau of

Meteorology. Map drawn by Spatial Vision.

1. Wetlands and rivers

In northern Australia, wetlands have been inhabited by
Indigenous Australian peoples since the beginning of
the Dreaming (more than 50 000 years). These areas
provided them with food and water, and they used
wetland plants such as river reeds and lily leaves to
make fishing traps. Today, wetlands are still important
habitats for native and migratory birds. In many parts
of Australia, they are under threat, because water is
diverted from rivers to produce food crops and cotton.

2. Savanna (grasslands)

Grasslands (or savanna) are generally flat, with either
few trees and shrubs, or very open woodland. For many
native species, grasslands provide vital habitat and
protection from predators. Many grasslands depend

on a regular cycle of burning to germinate their seeds
and to revive the land. Periodic burning also prevents
trees from gaining dominance in the landscape. Before
European occupation, Indigenous Australian peoples
hunted the animals in the grasslands. However, since

then, grasslands have been used extensively for grazing.

FIGURE 2 This billabong in Kakadu National
Park is part of an extensive wetland system that
develops during the wet season.

FIGURE 3 Savanna biomes are typically
dominated by grasses and scattered trees.
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These areas often mark the transition between desert and forest, and are a very fragile biome. Without
careful management they can quickly change to desert. Less than one per cent of Australia’s original native

grasslands survive today.

3. Seagrass meadows

Seagrasses are submerged flowering plants that form
colonies off long, sandy ocean beaches, creating dense
areas that resemble meadows. Of the 60 known species
of seagrass, at least half are found in Australia’s
tropical and temperate waters. Western Australia alone
is home to the largest seagrass meadow in the world.
Seagrasses provide important habitats for a wide
variety of marine creatures, including rock lobsters,
dugongs and sea turtles. They also absorb nutrients
from coastal run-off, slow water flow, help stabilise
sediment, and keep water clear.

4. Old-growth forest

An old-growth forest is one in its oldest growth stage.
It is multi-layered, and the trees are of mixed ages.
Generally, there are few signs of human disturbance.
These forests are biologically diverse, often home to
rare or endangered species, and show signs of natural
regeneration and decomposition. The trees within some
old-growth forests have been felled for their timber
and to create paper products. Logging can reduce
biodiversity, affecting not only the forest itself but
also the indigenous plant and animal species that rely
on the old-growth habitat. It is estimated that clear-
felling of Tasmania’s old-growth forests would release
as much as 650 tonnes of carbon per hectare into

the atmosphere. In Victoria, near Melbourne, many
old-growth forests lie within protected water supply
catchments and help maintain the integrity of the city’s
water supply.

5. Desert

Australian deserts are places of temperature extremes.
During the day, temperatures sometimes exceed

50 °C, but at night this can drop to freezing. Australia’s
desert regions are often referred to as the outback but
they are not all endless plains of sand. Some, such as
the Simpson Desert and the Great Sandy Desert, are
dominated by sand. The Nullarbor Plain and Barkly
Tableland are mainly smooth and flat, while the Gibson
Desert and Sturt Stony Desert contain low, rocky hills.
In some areas, the landscape is dominated by spinifex
and acacia shrubs.

FIGURE 4 Seagrass meadows provide food,
shelter and breeding grounds for marine life.

FIGURE 5 Different layers of vegetation can be
seen in old-growth forests.
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FIGURE 6 Vegetation in desert biomes has
specific adaptations that enable it to survive in
the harsh climate.
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Explore more with myWorldAtlas

Deepen your understanding of this topic with related case studies and questions.
¢ Investigating Australian Curriculum topics > Year 9: Biomes and food security >Australia’s alpine biomes

2.5 INQUIRY ACTIVITIES

1. Select one of the climate zones shown in FIGURE 1 and investigate the biomes found within it. Prepare a
report on the importance of one of these biomes and discuss how it has changed over time. What do you
think should be done to protect it? Examining, analysing, interpreting
2. (a) Investigate one of the Australian biomes and examine how plants and animals have adapted to survive
in it. Create a class collage depicting the way plants and animals have adapted to the Australian

environment.
(b) Explore what this biome is like in another place on Earth. With the aid of a Venn diagram, compare
the two places. Examining, analysing, interpreting

2.5 EXERCISES

Geographical skills key: GS1 Remembering and understanding GS2 Describing and explaining GS3 Comparing and
contrasting GS4 Classifying, organising, constructing GS5 Examining, analysing, interpreting GS6 Evaluating, predicting,
proposing

2.5 Exercise 1: Check your understanding

1. GS2 Explain why Australia has such a wide variety of biomes.

2. GS2 With the aid of a flow diagram, show how the Australian environment changed when European
occupiers arrived.

. GS2 Explain what you understand by the term biodiversity and why it is important.

. GS2 What other types of biomes would you expect to find in Australia?

. GS2 Explain why most of Australia’s native grasslands have disappeared.

(S0 ()

2.5 Exercise 2: Apply your understanding

1. GS5 Describe the interconnection between biomes and climate.

2. GS6 Select one of the biomes discussed in this subtopic. Predict what might happen if it were changed; for
example, if the wetlands were drained, or all the old-growth forests were cut down. Include a reference to
the effect this would have on biodiversity.

3. GS6 Predict what might happen if Victoria’s old growth forests were logged.

4. GS2 Explain why burning is an essential element in maintaining the grassland biome.

5. GS2 Explain why seagrass meadows are often referred to as ‘the forests of the sea’.

Try these questions in learnON for instant, corrective feedback. Go to www.jacplus.com.au.

2.0 The grassland biome

2.6.1 What are the characteristics of grasslands?

Grassland, pampas, savanna, chaparral, cerrado, prairie, rangeland and steppe all refer to a landscape that is
dominated by grass. Once, grasslands occupied about 42 per cent of the Earth’s land surface, but today they
make up about 25 per cent of its land area. Grasslands are found on every continent except Antarctica.

The grassland biome is dominated by grasses, and generally has few or no trees, though there may be
more tree cover in adjoining areas, such as along riverbanks. They develop in places where there is not
enough rain to support a forest but there is too much rain for a desert; for this reason they are sometimes
referred to as a transitional landscape.
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Grasslands are found in both temperate and tropical areas where rainfall is between 250 mm and 900 mm
per year. In tropical regions, grasslands tend to have a distinct wet and dry season. In temperate regions, the
summers tend to be hot and the winters cool. Generally, grasslands in the southern hemisphere receive more
rainfall.

Grasslands can occur naturally or as a result of human activity. The presence of large numbers of grazing
animals and frequent fires prevent the growth of tree seedlings and promote the spread of grasses. Unlike
other plant species, grasses can continue to grow even when they are continually grazed by animals because
their growth points are low and close to the soil. Because grasses are fast-growing plants, they can support a
high density of grazing animals, and they regenerate quickly after fire.

Some grasses can be up to two metres in height, with roots extending up to one metre below the soil.

FIGURE 1 Grasslands occupy about a quarter of the Earth’s land surface.
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Source: Spatial Vision

2.6.2 Why are grasslands important?

Grasslands are the most useful biome for agriculture because the soils are generally deep and fertile.
Almost one billion people depend on grasslands for their livelihood or as a food source. Grasslands are
ideally suited for growing crops or creating pasture for grazing animals. The prairies of North America, for
example, are one of the richest agricultural regions on Earth.

Grasslands are also one of the most endangered biomes and are easily turned into desert. The entire
ecosystem depends on its grasses and their annual regeneration. It is almost impossible to re-establish a
grassland ecosystem once desert has taken over.

Grasslands often depend on fire to germinate their seeds and generate new plant growth. Indigenous
populations, such as Australian Aboriginal peoples, used this technique to flush out any wildlife that was
hidden by long grass.
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In more recent times, grasslands have
been used for livestock grazing and
are increasingly under pressure from
urbanisation. Grasslands have also
become popular tourist destinations, with
people flocking to them to see majestic
herds such as wildebeest, caribou and
zebra, as well as the migratory birds that
periodically inhabit these environments.

All the major food grains — corn,
wheat, oats, barley, millet, rye and
sorghum — have their origins in the
grassland biome. Wild varieties of these
grains are used to help keep cultivated
strains disease free. Many native grass
species have been used to treat diseases
including HIV and cancer. Others have
proven to have properties useful for
treating headaches and toothache.

Grasslands are also the source of a
variety of plants whose fibres can be
woven into clothing. The best known and most widely used fibre is cotton. Harvested from the cottonseed,
it is used to produce yarn that is then knitted or sewn to make clothing. Lesser known fibres include flax and
hemp. Harvested from the stalk of the plant, both fibres are much sturdier and more rigid than cotton but
can be woven to produce fabric. Hemp in particular is highly absorbent and has UV-blocking qualities.

In Australia today, less than one per cent of native grasslands survive, and they are now considered one
of the most threatened Australian habitats. Since European occupation, most native grassland has been
removed or changed by farming and other development. Vast areas of grassland were cleared for crops, and
introduced grasses were planted for grazing animals such as sheep and cattle.

FIGURE 2 Wheat is a type of grass.

FIGURE 3 Grasslands can support a high density of grazing animals. In Australia, we use grasslands for fine wool
production.
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DISCUSS

Few people realise that less than one per cent of Australia’s native grasslands survive. Why does such a
significant loss of grassland biomes not attract the same attention as the loss of other biomes, such as our
tropical rainforest and coral reefs? How would each of the following groups perceive the value of grasslands?

a. Graziers (sheep and cattle farmers)

b. City dwellers

c. Environmentalists [Personal and Social Capability]

Explore more with myWorldAtlas

Deepen your understanding of this topic with related case studies and questions.
o Investigating Australian Curriculum topics > Year 9: Biomes and food security >Wheat

Resources

Interactivity Grass, grains and grazing (int-3318)

2.6 INQUIRY ACTIVITY

Grasslands are located on six of the Earth’s seven continents. Working in groups, investigate one of the grassland
biomes. Using ICT, create a presentation on your chosen biome that covers the following:
a. the characteristics of the environment, including climate and types of grasses that dominate this place
. the animals that are commonly found there
. how the environment is used and changed for the production of food, fibre and wood products
. threats to this particular grassland, including the scale of these threats
. what is being done to manage this grassland environment in a sustainable manner.
Examining, analysing, interpreting
Classifying, organising, constructing

® Q0T

2.6 EXERCISES

Geographical skills key: GS1 Remembering and understanding GS2 Describing and explaining GS3 Comparing and
contrasting GS4 Classifying, organising, constructing GS5 Examining, analysing, interpreting GS6 Evaluating, predicting,
proposing

2.6 Exercise 1: Check your understanding

1. GS1 What is a grassland?

. GS1 Describe the global distribution of grasslands.

. GS1 Why are grasslands an important environment?

. GS1 Describe the major threats to this environment.

. GS2 Explain how Indigenous populations used the grassland environment in a sustainable way.
. GS2 Explain why so little of Australia’s grasslands remain.

arODN

o

2.6 Exercise 2: Apply your understanding

1. GS6 Grasslands are often referred to as a transitional landscape. Suggest a reason why grasslands might be
classified in this way.

. GS2 Grasses are different to other plant species. Explain.

. GS2 Describe how grasslands differ in different climatic regions.

. GS2 Describe the different ways in which the grassland biome is used by people.

. GS6 In some places, attempts are being made to re-establish native grasses. Suggest why it is important to
re-establish native grasslands.

aOrOODN

Try these questions in learnON for instant, corrective feedback. Go to www.jacplus.com.au.
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2. [ Coastal wetlands
2.7.1 What are wetlands?

Wetlands are biomes where the ground is saturated, either permanently or seasonally. They are found

on every continent except Antarctica. Wetlands include areas that are commonly referred to as marshes,
swamps and bogs. In coastal areas they are often tidal and are flooded for part of the day. In the past they
were often considered a ‘waste of space’, and in developed nations they were sometimes drained for
agriculture or the spread of urban settlements.

2.7.2 Why are wetlands important?

Wetlands are a highly productive biome. They provide important habitats and breeding grounds for a
variety of marine and freshwater species. In fact, a wide variety of aquatic species that we eat, such as fish,
begin their life cycle in the sheltered waters of wetlands. They are also important nesting places for a large
number of migratory birds.

Wetlands are a natural filtering system and help purify water and filter out pollutants before they
reach the coast. In addition, they help regulate river flow and stabilise the shoreline. FIGURE 1 shows a
cross-section through a mangrove wetland.

FIGURE 1 Cross-section of a wetland

A Seagrass meadows: C Mangroves:
e are covered by water all the time e have pneumatophores that trap sediment and
e bind the mud and provide shelter for young fish pollutants from the land and sea
e produce organic matter, which is consumed by e change shallow water into swampland
marine creatures. o store water and release it slowly into the
B Tidal flats: ecosystem

e have leaves that decompose and provide a food

e are covered by tides most of the time oo
source for marine life

e are exposed for short periods of the day (low tide)

e are formed by silt and sand that has been
deposited by tides and rivers

e provide a feeding area for birds and fish.

marine creatures and birds.
D Salt marshes:
e are covered by water several times per year

e provide shelter, breeding grounds and a nursery for

e provide decomposing plant matter — an additional

food source for marine life
e have high concentrations of salt.

TOPIC 2 All the world is a biome



Dalywoi Bay in the Northern Territory is a coastal mangrove wetlands area. The topographic map in

FIGURE 2 shows the features of this landscape.

FIGURE 2 Dalywoi Bay, Northern Territory
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Source: The Australian Army © Commonwealth of Australia 1999
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FIGURE 3 Seagrass FIGURE 4 Pneumatophores — the exposed root
system of mangroves that enables them to take in air
when the tide is in

2.7 EXERCISES

Geographical skills key: GS1 Remembering and understanding GS2 Describing and explaining GS3 Comparing and
contrasting GS4 Classifying, organising, constructing GS5 Examining, analysing, interpreting GS6 Evaluating, predicting,
proposing

2.7 Exercise 1: Check your understanding

1. GS2 How have mangroves adapted to survive in their marine-terrestrial environment?

2. GS2 What are seagrass meadows and why are they important?

3. GS1 Define the term ‘wetland’.

4. GS2 Coastal wetlands are tidal. What does this mean?

5. GS6 Wetlands were once described as ‘a waste of space’. Do you think this is an accurate description?
Give reasons for your answer.

2.7 Exercise 2: Apply your understanding

1. GS5 Refer to FIGURE 2 and describe the landscape at the following grid references: 042309, 071329,
030320 and 055290.

2. GS6 In FIGURE 2, locate the grid square inside grid references: 030300, 030310, 040030, 040310.
(@) What is the area covered by these grid squares?
(b) Describe how this environment would change over the course of the day.
(c) A proposal has been put forward to construct a canal housing estate in this location. It is proposed that

the estate will occupy this grid square and its surrounds. Describe the scale of this project.

(d) Explain how the environment may change if this project goes ahead.

3. GS3 Distinguish between a tidal flat and a salt marsh.

4. GS5 Wetlands have been described as a natural purification system. Which part of the wetland
environment would perform this function? Give reasons for your answer.

5. GS6 Describe what might happen if there were no wetlands.

Try these questions in learnON for instant, corrective feedback. Go to www.jacplus.com.au.
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2.8 SkilBuilder: Constructing and describing
a transect on a topographic map

What is a transect?

A transect is a cross-section with additional detail, which 1500

summarises information about the environment. In addition GR410655 GRA27710
to the shape of the land, a transect shows what is on 1450

the ground, including landforms, vegetation, soil types,
settlements and infrastructure.

1400

1350

Select your learnON format to access:
o an explanation of the skill (Tell me)
o a step-by-step process to develop the skill, with an
example (Show me)
e an activity to allow you to practise the skill (Let me do it)
e questions to consolidate your understanding of the skill.

1300

1250

1200

Height above sea level (m)

1150

1100

Landforms Alpine Lake Forest Rugged mountain area

. . Dense | Native
Vegetation Alpine scrub timber [pencil pine

Land use National park

m Resources

H Video eLesson Constructing and describing a transect on a topographic map (eles-1727)
“ Interactivity =~ Constructing and describing a transect on a topographic map (int-3345)

2.9 Coral reefs

2.9.1 Formation of coral reefs

Coral reefs are found in spaces around tropical and subtropical shores. They require specific temperatures
and sea conditions and an area free from sediment. Coral reefs are built by tiny animals called coral polyps.
The upper layer is alive, growing on the remains of millions of dead coral. Coral reefs are one of the oldest
ecosystems on Earth and also one of the most vulnerable to human activity.

Coral reefs are one of the most diverse biomes on Earth and are built by polyps that live in groups.
A reef is a layer of living coral growing on the remains of millions of layers of dead coral. There are inner
and outer reefs as well as coral cays (small islands of coral) and coral atolls.

FIGURE 1 outlines the anatomy of a coral reef, and provides a close-up image of some of the millions of
coral polyps that combine to form a reef. FIGURE 2 shows how different reefs are formed over time.
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FIGURE 1 Anatomy of a coral reef

Island formed
by sea-level rise

) . Outer reef
i : 3 : protects

| z ) : A : inner reef.
Coral polyps &_

-

059 —

A Continental island and fringing reef
B e Corals form in warm shallow saltwater where the temperature is between 18 °C and 26 °C.
o Water must be clear, with abundant sunlight and gentle wave action to provide oxygen and distribute nutrients.
c Coral polyps have soft, hollow bodies shaped like a sac with tentacles around the opening. They cover
themselves in a limestone skeleton and divide and form new polyps.
D Producers such as algae give coral its colour and provide a food source for marine life such as fish. Coral reefs
support at least one-third of all marine species. They are the marine equivalent of the tropical rainforest.
E Beyond the continental shelf, the water is too deep and cold for coral. Sunlight cannot penetrate to allow
coral growth.

TOPIC 2 All the world is a biome 31



FIGURE 2 The formation of fringing reefs, barrier reefs and coral atolls

1 Fringing coral reefs déi/élbb’ =" 3 Formation of a coral
along the shores of |
continents and islands.
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b Eroded volcanic
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2 When sea levels rise, e ] partly submerged
fringing reefs become &, 3 -k ] by rising sea
barrier reefs. i )

¢ Sandy island forms
on reef from eroded
coral and shell

What was once
an island is
now completely
submerged.

2.9.2 Benefits of coral reefs

Today, about 500 million people rely on reef systems, either for their livelihood, as a source of food, or as a
means of protecting their homes along the coastline. (Coral reefs help break up wave action, so waves have
less energy when they reach the shoreline, thus reducing coastal erosion.) It is estimated that coral reefs
contribute between US$28.8 billion and US$375 billion to the global economy each year.

Reefs are important to both the fishing and tourism industries. Approximately 2 million people visit
Australia’s Great Barrier Reef Marine Park alone, generating more than A$2 billion for the local economy.
Nearly one-third of all tourists who visit Australia also visit the Great Barrier Reef.

Coral reefs have been found to contain compounds vital to the development of new medicines.

 Painkillers have been developed from the venom of cone shells.

« Some cancer treatments come from algae.

o Treatments for cardiovascular disease and HIV include compounds that were originally found in

coral reefs.
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2.9.3 Threats to coral reefs

Reefs face a variety of threats.

Explore more with myWorldAtlas

Deepen your understanding of this topic with related case studies and questions.
« Investigate additional topics > Environments > The Great Barrier Reef

Urban development requires land clearing and wetland drainage, which increases erosion. Sediment
washed into water prevents sunlight penetrating the water.

Contamination by fossil fuels, chemical waste and agricultural fertilisers pollutes the sea.

Tourism damages coral through boats dropping anchor, or tourists taking coral or walking on it.
Global warming increases water temperature, which bleaches the coral, turning it white and destroying
the reef system.

Predators, such as the crown of thorns starfish, prey on coral polyps, which affects the whole
ecosystem.

2.9 INQUIRY ACTIVITIES

1.
2.

With the aid of a diagram, explain how coral reefs are formed. Describing and explaining

Investigate two of the threats to coral reefs and prepare an annotated visual display that outlines:

(@) the nature of the threat

(b) the changes that will occur or have occurred as a result of this threat

(c) the impact of these changes on the environment, including references to the rate and scale of the
changes

(d) a strategy for the long-term sustainable management of the reef environment.

Examining, analysing, interpreting
Classifying, organising, constructing

2.9 EXERCISES

Geographical skills key: GS1 Remembering and understanding GS2 Describing and explaining GS3 Comparing and
contrasting GS4 Classifying, organising, constructing GS5 Examining, analysing, interpreting GS6 Evaluating, predicting,
proposing

2.9 Exercise 1: Check your understanding

s
2.
3.
4,

5.

GS2 Explain the difference between a fringing reef and a barrier reef.
GS2 Detail the steps in the formation of a coral reef.

GS2 Why are coral reefs important places?

GS1 What gives coral its colour?

GS1 Outline five key threats to coral reefs.

2.9 Exercise 2: Apply your understanding

1.

GS6 Coral reefs are highly susceptible to climate change.
(@) Explain what you understand by the term climate change.
(b) Explain how the coral reef environment would change if sea temperatures were to rise by 2 °C.

. GS3 Coral reefs and rainforests have a lot in common. With the aid of a Venn diagram, show the similarities

and differences between these two biomes.

. GS5 The English naturalist, biologist and evolutionary scientist Charles Darwin once described coral reefs as

being like an oasis in the desert. Explain what you think Darwin meant by this analogy.

. GS2 Describe the ideal growing conditions for coral.
. GS2 Coral reefs have a ‘garden-like’ appearance, but they are not plants. Explain.

Try these questions in learnON for instant, corrective feedback. Go to www.jacplus.com.au.
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2.10 Managing and protecting biomes

2.10.1 Can we recreate what has been lost?

It is important to consider the long-term impact of our actions and ensure that they do not have a negative
impact on the environment. In the past, human activity has polluted and degraded the land. However, we are
now attempting to learn from our mistakes and repair the damage done.

The role of Biosphere 2

Biosphere 2 (see FIGURES 1 and 2) is a research facility in the Arizona Desert in the USA. It has been
designed to investigate Earth’s life systems. Covering an area of 1.5 hectares and standing almost 28 metres
at its highest point, Biosphere 2 is the world’s largest ecological laboratory. Its mission is to learn more
about how the environment connects with us and how we in turn connect with the environment.

FIGURE 1 Aerial view of Biosphere 2

Within the confines of Biosphere 2, five natural environments have been recreated: rainforest, desert,
savanna, wetland and ocean (including a coral reef). In addition, agricultural and human living spaces have
also been created. More than 3000 living organisms are found across the complex. All systems, including
oxygen levels, water supply and climate
are managed by complex computer FIGURE 2 Ocean recreated within Biosphere 2
systems within the facility. &

While early experiments focused o
on our ability to artificially recreate
the Earth’s biosphere and sustain life
within it, the emphasis has now moved
to investigating the impact of human
activity. Scientists are looking at how
increased burning of fossil fuels and the
destruction of habitats will affect the
natural systems that sustain all life on
the planet.

The project has helped demonstrate the
complexity of the natural processes that
occur on Earth and within particular
biomes. Constant work, effort and thought
is needed to maintain the natural order.
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2.10.2 Landcare and other action groups

Landcare was born in 1986, when a group of farmers near St Arnaud in central Victoria banded together to
find sustainable solutions to their common problem: land degradation. The idea has since been adopted by
the Australian government and has spread nationwide. Landcare is about communities working together on
environmental projects such as:

o cleaning up polluted creeks and waterways

o planting trees

o restoring beach dune systems

 finding workable solutions to problems such as salinity in farming communities

o addressing the growing problem of waste disposal and plastic bags.
Other organisations such as Clean Up Australia and OceanCare operate with a similar vision of protecting
our waterways and oceans from the impacts of land degradation and pollution.

FIGURE 3 Members of the Tangaroa Blue OceanCare group with some of the rubbish collected during a beach
clean-up day

Cf wWW.8Ceancare.org.au ¢

2.10.3 Learning from Indigenous communities

Long before the arrival of European colonisers, Indigenous Australian peoples practised their own form
of agriculture. Rather than simply hunting and gathering, they used knowledge amassed over thousands of
years to manage the native plants and animals they relied on for sustenance. Fire formed the basis of the
Indigenous land management system. A complex system of burning ensured that food supplies were both
sustainable and predictable.

Careful planning enabled them to change the landscape to meet their needs. First they created a grassland
devoid of trees, the food source for grazing animals. Adjacent to this they cleared out the undergrowth and
thinned the trees to create an open forest area that would provide shelter for these same grazing animals.
Then they burned the grassland to create the new growth that would encourage the grazers from the shelter
of the trees and make hunting easier.

Burning was usually carried out at night time or in the early morning to produce a ‘cool fire’. The
evening dew helped control the heat produced and made the fire easier to control. Such fires were also
self-extinguishing; once the grass was burned, the fire simply went out.

This was preferable to a ‘hot fire’ fanned by the flammable oils sweated by plants in the heat of the day,
which could easily get out of control.

TOPIC 2 All the world is a biome 35



Indigenous Protected Areas

Indigenous Protected Areas (IPAs) are wholly managed using traditional practices. Generational knowledge
is passed down and preserved for future generations. Approximately 36 per cent of Australia’s protected
areas is under the control of local Indigenous communities. The first [PA was established at Nantawarrina,
about 555 kilometres north of Adelaide, in 1998. The largest is Southern Tanami in the Northern Territory,
at 10.16 million hectares, and the smallest is Pulu Islet in the Torres Strait, at about 15 hectares.

FIGURE 4 Map of Indigenous Protected Areas
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2.10 INQUIRY ACTIVITIES

1. Use the internet to learn more about Biosphere 2 and a similar facility, the Eden Project, in England. Display

your findings as an annotated visual display.

Examining, analysing, interpreting

Classifying, organising, constructing

2. Investigate what projects have been carried out in your local area to restore the natural environment.

Examining, analysing, interpreting

36 Jacaranda Geography Alive 9 Victorian Curriculum Second Edition




2.10 EXERCISES

Geographical skills key: GS1 Remembering and understanding GS2 Describing and explaining GS3 Comparing and
contrasting GS4 Classifying, organising, constructing GS5 Examining, analysing, interpreting GS6 Evaluating, predicting,
proposing

2.10 Exercise 1: Check your understanding

GS1 How did Indigenous land management differ from that of European colonisers?

GS1 What is Biosphere 2?

GS2 Explain the purpose of Landcare.

GS1 Identify three different types of projects that Landcare has undertaken.

GS1 Why was the use of fire an integral part of land management for Indigenous communities?

.10 Exercise 2: Apply your understanding

. GS6 Do you think projects such as Biosphere 2 serve a useful purpose? Give reasons for your answer.

. GS6 The media is constantly filled with information about the state of the environment. Write a letter to the
editor in response to the following statement: ‘Biosphere 2 has done little to increase or improve our
understanding of the environment, which continues to deteriorate. Our energies should be directed towards
the sustainable use of the resources we have, rather than being frittered away on such experiments, which
are nothing more than expensive toys.’

. GS6 Why do you think Indigenous Protected Areas have been established?

4. GS5 Each year bushfires cause an enormous amount of damage to biomes.

(@ Why were uncontrolled fires relatively unknown prior to the arrival of European colonisers?
(b) Do you think more widespread use of Indigenous land management methods could prevent such
widespread destruction? Justify your point of view.

5. GS2 Consider Indigenous land management techniques.

(@) Outline the difference between a ‘cool fire’ and a ‘hot fire’.

(b) Explain why a ‘cool burn’ is used as a form of land management.

e R o

()

Try these questions in learnON for instant, corrective feedback. Go to www.jacplus.com.au.

2.11 Thinking Big research project: Our world of
biomes AVD

=
c
°

SCENARIO

The Department of the Environment has commissioned you to
carry out an in-depth study of biomes, their characteristics and
the factors that influence their development. You will create an
engaging annotated visual display to showcase your findings.

Select your learnON format to access:

« the full project scenario

» details of the project task

« resources to guide your project work
e an assessment rubric.

Resources

ProjectsPLUS Thinking Big research project: Our world of biomes AVD (pro-0188)
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2.12 Review

2.12.1 Key knowledge summary
Use this dot point summary to review the content covered in this topic.

2.12.2 Reflection
Reflect on your learning using the activities and resources provided.

Resources

eWorkbook Reflection (doc-31714)
Crossword (doc-31715)
Interactivity All the world is a biome crossword (int-7644)

only

KEY TERMS

biodiversity the variety of plant and animal life within an area

canal housing estate a housing estate built upon a system of waterways, often as the result of draining
wetland areas. All properties have water access.

clear-felling the removal of all trees in an area

coral polyp a tube-shaped marine animal that lives in a colony and produces a stony skeleton. Polyps are the
living part of a coral reef.

deforestation clearing forests to make way for housing or agricultural development

land degradation deterioration in the quality of land resources caused by excessive exploitation

latitude the angular distance north or south from the equator of a point on the Earth’s surface

leaching the process by which water runs through soil, dissolving minerals and carrying them into the subsoil
leeward describes the area behind a mountain range, away from the moist prevailing winds

logging large-scale cutting down, processing and removal of trees from an area

organic matter decomposing remains of plant or animal matter

pneumatophores exposed root system of mangroves, which enables them to take in air when the tide is in
prairie native grassland of North America

precipitation the forms in which moisture is returned to the Earth from the sky, most commonly in the form of
rain, hail, sleet and snow

rain shadow the dry area on the leeward side of a mountain range

salinity the presence of salt on the surface of the land, in soil or rocks, or dissolved in rivers and groundwater
treeline the edge of the area in which trees are able to grow

tundra the area lying beyond the treeline in polar or alpine regions

urbanisation the growth and spread of cities

windward describes the side of the mountain that faces the prevailing winds
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2.3 SkillBuilder: Describing spatial relationships in
thematic maps
2.3.1 Tell me

What are spatial relationships in thematic maps?
A spatial relationship is the interconnection between two or more pieces of information in a thematic map,
and the degree to which they influence each other’s distribution in space.

How are spatial relationships in thematic maps useful?
Spatial relationships between features or information in thematic maps are the links between the distribution
of those features. Finding these links can help us to see the world in an organised manner. They are useful
in helping you, as a student, to understand how one thing affects another.

They are also used by:

o councils, when determining planning permits

o transport authorities, when determining new freeways, rail links and tunnels

o meteorologists, when predicting the weekly weather.

A description of a spatial relationship in thematic maps:

o clearly identifies which features on thematic maps are linked or interconnected

e points out obvious anomalies, where no linkages or interconnections can be observed

« describes the extent of interconnections (for example, as strong or weak).

2.3.2 Show me

How to find and describe a spatial relationship in thematic maps

You will need:

o two thematic maps that can be compared

e an atlas.
Model
The maps in FIGURES 1(a) and 1(b) show that, across Asia, there is a strong interconnection between climate
and biomes. In areas of high rainfall throughout the tropics, rainforest biomes dominate. In western India’s
hot desert and in the cold mountains, desert biomes exist. In central Asia, the cold deserts and semi-deserts
are so dry that desert and grassland biomes dominate the environment. There is no interconnection between
climate and the wetland biomes of north-east China and Bangladesh’s delta region, but in Asia overall there
is a strong spatial relationship between biomes and climate.

Procedure

Step 1

Use an atlas to familiarise yourself with the mapped area. Placenames are important to use in your writing.
In FIGURES 1(a) and 1(b), identify places such as India and China.

Step 2

Identify areas on both maps that have a distinct interconnection by looking for similar patterns in similar
parts of the maps. In FIGURES 1(a) and 1(b), biomes are clearly linked to climate, with temperatures, rainfall
and other climatic factors having an important role in determining what will grow in an area. Write a few
sentences outlining where these strong interconnections occur. For example: ‘In central Asia, the cold
deserts and semi-deserts are so dry that desert and grassland biomes dominate the environment.’
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Step 3

Search the maps carefully and look for any areas where there seem to be no connections between biomes
and climate. If necessary, write a few sentences outlining where there are no interconnections. For example:
‘The wetland biomes of north-east China and the Bangladesh delta are not linked to climate.’

Step 4

Conclude your paragraph with a final statement about spatial relationships. For example: ‘In Asia there is a
strong spatial relationship between biomes and climate.’

FIGURE 1(a) Thematic map of Asia showing biomes
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B Video eLesson Describing spatial relationships in thematic maps (eles-1726)

" Interactivity Describing spatial relationships in thematic maps (int-3344)

Jacaranda Geography Alive 9 Victorian Curriculum Second Edition



2.3.3 Let me do it

Complete the following activities to practise this skill.

2.3 ACTIVITIES

1. Study the thematic maps showing Australia’s climate and biomes, shown in FIGURES 2 and 3. In a
paragraph, describe the spatial relationship between biomes and climate in Australia. Use the checklist to
ensure you cover all aspects of the task.

2. Based on what you have learned in this SkillBuilder, apply your skills to answer the following questions.
(@) Is there a strong relationship between Australia’s arid climates and desert biomes? Explain your answer.
(b) Is there a spatial relationship between Australia’s tropical rainforests and climate?
(c) Is the spatial relationship between climate and the savanna (grassland) biome strong or weak? Explain

your answer.

(d) Name the main biome found in Tasmania. Why might there be only one biome on the map?
(e) Find one biome that does not occur in Australia. Suggest reasons why this is the case.

FIGURE 2 Climate classification of Australia
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Source: Data copyright Commonwealth of Australia, 2013 Bureau
of Meteorology. Map drawn by Spatial Vision.
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FIGURE 3 Major biomes of the world
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Checklist

| have:
o clearly identified which features on thematic maps are linked or interconnected
e pointed out obvious anomalies, where no linkages or interconnections can be observed
» described the extent of interconnections (for example, as strong or weak).
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2.8 SkilBuilder: Constructing and describing a
transect on a topographic map
2.8.1 Tell me

What is a transect?

A transect is a cross-section with additional detail which summarises information about the environment. In
addition to the shape of the land, a transect shows what is on the ground, including landforms, vegetation,
soil types, settlements and infrastructure.

How are transects useful?
Transects can show:

o one or more features that occur along a line between two places

 interconnections between features

o change that occurs along the line.

You can use transects to identify changes in landforms, vegetation and land use. They can also help to
show the way certain features, such as landforms, influence other features, such as vegetation. They help us
to understand interconnections in the environment.

Transects are used by:

 land developers wanting to explore the key features of an environment

o agronomists seeking to record plant species between two points

 journalists wanting to show differences within a country.
A good transect:

e is drawn in pencil

o has ruled axes

o has labelled axes

o uses small dots

e is drawn with a smooth curve

o identifies key aspects such as slope, landform, vegetation and land use

o includes a title.

A good description of a transect:

o describes the key aspects of slope, landform, vegetation and land use

« identifies interconnections between key features

e notes any anomalies.

2.8.2 Show me

How to construct and interpret a transect

You will need:
o atopographic map of the region being considered
o a piece of paper with a straight edge for marking the contours
o another sheet of paper, or graph paper, to draw the transect on
 alight grey pencil
e aruler.
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Model

FIGURE 1 A transect of the Walls of Jerusalem National Park, Tasmania
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Description of transect

The transect reveals that the main vegetation in the southern areas of the Walls of Jerusalem National Park
(where the undulating land reaches 1200 metres) is light alpine scrub. This area contains a lake before

the scrub changes to dense timber as the land increases in height. The dense timber gives way to native
pencil pines as the land gains further height from 1250 metres to 1400 metres. Where the land rises to 1450
metres, the area is described as rugged mountains. All of this area is designated national parkland.
Procedure

To complete a transect, you must have a topographic map of the place you wish to examine. You then need
to choose the area you would like to look at and the two points that will give you the best line through that
area. Remember that you will be examining the land’s shape and features. In FIGURE 1, the two selected
points are grid references 410655 and 427710.

Step 1

Place the straight edge of a piece of paper between the two points. Mark the two extremities of your transect
on the edge. Label these ‘Start’ and ‘Finish’ or give them placenames or grid references from the map.

Step 2

Create a mark where each contour line touches the edge of the paper. Beside each mark, write the height

of the contour line (see FIGURE 2). (It’s a good idea to check the contour interval on the topographic map.
This will tell you how many metres the lines increase or decrease by.) It may be necessary to lift the page
edge or follow the contour line to find a number. Hold your page firmly and lift the edges to prevent your
page moving off the line of the transect. When you have completed all the contour markings, you can lift
the page away from the map.
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FIGURE 2 Marking the contour lines

Step 3
On the other sheet of paper, use your ruler to draw a vertical and a horizontal axis. The horizontal base

line should be as long as your cross-section from start to finish. The vertical scale needs to give a realistic
impression of the slopes and landforms. If you exaggerate the scale too much, you distort the shape of the
land and a hilly area can appear mountainous. Although some vertical exaggeration is acceptable, try to
choose a vertical scale carefully. For this exercise, use one centimetre to represent 100 metres.

Step 4
Place the marked edge of the paper along the horizontal axis. At each contour marking, find the matching

height on the vertical scale. Put a small dot directly across from that height and above the contour marked
on the edge of the paper.

Step 5
Join the dots with a smooth line to show the slope of the land, as shown in FIGURE 3. Notice that a notch has

been used to show a river on the cross-section, and that the river has been labelled. Think about the depth
of the river, and keep the notch shallow. Other features can be marked in a similar way when preparing the

cross-section.

FIGURE 3 Drawing up the shape of the transect
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Step 6
Complete the cross-section with the geographical conventions of a title and labelled axes. Shade the area
below the line of your cross-section (see FIGURE 4).

FIGURE 4 The shape of the land is completed.
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Step 7

Beneath your completed cross-section, draw a table, like that in FIGURE 5, to indicate when a feature changes
on the transect. Label each category to the left of the vertical axis, as in FIGURE 5. Common categories used
here include landforms, vegetation, land use, transport, settlement and sometimes soils, depending on what
you would like to show on your transect.

FIGURE 5 A transect of the Walls of Jerusalem National Park, Tasmania
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Step 8

Complete your transect by referring back to the map to determine where a feature occurs, such as native
pencil pine in FIGURE 5. Place your paper edge back onto the topographic map to be accurate. FIGURE 5
shows three categories completed: landforms, vegetation and land use.

Step 9

Check that the geographical conventions are complete on your transect: include a title and label the axes as
‘Height above sea level’ and ‘Distance’.

Step 10

Compare your transect with that of a classmate. Are the transects identical shapes? If not, it will be because
you have chosen different scales to draw the vertical axis. Land formations can become distorted or
misshapen by the choice of scale, and this is referred to as vertical exaggeration. To calculate the vertical
exaggeration (VE) of your transect, find the scale bar on your map. In FIGURE 5, the original map had a scale
of 1 centimetre to 250 metres, and the transect in FIGURE 5 had a scale of 1 centimetre to approximately

75 metres. The vertical exaggeration of 3.3 is found by dividing the horizontal scale by the vertical scale:

vg = 20
75

=33

The VE is reflected in the shape of the transect, which has sharp, high peaks that are not truly
representative of the real world. Ideally, vertical exaggeration should not distort the natural shape too much.
Step 11
Write a description of the transect. Be sure to:

o describe the key aspects of slope, landform, vegetation and land use

« identify interconnections between key features

o make note of any anomalies.

Resources

Digital doc Topographic map of Dalywoi Bay, Northern Territory (doc-11565)
Video eLesson Constructing and describing a transect on a topographic map (eles-1727)

Interactivity Constructing and describing a transect on a topographic map (int-3345)

2.8.3Letmedoit

Complete the following activities to practise this skill.

2.8 ACTIVITIES

1. Using the topographic map for Dalywoi Bay provided (you can download a copy of the map from the
Resources tab, if you wish), construct a transect from grid reference 017310 to grid reference 080295. Use
the categories of landforms, vegetation and land use. Also calculate the vertical exaggeration of your
transect. Once complete, write a description of the transect. Use the checklist to ensure you cover all
aspects of the task.

2. Based on what you have learned in this SkillBuilder, apply your skills to answer the following questions.

(@) List the biomes found on your transect.

(b) Using the scale, mark the horizontal distance on your transect where the land is affected by water.

(c) How is the vegetation interconnected with the shape of the land?

(d) How does the landform affect human activities?

(e) If you were to build a house on the land shown in your transect, where would you choose to build, and
why?
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FIGURE 6 Dalywoi Bay, Northern Territory
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Checklist

In drawing a transect, | have:
drawn in pencil

ruled the axes

labelled the axes

used small dots
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e drawn with a smooth curve
« identified key aspects such as slope, landform, vegetation and land use
e included a title.

In describing a transect, | have:
» described the key aspects of slope, landforms, vegetation and land use
e identified interconnections between the key features
e noted any anomalies.

Jacaranda Geography Alive 9 Victorian Curriculum Second Edition



2.11 Thinking Big research project: Our world of
biomes AVD

Scenario

Biomes are not all the same. Across the Earth we recognise four distinct terrestrial biomes: forests,
deserts, grasslands and tundra. In addition, there are also different aquatic biomes: freshwater and marine
(saltwater). Within each of these biomes there are also distinct variations — the list seems to be endless!
The Department of the Environment is keen to produce a display that explains these differences and the
various influences on biome development.

Task

You have been commissioned by the Department of the Environment to carry out an in-depth study of
biomes, their characteristics and the factors that influence their development and the variations that exist
within them. You will create an engaging annotated visual display (AVD) to showcase your findings.

Your display must be visually appealing and should include:

e appropriate pictures

o maps (showing the location of different biomes)

o diagrams to help explain the variations within biomes

e written information about biome formation and characteristics.
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Process

e 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 if you wish. You may work
individually or in pairs, depending on your teacher’s preference. Save your settings and the project will
be launched.

o Start by revisiting the content in this topic to refresh your knowledge about the various biomes, then
navigate to the Research forum, where you will find 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 find an
assessment rubric and some helpful weblinks that will provide a starting point for your research.

e As you conduct your research, remember to record details of your sources so you can create a
bibliography to submit with your AVD. Add your research notes and source details to the relevant
topic pages in the Research forum. You can print out the Research report in the Research forum to
easily view all the information you have gathered, if you wish.
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e Once you have completed your research, create your AVD. Use headings to help organise and break up
the information. Add images, diagrams and maps where appropriate and ensure your text information
is clear and concise. Remember to give your AVD a suitable title and to complete your bibliography.

e Review your work thoroughly, checking for correct spelling and grammar. Ensure that all maps have
BOLTSS applied and images have captions. Once you are happy with your work, submit your AVD
and bibliography to your teacher for assessment.

Resources

ProjectsPLUS Thinking Big research project: Our world of biomes AVD (pro-0188)
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2.12 Review

2.12.1 Key knowledge summary
2.2 Defining biomes
o Biomes are sometimes referred to as ecosystems.
o Biomes share similar climate and life forms.
o The Earth has five major biomes: forest, desert, grassland, tundra and aquatic. There are variations
within each biome.

2.4 The characteristics of biomes
o Biomes are controlled by climate.
o Climate is influenced by latitude, landform, ocean currents and air movement.
o Climate determines the type of soil that develops and the life forms that a biome can support.
o The characteristics of soil are determined by temperature, rainfall and the rocks and minerals that
make up the underlying bedrock.
o There are more microbes in a teaspoon of soil than there are people on Earth.
2.5 Australia’s major biomes
o All the major biome types, with the exception of tundra, are found in Australia.
o Before European settlement Australia’s biomes were shaped by natural processes and Aboriginal
burning practices.
o After European settlement, significant changes have been made to Australia’s biomes.
2.6 The grassland biome
o All the major food grains that we use today have their origins in the grassland biome.
o Grasslands can occur naturally or as a result of human activity.
o Forty-two per cent of the planet was once covered in grasslands; today they make up just 25 per cent
of the Earth’s land area.
o Grassland soils are generally deep and fertile, which makes them ideal for agricultural production.

2.7 Coastal wetlands
o Wetlands are saturated either permanently or seasonally.
o They are often tidal and provide important breeding grounds and habitats for both marine and
freshwater species.
o Wetlands are a natural filtering system and regulate river flow.

2.9 Coral reefs
o Coral reefs require specific temperature and sea conditions to develop and survive.
o The top part of the reef is alive; the reef comprises living coral polyps growing on the remains of
dead coral.
o Not only are they an important tourism resource, but they also have compounds that are used in
painkillers and other medicines.
o The reef ecosystem is fragile and easily damaged.
2.10 Managing and protecting biomes
o Research facilities such as Biosphere 2 help to demonstrate the fragile nature of biomes; they are
easily damaged and difficult to re-create.
o Landcare projects are developed by local communities in an effort to restore and protect biomes from
further damage.
o Indigenous land management practices are now being used in an effort to restore and protect biomes.
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2.12.2 Reflection

Complete the following to reflect on your learning.

2.12 ACTIVITIES
Revisit the inquiry question posed in the Overview:

What on Earth are biomes? Are they just another part of the landscape or do we need them to survive?

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

eWorkbook Reflection (doc-31714)
Crossword (doc-31715)

Interactivity All the world is a biome crossword (int-7644)

KEY TERMS

biodiversity the variety of plant and animal life within an area

canal housing estate a housing estate built upon a system of waterways, often as the result of draining
wetland areas. All properties have water access.

clear-felling the removal of all trees in an area

coral polyp a tube-shaped marine animal that lives in a colony and produces a stony skeleton. Polyps are the
living part of a coral reef.

deforestation clearing forests to make way for housing or agricultural development

land degradation deterioration in the quality of land resources caused by excessive exploitation

latitude the angular distance north or south from the equator of a point on the Earth’s surface

leaching the process by which water runs through soil, dissolving minerals and carrying them into the subsoil
leeward describes the area behind a mountain range, away from the moist prevailing winds

logging large-scale cutting down, processing and removal of trees from an area

organic matter decomposing remains of plant or animal matter

pneumatophores exposed root system of mangroves, which enables them to take in air when the tide is in
prairie native grassland of North America

precipitation the forms in which moisture is returned to the Earth from the sky, most commonly in the form of
rain, hail, sleet and snow

rain shadow the dry area on the leeward side of a mountain range

salinity the presence of salt on the surface of the land, in soil or rocks, or dissolved in rivers and groundwater
treeline the edge of the area in which trees are able to grow

tundra the area lying beyond the treeline in polar or alpine regions

urbanisation the growth and spread of cities

windward describes the side of the mountain that faces the prevailing winds
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3 Feeding the world

3.1 Overview

Everyone needs to eat. How does the world produce all the food it needs, and is there a better way?

3.1.1 Introduction

Food is a fundamental part of every
person’s life. For many people, what to
eat each day can be a constant thought
and for some, a constant worry. What
are the foods we eat, and why do these
vary across the globe? How do we
modify biomes to produce the food

we need, and how can we build on our
understanding of food sourcing and
production strategies to feed the world’s
future generations?

Resources

eWorkbook Customisable worksheets for this topic

Video eLesson A plate full of biomes (eles-1718)

LEARNING SEQUENCE
3.1 Overview
3.2 What does the world eat?
3.3 How can we feed the world?
3.4 Modifying biomes for agriculture
3.5 Food production in Australia
3.6 SkillBuilder: Describing patterns and correlations on a topographic map
3.7 Indigenous Australians’ food security over time
3.8 Rice — an important food crop
3.9 Cacao — a vital cash crop
3.10 SkillBuilder: Constructing ternary graphs
3.11 Thinking Big research project: Subsistence living gap-year diary

3.12 Review

only

only only only

To access a pre-test and starter questions and receive immediate, corrective feedback and sample responses
to every question, select your learnON format at www.jacplus.com.au.
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3.2 What does the world eat?

3.2.1 The major food staples

Staple foods are those that are eaten regularly and in such quantities that they constitute a dominant portion
of a diet. They form part of the normal, everyday meals of the people living in a particular place or country.
Staple foods vary from place to place, but are typically inexpensive or readily available. The staple food of
an area is normally interconnected to the climate of that area and the type of land.

Most staple foods are cereals, such as wheat, barley, rye, oats, maize (corn) and rice; or root vegetables,
such as potatoes, yams, taro and cassava. Rice, maize and wheat provide 60 per cent of the world’s food
energy intake; 4 billion people rely on them as their staple food.

Other staple foods include legumes, such as soya beans and sago; fruits, such as breadfruit and plantains
(a type of banana); and fish.

FIGURE 1 Staple foods around the world
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3.2.2 Wheat, maize and fish
Wheat FIGURE 2 Wheat is used in a wide variety
Wheat is a cereal grain that is cultivated across the world. of foods such as breads, biscuits, cakes,

In 2019, the total world production of wheat was nearly bfeakfaSt ceiEalE el preiE

735 million tons, making it the second most produced
cereal after maize (1.1 billion tons) and above rice
(496 million tons). World trade in wheat is greater than
for all other crops combined.

Wheat was one of the first crops to be easily cultivated
on a large scale, with the added advantage of yielding a
harvest that could be stored for a long time. Wheat covers
more land area than any other commercial crop and is the
most important staple food for humans.
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Maize

Maize, or corn, was commonly grown throughout the Americas in the late fifteenth and early sixteenth
centuries. Explorers and traders carried maize back to Europe and introduced it to other countries. It then
spread to the rest of the world, thanks to its ability to grow in different environments. Sugar-rich varieties
called sweet corn are usually grown for human consumption, while field corn varieties are used for animal
feed and biofuel. Maize is the most widely grown grain crop in the Americas, covering 70—100 million
acres of farmland in the US alone, which accounts for nearly 40 per cent of all maize grown in the world.

TABLE 1 Top 10 maize producers, 2019 FIGURE 3 Corn cobs drying outside in Serbia
United States 377.5
China 224.9
Brazil 83.0
India 42.3
Argentina 40.0
Ukraine 39.2
Mexico 32.6
Indonesia 20.8
France 171
South Africa 15.5

Source: www.thedailyrecords.com

Fish

Fish is a staple food in many societies. The oceans provide an irreplaceable, renewable source of food and
nutrition essential to good health. In general, people in developing countries, especially those in coastal
areas, are much more dependent on fish as a staple food than those in the developed world. About 3 billion
people rely on fish as their primary source of animal protein.

FIGURE 4 A fish haul in Bali, Indonesia

-
Explore more with myWoﬁdAﬂos

Deepen your understanding of this topic with related case studies and questions.
« Investigating Australian Curriculum topics > Year 9: Biomes and food security > Wheat
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3.2 EXERCISES

Geographical skills key: GS1 Remembering and understanding GS2 Describing and explaining GS3 Comparing and
contrasting GS4 Classifying, organising, constructing GS5 Examining, analysing, interpreting GS6 Evaluating, predicting,
proposing

3.2 Exercise 1: Check your understanding

1. GS1 Make a list of the main staple foods of the world and the places (continents) where they are grown.
2. GS1 What is biofuel?

3. GS2 Explain why plants, rather than animals, dominate as the major staple foods of the world.

4. GS2 Australia is a major exporter of wheat. Why is Australia able to produce such a surplus?

5. GS2 Why do people in developing countries rely heavily on fish as their primary source of animal protein?

3.2 Exercise 2: Apply your understanding

1. GS6 With the increase in world population and greater pressure on fish stocks, what can be done to sustain
fish stocks in oceans and lakes?

2. GS6 Maize is currently used as feed for animals, as biofuel, and as food for humans. Why might this become
an unsustainable environmental practice in the future?

3. GS6 Explain why, even though fish is a staple food for many people, it can’t be a staple food for everyone.

4. GS6 Referring to TABLE 1, why do you think countries other than those in the Americas are producing large
quantities of maize?

5. GS6 How can regional climates influence the growing of staple foods?

Try these questions in learnON for instant, corrective feedback. Go to www.jacplus.com.au.

3.3 How can we feed the world?
3.3.1 Challenges to feeding the global population

At the beginning of the twentieth century, the entire world population was less than 2 billion people. The
current world population is more than 7.7 billion. Earth’s population is projected to rise to 9 billion people
by 2050, and we all need food. What can we do to ensure there is enough food for everyone?

FIGURE 1 shows that crops occupy half the available agricultural land space. Almost all future population
growth will occur in the developing world. This increased population, combined with higher standards
of living in developing countries, will create enormous strains on land, water, energy and other natural
resources.

There is currently about one-sixth of a hectare of arable land per capita in East and South Asia. With
population growth, and almost no additional land available for agricultural expansion, arable land per capita
will continue to decline.

3.3.2 Food production increases

Agricultural yields vary widely around the world depending on climate, management practices and the
types of crops grown. Globally, 15 million square kilometres of land are used for growing crops —
altogether, that’s about the size of South America. Approximately 32 million square kilometres of land
around the world are used for pasture — an area about the size of Africa. Across the Earth, most land that
is suitable for agriculture is already used for that purpose and, in the past 50 years, we have increased our
food production.

According to the UN Food and Agriculture Organization (FAO), the three main factors that have affected
recent increases in world crop food production are:

o increased cropland and rangeland area

« increased yield per unit area

e greater cropping intensity.
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FIGURE 1 World distribution of cropland, pasture and maize. More maize could be grown if improvements were made
to seeds, irrigation, fertiliser and markets.
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FAO projections suggest that cereal demand will increase by almost 50 per cent by 2050. This can either
be obtained by increasing yields, expanding cropland through conversion of natural habitats, or growing
crops more efficiently. FIGURE 2 shows the growth in crop yields in developing countries from 1961 to what
is predicted for 2030. Rice, maize and wheat have had significant increases in yield.

FIGURE 2 Crop yields in developing countries, 1961-2030
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Agricultural innovations have also changed and increased global food production. They have boosted
crop yields through advanced seed genetics, agronomic practices (scientific production of food plants) and
product innovations that help farmers maximise productivity and quality (see FIGURE 3). In this way, the
nutritional content of crops can be increased.

FIGURE 3 Farmers in a village in Kenya use a laptop to
examine information on plant diseases at a plant health
clinic. They can also consult a plant pathologist and show
them samples of their crops.
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3.3.3 Increasing our food production

World food production has grown substantially over the past century. Increased fertiliser application and
more water usage through irrigation have been responsible for over 70 per cent of crop yield increases.
The Second Agricultural Revolution in developed countries after World War II and the Green Revolution
in developing countries in the mid 1960s transformed agricultural practices and raised crop yields
dramatically.

Since the 1960s agriculture has been more productive, with world per capita agricultural production
increasing by 25 per cent in response to a doubling of the world population.

It is possible to get even more food out of the land we are already using. For example, FIGURE 1 shows
the places where maize yields could increase and become more sustainable by improving nutrient and
water management, seed types and markets.

Environmental factors

In the past, growth in food production resulted mainly from increased crop yields per unit of land and to a
lesser extent from expansion of cropland. From the early 1960s until 2014, total world cropland increased
by only around 10 per cent, but total agricultural production grew by 60 per cent. Increases in yields of
crops, such as sweet potatoes and cereals, were brought about by a combination of:

o increased agricultural inputs

e more intensive use of land

o the spread of improved crop varieties.

In some places, such as parts of Africa and South-East Asia, increases in fisheries (areas where boats are
used to catch fish) and expansion of cropland areas were the main reasons for the increase in food supply.
In addition, cattle herds became larger. In many regions — such as in the savanna grasslands of Africa, the
Andes, and the mountains of Central Asia — livestock is a primary factor in food security today. Fertilisers
have increased agricultural outputs and enabled more intensive use of the land. The global fertiliser use of
208 million tonnes in 2020 represents a 30 per cent increase since 2008.

44 Jacaranda Geography Alive 9 Victorian Curriculum Second Edition



TABLE 1 Fertiliser use, 1959-60, 1989-90 and 2020

Region/nutrient 1959-60 1989-90 m 1960-90 1990-2020

(million nutrient tonnes) (per cent)
Developed countries 24.7 81.3 86.4 4.0 0.2
Developing countries 2.7 62.3 121.6 10.5 2.2
East Asia 1.2 31.4 55.7 10.9 1.9
South Asia 0.4 14.8 33.8 12.0 2.8
West Asia/North Africa 0.3 6.7 11.7 10.4 1.9
Latin America 0.7 8.2 16.2 8.2 2.3
Sub-Saharan Africa 0.1 1.2 4.2 8.3 3.3
World total 27.4 143.6 208.0 5.5 1.2
Nitrogen 9.5 79.2 115.3 7.1 1.3
Phosphate 9.7 37.5 56.0 4.5 1.3
Potash 8.1 26.9 36.7 4.0 1.0

Source: Bumb, B. and C. Baanante. 1996. World Trends in Fertilizer Use and Projections to 2020. Policy Brief 38, Table 1. Washington,
DC: International Food Policy Research Institute http://www.ifpri.org/publication/world-trends-fertilizer-use-and-projections-2020

Trade factors and economic factors
From the 1960s onwards, there has been significant growth of world trade in food and agriculture. Food and
fertiliser imports by developing countries have grown, reducing the threat of famine in those countries.

TABLE 2 Percentage share of crop production increases, 1961-2030

Increases
Arable land in cropping Harvested land
expansion (1) intensity (2) expansion (1+2) Yield increases

1997/99 1997/99 1997/99 1997/99
1961-99 | -2030 | 1961-99 | -2030 | 1961-99 | -2030 | 1961-99 | -2030

All developing countries

South Asia 6 6 14 13 20 19 80 81
East Asia 26 5 -5 14 21 19 79 81
East/North Africa 14 13 14 19 28 32 72 68
Latin America and the 46 33 -1 21 45 54 55 46
Caribbean

Sub-Saharan Africa 35 27 31 12 66 39 34 61
World 15 7 22 78
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3.3.4 The impact of the Green Revolution

The Green Revolution was a result of the development and
planting of new hybrids of rice and wheat, which led to greatly
increased yields. There have been a number of green revolutions

FIGURE 4 Applying fertiliser to crops
in the Punjab, India
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since the 1950s, including those in: Fg:- W _ l 3 _
o the United States, Europe and Australia in the 1950s . _ Yy a2
and 1960s R |
p

o New Zealand, Mexico and many Asian countries in
the late 1960s, 1970s and 1980s.

The Green Revolution saw a rapid increase in the output
of cereal crops — the main source of calories in developing
countries. Farmers in Asia and Latin America widely adopted
high-yielding varieties. Governments, especially those in Asia,
introduced policies that supported agricultural development. In
the 2000s, cereal harvests in developing countries were triple
those of 40 years earlier, while the population was only a little
over twice as large.

Planting of high-yield crop varieties coincided with expanded
irrigation areas and fertiliser use, leading to significant increases
in cereal output and calorie availability.

3.3 INQUIRY ACTIVITIES

1. FIGURE 1 shows where more crops could be grown. Investigate how Mexico or a country in West Africa or
Eastern Europe could improve the sustainability of its agriculture. Create a mind map or flow chart diagram
to represent your findings. Classifying, organising, constructing
2. Research the background of the Green Revolution — why it occurred, the key places involved and the
changes that resulted. Create a dot-point summary of your findings. Examining, analysing, interpreting
3. Some scientists are suggesting that there will be a new Green Revolution. Investigate current thinking and
predict the potential scale of this possible agricultural change. Examining, analysing, interpreting
Evaluating, predicting, proposing

3.3 EXERCISES

Geographical skills key: GS1 Remembering and understanding GS2 Describing and explaining GS3 Comparing and
contrasting GS4 Classifying, organising, constructing GS5 Examining, analysing, interpreting GS6 Evaluating, predicting,
proposing

3.3 Exercise 1: Check your understanding

1. GS1 Refer to FIGURE 1 and describe the distribution of places in the world with pasture and grasslands.
. GS1 How could crop production be increased in places such as Eastern Europe or Western Africa?

. GS2 Explain the impact of an increasing population on world environments.

GS2 Explain why agricultural innovations can change food production.

. GS1 In the past, what were the two reasons for the increase in food production?

. GS1 Refer to TABLE 1. Describe the trends in the use of fertilisers from 1960 to 2020.

GS2 Explain the significance of trade in food production.

. GS2 Discuss the three reasons for improved crop production.

ONOGAON

3.3 Exercise 2: Apply your understanding

1. GS6 Consider FIGURE 1. Suggest reasons why some regions are much higher crop producers than others.

2. GS2 Were the changes brought about during the Green Revolution successful? Explain.

3. GS6 With reference to specific places, suggest how increasing population densities might influence future
crop production.
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4. GS6 FIGURE 1 refers to the potential increase in maize crop yields. Suggest how this could be of benefit to a
future world population.

5. GS6 Would food production be secure if we grew fewer crops better? Explain your view.

6. GS5 FIGURE 2 refers to crop yields in developing countries over time. Suggest why rice, maize and wheat
have the greatest increases in yields. Would these increases be similar in the developed regions of the
world? Explain your answer.

Try these questions in learnON for instant, corrective feedback. Go to www.jacplus.com.au.

3.4 Modifying biomes for agriculture
3.4.1 Using technology for food production

In the twentieth century, rapid global population growth gave rise to serious concerns about the ability of
agriculture to feed humanity. However, newer processes and technology produced additional gains in food
production.

Across the world, people have modified biomes to produce food through the application of innovative
technologies. In general, the focus of agriculture is to modify water, climate, soils, land and crops.

3.4.2 How do we modify climate?

Irrigation is the artificial application of water to the land or soil to supplement natural rainfall. It helps to
increase agricultural production in dry areas and during periods of inadequate rainfall. (See sections 3.5.3
and 3.8.3 for examples of irrigation farming.)

In flood irrigation, water is applied and distributed over the soil surface by gravity. It is by far the
most common form of irrigation throughout the world, and has been practised in many areas, virtually
unchanged, for thousands of years.

Modern irrigation methods include computer-controlled drip systems that deliver precise amounts of
water to a plant’s root zone.

Another way of modifying climate is with the use of greenhouses (or glasshouses), which are used for
growing flowers, vegetables, fruits and tobacco (see FIGURE 1). Greenhouses provide an artificial biotic
environment to protect crops from heat and cold and to keep out pests. Light and temperature control
allows greenhouses to turn non-arable land into arable land, thereby improving food production in marginal
environments. Greenhouses allow crops to be grown throughout the year, so they are especially important in
high-latitude countries.

FIGURE 1 Vegetables growing inside a greenhouse

TOPIC 3 Feeding the world 47



The largest expanse of plastic greenhouses in the world is around the city of Almeria, in south-east Spain
(see FIGURE 2). Here, since the 1970s, semi-arid pasture land has been replaced by greenhouse horticulture.
Today, Almeria has become Europe’s market garden. In order to grow food all year round, the region has
about 26 000 hectares of greenhouses.

FIGURE 2 False-colour satellite image of greenhouses in the Almeria
region
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Source: American Geophysical Union

3.4.3 How do we modify soils?

Fertilisers are organic or inorganic materials that are added to soils to supply one or more essential plant
nutrients. As discussed in subtopic 3.3, fertilisers play a key role in producing high-yield harvests; it is
estimated that about 40 to 60 per cent of crop yields are due to fertiliser use, and that by adding fertiliser
to crops, food for almost half the people on Earth is produced.

3.4.4 How do we modify landscapes?

People change landscapes in order to produce food. Undulating land can be flattened, steep slopes terraced,
or stepped, and wetlands drained. Land reclamation is the process of creating new land from seas, rivers or
lakes. In addition, it can involve turning previously unfarmed land, or degraded land, into arable land by
fixing major deficiencies in the soil’s structure, drainage or fertility.

In the Netherlands, the Dutch have tackled huge reclamation schemes to add land area to their country.
One such scheme is the [Jsselmeer (see FIGURE 3), where four large areas (polders) have been reclaimed
from the sea, adding an extra 1650 square kilometres for cultivation. This has increased the food supply in
the Netherlands and created an overspill town for Amsterdam.
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FIGURE 3 Land reclamation in the Netherlands
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3.4 EXERCISES

Geographical skills key: GS1 Remembering and understanding GS2 Describing and explaining GS3 Comparing and
contrasting GS4 Classifying, organising, constructing GS5 Examining, analysing, interpreting GS6 Evaluating, predicting,
proposing

3.4 Exercise 1: Check your understanding

. GS1 To improve food production, what aspects of biomes are modified?
. GS1 What is the most common form of irrigation in the world?

. GS1 What changes to the environment are made by land reclamation?
. GS1 What is greenhouse horticulture?

. GS2 How do fertilisers improve crop yields?

-
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3.4 Exercise 2: Apply your understanding
1. GS6 Refer to FIGURES 1 and 2. How do greenhouses modify spaces and places on the Earth’s surface?
2. GS2 How is land that is reclaimed from the sea, such as the Netherlands’ polders, made productive for
farming and food production?
3. GS2 Refer to FIGURE 3. Use the scale to calculate the approximate area of new land created in Flevoland.
4. GS6 Study FIGURE 3. What might be the purpose of the pumping stations?
5. GS2 People can modify landscapes in order to produce food. What can be done with:
(@) undulating land
(b) steep slopes
(c) wetlands?

Try these questions in learnON for instant, corrective feedback. Go to www.jacplus.com.au.

3.5 Food production in Australia
3.5.1 The distribution of different agriculture

Modern food production in Australia can be described as commercial agricultural practices that produce
food for local and global markets. Farms may produce a single crop, such as sugar cane, or they may be
mixed farms that produce cereal grains and sheep for wool, for example. Farms today use sophisticated

technology, and in many cases are managed by large corporations with an agribusiness approach.

There is a wide range of agriculture types in Australia, as shown in FIGURE 1. They occupy space across
all biomes found in Australia, from the tropics to the temperate zones.

The location of farms in Australia shows that there is a change in the pattern of farming types, from the
well-watered urban coastal regions towards the arid interior. Because much of Australia’s inland rainfall is
less than 250 millimetres, farm types in these places are limited to open-range cattle and sheep farming.

The pattern of land use and transition of farm types is shown in FIGURE 2. It illustrates that intensive
farms, which produce perishables such as fruit and vegetables, are located on high-cost land close to urban
markets. At the other extreme, the extensive farms, which manage cattle for meat and sheep for wool, are
found on the less expensive lands distant from the market.

3.5.2 Types of farming in Australia

Extensive farming of sheep or cattle

Sometimes known as livestock farming or grazing, sheep and cattle stations are found in semi-arid and
desert grassland biomes, with rainfall of less than 250 millimetres. In 2017 Australia’s 26 million cattle
were predominantly farmed in Queensland, New South Wales and Victoria, while our 72 million sheep
were found mainly in New South Wales, Victoria and Western Australia. Farms are generally large in scale,
sometimes covering hundreds of square kilometres. These days, they have very few employees, and often
use helicopters and motor vehicles for mustering. Meat and wool products go to both local and overseas
markets for cash returns.
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FIGURE 1 Types of agriculture in Australia
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FIGURE 2 Changes in agricultural land use
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FIGURE 3 Cattle mustering

Wheat farms
About 30000 farms in Australia grow wheat as a major crop, and the average farm size is 910 hectares,

or just over 9 square kilometres. Wheat production in Australia for 2017 was 31 million tonnes. As in
other areas of the world, extensive wheat farming is found in mid-latitude temperate climates that have
warm summers and cool winters, and annual rainfall of approximately 500 millimetres. In Australia, these
conditions occur away from the coast

in the semi-arid zone. The biome FIGURE 4 Harvesting wheat with a combine harvester

associated with this form of food
production is generally open grassland,
mallee or savanna that has been cleared
for the planting of crops.

Soils can be improved by the
application of fertilisers, and crop
yields increased by the use of disease-
resistant, fast-growing seed varieties.
Wheat farms are highly mechanised,
using large machinery for ploughing,
planting and harvesting. The farm
produce, which can amount to 2 tonnes
per hectare, is sold to large corporations
in local and international markets.
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Mixed farms

Mixed farms combine both grazing and cropping practices. They are located closer to markets in the wetter
areas, and are generally small in scale, but operate in much the same way as cattle and sheep farms.

Intensive farming

Intensive farms are close to urban centres,
producing dairy, horticulture and market
gardening crops. They produce milk, fruit,
vegetables and flowers, all of which are
perishable, sometimes bulky, and expensive to
transport. The market gardens are capital- and
labour-intensive, because the cost of land near
the city is high, and many workers are required
for harvesting.

Plantation farming

This form of agriculture can often be found in
warm, well-watered tropical places. Plantations
produce a wide range of produce such as coffee,
sugar cane, cocoa, bananas, rubber, tobacco and
palm oil. Farms can be 50 hectares or more in

size. Although many such farms in Australia are

gardens.

FIGURE 5 Strawberries are typically grown in market

family owned, in other parts of the world they are often operated by large multinational companies. Biomes
that contain plantations are mainly tropical forests or savanna, and require large-scale clearing to allow for
farming. Cash returns are high, and markets are both local and global.

FIGURE 6 A banana plantation near Carnarvon, Western Australia
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3.5.3 CASE STUDY: Farming around Griffith, New South Wales

Modern-day food production relies heavily on technology to create ideal farming conditions. This may
involve reshaping the land to allow for large agricultural machinery and for the even distribution and
drainage of water. Uneven or unreliable rainfall can be supplemented by irrigation. As a result of such
changes, large areas can become important farmland.

Griffith, located in the Western Riverina region of New South Wales, is an important agricultural and
food-processing centre for the region, generating more than $2 billion dollars’ worth of food in 2016-17.
The Riverina region has a diverse agricultural sector. The most important commodities in the region in
2016—17 were wheat ($519 million), followed by cattle ($241 million) and canola ($218 million). Oranges
and rice, which are irrigated crops, were valued at $150 million and $110 million respectively.

FIGURE 7 Orange trees growing in an orchard near Griffith, New South Wales

The first European explorer to the area was John Oxley, who described the region as ‘uninhabitable and
useless to civilised man’. This was largely due to the lack of a suitable water supply. The construction
of irrigation canals in 1906 established a reliable source of water that could be used in food production.
The region has become an important food centre owing to the large-scale use of irrigation combined with
suitable flat land, fertile soils and a mild climate.

To investigate the area in more detail, study the topographic map shown in FIGURE 8.

Resources

Digital doc  Topographic map of Griffith (doc-11566)
Google Earth Giriffith, New South Wales
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3.5 INQUIRY ACTIVITIES

1. Investigate which foods are grown closest to you. Create a map infographic showing locations and types of

food grown. Examining, analysing, interpreting

Classifying, organising, constructing
2. Collect information on the percentage of land used for the different forms of farming in Australia and present

this data in a graph. Comment on the details shown in your graph. Examining, analysing, interpreting

Classifying, organising, constructing
3. One plantation industry is palm oil production. It often has great impacts on tropical biomes; loss of habitat
is one such impact. On a world map, locate major palm oil production areas and explain the implications of

loss of habitat in those areas. Examining, analysing, interpreting

4. Various plantations in Queensland (such as pineapple, sugar cane and banana plantations) are associated
with fertiliser run-off, which is affecting the Great Barrier Reef. Investigate this issue and find out what effects

fertiliser has on this aquatic environment. Examining, analysing, interpreting

3.5 EXERCISES

Geographical skills key: GS1 Remembering and understanding GS2 Describing and explaining GS3 Comparing and
contrasting GS4 Classifying, organising, constructing GS5 Examining, analysing, interpreting GS6 Evaluating, predicting,
proposing

3.5 Exercise 1: Check your understanding
1. GS1 Which type of agricultural land use is closest to urban centres, and which is the furthest away?
2. GS1 How does the environment in the centre of Australia affect farming types?
3. GS1 What is the interconnection between climate and farm type in Australia? (Hint: Refer to a climate map
in your atlas for ideas.)
4. GS2 Explain why extensive, large-scale cattle and sheep farms are typically located in remote and arid
regions of Australia.
5. GS2 Using the FIGURE 1 map of agriculture types in Australia, describe and explain the location of:
(@) wheat farms
(b) dairy farms.
. GS4 Are orchards and vineyards an example of intensive or extensive farming? Explain.
7. GS3 Compare the pattern of irrigation channels and buildings in AR3919 and AR4220 in FIGURE 8. Suggest
a reason for the differences you can see.

o

3.5 Exercise 2: Apply your understanding
1. GS6 What would be the impact of flood or drought on any of the commercial methods of food production?
2. GS6 Predict the impact of the growth of Australian capital cities on the sustainability of surrounding market
gardens.
3. GS2 Why is much of Australia’s food production available for export?
4. GS6 It used to be said that Australia’s economy ‘rode on the sheep’s back’. What do you think this means,
and do you think it is still true today?
5. GS6 What types of environment might have existed in the Griffith area when Oxley first arrived?
6. GS5 Study FIGURE 8.
(@) ldentify and name a possible source of irrigation water on the map.
(b) How is water moved around this area? (Hint: Follow the blue lines.)
(c) Using the contour lines and spot heights as a guide, estimate the average elevation of the map area.
(d) What is the importance of topography (the shape of the land) to irrigation?
(e) What types of farming are found at the following places?
i. GR410195
i. GR413220
(f) Approximately what percentage of the map area is irrigated?
(9) Within Griffith there are many factories that process raw materials, such as rice mills, wineries and juice
factories. What would be the advantages and disadvantages of locating processing factories close to
growing areas?

Try these questions in learnON for instant, corrective feedback. Go to www.jacplus.com.au.
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3.0 SkilBuilder: Describing patterns and
correlations on a topographic map

only

What are patterns and correlations on a topographic map?
A pattern is a sequence in which features are distributed or spread. A
correlation shows how two or more features are interconnected — that

is, the relationship between the features. Patterns and correlations in a
topographic map can show us cause-and-effect connections.

Select your learnON format to access:

e an overview of the skill and its application in Geography
(Tell me)

e avideo and a step-by-step process to explain the skill
(Show me)

e an activity and interactivity for you to practise the skill
(Let me do it)

e questions to consolidate your understanding of the skill.

Resources

Video eLesson Describing patterns and correlations on a topographic map (eles-1729)

Interactivity Describing patterns and correlations on a topographic map (int-3347)

3.7 Indigenous Australians’ food security over time
3.7.1 Caring stewards of the land

The sustainable land and resource management practices of Aboriginal and Torres Strait Islander peoples
carried out over many thousands of years ensured food security for the people and respect for the lands,
waterways, lakes and marine environments that sustained them. At the time of European occupation in
1788, most Indigenous Australians were hunters and gatherers. However, some nations had abundant food
supplies in their regions and were able to largely settle in one place. In all cases their deep knowledge and
close association with the land allowed for sustainable management of the ecosystems and biomes in which
they lived. The ‘world view’ that describes this sustainable lifestyle is called an ‘earth-centred’ approach.
This means people’s interaction with the environment is one of caring stewardship.

3.7.2 Sourcing food

Indigenous Australian peoples sourced their foods from a wide range of uncultivated plants and wild
animals, with some estimates suggesting there were up to 7000 different sources of food. The composition
of the food was greatly influenced by both the season and geographic location of the community region.

In Aboriginal communities there was a division of labour among men, women and children. Food sources
based on cereals, fruits and vegetables were collected or gathered daily by women and children. Men were
involved more in hunting for game and fishing, as well as in wider-scale land management using fire.

To ensure food security, communities developed a range of sustainable food-gathering techniques. For
example, some seeds from gathered plants were left behind to allow for new growth, and a few eggs were
always left in nests to hatch. This ensured that species would survive and communities could expect to find
food in the same place in the future. FIGURE 1 provides details of traditional food types from both tropical
and temperate regions of Australia, including arid and desert regions.
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FIGURE 1 A selection of different foods and water resources

Cereal foods: Grass seeds from the clover fern were ground to form flour for damper. Many other seed types
were similarly treated.

Fruit and vegetables: Fruits, berries, orchids and pods were available, depending on the region and seasonal
availability (for example, sow thistle, lilly pilly, pigface fruit, kangaroo apple, wild raspberry, quandong and native
cherry) as well as wild figs, plums, grapes and gooseberries. Also eaten were plant roots such as bull rushes,
yams and bulbs; the heart of the tree fern and the pith of the grass tree; and the blister gum from wattles, native
truffles and mushrooms.

Eggs: Emu, duck, pelican and many other birds’ eggs were eaten.

Meat: Meats included insects such as the larval stage of the cossid moth or witchetty grub and the Bogong moth,
honey ants, native bees and their honey, and scale insects; animals such as kangaroos, emus, eels, crocodiles,
sea turtles, snakes, goannas and other lizards; and birds such as ducks, gulls and pelicans.

Fish and shellfish: Freshwater fish, such as perch, yabbies and mussels in creeks and rock holes, and all
varieties of saltwater fish were caught.

Medicines: Over 120 native plants were used as sedatives, ointments, diarrhoea remedies, and cough and cold
palliatives as well as for many other known treatments.

Water: Water was obtained from rivers, lakes, rock holes, soaks, beds of intermittent creeks and dew deposited
on surfaces. Moisture obtained from foods such as tree roots and leaves also provided water.

Torres Strait Islander peoples

Torres Strait Islander peoples’ food sources, both historically and today, are based on fishing, horticulture
and inter-island trading activities. Torres Strait Islander peoples have a profound understanding of the sea,
including its tides and sea life. While their food sources vary from island to island, their lifestyle can be best
described as subsistence agriculture with seafood, garden foods and other produce stored and preserved for
both local use and trade.

FIGURE 2 Cooking bush food in a traditional Kup Murrie, or ground oven
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3.7.3 The use of fire

The use of fire was a significant aspect of Indigenous Australian peoples’ land management. What has been
described as the ‘park-like’ landscape of the Australian bush was purposely created by clearing forest in
controlled burns using fire sticks. After the fires, new plant growth with tender shoots attracted all types of
birds and animals to the area. The grassland areas that resulted from the controlled burning of the landscape
became ideal places to hunt kangaroos. Burning also flushed animals out into the open where they could

be speared (see FIGURE 3). Indigenous Australian peoples’ use of fire had to be carefully managed as part of
their efforts to ensure food security. As such, it was a sustainable practice based on a sound knowledge of
fire control and the environment.

FIGURE 3 Using fire for hunting and to manage the land

3.7.4 The Bogong moth: a past food source

While there were many other sources of food for Indigenous communities that lived near the south-eastern
Australian highlands, the Bogong moth was a particularly important seasonal specialty. The Bogong moths,
which lived in the ground as larvae in Queensland, migrated in millions to the south-eastern highlands to
seek out cool, rocky overhangs and crevices where they could sleep through the long, hot summer months,
surviving off the fat in their bodies (see FIGURE 4).

The Bogong moths were a rich source of fat and protein for Indigenous peoples who lived adjacent to
the highlands of Victoria and New South Wales. Many culture groups would migrate from the valleys
and foothills into the highlands and set up camps for the feasting ceremony. They would smoke out the
moths, collecting them by the thousands to be cooked over hot rocks. In addition to savouring this important
seasonal food source, making the annual pilgrimage to the high country presented these groups with
an important opportunity to interact socially, participate in ceremonies and to arrange inter-community
marriages.
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FIGURE 4 Massed Bogong moths on a rock face

3.7.5 Eel farming by the Gunditjmara people

The home of the Gunditjmara people, the Budj Bim Cultural Landscape, is the site of one of Australia’s
largest ancient aquaculture systems. This area, which is part of the Mount Eccles National Park near
Portland in Victoria, shows evidence of a large, permanent settlement of stone huts and channels used for
farming and the local trade of eels (see FIGURE 5). The Gunditjmara people managed this landscape by
digging channels and constructing weirs to bring water and young eels from Darlot Creek to local ponds
and wetlands. Woven baskets placed at the weirs were used to harvest the mature eels. The area provided an
abundance of food, ensuring food security for all.

Following European occupation of the area in the 1830s, the Gunditjmara people fought for their lands
in the Eumerella Wars, which lasted for more than 20 years. By the 1860s the remaining Gunditjmara
people were displaced to a government mission at Lake Condah. The mission lands were returned to the
Gunditjmara people in 1987. The Deen Maar Indigenous Protected Area (IPA) was declared in 1999 and the
area was listed on the Australian National Heritage register in 2004. The Budj Bim Cultural Landscape was
added to the World Heritage List in July 2019.

Today the Gunditjmara people, as part of the Winda-Mara Aboriginal Corporation, manage the
248-hectare Darlots Creek (Killara), which flows from Lake Condah in the Budj Bim Cultural Landscape.
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The wetlands and manna gum woodlands have been largely re-established through works to control weeds
and feral animals. There are also prospects of restarting the eel aquaculture industry as a sustainable
business. To further eco-tourism, boardwalks have been built, signage put in place, and a range of tours of
the wetlands, lakes and woodlands are offered by Indigenous guides. These tours focus on the past way of
life, and examine rebuilt channels, weirs and eel traps, and traditional sourcing of food stocks.

FIGURE 5 Remains of Aboriginal stone eel traps at Lake Condah
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3.7.6 Food security issues in remote Indigenous communities

Historically, Aboriginal and Torres Strait Islander peoples managed their food and water resources
sustainably to prevent food insecurity. With European occupation, however, over time they were largely
displaced from their lands and traditional methods of sourcing food were altered. The loss of traditional
hunting, gathering and fishing areas played a role in limiting people’s access to nutritious and fresh sources
of food.

In recent times, with the passing of the Native Title Act 1993 and involvement of federal and state
governments, members of Indigenous communities have been able to re-establish connections with their
lands through various collaborative land- and water-management projects. However, many Indigenous
peoples living in remote areas still experience food insecurity due to changes to traditional food sourcing
methods and a range of social issues stemming from displacement and historical government policies.
Related health issues include a higher risk of respiratory diseases, cardiovascular disease, diabetes, chronic
kidney disease and mental health issues than that faced by non-Indigenous Australians. The importance of
access to fresh, healthy food supplies cannot be understated as a factor in redressing this imbalance.
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Why is food security difficult in remote communities?
Over 80 per cent of Aboriginal and Torres Strait Islander peoples reside in cities and non-remote areas
across Australia, and nearly 20 per cent live in remote and very remote areas (see FIGURE 6).

FIGURE 6 Distribution of remote Aboriginal and Torres Strait Islander communities
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Access to affordable and nutritious food is an ongoing problem in remote communities. These remote
areas have a high cost of living and suffer from a general unavailability of fresh fruit and vegetables as
well as other high-quality foods, due to the associated costs of transportation and storage. The Australian
government’s 2016 National Workforce Action Plan Report found that 31 per cent of Aboriginal and Torres
Strait Islander peoples living in remote areas were likely to be in households that had run out of food or
could not afford to buy food, compared to 20 per cent for non-Indigenous people. As the main source of
food is often limited to the local general store, there are ongoing risks of food insecurity and consequent
health issues related to limited choices of diet.

Measures to alleviate food insecurity

The Australian government’s 2013 National Food Plan sought to address matters such as food security,
the affordability and quality of food, and the sustainability of Australian food production. Measures that
have been funded by federal and state governments that address food insecurity for remote Indigenous
communities include:
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o improving the food supply chain to remote areas

 establishing and improving community stores in remote areas through initiatives such as the Outback
Stores program

o education campaigns about nutrition guidelines and healthy food choices

o grants to support the establishment or improvement of community food initiatives, such as farmers’
markets, food cooperatives, food hubs, community gardens and city farms

o food subsidies for fruit and vegetable programs to improve health and nutrition for Indigenous children

o funding for the Stephanie Alexander Kitchen Garden National Program to develop gardens in schools

o improving skills of Indigenous health workers to enable them to have greater influence on food
security through addressing health promotion and nutrition at the local level.

FIGURE 7 Papunya Community Store, located 240 kilometres north-west of Alice Springs

Funding has also been made available to various industries that relate to Indigenous peoples’ connection
to the land. Industry ventures have included park and ranch management to further eco-tourism, and
aquaculture. These ventures can also provide food and are a source of revenue for further community
development, employment and training opportunities. They can be seen as developing a sense of pride as
well as prospects for future generations. They are in keeping with Indigenous peoples’ roles as caretakers
and traditional custodians of the land.

One such initiative is Fish River Station in the Daly River region of the Northern Territory, home to an
array of wildlife, plant life and important traditional food sources for Indigenous peoples. The partnership
between government, conservation organisations and the Indigenous Land Corporation aims to preserve
this unique environment for future generations, whilst providing employment for Indigenous people and
opportunities to reconnect with this culturally significant land.

DISCUSS
What can we learn from the land and resource management practices of Indigenous Australians in relation to
food security? [Intercultural Capability]
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FIGURE 8 Fish River Station rangers Desmond Daly and Jeff Long patrol 178 000 hectares of land.

Resources

Weblinks Indigenous food sources
Fish River Station
Outback Stores

3.7 INQUIRY ACTIVITY

Use the weblinks provided in the Resources tab to explore and learn more about Indigenous food sources, the
Outback Stores project and Fish River Station. With a partner, choose one of these topics and create an A4
infographic poster summarising your findings. Examining, analysing, interpreting

Classifying, organising, constructing

3.7 EXERCISES

Geographical skills key: GS1 Remembering and understanding GS2 Describing and explaining GS3 Comparing and
contrasting GS4 Classifying, organising, constructing GS5 Examining, analysing, interpreting GS6 Evaluating, predicting,
proposing

3.7 Exercise 1: Check your understanding

1.

o O

GS1 What was the division of labour for men, women and children when sourcing food?

2. GS1 How did Indigenous Australian peoples use fire to source food?
3.
4. GS2 Why did Aboriginal and Torres Strait Islander peoples lose access to many traditional food sources after

GS1 Who are the traditional owners of the Budj Bim region of Victoria?

European occupation?

. GS2 How did the Indigenous Australian peoples access the Bogong moth as a food source?
. GS1 What are some of the increased health risks experienced by Indigenous Australians as compared with

non-Indigenous Australians?
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3.7 Exercise 2: Apply your understanding

1. GS2 Identify two issues faced by Indigenous Australian communities living in remote locations.

2. GS2 Explain what we mean when we talk about Indigenous peoples’ role as caretakers and traditional
custodians of the land.

3. GS5 Examine FIGURE 6. Describe the distribution of remote Indigenous communities across Australia.

4. GS5 Outline the various measures in place to address food insecurity issues in remote Indigenous
communities. Analyse how two of these measures may improve food security.

5. GS6 What changes in Indigenous peoples’ health should result from a higher level of food security? Explain.

Try these questions in learnON for instant, corrective feedback. Go to www.jacplus.com.au.

3.8 Rice — an important food crop
3.8.1 The importance of rice

Rice is the seed of a semi-aquatic grass. In warm climates, in more than 100 countries, it is cultivated
extensively for its edible grain. Rice is one of the most important staple foods of more than half of the
world’s population, and it influences the livelihoods and economies of several billion people. In Asia,
rice provides about 49 per cent of the calories and 39 per cent of the protein in people’s diet. In 2017,
approximately 760 million tonnes of rice were produced worldwide.

FIGURE 1 shows that the largest concentration of rice is grown in Asia. About 132 million hectares
are cultivated with this crop, producing 88 per cent of the world’s rice. Of this, 48 million hectares and
31 per cent of the global rice crop are in South-East Asia alone.

Countries with the largest areas under rice cultivation are India, China, Indonesia, Bangladesh, Thailand,
Vietnam, Myanmar (Burma) and the Philippines, with 80 per cent of the total rice area.

FIGURE 1 Top ten rice-producing countries
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Source: WorldAtlas.com, http://www.worldatlas.com/articles/the-countries-producing-the-most-rice-in-the-world.html
(Note: most current data available)
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3.8.2 Factors affecting rice production in Asia
Climate and topography

Rice can be grown in a range of environments that are hot or cool, wet or dry. It can be grown at sea level
on coastal plains and at high altitudes in the Himalayas. However, ideal conditions in South-East Asia
include high temperatures, large amounts of water, flat land and fertile soil.

In Yunnan Province, China, the mountain slopes have been cultivated in terraced rice paddies by the Hani
people for at least 1300 years (see FIGURE 2). The terraces stop erosion and surface run-off.

FIGURE 2 Rice terraces in Yunnan Province, China. These terraces are at an elevation of 1570 metres.

Irrigation

Traditional rice cultivation involves flooding the paddy fields (padi meaning ‘rice plant’ in Malay) for
part of the year. These fields are small, and earth embankments (bunds) surround them. Rice farmers
usually plant the seeds first in little seedbeds and transfer them into flooded paddy fields, which are
already ploughed. Canals carry water to and from the fields. Houses and settlements are often located on
embankments or raised islands near the rice fields.

Approximately 45 per cent of the rice area in South-East Asia is irrigated, with the largest areas being in
Indonesia, Vietnam, the Philippines and Thailand. High-yielding areas of irrigated rice can also be found
in China, Japan and the Republic of Korea. Because water is available for most of the year in these places,
farmers can grow rice all year long. This intensive scale of farming can produce two and sometimes three
Crops a year.

Upland rice is grown where there is not enough moisture to nurture the crops; an example of such
cultivation takes place in Laos. This method produces fewer rice varieties, since only a small amount of
nutrients is available compared to rice grown in paddy fields.
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FIGURE 3 Planting rice in paddy fields in north-east Thailand

Impacts on potential yield
Rice yields can be limited if any of the following conditions exist:
e poor production management
o losses caused by weeds (biotic factor)
o pests and diseases (biotic factor)
o inadequate land formation and irrigation water
o inadequate drainage that leads to a build-up of salinity and alkalinity.

Technology
Agricultural biotechnology, especially in China, has produced rice that is resistant to pests. There are
also genes for herbicide resistance, disease resistance, salt and drought tolerance, grain quality and
photosynthetic efficiency. Genetic engineering may be the way of the future in rice cultivation in some parts
of the world.

In the Philippines, through cross-breeding rather than genetic engineering, a new strain of rice has been
developed that grows well in soils lacking phosphorus (see FIGURE 4). This could also have a significant
positive impact on crop yields.

Environmental issues
Increasing temperatures, caused by global warming, may be causing a drop in rice production in Asia,
where more than 90 per cent of the world’s rice is produced and consumed. The Food and Agriculture
Organization of the United Nations (FAO) has found that in six of Asia’s most important rice-producing
countries — China, India, Indonesia, the Philippines, Thailand and Vietnam — rising temperatures over the
past 25 years have led to a 10-20 per cent decline in rice output.

Scientists state that if rice production methods cannot be changed, or if new rice strains able to withstand
higher temperatures cannot be developed, there will be a loss in rice production over the next few decades
as days and nights get hotter. People may need to turn to a new staple crop.
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Rice growing is eco-friendly and has a positive impact on the environment. Rice fields create a wetland
habitat for many species of birds, mammals and reptiles. Without rice farming, wetland environments
created by flooded rice fields would be vastly reduced.

FIGURE 4 Rice demonstration plots at the International Rice Research
Institute in the Philippines.

3.8.3 Factors affecting rice production in Australia
Climate and topography

Eighty per cent of rice produced in Australia consists of temperate varieties that suit climates with high
summer temperatures and low humidity. Large-scale production of rice is carried out in the Murrumbidgee
and Murray valleys of New South Wales; the production process is sophisticated.

Sowing and irrigation
In Australia, rice grows as an irrigated summer crop from September to March. Most of it is sown by
aircraft rather than planted by hand. Experienced agricultural pilots use satellite guidance technology to
broadcast seed accurately over the fields.

Before sowing, the seed is soaked for 24 hours and drained for 24 hours, leaving a tiny shoot visible on
the seed. Once sown, it slowly settles in the soft mud, and within three to four days each plant develops
a substantial root system and leaf shoot. After planting, fresh water is released from irrigation supply
channels to flow across each paddy field until the rice plants are well established.

Most countries grow rice as a monoculture, whereas Australian rice grows as part of a unique farming
system. Farmers use a crop rotation cycle across the whole farm over four to five years. This means
that the growers have other agricultural enterprises on the farm as well as rice. This system, designed for
efficiency, sustainability and safety, means Australian growers maintain water savings, and have increased
soil nutrients, higher yields and much healthier crops.

Once Australian rice growers harvest their rice, they use the subsoil moisture remaining in the soil to
plant another crop — either a wheat crop or pasture for animals. This form of rotation is the most efficient
in natural resource use and agricultural terms.

Pests and diseases

Rice bays (areas contained by embankments — see FIGURE 5) are treated with a chemical application, which
prevents damage by pests and weeds. Without this treatment, crop losses would be extensive. In the last

100 days before harvesting, the rice plant has no chemical applications, so that when it is harvested, it is
virtually chemical free.
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FIGURE 5 Murrumbidgee irrigation area rice bays

Technology

Most farms use laser-guided land-levelling techniques to prepare the ground for production. This gives
farmers precise control over the flow of water on and off the land. Such measurement strategies have
contributed to a 60 per cent improvement in water efficiency. Most of the equipment used on rice farms
is fitted with computer-aided devices, such as GPS (global positioning systems), GIS (geographical
information systems) and remote sensing. Australian rice growers are the most efficient and productive in
the world.

FIGURE 6 Harvesting rice near Griffith, New South Wales
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Environmental issues
The rice industry encourages biodiversity enhancement and greenhouse gas reduction strategies. Some
farms in southern New South Wales are avoiding the use of chemical fertilisers and pesticides by converting
farms to biodynamic practices; for example, they have avoided salinity by planting red gums.

Drought conditions from 2002-09 and 2013-16 in the Murray-Darling Basin led to reduced water
allocations for crop irrigation in the Riverina area. The subsequent 2015-16 drought years, in particular,
led to a reduction in rice production. In the context of the health of our waterways, there is ongoing debate
about the impact of irrigation-dependent farming and how best to sustainably balance environmental
concerns and our food production needs now and for the future.

Explore more with myWorldAtlas

Deepen your understanding of this topic with related case studies and questions.
o Investigating Australian Curriculum topics > Year 9: Biomes and food security > Rice

Resources

Interactivity How is rice grown? (int-3322)

Weblink Terraced rice

3.8 INQUIRY ACTIVITIES

1. Investigate two different rice-growing places in Asia and describe the reasons for the different
environments. Examining, analysing, interpreting
2. Investigate an example of an Australian rice farm and outline its yearly rice-growing cycle.
Examining, analysing, interpreting
3. Research the interconnection between rice growing and the Murray River for ensuring a sustainable
environment. Examining, analysing, interpreting

3.8 EXERCISES

Geographical skills key: GS1 Remembering and understanding GS2 Describing and explaining GS3 Comparing and
contrasting GS4 Classifying, organising, constructing GS5 Examining, analysing, interpreting GS6 Evaluating, predicting,
proposing

3.8 Exercise 1: Check your understanding

1. GS5 Refer to FIGURE 1. Which two countries produce most of the world’s rice?

2. GS2 Name the other top-ten rice-producing countries in the world. What is the geographical location of
these places?

. GS1 What is meant by the term monoculture?

. GS1 What is crop rotation?

. GS2 Explain why places in Asia are ideally suited to rice growing.

[S 0

3.8 Exercise 2: Apply your understanding

. GS2 Explain the benefits of a crop-rotation system.

. GS2 Explain how mountain slopes in China have been changed to accommodate rice production.

. GS6 Explain the environmental issues that may affect future rice production.

. GS3 Describe and explain the similarities and differences between the rice cultivation methods used in Asia
and Australia.

5. GS6 Predict how technology will influence changes to rice cultivation in both Asia and Australia.

A OON =

Try these questions in learnON for instant, corrective feedback. Go to www.jacplus.com.au.
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3.9 Cacao — a vital cash Crop
3.9.1 Global cacao production feeds global chocolate demand

Chocolate is made from the beans of the cacao plant. The chocolate that is produced from these beans might
come from cacao grown in Ghana, Mexico, Malaysia or Indonesia. Look on the wrapper next time you eat a
chocolate bar!

Chocolate has been eaten or drunk by people for 4000 years. A recent study showed that 91 per cent of
females and 87 per cent of males consume chocolate products in places such as Great Britain, Australia,
Switzerland and the United States. However, rising disposable incomes and changing tastes will continue to
change the scale of production, both overseas and locally; people in places such as India and China are now
eating more chocolate.

The cacao tree is a native of the Amazon Basin and other tropical areas of South and Central America,
where wild varieties still grow in the forests. Many countries now grow cacao, but the main places are:

o West Africa — Ghana, Nigeria and Cote D’Ivoire

o South America — Brazil and Ecuador

e Asia — Malaysia and Indonesia.

Malaysia and Indonesia, where cacao is a relatively new crop, are becoming increasingly important
growing areas.

FIGURE 1 The main cacao-growing regions of the world
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3.9.2 Influences on the growth and production of cacao

Environmental factors

Most of the world’s cacao is grown in a narrow belt between 10 degrees north and 10 degrees south of the
equator. Cacao trees grow well in humid tropical climates with regular rainfall and a short dry season. The
trees need temperatures between 21 °C and 23 °C and rainfall of 1000 to 2500 millimetres per year. The soil
must drain well but have good moisture-holding capacity. The trees cannot tolerate tropical sun and must be
grown in the shade of other trees, such as palms and rubber plants. Although cacao plants can reach a height
of 12 metres, most are only six to seven metres tall. Growth is very fast, and the plant can flower and fruit
two to three years after planting.

FIGURE 2 A cacao bean and seeds

Economic factors
Cacao is a cash crop, grown mostly in an agroforestry system, allowing for biodiversity and income
diversity for families.

Around the world, six million cacao farmers — and 40 to 50 million people in total — depend on cacao
for their livelihood. For the past century, demand has grown by three per cent per year.

Cacao beans are an important export for West African nations such as Ghana and the Cote d’Ivoire.
These countries are the source of more than 70 per cent of the world’s cocoa. Cacao beans are traded on
the world market and their price can change daily, depending on supply and demand around the world. For
example, too many beans on the world market can cause prices to drop, leaving farmers without the cash
they need to cultivate their crops, and this ultimately lowers the supply. Adverse weather or tree disease can
shrink supply as well.
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FIGURE 3 A cacao farmer from Ghana carrying cacao pods

Labour

Cacao is one of the world’s most labour-intensive crops. Much of the work is done by hand on a daily basis.
The flowers are often pollinated by hand and defective pods are removed to allow the plant to put more
energy into good ones.

Cultural factors

For the farmers themselves, the work of cacao production can be a collective effort and very much a part

of family and village life. Production stages such as ‘turning the beans’ — an involved process that takes
place over several days — present an opportunity to commune with other farming families. But beyond this,
cacao and chocolate are an important part of the cultural practices of many communities throughout the
world.

In Oaxaca, Mexico, traditional healers called curanderos give chocolate drinks to cure bronchitis. They
also plant cacao beans in the earth to ward off evil forces and heal those who have espanto — sickness
caused by fright. Children drink chocolate for breakfast to protect them against stings from scorpions or
bees. In Australia and many other countries, chocolate has become an integral part of cultural events such
as Easter and Christmas. Indeed, in Western society, chocolate is very much a part of everyday life, which
contributes to the ever-increasing global demand for this special crop.

What is the future for chocolate?

Consumer demand for chocolate is on the rise, but the cacao tree is under threat from pests, fungal
infections, climate change, and farmers’ lack of access to fertilisers and other products that enhance yields.
In West Africa, there are efforts to train farmers in organic, sustainable farming practices.
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Global consumption is increasing, especially of darker, more cocoa-heavy varieties. Research is
underway to develop hardier trees that can produce bigger yields while still making tasty chocolate.
Fairtrade arrangements are improving the lives of farmers, increasing their income and helping them replace
old trees and equipment (see subtopic 9.7). Through such arrangements, it is hoped that cacao production
can be sustainably managed, providing ongoing income and contributing to the wellbeing of the many
millions of people within the cacao-producing communities throughout the world.

3.9 INQUIRY ACTIVITY

Research Fairtrade International and learn how this organisation has enabled the sustainability of cacao in many

places in the world. Create an infographic outlining your key findings. Examining, analysing, interpreting
Classifying, organising, constructing

3.9 EXERCISES

Geographical skills key: GS1 Remembering and understanding GS2 Describing and explaining GS3 Comparing and
contrasting GS4 Classifying, organising, constructing GS5 Examining, analysing, interpreting GS6 Evaluating, predicting,
proposing

3.9 Exercise 1: Check your understanding

1. GS1 List the main cacao-producing places in the world.

2. GS2 Refer to FIGURE 1 to describe the geographical location of cacao-producing places. Refer to lines of
latitude in your response.

. GS1 Outline the main environmental factors necessary for successful cacao-tree growth.

. GS1 What environmental factors suit cacao growing in the Daintree region of North Queensland?

. GS3 Explain the difference between a cash crop and a subsistence crop.

(S S

3.9 Exercise 2: Apply your understanding

. GS2 Explain the significance of chocolate in different cultures throughout the world.

. GS2 Explain how world cacao-bean prices can affect a cacao farmer’s income.

. GS2 Why is cacao considered a labour-intensive crop?

. GS2 Describe the global consumption of chocolate and how it is changing.

. GS6 It has been suggested that there could be a crisis in chocolate production in future years, with
chocolate becoming rare and very expensive. Should money be spent on research to produce hardier cacao
trees with bigger yields just to satisfy the chocolate desires of the Western world? Should money be spent
on other types of agriculture? Outline your views on this issue, considering all you have learned in this
subtopic.

aAOprON =

Try these questions in learnON for instant, corrective feedback. Go to www.jacplus.com.au.
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3. 10 skillBuilder: Constructing ternary graphs

>
5
What are ternary graphs?
Ternary graphs are triangular graphs that show the relationship or
interconnection between features. They are particularly useful when \
a feature has three components and the three components add up o
to 100 per cent. " N\ -
Select your learnON format to access: /\/\,n Y
« an overview of the skill and its application in Geography - “”/\/\"?’ " Wl
(Tell me) F=/ %,
e avideo and a step-by-step process to explain the skill 5 \/\A/'\S7“\ o
(Show me) “©
e an activity and interactivity for you to practise the skill w
(Let me do it VAVAVAVAVAVAN .
« questions to consolidate your understanding of the skill. so\/\/V\/Y;/WmV\/\
Resources
Video eLesson Constructing ternary graphs (eles-1728)
Interactivity Constructing ternary graphs (int-3346)
3.11 Thinking Big research project: Subsistence
living gap-year diary
2>
=
°

SCENARIO

As an end-of-school gap-year experience, you have been given
the opportunity to live with an indigenous community that relies
on traditional subsistence approaches to food security such as
nomadic herding, hunting-gathering or shifting agriculture. Your
gap-year diary will help you remember forever the people you've
met and their distinctive ways of managing their environment.

Select your learnON format to access:
« the full project scenario
» resources to guide your project work
e an assessment rubric.

Resources

ProjectsPLUS Thinking Big research project: Subsistence living gap-year diary (pro-0189)
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3.12 Review

3.12.1 Key knowledge summary
Use this dot point summary to review the content covered in this topic.

3.12.2 Reflection
Reflect on your learning using the activities and resources provided.

Resources

eWorkbook Reflection (doc-31716)
Crossword (doc-31717)
Interactivity Feeding the world crossword (int-7645)

only

KEY TERMS

agribusiness business set up to support, process and distribute agricultural products

agroforestry the use of trees and shrubs on farms for profit or conservation; the management of trees for forest
products

arable describes land that can be used for growing crops

biofuel fuel that comes from renewable sources

cash crop a crop grown to be sold so that a profit can be made, as opposed to a subsistence crop, which is for
the farmer’s own consumption

crop rotation a procedure that involves the rotation of crops, so that no bed or plot sees the same crop in
successive seasons

extensive farm farm that extends over a large area and requires only small inputs of labour, capital, fertiliser and
pesticides

Green Revolution a significant increase in agricultural productivity resulting from the introduction of high-yield
varieties of grains, the use of pesticides and improved management practices

horticulture the practice of growing fruit and vegetables

hybrid plant or animal bred from two or more different species, sub-species, breeds or varieties, usually to attain
the best features of the different stocks

income diversity income that comes from many sources

innovation new and original improvement to something, such as a piece of technology or a variety of plant or
seed

intensive farm farm that requires a lot of inputs, such as labour, capital, fertiliser and pesticides

mallee vegetation areas characterised by small, multi-trunked eucalypts found in the semi-arid areas of southern
Australia

monoculture the cultivation of a single crop on a farm or in a region or country

per capita per person

sustainable describes the use by people of the Earth’s environmental resources at a rate such that the capacity
for renewal is ensured

undulating describes an area with gentle hills
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3.0 SkilBuilder: Describing patterns and correlations
on a topographic map
3.6.1 Tell me

What are patterns and correlations on a topographic map?
A pattern is the way in which features are distributed or spread. A correlation shows how two or more
features are interconnected — that is, the relationship between the features.

Why are patterns and correlations in topographic maps useful?
Patterns and correlations in a topographic map can show us cause-and-effect connections. A feature may
be seen to occur at a place on a map and, when we ask why, other features on the topographic map help to
explain the answer.
Topographic maps are useful for showing:
o landforms and land use connections
water features and flooding, for emergency services
vegetation cover and slopes, for fire authorities
o landforms and settlements, for urban developers.
A good description of patterns and correlations in a topographic map:
o uses placenames
o mentions distances
o identifies regions
o identifies connections
e notes anomalies
e is written in paragraphs and includes an introduction that identifies the place and a conclusion that
summarises the key findings.

3.6.2 Show me
How to describe patterns and correlations in a topographic map

You will need:
o atopographic map of the place being considered.

Model

In the environs of the township of Clare, South Australia, the eastern ridge slopes are used extensively for
grape growing. Roads run parallel to the ridge and, owing to the steepness of the land, it is possible to drive
over the ridge at only a few points, such as at Hughes Park (GR 800405). Settlements follow the ridge road
along North Road. Streams that have their source on the ridge tend to flow west and form larger streams.
Those streams flowing to the east are often dammed. Windmills throughout the flatter areas suggest water
is needed for animal pasture in the drier months of the year. Spring Gully Conservation Park is a treed

area on the steepest part of the ridge. The vineyards to the north at White Hut and Stanley Flat are not on
sloped land, suggesting that the types of grapes grown there differ from those across most of the area. The
Clare Valley region is an important vineyard area, adding significantly to the agricultural output of South
Australia.
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FIGURE 1 Topographic map extract showing the Clare Valley, South Australia
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Jacaranda Geography Alive 9 Victorian Curriculum Second Edition



Procedure

Step 1

Take the time to carefully analyse the topographic map, particularly its legend. Visualise the landforms and
land use of the mapped place.

Step 2

Now systematically look for connections between features, beginning with places that have strong
connections. Try this list of connections that can be applied to most topographic maps:

o landforms and water or drainage

o landforms and vegetation types

o landforms and settlement

o landforms and agricultural use

o water and vegetation

o settlement and agricultural uses.

After you have identified these connections, write a few sentences describing any connections that are
obvious. Begin by introducing the place being discussed, as in the model description, which opens with ‘In
the environs of the township of Clare, South Australia ... > An example of a connection found in FIGURE 1 is
that there is a strong link between land slope and vineyards.

Step 3

Now systematically look for any anomalies that are evident. You are looking for things that seem unusual
or show no connections. For example, in FIGURE 1, the wineries at White Hut and Stanley Flat are not on
east-facing slopes.

Step 4

Complete your description with a concluding statement about the place. The model description concludes
with the statement: ‘The Clare Valley region is an important vineyard area, adding significantly to the
agricultural output of South Australia.’

Resources

Digital doc Topographic map of Clare Valley (doc-27426)

Video eLesson Describing patterns and correlations on a topographic map (eles-1729)
Interactivity Describing patterns and correlations on a topographic map (int-3347)
Google Earth  Clare Valley
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3.6.3 Let me do it

Complete the following activities to practise this skill.

3.6 ACTIVITIES

1.

2.

Using the topographic map of the Giriffith area (FIGURE 8 in subtopic 3.5) write a paragraph identifying any

patterns and correlations that are evident. Use the checklist to ensure you cover all aspects of the task.

Apply your skills to answer the following questions.

(@) Why are the water channels straight? Is there an interconnection between slope and water resources?
Explain your answer.

(b) To what extent is there a correlation between orchards and slope? Explain your answer.

(c) Describe the direction of development of Griffith township. Suggest why it has developed in this way.

(d) How do we know that the irrigated orchards are smallholdings?

(e) Is there a correlation between land slope and agricultural land use?

Checklist
| have:

used placenames

mentioned distances

identified regions

identified connections

noted anomalies

written in paragraphs and included an introduction that identifies the place and a conclusion that
summarises the key findings.
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3. 10 skillBuilder: Constructing ternary graphs
3.10.1 Tell me

What are ternary graphs?
Ternary graphs are triangular graphs that show the relationship or interconnection between three features.

Why are ternary graphs useful?
Ternary graphs are particularly useful when a feature has three components, and the three components add
up to 100 per cent. Ternary graphs are most often used to represent elements such as soil types, employment
structures and age structures. They allow us to clearly see the interconnection between features. For
example, with soil types, three different properties can be identified — clay, sand and silt. They can be
graphed according to the proportion of each within a soil type, such as clay loam, sandy clay loam or silty
clay loam.

Ternary graphs are useful for:

e economists comparing economic features

o demographers considering population structures

o agriculturalists considering soil types.

A good ternary graph:

e is constructed as an equilateral triangle

» has each side of the triangle divided into 10 lines

o has lines drawn across the triangle that always total 100 per cent

o contains accurately plotted data

o has labelled axes

o includes a clear title.

3.10.2 Show me

How to construct a ternary graph
Model

FIGURE 1 Economic activity in selected countries
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You will need:

data on three features expressed as percentages and totalling 100 per cent
a pencil

aruler

an eraser.

Procedure

Step 1

First you need to create an equilateral triangle — all three sides are equal and all three internal angles are
60°. Each side of the triangle becomes an axis on the graph. Begin by drawing a 10-centimetre horizontal
line, and draw ten marks that are 1 cm apart. Label these 0 to 10, with O on the left-hand side of your line
and 100 at the right-hand side. Angle these marks to the left at 60° (see FIGURE 2).

FIGURE 2 Horizontal line with ten markings, 1 cm apart

0 10 20 30 40 50 60 70 80 90 100

Step 2
At the 50 per cent mark, draw a faint vertical line of about 9 cm length, which will help you to draw the
other two axes (see FIGURE 3). Later, you can rub this line out.

FIGURE 3 Forming the equilateral triangle

Step 3
Now from the O per cent mark, draw a diagonal line that is 10 cm long and intersects with the vertical line

shown in FIGURE 3. (It will intersect a few millimetres below the top of the vertical line.) Draw 10 marks that

are 1 cm apart along this diagonal axis. However, this time, mark 100 per cent at the bottom of the line and
0 at the top (see FIGURE 4).
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FIGURE 4 Creating a second axis

Step 4

Repeat this step on the other side of the vertical line to complete the triangle, but reverse the markings, so
0 is at the bottom of the line and 100 is at the top. Your base graph should show a flow of 0 to 100 per cent
around the graph, as in FIGURE 5.

FIGURE 5 A ternary graph outline

Step 5
Erase the vertical line that you drew to centre your graph.
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Step 6

Now you need to use a ruler and carefully join points across the triangle that add to 100 per cent. This will
provide a grid on which you can plot data.

Step 7

Label the axes with the three features that you are going to plot. (In the FIGURE 1 model, this is Services,
Industry and Agriculture.) Put the percentage symbol (%) after each label (see FIGURE 6).

FIGURE 6 A ternary graph with its grid completed and axes labelled
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Step 8
Sample data for FIGURE 1 would appear in a table such as TABLE 1.

TABLE 1 Sample data on economic activity for selected countries in FIGURE 1

2 33 65

Hong Kong
Myanmar 84 8 8
Sri Lanka 49 21 30

To plot data, you need to find the point where the percentages for the three features intersect. Plotting and
reading ternary graphs requires concentration. You need to follow the diagonal lines sloping down from left
to right (\) from the left-hand axis, the diagonal lines sloping up from left to right (/) from the bottom axis,
and the horizontal lines from the right-hand axis. Look at the patterns outlined in FIGURE 7 to make sure you
read the grid correctly. (Correctly angling the markers that fall outside the triangle will help you in plotting
and reading the graph.)
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FIGURE 7 Reading the grid
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When plotting country data, find the spot represented by the three sets of data and draw a small dot. Label it
with the country name. Check that you can find the three countries in TABLE 1 on your ternary graph.

Step 9

Complete the graph with an appropriate title. In this case, the graph shows economic activity in selected
countries.

Resources

Video eLesson Constructing ternary graphs (eles-1728)

Interactivity Constructing ternary graphs (int-3346)
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3.10.3 Let me do it

Complete the following activities to practise this skill.

3.10 ACTIVITIES

1. Use the data presented in TABLE 2 to construct a ternary graph on labour force by occupation, 2011-12,
in selected countries. Use the checklist to ensure you cover all aspects of the task.

TABLE 2 Labour force by occupation, 2011-12, selected countries

4 21 75

Australia

Colombia 18 14 68
Finland 4 24 74
Germany 2 24 74
India 53 19 28
Indonesia 38 13 49
Italy 4 28 68
Sri Lanka 32 26 42
South Korea 6 24 70
Thailand 41 13 46
Venezuela 7 22 71
Vietnam 48 22 30

2. Apply your skills to answer the following questions.
(@) Which country has the greatest percentage of its population employed in agriculture?

(b) Which country has the greatest percentage of its people employed in services?

(c) Which countries have the lowest percentage of people employed in manufacturing?

(d) Which country has the most even distribution across the three areas of employment?

(e) On your graph, plot where you think the following countries would be placed: the United States, Gambia
and Argentina. Explain your answer.

Checklist
| have:
e constructed an equilateral triangle
o divided each side of the triangle into 10
e drawn lines across the triangle that always total 100 per cent
e accurately plotted the data
o labelled the axes
e provided a clear title.
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3.11 Thinking Big research project: Subsistence
living gap-year diary

Scenario

Across the globe there are communities that rely on traditional subsistence approaches to food security,
such as nomadic herding, hunting-gathering and shifting agriculture. As an end-of-school gap-year
experience, you have been given the opportunity to live with an indigenous community that practises one
or more of these subsistence approaches.

Task

You will create a gap-year diary to help you remember forever the people you’ve met and their distinctive
ways of managing their environment.
Your diary should include:
« an outline of the people you are living with
o a map showing the location of this community in the world
o written information, pictures and diagrams as appropriate, outlining the various activities undertaken at
different times of the year and how food security is achieved by this community.
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Process

o 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 if you wish. You may work
individually or in pairs, depending on your teacher’s preference. Save your settings and the project will
be launched.

o Conduct some preliminary research into various approaches to subsistence and choose a community on
which to focus your research. Navigate to the Research forum, where you will find 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 find an assessment rubric and some weblinks that will provide a starting point
for your research.

|

TA

o Conduct your detailed research. Investigate the foods eaten and the farming, hunting and gathering
methods used. What activities are undertaken at various times of the year? What roles do men, women
and children play in the process? As you conduct your research, remember to record details of your
sources so you can create a bibliography to submit with your diary. Add your research notes and
source details to the relevant topic pages in the Research forum. You can print out the Research
report in the Research forum to easily view all the information you have gathered, if you wish.

¢ Once you have completed your research, create your diary. Create entries for different times of year to
highlight the changing activities that occur. Add images, diagrams and maps where appropriate and
ensure your text information is clear and informative.

o Review your work thoroughly, checking for correct spelling and grammar. Ensure that all maps have
BOLTSS applied and images have captions. Finalise your bibliography. Once you are happy with your
work, submit your diary and bibliography to your teacher for assessment.
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Resources

ProjectsPLUS Thinking Big research project: Subsistence living gap-year diary (pro-0189)
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3.12 Review

3.12.1 Key knowledge summary
3.2 What does the world eat?
o Staple foods are those that are eaten regularly and in such quantities that they constitute a dominant
portion of a diet.
o Staple food production is interconnected with climate, environment, culture and traditions.
o Most staple foods are cereals, such as wheat, barley, rye, oats, maize (corn) and rice; or root
vegetables, such as potatoes, yams, taro and cassava.
o Other staple foods include legumes, such as soya beans and sago; fruits, such as breadfruit and
plantain (a type of banana); and fish.
3.3 How can we feed the world?
o The ongoing provision of food for an ever-increasing world population requires new thinking in
sustainable food production.
o The three main factors that have affected recent increases in world crop food production are increased
cropland and rangeland area, increased yield per unit area and greater cropping intensity.
o Agricultural innovations have changed and increased global food production.
o The Green Revolution was a result of the development and planting of new hybrids of rice and wheat,
combined with expanded irrigation and use of fertilisers, which have led to greatly increased yields.
3.4 Modifying biomes for agriculture
o Rapid global population growth has an impact on food production and the consequent modification of
biomes.
o Modifications to climate include the use of irrigation and greenhouses.
e Soils can be modified through the use of fertilisers.
o Landscapes can be modified through measures such as flattening, terracing or draining. Land
reclamation involves creating new land from seas, rivers or lakes.
3.5 Food production in Australia
o Climate and distance to markets are major factors in the control of all forms of agriculture in Australia.
o Types of farming in Australia include: extensive farming of sheep or cattle, extensive cereal crop
farming, intensive farming such as dairy, horticulture and market garden cropping.
3.7 Indigenous Australians’ food security over time
o Pre-European Indigenous food security was based on a profound knowledge of the land and water
resources and a sustainable approach to sourcing the essentials for living.
o Changes brought by Europeans in the occupation of Australia resulted in many traditional sources of
food no longer being available to Indigenous peoples.
o Recent changes in Native Title and government food security schemes have offered opportunities for
Indigenous communities to reconnect to the land and/or achieve better access to quality foods.
3.8 Rice — an important food crop
o Rice is a staple food crop for more than half the world’s population.
o The world’s top ten rice-producing countries are located in Asia, where environmental conditions are
favourable.
¢ Rice production has increased significantly due to technological advances.
o Rice production in the Australian Riverina relies on irrigation and thus has environmental impacts on
the water resources of the Murray-Darling Basin.

3.9 Cacao — avital cash crop

o Although cacao does not ‘feed the world’, it is an essential cash crop, connected to the livelihoods of
40-50 million people worldwide, providing them with income to purchase or cultivate crops for food.
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e Most cacao is grown in a narrow belt between 10 degrees north and 10 degrees south of the equator.

o Consumer demand for chocolate is on the rise, but the cacao tree is under threat from pests, fungal
infections, climate change, and farmers’ lack of access to fertilisers and other products that enhance
yields.

3.12.2 Reflection

Complete the following to reflect on your learning.

3.12 ACTIVITIES

Revisit the inquiry question posed in the Overview:
Everyone needs to eat. How does the world produce all the food it needs, and is there a better way?
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

eWorkbook Reflection (doc-31716)
Crossword (doc-31717)
Interactivity Feeding the world crossword (int-7645)

KEY TERMS

agribusiness business set up to support, process and distribute agricultural products

agroforestry the use of trees and shrubs on farms for profit or conservation; the management of trees for forest
products

arable describes land that can be used for growing crops

biofuel fuel that comes from renewable sources

cash crop a crop grown to be sold so that a profit can be made, as opposed to a subsistence crop, which is for
the farmer’s own consumption

crop rotation a procedure that involves the rotation of crops, so that no bed or plot sees the same crop in
successive seasons

extensive farm farm that extends over a large area and requires only small inputs of labour, capital, fertiliser and
pesticides

Green Revolution a significant increase in agricultural productivity resulting from the introduction of high-yield
varieties of grains, the use of pesticides and improved management practices

horticulture the practice of growing fruit and vegetables

hybrid plant or animal bred from two or more different species, sub-species, breeds or varieties, usually to attain
the best features of the different stocks

income diversity income that comes from many sources

innovation new and original improvement to something, such as a piece of technology or a variety of plant or
seed

intensive farm farm that requires a lot of inputs, such as labour, capital, fertiliser and pesticides

mallee vegetation areas characterised by small, multi-trunked eucalypts found in the semi-arid areas of southern
Australia

monoculture the cultivation of a single crop on a farm or in a region or country

per capita per person

sustainable describes the use by people of the Earth’s environmental resources at a rate such that the capacity
for renewal is ensured

undulating describes an area with gentle hills
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4 The impacts of global food
production

4.1 Overview

Our planet works hard to feed the ever-growing human population ... but at what cost?

4 1.1 Introduction

The world’s biomes support human life. We depend
on them for food, water, fibres, fuel and wood. We
also rely on the services they provide, such as air
purification, climate regulation and spiritual and
aesthetic comfort. However, our ecosystems are under
threat; increasing population and demand for food
have altered many of our biomes and we have seen

a significant decline in species biodiversity. There

is a growing concern that, unless such problems are
addressed, we may not be able to enjoy food security
in the future.

Resources

eWorkbook Customisable worksheets for this topic

Video eLesson Trashing our biomes (eles-1719)

LEARNING SEQUENCE

4.1 Overview
4.2 Food production’s effect on biomes
4.3 Changing our forest biome
4.4 SkillBuilder: GIS — deconstructing a map
4.5 Paper profits, global losses?
4.6 Depleting our bountiful ocean biome
4.7 SkillBuilder: Interpreting a geographical cartoon
4.8 Losing the land
4.9 The effects of farmland irrigation
4.10 Diminishing global biodiversity
4.11 Does farming cause global warming?
4.12 Thinking Big research project: Fished out! PowerPoint

4.13 Review

only

only

only only

To access a pre-test and starter questions and receive immediate, corrective feedback and sample responses
to every question, select your learnON format at www.jacplus.com.au.
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4.2 Food production’s effect on biomes
4.2.1 What is our biophysical world?

Food is essential to human life, and over the past centuries we have been able to produce more and more
food to feed our growing population. While technology has enabled us to increase production, it has come
at a price. Large-scale clearing of our forests, the overfishing of our oceans, and the constant overuse of
soils has resulted in a significant deterioration of our biophysical world.

Planet Earth is made up of four spheres: the atmosphere, lithosphere, hydrosphere and biosphere
(see FIGURE 1).

FIGURE 1 The Earth’s four spheres

Biosphere: the collection

Hydrosphere: contains all the
of all Earth’s life forms

Earth's water resources

Biosphere

Lithosphere: consists of the core, Atmosphere: contains
mantle and crust of the Earth all the gases that compose the Earth's air
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All these spheres are interconnected and make up our natural or biophysical environment. For example,
rain falling from a cloud (atmosphere) may soak into the soil (lithosphere) or flow into a river (hydrosphere)
before being taken up by a plant or animal (biosphere) where it may evaporate and return to the atmosphere.
(It is interesting to note that 97 per cent of the Earth’s water is found in salty oceans, and the remainder as
vapour in the atmosphere and as liquid in groundwater, lakes, rivers, glaciers and snowfields.)

Natural events, such as storms or earthquakes, or human activities can create changes to one or all
of these spheres. The production of food, whether from the land or sea, has the potential to change the
natural environment and, in doing so, increases the likelihood of food insecurity. TABLE 1 shows how food
production can affect the biophysical world. As can be seen, activities such as land clearing and irrigation
can have impacts on all four of the Earth’s spheres.

TABLE 1 How food production affects the biophysical world

Clearing of native vegetation for agriculture

Overgrazing animals X X X
Overusing irrigation water, causing saline X X X
soils

Burning forests to clear land for cultivation X X X X
Run-off of pesticides and fertilisers into X X X
streams

Producing greenhouse gases by grazing X

animals and rice farming

Changing from native vegetation to cropping X X X
Withdrawing water from rivers and lakes for X X X X
irrigation

Overcropping soils X X X
Overfishing some species X

4.2.2 What has happened to our biophysical world?

Currently, the world produces enough food to feed all 7.7 billion people. We produce 17 per cent more
food per person than was produced 30 years ago, and the rate of food production has been greater than
the rate of population growth. This has been the result of: improved farming methods; the increased use
of fertilisers and pesticides; large-scale irrigation; and the development of new technologies, ranging from
farm machinery to better quality seeds.

There have been many benefits associated with this change, especially in terms of human wellbeing
and economic development. However, at the same time, humans have changed the Earth’s biomes more
rapidly and more extensively than in any other time period. The loss of biodiversity and degradation of
land and water (which are essential to agriculture) is not sustainable. With an expected population of
9.7 billion in 2050, it has been estimated that food production will need to increase by approximately
70 per cent. The global distribution of environmental risks associated with food production can be seen in
FIGURE 2.
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FIGURE 2 State of the world’s land and water resources for food and agriculture
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Resources

Interactivity Degrading our farmland (int-3323)

4.2 INQUIRY ACTIVITIES

1. Use the following labels to create a flow diagram showing how the clearing of native vegetation can affect all
four of the Earth’s spheres.
e Soil is left bare and exposed to wind and water erosion.
e There is less evaporation of water from vegetation.
e There is a loss of habitat for birds, animals and insects.

e Increased water runs off from exposed land.
e Increased sediment builds up in streams. Classifying, organising, constructing
2. (@) Rank what you consider to be the three most serious environmental issues shown on the FIGURE 2
map.

(b) What criteria did you use to make your decisions? (For example: extent of area covered, number of
people affected, economic impacts.)
(c) Share your list with at least two other students. What were the similarities and differences in the

rankings?
(d) Would you now alter your own ranking? Why or why not? [Critical and Creative Thinking Capability]
3. Select one agricultural product in Australia and conduct research to find data on how much is produced and
how this has changed over time. Examining, analysing, interpreting
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4.2 EXERCISES

Geographical skills key: GS1 Remembering and understanding GS2 Describing and explaining GS3 Comparing and
contrasting GS4 Classifying, organising, constructing GS5 Examining, analysing, interpreting GS6 Evaluating, predicting,
proposing

4.2 Exercise 1: Check your understanding
1. GS2 Describe the biophysical environment of your local area.
2. GS2 Why has food production increased so rapidly over time?
3. GS2 Using FIGURE 1, explain how a bird might interconnect with the four Earth spheres.
4. GS2 Select one example from TABLE 1. Describe how human activity can change the biophysical world.
5. GS2 Refer to FIGURE 2 and your atlas.
(@ What are the main environmental issues facing Australia’s food production?
(b) In which places in the world is deforestation a major concern?
(c) Which continents suffer from water scarcity?
(d) What do you notice about the location and distribution of regions that do not have environmental
problems relating to food production?

4.2 Exercise 2: Apply your understanding
1. GS4 Which of Earth’s spheres will be most impacted by each of the following activities?
(@) Application of organic fertilisers to soil
(b) Introduction of an aquatic pest species into a fish-farming enterprise
(c) Excessive pumping of groundwater for irrigation
(d) Construction of large-scale dams in semi-arid regions
. GS6 Which of the activities in question 1 could have a positive impact on that sphere?
. GS2 Refer to FIGURE 2. Suggest a reason why water scarcity is an issue for all continents except Europe.
. GS6 Refer to FIGURE 2. Suggest one way in which pollution may impact on food production.
. GS6 If climate change was to lead to a higher frequency of drought in the southern hemisphere, predict how
this might impact on Australia’s land and water resources and food production in the future.

aOrODN

Try these questions in learnON for instant, corrective feedback. Go to www.jacplus.com.au.

4.3 Changing our forest biome

4.3.1 Why are forests important?

In pre-industrial times, nearly 45 per cent of the world’s land surface was covered in forest. Today, this
figure is only 30 per cent. With industrialisation, technological development and population growth, large-
scale deforestation has occurred as a result of the increasing need over time for timber products and land
for food. It is estimated that of the forest cover lost, 85 per cent can be readily attributed to human activity
— with 30 per cent due to clearing, 20 per cent through degradation and 35 per cent through fragmentation.
Agricultural use now accounts for 37 per cent of the Earth’s land surface.

Human society, the global economy and forests are interconnected, with more than one billion people
depending on forests and forest products. Forest biomes offer us many goods and services, from providing
wood and food products to supporting biological diversity. They provide habitat for a wide range of
animals, plants and insects. Forests contribute to soil and water conservation, and they absorb greenhouse
gases. Despite the growing awareness of the value of preserving forests, large-scale clearing continues.
FIGURE 1 shows the annual rate of deforestation in Brazil, while FIGURE 2 shows the cumulative amount of
forest lost over time.

4.3.2 Why do we clear forests?

By clearing forests, trees can be harvested for timber and paper production, and valuable ores and minerals
can be mined from below the Earth’s surface. Sometimes, forests are flooded rather than cleared in order
to construct dams for hydroelectricity. Forests may also be cleared for food production, such as small-scale
subsistence farming, large-scale cattle grazing, and for plantations and crop cultivation.
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FIGURE 1 Annual loss of Amazon forest, Brazil, 1988-2018
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FIGURE 2 Total loss of Amazon forest, Brazil, since 1970
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Road construction, usually funded by
governments, also plays a part in changing
rainforest environments (see FIGURE 3).

Roads help to improve access and make

more land available, especially to the landless
poor. They also reduce population pressures
elsewhere by encouraging people to move

to new places. At the same time, businesses
benefit from improved access to mining
resources and forest timbers, and are better
able to establish large cattle ranches and farms.

FIGURE 3 The effects of road building in the Amazon.
Settlements tend to follow a linear pattern along the roads
and then gradually move inland, opening up the forests.
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4.3.3 What happens when forests are cleared?

FIGURE 4 illustrates some changes that forest clearing in the Amazon can have on the environment.

FIGURE 4 Impacts of clearing the Amazon forest

A New farmland with mixed crops established H Erosion of topsoil increases, caused by rain on

B Smoke from clearing and burning exposed soils.

c Newly cleared land, trees cut down and burned. I Flooding increases as the stream channel is clogged
This is called slash-and-burn agriculture. with sediment.

D Weeds and exotic species invade edges of remaining 'J The river carries more sediment as soil is washed into
forest streams.

E New road gives access to more settlers and to animal K Fences stop movement of rainforest animals in search

poachers of food.
F Large cattle ranch Pesticides and fertilisers wash into the river.
Introduced cattle erode the fragile topsoil with their Farm is abandoned as soil fertility is lost
hard hooves. Weeds and other species dominate bare land.
Harvesting of timber reduces forest biodiversity.

oz =2r

. o
Explore more with myWorldAtlas

N

Deepen your understanding of this topic with related case studies and questions.
« Investigate additional topics > Environments > Forest environments
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4.3 INQUIRY ACTIVITIES

1. Research soya-bean farming in the Amazon. How does it compare with cattle ranching in terms of
environmental sustainability? Comparing and contrasting

2. Examine the illustration of rainforest destruction shown in FIGURE 4. Draw a sketch of what you predict the
area will look like in ten years’ time. Use labels and arrows to show important features. Evaluating,
predicting, proposing

4.3 EXERCISES

Geographical skills key: GS1 Remembering and understanding GS2 Describing and explaining GS3 Comparing and
contrasting GS4 Classifying, organising, constructing GS5 Examining, analysing, interpreting GS6 Evaluating, predicting,
proposing

4.3 Exercise 1: Check your understanding

1. GS1 Refer to FIGURE 2. Describe the total loss in Brazilian forests since 1970. Use data in your answer.

2. GS1 What are the advantages and disadvantages of road building in the Amazon?

3. GS2 Why would subsistence farming in the Amazon be referred to as slash-and-burn farming?

4. GS2 In what ways would the environmental changes of small-scale subsistence farming differ from those
of large-scale soya-bean cropping?

5. GS2 Why can the large-scale clearing of tropical rainforests be considered an unsustainable practice?

4.3 Exercise 2: Apply your understanding

1. GS6 Opening up the rainforest with roads can lead to fragmentation of the forest. What might the effect of
this be on:
(@) native animals
(b) local indigenous populations?

2. GS3 Compare how a small-scale farmer from the Amazon and an environmentalist from another country
might view the resources of a rainforest.

3. GS5 Refer to FIGURE 4. Identify three changes to the river as a result of forest clearing.

. GS6 How might changes as a result of forest clearing affect farming downstream?

5. GS2 Suggest two methods that could be used in the Amazon to reduce the amount of sediment washing
into the river.

H

Try these questions in learnON for instant, corrective feedback. Go to www.jacplus.com.au.

4.4 skilBuilder: GIS — deconstructing a map

What is GIS?

only

A geographical information system (GIS) is a storage system for information
or data, which is stored as numbers, words or pictures.

Select your learnON format to access:
» an explanation of the skill (Tell me)
o a step-by-step process to develop the skill, with an example
(Show me)
e an activity to allow you to practise the skill (Let me do it)
e questions to consolidate your understanding of the skill.

Resources

Video eLesson GIS deconstructing a map (eles-1730)

Interactivity = GIS deconstructing a map (int-3348)
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4.5 Paper profits, global losses?

4.5.1 How do we use paper?

Look around you — how many different things can you see that are made out of paper? Paper is a
renewable, recyclable material, and yet something so common and so useful also poses significant
environmental consequences to biomes, at all stages of its usage cycle.

Biomes enable us to produce the food we eat, and they also supply many of the raw materials for
manufacturing, such as minerals, ores and fibres. We are able to make cloth from cotton and wool using
grassland biomes, while forest biomes give us wood for construction and pulp for making paper products.
There are thousands of everyday items made from paper, ranging from toilet paper to disposable nappies,
packaging, money, tickets and writing paper (see FIGURE 1).

Traditionally, paper has provided us with the means to record ideas, news, knowledge and even works of
art. Paper is interconnected with social development as it aids in literacy and communication. Despite the
advent of modern electronic communication, plastic bags and the ‘paperless office’, paper still remains an
essential part of our homes and workplaces.

FIGURE 1 Different paper products

(a) (b) ()

4.5.2 Are we really a paperless society?

We have become very dependent on paper products, with global consumption increasing by 400 per cent
since the late 1970s. Today the world consumes 300 million tonnes of paper annually, and this is expected
to rise as developing countries in Asia increase their consumption. China has now surpassed the United
States as the largest producer and consumer of paper products.

The paper industry now consumes nearly 50 per cent of all industrial wood logged and is the fifth-largest
consumer of energy needed in the production process. While the demand for some paper products has
declined (for example, printed magazines and newspapers), the rapidly expanding e-commerce sector has
seen a greater demand for packaging material as people purchase items online.

There is a strong interconnection between a country’s level of economic development and its
consumption of paper products. The use of tissue products, such as paper towels, facial tissues and toilet
paper, is a good example of this relationship. As living standards within a country improve there is a
changing attitude towards hygiene and improved lifestyle, which then encourages more spending on
associated products. FIGURE 2 shows that on a regional scale, North America, Australasia and Western
Europe are the largest users of tissue products. Supporting this is the fact that in the United States, on
average, 141 rolls of toilet paper are consumed per person per year, compared to Germany with 134 rolls,
Japan with 91 and China with 49 rolls.
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It was thought that with the introduction of personal computers we would become a paperless society,
but this is far from the case. It has been estimated that in the United Kingdom, 45 per cent of paper in the
office has a lifespan of less than one day. With technological advancements, paper has now become a cheap,

disposable product. This has resulted in

a high level of both usage and waste.

FIGURE 2 Regional consumption of paper tissue per capita, 2017
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4.5.3 How does making and using paper affect biomes?

Pulp and paper production has been ranked as one of the most resource-intensive and highly polluting
manufacturing industries. Besides wood fibre, the main inputs into the paper-making process are water,
energy and chemicals needed for breaking down fibres and bleaching to create clean, white paper. The
paper industry uses more water to produce one tonne of product than any other industry. It takes 10 litres
of water to produce just one A4 sheet of paper.

Pulp and paper manufacturing has been linked to pollution of air, water and land through the discharge of
toxic wastes. Paper’s impact on biomes starts at the forest stage with the activity of logging the timber, and

continues with the conversion of the
timber to pulp and paper. Activities
such as the logging of old-growth
forests can have significant impacts

on native animal populations and
biodiversity. Environmental impacts
continue even after paper has been used
and discarded. In Australia, we waste
on average 5.6 million tonnes of paper
products per year, which equates to 229
kilograms per person. About 60 per
cent is recycled and 40 per cent sent

to landfill.

As paper decomposes, it releases
methane, a dangerous greenhouse gas.
FIGURE 4 illustrates how biomes are
affected by paper production.

FIGURE 3 Environmental effects of harvesting plantation timber
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FIGURE 4 Environmental consequences of paper production

In some regions of the world,
particularly South-East Asia,
deforestation and unsustainable
clearing of old-growth forests is
endangering declining populations of
native animals such as orang-utans

Loss of trees. Nearly 4 billion
trees — 35 per cent of the
total number of trees cut
down around the world — are
used in paper industries on
every continent.

and tigers.

Plantation forestry, where most wood for paper is grown, is an
example of monoculture cropping. This is the large-scale planting
of a single species — for example, pine — which leads to
a loss of biodiversity. Plantations are always young forests in
ecological terms. Typically, trees grown in plantations are
harvested after 10 to 60 years. This means that the forests
produced by plantations do not contain the type of growth, soil or

wildlife typical of older, mature, natural forest biomes.

Poorly managed logging of

Methane, an important greenhouse

plantations can create soil gas, is released from landfill where
erosion, build-up of silt in waste paper is often dumped.
streams and loss of habitat. Chemicals from the paper can also

leach into the groundwater. If burned,
chemicals are released into the
atmosphere.

Waste water generated Paper production releases
from the production nitrogen dioxide and sulphur
process includes high dioxide, both major contributors to
concentrations of acid rain, and carbon dioxide, a
chemicals such as greenhouse gas.

hydrochloric acid and
chlorine dioxide.
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4.5.4 Is there a sustainable future for paper?

There has been an increase in environmental awareness and government legislation in recent years — this is
helping to make the paper industry and people’s use of paper more environmentally friendly, thus reducing
the negative impacts on biomes. The Australian timber industry follows the Forest Code of Practice, which
sets out rules and regulations regarding logging on slopes and protecting streams and habitat trees.

There has been considerable research conducted into the use of non-wood products, for example bamboo,
sugarcane, hemp and kenaf, to provide fibre for paper. Currently these non-wood products make up only
10 per cent of the fibres used in paper production globally. Alternate fibres are critically important, however,
in countries that do not have enough trees for paper production. Approximately 70 per cent of the raw
materials used for paper in India and China come from non-wood products.

In some places, tree plantations are able to grow on land that is unsuitable for other forms of agriculture
or is badly degraded, in which case there is likely to be an increase in habitat and biodiversity.

For the paper industry, the goals are to reduce fuel and energy requirements and reduce emissions. China,
with its relatively new paper industry, is leading the way in this field. For everyday citizens, it is about
making sensible choices, and reducing our use of paper and recycling. Products made from recycled paper
can include masking tape, hospital gowns, bandages, egg cartons and even lampshades. However, paper can
be recycled only 5 to 7 times, after which the fibres become too short and weak to bond together.

For every tonne of paper not consumed, the following savings are made:

o 18 trees

o 67500 litres of water

e 9500 kilowatt hours of power

e 3300 kilograms of greenhouse gas emissions.

FIGURE 5 Paper recycling factory
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DISCUSS
Do individuals have a responsibility to take action to reduce paper consumption or is this the responsibility of
businesses and government? As a class, consider how you can reduce your paper consumption, as individuals,
as a class and at the whole-school level. How could you encourage others to reduce consumption?

[Ethical Capability]

Resources

Weblink Paper production

4.5 INQUIRY ACTIVITIES

1. Construct a list of the ten most important paper items in your day-to-day life. How does your list compare
with those of others in your class? Are there similarities and differences? Why is this?

Comparing and contrasting

2. Use the Paper production weblink in the Resources tab to create a summary of key points for things you
can do to promote sustainable paper production and consumption practices.

Examining, analysing, interpreting

4.5 EXERCISES

Geographical skills key: GS1 Remembering and understanding GS2 Describing and explaining GS3 Comparing and
contrasting GS4 Classifying, organising, constructing GS5 Examining, analysing, interpreting GS6 Evaluating, predicting,
proposing

4.5 Exercise 1: Check your understanding
GS2 What is old-growth forest? Why is it important to protect these types of biomes from being cleared?
GS3 How might the structure and biodiversity be different in an old-growth forest compared to a tree

1.
2.

3.
4,

5.

plantation?

GS2 Refer to FIGURE 2. With the use of data, describe the general consumption of tissue products globally.
GS1 Refer to FIGURE 3. List the environmental effects of clearing a pine plantation that you can see in this

photograph.

GS2 What factors might contribute to a region increasing its consumption of tissue products in the future?

4.5 Exercise 2: Apply your understanding
GS3 Refer to FIGURE 2. Suggest reasons why tissue consumption (paper towel, facial tissues, toilet paper
etc.) has much higher consumption per capita in some regions than in others.

GS2 How might a country’s growing economy change its citizens’ paper consumption?

GS6 Do paperless societies exist? Do you think they might in the future? Write a paragraph expressing your

1.

2.
3.

viewpoint.

. GS6 Does your school have a paper recycling program? How effective do you think it is? How could it be

improved? If there is not currently a program, outline measures you think could be taken to implement one.

. GS2 Many places, including Victoria, have often exported their waste (including paper products) to overseas

countries for disposal. (China and the Philippines are now clamping down on this practice.) What is one

advantage and one disadvantage of exporting paper waste?

Try these questions in learnON for instant, corrective feedback. Go to www.jacplus.com.au.
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4 .0 Depleting our bountiful ocean biome
4.6.1 Overfishing — causes and consequences

The ocean biome has always been seen as an unlimited resource of food for humans. In fact, overfishing is
causing the collapse of many of our most important marine ecosystems, and threatens the main source of
protein for over one billion people worldwide. Aquaculture is a possible solution but, at the same time, it
contributes to the decline in fish stocks.

Overfishing is simply catching fish at a rate higher than the rate at which fish species can repopulate. It is
an unsustainable use of our oceans and freshwater biomes.

Massive improvements in technology have enabled fish to be located and caught in larger numbers and
from deeper, more inaccessible waters. The use of spotter planes, radar and factory ships ensures that fish
can be caught, processed and frozen while still at sea.

Globally, fish is the most important animal protein consumed (see FIGURE 1). Historically, a lack of
conservation and management of fisheries, combined with rising demand for fish products, has seen a
‘boom and bust’ mentality (see FIGURE 2). The larger fish species are targeted and exploited and, after their
populations are decimated, the next species are fished. Examples of these include blue whales, Atlantic cod
and bluefin tuna.

FIGURE 1 Global protein demand, 1980-2030 (million tonnes)
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FIGURE 2 Unsustainable fishing
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What happens when we overfish?

o With overfishing there are often large quantities of by-catch. This means that juvenile fish and other
animals, such as dolphins and sea birds, are swept up in nets or baited on hooks before being killed
and discarded. For every kilogram of shrimp caught in the wild, 5 kilograms of by-catch are wasted
(see FIGURE 3).

o Destructive fishing practices such as cyanide poisoning, dynamiting of coral reefs and bottom trawling
(which literally scrapes the ocean floor) cause continual destruction to local ecosystems.

e A large quantity of fish that could have been consumed by people is converted to fishmeal to feed the
aquaculture industry, to fatten up pigs and chickens, and to feed pet cats (see FIGURE 4).

o Coastal habitats are under pressure. Coral reefs, mangrove wetlands and seagrass meadows, all critical
habitats for fish breeding, are being reduced through coastal development, overfishing and pollution.

FIGURE 3 Up to 80 per cent of some fish catches is FIGURE 4 In Australia, the average cat eats
by-catch. 13.7 kilograms of fish a year. The average
Australian eats 15 kilograms per year.
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4.6.2 |Is fish farming the solution?

Aquaculture is one of the fastest-growing food industries, providing fish for domestic and export markets. It
brings economic benefits and increased food security (see FIGURE 5).

Since 2014, fish farming has produced more fish than fish caught in the wild; a harvest of 80 million
metric tons was recorded in 2016. China is the largest farmed-fish producer, followed by India, Indonesia,
Vietnam, Bangladesh, Egypt and Norway. Australia’s history of fish farming started more than 6000 years
ago, when Indigenous Australians created a series of fish traps in Lake Condah, in south-west Victoria,
to capture a reliable source of eels (see subtopic 3.7). Today, aquaculture is Australia’s fastest growing
primary industry, producing more than 40 per cent of Australia’s seafood.

FIGURE 5 Global fish and aquaculture 1990-2030
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While aquaculture is often seen as a sustainable and eco-friendly solution to overfishing, its rapid growth
and poor management in many places has created large-scale environmental change. Some of these changes
are described below.

Pollution. Many fish species are fed a diet of artificial food in dry pellets (see FIGURE 6). Chemicals in
the feed, and the massive waste generated by fish farms, can pollute the surrounding waters.

Loss of fish stock. Food pellets are usually made of fish meal and oils. Much of this comes from
by-catch, but the issue is still that we are catching fish to feed fish. It can take 2 to 5 kilograms of wild
fish to produce one kilogram of farmed salmon. Other ingredients in the food pellets include soybeans
and peanut meal — products that are suitable for human consumption and grown on valuable
farmland.

Loss of biodiversity. Many of the fish species farmed are selectively bred to improve growth rates. If
accidentally released into the wild, they can breed with native species and change their genetic
makeup. This can lead to a loss of biodiversity. Capture of small ocean fish, such as anchovies,
depletes food for wild fish and creates an imbalance in the food chain.

Loss of wetlands. Possibly the greatest impact of aquaculture is in the loss of valuable coastal
wetlands. In Asia, over 400 000 hectares of mangroves have been converted into shrimp farms. Coastal
wetlands provide important ecological functions, such as protecting the shoreline from erosion and
providing breeding grounds for native fish.
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FIGURE 6 Feeding fish in pens, Thailand
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“’ Interactivity Hook, line and sinker (int-3324)

4.6 INQUIRY ACTIVITIES

1. Investigate and write a newspaper article on the collapse of the Atlantic cod fishery in Newfoundland. What
lessons in the sustainability of fishing can be learned from the case of the Atlantic cod?
Examining, analysing, interpreting
2. Collect photographs and other information to create an annotated poster showing one of the destructive
fishing practices mentioned in this subtopic. Classifying, organising, constructing

4.6 EXERCISES

Geographical skills key: GS1 Remembering and understanding GS2 Describing and explaining GS3 Comparing and
contrasting GS4 Classifying, organising, constructing GS5 Examining, analysing, interpreting GS6 Evaluating, predicting,
proposing

4.6 Exercise 1: Check your understanding

1. GS2 Explain how overfishing can lead to a loss of biodiversity.

2. GS1 What is aquaculture?

3. GS1 What is by-catch?

4. GS1 List three benefits and three drawbacks of fish farming.

5. GS2 Why is it difficult to manage wild fish capture and prevent overfishing? >
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4.6 Exercise 2: Apply your understanding

1. GS1 Refer to FIGURE 1. How important is fish as a source of protein compared with other sources? Use
figures in your answer.

2. GS5 Examine closely the photograph in FIGURE 3 and describe the by-catch that you see.

3. GS3 Refer to FIGURE 5. Compare the predicted growth of fisheries capture (fish caught in the ocean) with
aquaculture production to 2030.

4. GS6 Suggest one reason why wild capture will not increase greatly in the future.

5. GS6 What do you think the future of aquaculture might be? Explain your view.

Try these questions in learnON for instant, corrective feedback. Go to www.jacplus.com.au.

4. ( SkilBuilder: Interpreting a geographical cartoon

only

What are geographical cartoons?

Geographical cartoons are humorous or satirical drawings on topical
geographical issues, social trends and events. A cartoon conveys the
artist’s perspective on a topic, generally simplifying the issue.

Select your learnON format to access:

e an explanation of the skill (Tell me)

o a step-by-step process to develop the skill, with an example
(Show me)

« an activity to allow you to practise the skill (Let me do it)

e questions to consolidate your understanding of the skill.

Resources

Video eLesson Interpreting a geographical cartoon (eles-1731)

Interactivity  Interpreting a geographical cartoon (int-3349)

4 .8 Losing the land
4.8.1 What is land degradation?

Land is one of our most basic resources and one that is often overlooked. In our quest to produce as much
as possible from the same area of land, we have often failed to manage it sustainably. Land degradation is
the result of such poor management.

Land degradation is a decline in the quality of the land to the point where it is no longer productive. Land
degradation covers such things as soil erosion, invasive plants and animals, salinity and desertification.
Degraded land is less able to produce crops, feed animals or renew native vegetation. There is also a loss
in soil fertility because the top layers, rich in humus, can be easily eroded by wind or water. In Australia,
it can take up to 1000 years to produce just three centimetres of soil, which can be lost in minutes in a
dust storm.

Globally, 75 per cent of the Earth’s land area is substantially degraded. The rate of fertile soil loss is now
averaging 24 billion tons per year globally. In Australia, of the five million square kilometres of land used
for agriculture, more than half has been affected by, or is in danger of, degradation.

94 Jacaranda Geography Alive 9 Victorian Curriculum Second Edition



Land degradation is common to both the developed and developing world, and results from both human
and natural causes.

Human causes
Human causes of land degradation involve unsustainable land management practices, such as:
o land clearance — deforestation or excessive clearing of protective vegetation cover
o overgrazing of animals — plants are eaten down or totally removed, exposing bare soil, and
hard-hoofed animals such as cows and sheep compact the soil (see FIGURE 1)
o excessive irrigation — can cause watertables to rise, bringing naturally occurring salts to the surface,
which pollute the soil
e introduction of exotic species — animals such as rabbits and plants such as blackberries become the
dominant species
o decline in soil fertility — caused by continual planting of a single crop over a large area, a practice
known as monoculture
o farming on marginal land — takes place on areas such as steep slopes, which are unsuited to ordinary
farming methods.

FIGURE 1 Soil erosion as a result of overgrazing in Australia

. L -

Biophysical causes

Natural processes such as prolonged drought can also lead to land degradation. However, land can
sometimes recover after a drought period. Topography and the degree of slope can also influence soil
erosion. A steep slope is more prone to erosion than flat land.
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4.8.2 Impacts of land degradation

As land becomes degraded, productivity, or the amount of food it can produce, is lost. Some countries in
sub-Saharan Africa have lost up to 40 per cent productivity in croplands over two decades, while population
has doubled in the same time period. Farmers may choose to abandon the land, try to restore the land

or, if the pressure to produce food is too great, they may have no choice but to continue using the land.
Unproductive land will be exposed to continual erosion or weed invasion.

If extra fertilisers are applied to try to improve fertility, the excessive nutrients can create pollution and
algae build-up in nearby streams. Airborne dust creates further hazards for both people and air travel.
Land degradation is a classic example of human impact on all spheres of the environment — atmosphere,
biosphere, lithosphere and hydrosphere.

FIGURE 2 illustrates global land productivity for different land uses, which is an important indicator of
land degradation. Twenty per cent of the world’s cropland shows declining or stressed land productivity,
despite the efforts and resources being used to maintain food production.

FIGURE 2 Global land productivity for selected land uses
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Note:

Rangelands refers to shrublands mostly used for grazing.

Forest land applies to land with more than 40 per cent tree cover.

Grassland includes natural grasslands and pasture for grazing.

Cropland includes all arable land and where 50 per cent of land is used for crops.

About 40 per cent of degraded lands are found in places that experience widespread poverty, which is
a contributing factor to food insecurity. Poor farmers with degraded land and few resources often have
little choice but to continue to work the land. There is a strong interconnection between land degradation,
migration and political instability. If declining soil quality and an increase in droughts due to climate
change continue, between 50 and 700 million people could be forced to move by 2050.

Desertification is an extreme form of land degradation. It usually occurs in semi-arid regions of the
world, and the result gives the appearance of spreading deserts. Desert biomes, or arid regions, are harsh,
dry environments where few people live. In contrast, semi-arid regions, or drylands, occupy 41 per cent of
the Earth’s surface and support over two billion people, 90 per cent of whom live in developing nations.
Economically, drylands support 44 per cent of the world’s food production and 50 per cent of the world’s
livestock. Although traditional grazing and cropping has taken place in dryland regions for centuries,
population growth and the demand for food have put enormous pressure on land resources. Overclearing
of vegetation, overgrazing and overcultivation are a recipe for desertification.

Resources

Interactivity Losing land (int-3325)
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4.8 INQUIRY ACTIVITIES

1.

Create an annotated sketch to show the interconnection between plants and soil. Use the following points
as labels on your sketch.
e Plant roots help hold soil together.
e Decomposing plants add nutrients to the soil.
¢ Plants shade the topsoil and reduce evaporation.
e Plants reduce the speed of wind passing over the ground. Classifying, organising, constructing
Investigate an area in Victoria that is suffering from land degradation. Identify the location, causes and
impacts of the degradation. Are any steps being taken to reduce the impacts?
Examining, analysing, interpreting

4.8 EXERCISES

Geographical skills key: GS1 Remembering and understanding GS2 Describing and explaining GS3 Comparing and
contrasting GS4 Classifying, organising, constructing GS5 Examining, analysing, interpreting GS6 Evaluating, predicting,
proposing

4.8 Exercise 1: Check your understanding

1.

2.
3.
4,
5.

GS1 List four human causes of land degradation.

GS1 List two natural causes of land degradation.

GS1 Which biome supports more life: desert or drylands? Why?

GS2 Explain how land degraded by drought may recover, whereas land degraded by cultivation may not.
GS2 Consider the photograph in FIGURE 1. Why would it be difficult to either graze animals or grow crops on
this land?

4.8 Exercise 2: Apply your understanding

1.

2,

GS6 Examine the photograph in FIGURE 1. If this was your property and your livelihood, what steps would
you take to reduce the erosion problem?

GS5 Refer to FIGURE 2.

(@ Which land cover has the greatest percentage of stressed and declining productivity?

(b) What type of farming activities could explain the increased productivity in croplands?

. GS2 Why is poverty often linked to food insecurity?
. GS6 How might climate change in the future contribute to desertification in semi-arid regions of the world?
. GS6 Propose three steps that a farmer could take to reduce the impact of overgrazing.

Try these questions in learnON for instant, corrective feedback. Go to www.jacplus.com.au.

4,

O The effects of farmland Irrigation

4.9.1 What is the purpose of irrigation?

Food production and security is directly related to water availability. Water is a finite resource and, although
there is plenty of water in the world, it is not always located where people are concentrated or where food
is grown. Therefore, humans have drawn water from both surface and underground sources to improve food
production in areas of high population.

Most of the world’s food production is rain fed, or dependent on naturally occurring rainfall. Only a
small proportion of agricultural land is irrigated, yet irrigation is now the biggest user of water in the
world, consuming 70 per cent of the world’s freshwater resources. Irrigation brings many benefits, such as:

supplementing or replacing rain, especially in places where rainfall is low or unreliable. In many parts
of the world, it is not possible to produce food without irrigation.

increasing crop yields, up to three times higher than rain-fed crops. Only 20 per cent of the world’s
farmland is irrigated but it produces over 40 per cent of our food.
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« enabling a wide variety of foods to be grown, especially those with high water needs, such as rice, or
with high value, such as fruit and wine grapes

« flexibility, being used at different times according to crop needs; for example, during planting and
growing or close to harvest time.

FIGURE 1 Irrigation allows for pasture to be grown in times of drought. Compare the irrigated with the
non-irrigated paddocks.

4.9.2 Environmental impacts of irrigation

While irrigation has resulted in increased food production and greater food security, it has also created
major changes to the biomes where it is used. Irrigation changes the natural environment by extracting
water from rivers and lakes and through the building of structures to store, transfer and dispose of water.
The topography, or shape of the land, is often changed too, such as when terraces are built for paddy fields.
In addition, irrigation water is often applied to the land in much larger quantities than naturally occurs,
which can lead to changes in soil composition, and waterlogging and salinity problems.

How does irrigation create salinity problems?

Overwatering of shallow-rooted crops adds excess water to the watertable, causing it to rise (see FIGURE 2).
If the subsoils are naturally salty, much of this salt can be drawn to the surface. Most crops and pasture
will not grow in salty soils, so the land becomes useless for farming. Land that is affected by salinity is also

more prone to wind and water erosion.
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FIGURE 2 The development of irrigation salinity
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Globally, some 62 million hectares of land (an area the size of France) has been lost due to such issues.
Salinity is also a major cause of land degradation in Australia (see FIGURE 3).

FIGURE 3 The distribution of salinity in Australia
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4.9.3 Impacts of diverting and extracting water

As population increases, so too does demand for water. Moreover, there are always competing demands for
water from the domestic, industrial and environmental sectors. For countries that have growing populations
and limited water resources, water deficits and food insecurity are a growing concern. In many places in
the world, water is becoming increasingly scarce. Consequently, the development of water resources is
becoming more expensive and, in some cases, environmentally destructive.

For thousands of years, farmers have diverted water from rivers, lakes and wetlands for watering crops
and pastures in dry areas. Large-scale irrigation schemes can effectively ‘water’ our deserts but, if too much
water is used, wetlands can dry out, rivers cease to flow and lakes and underground aquifers shrink. It is
estimated that between three and six times more water is held in reservoirs around the world than exists in
natural rivers. It is possible that the level of water extraction will nearly double by 2050.

Lake Chapala, Mexico’s largest lake (see FIGURE 4), is shrinking. The amount of water lost through
irrigation and domestic use, combined with high evaporation rates, has seen the volume of the lake decrease
by 50 per cent.

FIGURE 4 Map of Lake Chapala, Mexico. Note the area of land drained for farmland.
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As surface water resources become fully exploited, people turn to underground water sources.
Improvements in technology have also enabled farmers to pump water from aquifers deep underground

(see FIGURE 5).

FIGURE 5 Diagram showing the use of groundwater as a water source for farming

Groundwater levels do not respond to changes in the
weather as rapidly as rivers and lakes do. If the water is
removed unsustainably (at a rate that is faster than the
rate of replenishment by rainfall, run-off or underground
flow), then watertables fall. Water extraction then
becomes harder and more expensive. Water stored
in aquifers can take thousands of years to replenish.
Over-extraction of groundwater can result in wells
running dry, reduced stream flow, and even land
subsidence (sinking).

The High Plains region of the central United States
is the leading irrigation area in the western hemisphere,
producing over $20 billion worth of food and fibre per
year (see FIGURE 6). In all, 5.5 million hectares of
semi-arid land is irrigated using water pumped from the
huge Ogallala Aquifer (see FIGURE 7). Since large-scale
irrigation was developed in the 1940s, groundwater
levels have dropped by more than 30 metres. Pesticides

Pumping water
from wells can lower
the watertable.

FIGURE 6 Irrigated cropland relies heavily on
water from the Ogallala Aquifer.

[we, = By

and other pollutants from farming have also infiltrated the groundwater. Scientists estimate that the aquifer
will be 69 per cent depleted by 2060 and it would take more than 6000 years for it to refill naturally.
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S

|

i
Y
o
)
?

N AV

Colorado

\
(.

Oklahoma

New Mexico

Gulf of Mexico

MEXICO

Source: USGS

4.9 INQUIRY ACTIVITIES
1. (a) Investigate methods used in Australia to reduce the environmental effects of salinity.
(b) Using FIGURE 2 as a model, create a similar sketch depicting the development of irrigation salinity. Based
on your research findings, annotate your drawing with suggestions for how to reduce the effects of
irrigation salinity. Classifying, organising, constructing
2. Research the Aral Sea in Asia and write a report outlining:
Examining, analysing, interpreting

e |ocation

o the issue of over-extraction of water
e impacts of overuse.

Include a location map and labelled photographs in your report.
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4.9 EXERCISES

Geographical skills key: GS1 Remembering and understanding GS2 Describing and explaining GS3 Comparing and
contrasting GS4 Classifying, organising, constructing GS5 Examining, analysing, interpreting GS6 Evaluating, predicting,
proposing

4.9 Exercise 1: Check your understanding

1. GS1 List the different types of water resources that can be used to supply water for food production.

GS1 What is meant by the term waterlogging?

GS1 What percentage of the world’s fresh water is consumed by irrigation?

GS2 What changes to the environment are needed in order to irrigate a large region?

GS1 Apart from irrigation, what would be the other main uses of water?

GS2 Study the FIGURE 3 map, which shows the distribution of salinity in Australia.

(@) Estimate the approximate percentage of each state affected by salinity.

(b) Why do you think dryland salinity covers a larger area than irrigation salinity?

GS2 Study FIGURE 5. Explain how pumping groundwater can lower watertables.

GS3 Compare the advantages and disadvantages of using groundwater and surface water for farming.

9. GS1 Identify one natural and one human factor that have contributed to the change in water levels in Lake
Chapala.

I R

QN

4.9 Exercise 2: Apply your understanding

1. GS5 Soil salinity was not a problem when Indigenous Australian peoples were the land’s sole caretakers.
What does this suggest about land management practices in this country since 1788?

2. GS6 Has irrigation been a success or failure? Write a paragraph expressing your viewpoint.

3. GS5 Refer to FIGURE 7. With the use of the scale bar, work out the approximate area covered by the
Ogallala Aquifer.

4. GS6 If the Ogallala Aquifer was to run dangerously low, and irrigation was no longer possible, what would be
the short-term and long-term consequences?

5. GS6 What are some of the likely effects of draining wetlands for farmland, as has occurred around Lake
Chapala, Mexico?

6. GS6 Select one of the examples shown in this subtopic and consider what steps water managers could take
to reduce the impact of unsustainable water use in the region.

Try these questions in learnON for instant, corrective feedback. Go to www.jacplus.com.au.

4 .10 Diminishing global biodiversity
4.10.1 The loss of biodiversity

The last few centuries have seen the greatest rate of species extinction in the history of the planet (see
FIGURE 1). The population of most species is decreasing, and genetic diversity is declining, especially among
species that are cultivated for human use. Six of the world’s most important land biomes have now had
more than 50 per cent of their area converted to agriculture (see FIGURE 2).

In those places where there has been very little industrial-scale farming, a huge variety of crops are still
grown. In Peru, for example, over 3000 different potatoes are still cultivated. Elsewhere, biodiversity as well
as agricultural biodiversity (biodiversity that is specifically related to food items) is in decline. In Europe,
50 per cent of all breeds of domestic animals have become extinct, and in the United States, 6000 of the
original 7000 varieties of apple no longer exist. How has this happened?
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o Industrial-scale farming and new
high-yielding, genetically uniform

FIGURE 1 Extinctions per thousand species per millennium
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FIGURE 2 Percentage of biomes converted to agriculture over time
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FIGURE 3 Changes to percentage of original species
according to changes in biomes for food production
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4.10.2 Australia’s biodiversity

Australia has a high number of endemic species, and 7 per cent of the world’s total species of plants,
animals and micro-organisms. This makes Australia one of only 17 countries in the world that are classified
as megadiverse — having high levels of biodiversity. These 17 nations combined contain 75 per cent of the
Earth’s total biodiversity (see FIGURE 4). Australia’s unique biodiversity is due to its 140 million years of
geographic isolation. However, Australia has experienced the largest documented decline in biodiversity

of any continent over the past 200 years. It is thought that 48 plant species and 50 species of animals

(27 mammal species and 23 bird species) are now extinct.

FIGURE 4 Distribution of megadiverse countries
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4.10 INQUIRY ACTIVITY
Investigate the issue of whaling and the conflicting viewpoints held by Australia and Japan.
a. What were the factors (reasons) involved in:
(i) Australia’s decision to ban whaling
(i) Japan’s decision to continue whaling?
b. How would you suggest the two countries could come to a resolution? Examining, analysing, interpreting
[Ethical Capability]
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4.10 EXERCISES

Geographical skills key: GS1 Remembering and understanding GS2 Describing and explaining GS3 Comparing and
contrasting GS4 Classifying, organising, constructing GS5 Examining, analysing, interpreting GS6 Evaluating, predicting,
proposing

4.10 Exercise 1: Check your understanding
1. GS1 Describe the ways in which human activities can lead to a loss of biodiversity.
2. GS1 What is a megadiverse country?
3. GS1 Why is Australia considered a megadiverse country?
4. GS2 Study FIGURE 2.
(@) Which three biomes have seen the greatest percentage change in areas converted to agriculture? Use
figures in your answer.
(b) Suggest why these three have had the most change.
5. GS2 Study the information in FIGURE 3. Describe the changes to the grassland biome as seen over time.

4.10 Exercise 2: Apply your understanding

1. GS5 In what ways would the Indigenous Australian peoples’ practice of rotational land occupation have
helped maintain biodiversity before European occupation?

2. GS2 Does it matter that we have fewer species of apples or goats? Explain your view with reference to what

you have learned in this subtopic.

. GS5 Suggest reasons that genetically modified crops have been developed and used in food production.

4. GS3 Suggest how the environmental impacts of a traditional small-scale rice paddy farm might compare
with a large-scale producer of genetically modified rice. (You might like to refer to subtopic 3.8.)

5. GS6 Do you think it will be possible, in the future, for Australia to maintain its megadiverse status? What
actions might contribute to this?

()

Try these questions in learnON for instant, corrective feedback. Go to www.jacplus.com.au.

4.11 Does farming cause global warming?
4.11.1 The connection of farming to global warming

Agriculture and climate change are interconnected processes, both of which take place on a global scale.
Global warming will cause changes to what can be grown and where. At the same time, however, many of
our agricultural practices may in fact contribute to global warming.

The term ‘global warming’ generally refers to the warming of the planet that is caused by increased
emissions of greenhouse gases as a result of human activity. The human activity of food production can
contribute to global warming in two ways.

o Grazing animals and flooded rice paddies produce the greenhouse gas methane. Livestock are thought
to be responsible for 35 per cent of the world’s methane output. The next largest sources, in order, are
oil and gas, landfill, rice paddies and wastewater treatment systems.

o Food production changes the surface of the Earth, which then alters the planet’s ability to absorb or
reflect heat and light. Large-scale deforestation and desertification can significantly alter a region’s
microclimate. Around 80 per cent of global deforestation is caused by clearing the land for grazing,
slash-and-burn farming and cropping.

4.11.2 The biggest polluters

Cows emit large quantities of methane through belching and flatulence (caused by digestive gases). The gas
is produced by bacteria digesting grass in one of the four stomachs that cows have. It has been estimated
that one cow could produce somewhere between 100 and 500 litres of methane per day (see FIGURE 1).

This amount is similar to the pollution produced by one car in one day. When you consider there are over
1.5 billion cows in the world, this equates to a lot of gas. Scientists today are working on ‘fuel-efficient
cows’ — cows that convert feed more efficiently into milk rather than methane.
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FIGURE 1 Argentine scientists have strapped plastic tanks to the backs of cows to assess how much
methane they produce.

RS
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Rice farming is one of the biggest sources of human-produced methane, averaging between 50 and
100 million tonnes per year. The gas is produced in the warm, waterlogged soils of the rice paddies
(see FIGURE 3).

FIGURE 3 Methane is released from rice paddies.

The practice of factory farming, in
which a very high number of animals
are concentrated in the one place,
produces an unmanageable amount of
waste (see FIGURE 4). On a sustainable
farm, animal manure can be used as
a natural fertiliser, but on a factory
farm the large quantity becomes a
source of methane, because the waste
is often mixed with water and stored in
large ponds or lagoons. An additional
problem can occur if these ponds leak,
as they create soil and water pollution.
The use of nitrogen-based fertilisers
on farms also releases nitrous oxide,
another greenhouse gas.

FIGURE 4 Factory farming produces large quantities of waste
products.
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4.11.3 Deforestation’s connection to global warming

Trees are 50 per cent carbon, so when they are burned or felled to create land for farming, the CO, they
store is released back into the atmosphere. Research suggests that the loss of tropical rainforests alone
accounts for 8 per cent of global carbon dioxide emissions, similar to those of the USA. Forests also act

as carbon sinks, the most effective way of storing carbon. Large areas of cleared land absorb more heat than
native vegetation, which can lead to changes in local weather conditions.

4.11 INQUIRY ACTIVITIES

1.

Research the sources of methane gas and find out what percentage each contributes to world methane
output. Present your information in a pie or bar graph. Is the biggest source natural or human?
Examining, analysing, interpreting

. If one cow produces the equivalent of 16 kWh of energy per day, how many cows would be needed to

power your own home per day? You will need to check your household electricity bill.
Examining, analysing, interpreting

. How might climate change affect agriculture? Do some online research to investigate some of the possible

effects of climate change on food production. Examining, analysing, interpreting

4.11 EXERCISES

Geographical skills key: GS1 Remembering and understanding GS2 Describing and explaining GS3 Comparing and
contrasting GS4 Classifying, organising, constructing GS5 Examining, analysing, interpreting GS6 Evaluating, predicting,
proposing

4.11 Exercise 1: Check your understanding

1.
. GS1 What are two ways in which deforestation can contribute to changes in greenhouse gases?

. GS1 What is the biggest global emitter of methane: livestock, cars or rice paddies?

. GS2 Is factory farming a sustainable form of food production? Give reasons for your answer.

. GS2 The building of large-scale dams and subsequent flooding of forests in the Amazon is also contributing

aArODN

GS1 What are three greenhouse gases?

to increases in greenhouse gas emissions. What is the reason for this?

4.11 Exercise 2: Apply your understanding

1.
2.

GS2 Why do we have factory farming?

GS3 Study FIGURE 4.

(@) How does factory farming differ from traditional farming methods? Create a table with two columns, one
headed ‘Key features of a traditional dairy farm’ and the other ‘Key features of a factory farm’. List the
features of both styles of farming and then compare your lists.

(b) Write a paragraph summarising the similarities and differences between the two methods.

. GS6 Suggest some ideas for reducing agriculture’s contribution to global warming.
. GS6 Agriculture and climate change are interconnected processes. Suggest possible ways that increased

temperatures and increased frequency of storms could impact on food production in Australia.

. GS2 Explain how deforestation can change the microclimate, especially temperatures and moisture levels,

of a region. (Note: A microclimate is a local set of atmospheric conditions that differ from those in the
surrounding areas.)

Try these questions in learnON for instant, corrective feedback. Go to www.jacplus.com.au.
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4 .12 Thinking Big research project:
Fished out! PowerPoint

=
c
°

SCENARIO

For an upcoming ’Biomes and food security’ conference,
you have been invited to give a presentation on a current
issue relating to food security — in this case, overfishing —
and to outline some of the responses that consider
economic, social and environmental factors. You will need
to conduct some background research and then produce
a PowerPoint presentation to highlight the threat that
overfishing represents to the world’s food security.

Select your learnON format to access:
« the full project scenario
« details of the project task
» resources to guide your project work
e an assessment rubric.

Resources

ProjectsPLUS Thinking Big research project: Fished out! PowerPoint (pro-0190)

4 .13 Review

4.13.1 Key knowledge summary
Use this dot point summary to review the content covered in this topic.

4.13.2 Reflection
Reflect on your learning using the activities and resources provided.

only

Resources

eWorkbook Reflection (doc-31718)
Crossword (doc-31719)
Interactivity The impacts of global food production crossword (int-7646)

KEY TERMS

aquaculture the farming of aquatic plants and aquatic animals such as fish, crustaceans and molluscs

aquifer a body of permeable rock below the Earth’s surface, which contains water, known as groundwater
biophysical environment the natural environment, made up of the Earth’s four spheres — the atmosphere,
biosphere, lithosphere and hydrosphere

deforestation clearing forests to make way for housing or agricultural development

degradation deterioration in the quality of land and water resources caused by excessive exploitation 3
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endemic describes species that occur naturally in only one region

erosion the wearing down of rocks and soils on the Earth’s surface by the action of water, ice, wind, waves,
glaciers and other processes

factory farming the raising of livestock in confinement, in large numbers, for profit

greenhouse gases any of the gases that absorb solar radiation and are responsible for the greenhouse effect.
These include water vapour, carbon dioxide, methane, nitrous oxide and various fluorinated gases.
groundwater water that exists in pores and spaces in the Earth’s rock layers, usually from rainfall slowly filtering
through over a long period of time

humus an organic substance in the soil that is formed by the decomposition of leaves and other plant and animal
material

irrigation the supply of water by artificial means to agricultural areas

kenaf a plant in the hibiscus family that has long fibres; useful for making paper, rope and coarse cloth
old-growth forests natural forests that have developed over a long period of time, generally at least 120 years,
and have had minimal unnatural disturbance such as logging or clearing

plantation an area in which trees or other large crops have been planted for commercial purposes

pulp the fibrous material extracted from wood or other plant material to be used for making paper

salinity the presence of salt on the surface of the land, in soil or rocks, or dissolved in rivers and groundwater
waterlogging saturation of the soil with groundwater such that it hinders plant growth

watertable the surface of the groundwater, below which all pores in the soils and rock layers are saturated

with water
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4.4 skilBuilder: GIS — deconstructing a map

4.41 Tell me
What is GIS?

A geographical information system (GIS) is a storage system for information or data, which is stored as
numbers, words or pictures. The data has the location attached so that it may be viewed as a map or as an
image. GIS can process huge amounts of information to produce maps that would take a long time to draw
by hand. Specialised computer programs produce maps from the data.

In this SkillBuilder, map layers will be created in a similar way to that used by cartographers and GIS
specialists when making digital maps, but with much simpler tools and processes.

How is GIS useful?
Analysing large amounts of information using a computer is much faster than doing it manually and
provides a much deeper understanding of the information. GIS allows multiple series of information to be
displayed in a succession of map layers. The spatial distribution of the data and the relationship to other
data may be compared. GIS is used in many professions wherever maps are required, such as in urban
planning, logistics, resource management, policing and public health.

A GIS stores data in three ways: as points, lines or polygons (called vector data); as tables (called tabular
data); and as pixels in an image (called raster data). A satellite image, for example, would be called a raster
image in GIS.
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A GIS program:

stores similar information together

stores data attached to points, lines and polygons in separate files

stores the location of each point, line or polygon digitally

includes tables of data in which each row is linked to a location and each column stores information as
numbers or words

includes information about the source of the data — known as metadata.

A breakdown of maps such as a GIS:

traces each set of point, line and polygon data onto three pieces of tracing paper
uses appropriate colours for the features

layers the features, with points on top, lines underneath and polygons on the bottom
includes BOLTSS.

FIGURE 2 Example of a satellite image (called a raster image in GIS). This shows a section
of the area that appears in FIGURE 1.

3

Source: © Geoscience Australia

Jacaranda Geography Alive 9 Victorian Curriculum Second Edition



4.4.2 Show me

How to deconstruct maps to build a simple GIS
You will need:

e atopographic map
o three pieces of tracing paper
o coloured pencils.

Model

FIGURE 3 Completed simple GIS map showing farmsteads, rivers, creeks and forests around Giriffith
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Procedure
Step 1
Point features on the map have a location that may be defined using either a grid reference or latitude and
longitude. The map of Griffith shown in FIGURE 1 (Topographic map of Griffith, New South Wales digital
document in the Resources tab) has many point features, such as spot elevation (height), bores, wells,
buildings, gates and stock grids.

Overlay one piece of tracing paper on the topographic map and, using an appropriate colour, mark the
homesteads (or farmsteads) as point data on the tracing paper.

FIGURE 4 Point features are marked on the first layer of tracing paper.
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Step 2
Line features on the map may be straight or winding. Their location is determined by joining multiple
points. FIGURE 1 has many line features, such as roads, railway lines, rivers and creeks, irrigation channels
and power lines.

Overlay a second piece of tracing paper on the topographic map and, with an appropriate colour, trace the
rivers and creeks (line features).

FIGURE 5 Line features of rivers and creeks are traced onto a second piece of tracing paper.
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Step 3
A polygon is a shape that has many sides. Its location on the map is determined by joining multiple points.
FIGURE 1 has many polygon features, such as orchards, vineyards, national parks, lagoons, swamps and
forested areas.

Overlay a third piece of tracing paper on the topographic map and, with an appropriate colour, trace the
forests (polygon data).

FIGURE 6 The polygon data of forests are traced onto a third piece of tracing paper.
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Step 4
Place the three tracing-paper layers in the following order: point features on top, line features underneath,

and polygon features at the bottom. Provide BOLTSS for your map. In GIS, the finished map would be
called a layout.

FIGURE 7 The three layers of tracing paper are now combined, and BOLTSS is added. This simple
GIS overlay map shows farmsteads, rivers, creeks and forest areas in Griffith area.
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él Digital doc Topographic map of Griffith, New South Wales (doc-11566)
H Video eLesson GIS — deconstructing a map (eles-1730)
“ Interactivity = GIS — deconstructing a map (int-3348)
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443 Letmedoit

Complete the following activities to practise this skill.

4.4 ACTIVITIES

1.

Ch

Use the FIGURE 1 map of Griffith provided in the Resources tab. Choose one point feature, one line feature
and one polygon feature and create three tracing-paper overlays. Organise the layers appropriately and add
BOLTSS to your map. Use the checklist to ensure you cover all aspects of the task.

. Based on what you have learned in this SkillBuilder, apply your skills to answer the following questions.

(@) What is the name of the district through which the Murrumbidgee River flows?

(b) The original biome for this area is likely to have been forest. What has happened to this biome and how
would you describe the distribution of forest in the area today?

(c) Compare the number of creeks in the map in FIGURE 1 with the number of channels. What is the purpose
of the many channels and canals?

(d) FIGURE 1 shows a part of Australia that has undergone change. Using Google Earth and the map,
identify the area where there has been the least change and the area where there has been the most
change. Explain your choice.

(e) This area is an example of intensive farming. What does this mean? Provide at least one piece of
evidence from both the map in FIGURE 1 and the satellite image in FIGURE 2 (or Google Earth) to support
this statement.

() Maps and satellite photographs show different ways of recording information. Identify two pieces of
information visible in FIGURE 2 (or Google Earth) that are not shown on the FIGURE 1 map.

ecklist

| have:

traced each set of point, line and polygon data onto a separate piece of tracing paper
used appropriate colours for the features

layered the features, with points on top, lines underneath and polygons on the bottom
included BOLTSS.
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4. ( SkilBuilder: Interpreting a geographical cartoon
4.7.1 Tell me

What are geographical cartoons?
Geographical cartoons are humorous or satirical drawings on topical geographical issues, social trends and
events. A cartoon conveys the artist’s perspective on a topic, generally simplifying the issue.

How are cartoons useful?
Cartoons promote an interest in a topic or issue, and encourage discussion and debate. The cartoonist’s
message about a geographical topic is evident. Our feelings, attitudes and values are expressed in our
response to the cartoon. Your response to geographical cartoons encourages discussion and evaluation of
alternative responses as you take in other people’s viewpoints and perspectives.

Cartoons are useful for:

» showing the key points of a geographical topic

o exaggerating the key points of an issue

e encouraging a response to an issue, whether in agreement or disagreement with the cartoonist

o presenting information, an issue, or a viewpoint in an interesting way.

A good interpretation of a cartoon:

e recognises the issue

o analyses the components of the cartoon

o identifies the cartoonist’s personal opinion or message

« allows a personal response to the geographical topic.

4.7.2 Show me

How to interpret a cartoon
You will need:

e a geographical cartoon.
Model
The cartoon shown in FIGURE 1 is about overfishing our oceans. The cartoonist suggests that by 2048 there
will be no more fish left in the oceans. It is not clear why the cartoonist chose this date (perhaps it’s just a
random date well into the future). The cartoon uses exaggeration, as there will be fish, but the quantities
may not make it economical to fish using the techniques currently available. The string of hooks in this
cartoon is also unrealistic, as this is not the way commercial fishing is undertaken. Our wider perspective
on the topic tells us that actual fishing techniques are trawling and purse-seine netting to maximise the
catch at any one time. The cartoon plays on the word bite. It can mean (a) that a fish bites a hook or (b)
that someone reacts or responds to something. Thus, the second fish reacts to the first fish’s statement and
asks the question why, but it might also bite one of the many hooks that surround it. The answer to the why
question is obvious to the audience — the fish will be caught because it will be impossible to avoid capture.
This cartoon makes us think about the issue of taking fish from the ocean, and it questions the sustainability
of the fishing industry — too many people are fishing for a limited resource.
Procedure
Step 1
Take the time to study the cartoon and carefully look for the overall idea. Next, focus on the artistic work
of the cartoonist and any subtleties that have been included. Consider different relative sizes of parts of
the drawing, as well as any wording or attitudes expressed in the image. FIGURE 1 is about overfishing our
oceans. In this case, the subtleties are in the words of the fish — what are the fish really saying?
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FIGURE 1 Cartoon on overfishing
T ‘
i
i

| HEARD THAT BY
2048 SEAFOCD
MAY BE WIPED

OKAY, I'LL
.\ BITELWHY?

P

Step 2

Consider the overarching issue: in this case, overfishing. What is your general knowledge of the topic? In
Geography classes, when you are given a cartoon, you know that it relates to the topic you are studying. If
you are viewing a cartoon from elsewhere, then you have to think through the issue being portrayed. Things
to look for in a cartoon include the following.

Symbolism — conveying ideas in a concise manner through the use of symbols. In FIGURE 1, the large
number of hooks suggests overfishing.

Stereotyping — our fixed mental picture of something. In FIGURE 1, the fish are drawn in a stereotypical
way. Be wary of stereotyping in a cartoon that involves people.

Caricatures — overemphasis or distortion of physical features. In FIGURE 1, the fish have large eyes
and mouths to draw our attention to their conversation and to give them human qualities.

Visual metaphors — the artist’s means of helping us understand the topic. In FIGURE 1, the large
number of hooks and the use of the word bife suggest the fish will be caught.

Exaggeration or distortion — for example, making things appear larger, smaller or greater in number
than they really are. The number of fishing hooks is an exaggeration or distortion of commercial
fishing techniques.

Humour — the use of visual or verbal jokes or wit to make the viewer smile or laugh. Irony and satire
are commonly used.

Perspective — the point of view of the cartoonist. In FIGURE 1, it is evident that the cartoonist believes
that most fish will be gone by 2048, a date well into the future.

Captions — text-based content that adds to the visual content. In FIGURE 1, both of the fish have speech
bubbles in which they discuss the sustainability of the fishing industry. (A speech bubble usually has a

pointed end, like this Q, but because they are fish and cannot actually talk, the cartoonist has used

‘thought bubbles’, like this Q.)

Step 3
Now systematically approach an analysis of the cartoon. Answer the following three questions.

What issue does the cartoon convey? In FIGURE 1, the issue is overfishing.
What geographical concepts are related to the issue in the cartoon? In FIGURE 1, the concepts of
environment (the ocean), space (global), change (commercial fishing causing a decline in fish
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numbers), scale (global), interconnection (fishing techniques and human demand decreasing fish
resources) and sustainability (the future) can be mentioned.
o What are the geographical implications of the cartoon? The cartoon in FIGURE 1 implies that the future
of the fishing industry could be at risk.
Step 4
Complete your writing with a concluding statement on how you feel about the topic of the cartoon. The text
in the Model section of this subtopic states: ‘This cartoon makes us think about the issue of taking fish from
the ocean, and it questions the sustainability of the fishing industry — too many people are fishing for a
limited resource.’

Resources

Video eLesson Interpreting a geographical cartoon (eles-1731)

Interactivity  Interpreting a geographical cartoon (int-3349)

47.3Letmedoit

Complete the following activities to practise this skill.

4.7 ACTIVITIES

1. Using the steps outlined in the Show me section, write a paragraph analysing the geographical issue
portrayed in the FIGURE 2 cartoon. Use the checklist to ensure you cover all aspects of the task.

2. Based on what you have learned in this SkillBuilder, apply your skills to answer the following questions.
(@) Why is the fishing trawler drawn so small?
(b) Has the trawler caught many fish? Explain your answer.
(c) Explain the discussion between the two fish.
(d) What message do you think is being conveyed in this cartoon?
(e) How does this cartoon make you feel?

FIGURE 2 Unsustainable fishing

WELL, THAT
LEAVES JUusT
THE TWO OF

. UNTIL
THEY
OROP

Checklist
| have:
e recognised the issue
¢ analysed the components of the cartoon
« identified the cartoonist’s personal opinion or message
« stated my personal response on the geographical topic.
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4 .12 Thinking Big research project: Fished out!
PowerPoint

Scenario

Overfishing is one of the largest human-caused ecological threats to the world’s food supply. An average
person now eats 20 kilograms of fish each year, which is more than twice the amount consumed 50 years
ago. Combined with a global population that has quadrupled in the same time period, the result is that

60 per cent of fishing waters are fully fished out and 30 per cent of commercially fished waters are
overfished. Globally, fish accounts for 17 per cent of all animal protein consumed and the fishing industry
provides employment for more than 60 million people, especially in developing countries where 97 per cent
of the world’s fisherfolk live. Not only are we threatening an important food source, we are also causing
damage to marine ecosystems and people’s livelihoods. Progress is being made in some fishing grounds,
with commitment from fishers, governments, scientists and the Marine Stewardship Council to establish
science-based standards for environmentally responsible and sustainable fishing.

Task

A conference has been organised for secondary Geography students studying biomes and food security. You
have been invited to give a presentation on a current issue relating to food security, in this case overfishing,
and to outline some of the responses that take into account economic, social and environmental factors.
Following the guidelines provided in the Process section, conduct some background research and then
produce a PowerPoint presentation to highlight the threat that overfishing presents to the world’s food
security. Your presentation should cover the following points:
o a brief explanation and details of the global scale of overfishing (include data)
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o details of factors (a minimum of three) that have contributed to overfishing; for example,
improvements in technology, lack of regulations and international laws, the open sea, illegal fishing,
factory ships etc.

» some of the impacts of overfishing on both the environment and people

» adiscussion of two responses that could contribute to a more sustainable approach to fishing and
the social, economic and environmental implications of each. Is one more likely to be more
effective? Why?

Process

o 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 members in your project group if you wish to work
collaboratively. You can present your PowerPoint either individually or with a partner, but you may
work with a partner or in groups during the research phase, to enable information sharing and to help
grow your ideas through collaborative discussion. Save your settings and the project will be launched.

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

o Use the weblinks in the Media centre, along with your own research to find information. Add your
research notes to the relevant topic pages in the Research forum. Remember to record details of your
sources so you can create a resources list (bibliography) at the end of your PowerPoint. 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.
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e You should also search for suitable images to support your presentation. These should include a
minimum of one map, one graph and three images. You might create your own graph using data that
you find during your research. All images must have a source detailed beneath them.

o When you have gathered all your information, use your research notes to identify and write concise
points that you can use on your PowerPoint slides.

o Set up your PowerPoint, adding a slide for each point, and include your images where appropriate.
Remember not to use too much text on any one slide, and to choose an appropriate size and style of
text that can be easily read by people in your audience.

¢ Your final slide should be a bibliography detailing your reference material.

¢ Review your completed PowerPoint, checking spelling and grammar thoroughly.

o Ensure that you have completed all elements of the task and, when you are satisfied with your work,
present your conference presentation to your teacher and class.

Resources

ProjectsPLUS Thinking Big research project: Fished out! PowerPoint (pro-0190)
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4 .13 Review

4.13.1 Key knowledge summary
4.2 Food production’s effect on biomes
o Earth is made up of four interconnected spheres: the atmosphere, hydrosphere, lithosphere and
biosphere.
o Natural events and human activities can create changes to these spheres.
o New technologies and improvements in farming methods have increased our rate of food production
but have also caused loss of biodiversity and unsustainable degradation of land and water.

4.3 Changing our forest biome
o Forest biomes provide resources for a wide range of goods and services, and they support wide
biodiversity.
o The need for farmland and forest products has seen large-scale clearing of the world’s forests.
o Deforestation creates a range of environmental impacts, examples of which can be seen in the Amazon
rainforest.

4.5 Paper profits, global losses?
o Biomes provide not only food but also products for manufacturing, such as fibre for paper products.
o Global consumption of paper products continues to rise; societies in more developed countries are very
dependent on paper.
o The clearing of forest biomes, manufacturing of paper products and the disposal of these products all
have environmental impacts.
o Changes are taking place to reduce these impacts and alternatives to wood pulp are being explored.

4.6 Depleting our bountiful ocean biome
o Fish is an important source of food for over one billion people around the world.
o Improvements in technology have enabled larger quantities of fish to be captured, processed and stored
at greater distances from the coast.
¢ A ‘boom and bust’ mentality has seen large-scale overfishing and the decline in fish species.
o Aquaculture is now outstripping wild fish capture as an important supplier of fish and fish products.
e Aquaculture, if poorly managed, can create environmental change.

4.8 Losing the land
o Land that is poorly managed or overworked is susceptible to degradation. Erosion, salinity and pest
invasions are all causes of land degradation.
o Land degradation can result from both natural and human causes and can lead to a loss of productivity.
o There is a strong interconnection between land degradation and food insecurity.

4.9 The effects of farmland irrigation
o Food production and security is linked to water availability.
 Irrigation is the biggest user of water in the world, consuming 70 per cent of freshwater resources.
o Irrigation can contribute to an increase in type, yield and the seasonality of food production.
o However, poorly managed irrigation has environmental costs, such as soil salinity and waterlogging.
o Diversion of surface water and extraction of underground water need to be carried out in a sustainable
manner, or watertables will fall and groundwater sources will run dry.

4.10 Diminishing global biodiversity
o Globally, there is a decline in the number and population of most species.
o Changes in agriculture, large-scale changes to habitats and modern breeding of plants and animals all
contribute to a loss of biodiversity.
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o Australia is considered a megadiverse country, with one of the highest levels of biodiversity in the
world.
4.11 Does farming cause global warming?
o Food production can contribute to global warming.
o Methane, an important greenhouse gas, is a by-product of farming, especially in rice and cattle
farming.
o Deforestation also contributes to global warming through the release of carbon.

4.13.2 Reflection

Complete the following to reflect on your learning.

4.13 ACTIVITIES

Revisit the inquiry question posed in the Overview:

Our planet works hard to feed the ever-growing human population ... but at what cost?

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

eWorkbook Reflection (doc-31718)
Crossword (doc-31719)

Interactivity The impacts of global food production crossword (int-7646)

KEY TERMS

aquaculture the farming of aquatic plants and aquatic animals such as fish, crustaceans and molluscs

aquifer a body of permeable rock below the Earth’s surface, which contains water, known as groundwater
biophysical environment the natural environment, made up of the Earth’s four spheres — the atmosphere,
biosphere, lithosphere and hydrosphere

deforestation clearing forests to make way for housing or agricultural development

degradation deterioration in the quality of land and water resources caused by excessive exploitation
endemic describes species that occur naturally in only one region

erosion the wearing down of rocks and soils on the Earth’s surface by the action of water, ice, wind, waves,
glaciers and other processes

factory farming the raising of livestock in confinement, in large numbers, for profit

greenhouse gases any of the gases that absorb solar radiation and are responsible for the greenhouse effect.
These include water vapour, carbon dioxide, methane, nitrous oxide and various fluorinated gases.
groundwater water that exists in pores and spaces in the Earth’s rock layers, usually from rainfall slowly filtering
through over a long period of time

humus an organic substance in the soil that is formed by the decomposition of leaves and other plant and animal
material

irrigation the supply of water by artificial means to agricultural areas

kenaf a plant in the hibiscus family that has long fibres; useful for making paper, rope and coarse cloth
old-growth forests natural forests that have developed over a long period of time, generally at least 120 years,
and have had minimal unnatural disturbance such as logging or clearing

plantation an area in which trees or other large crops have been planted for commercial purposes

pulp the fibrous material extracted from wood or other plant material to be used for making paper

salinity the presence of salt on the surface of the land, in soil or rocks, or dissolved in rivers and groundwater
waterlogging saturation of the soil with groundwater such that it hinders plant growth

watertable the surface of the groundwater, below which all pores in the soils and rock layers are saturated
with water
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O Challenges to food security

5.1 Overview

The world produces enough food to feed everyone. So why do hundreds of millions of people go hungry
every day?

5.1.1 Introduction

For these children, in a tent camp for people
displaced by flooding in northern India, the
only kind of food security comes in the form of
aid. One in nine people in the world, or around
850 million, will go to bed hungry tonight.
What is preventing everyone getting enough

to eat? And if this is the current situation, what
will happen in the future, with our population
set to rise to nearly 10 billion by 20507 How
can we ensure food security for all the people
of our ever-growing world population?

Resources

eWorkbook Customisable worksheets for this topic

Video eLesson Food for thought (eles-1720)

LEARNING SEQUENCE
5.1 Overview
5.2 Global food security
5.3 SkillBuilder: Constructing and describing complex choropleth maps
5.4 Impacts of land loss on food security
5.5 SkillBuilder: Interpreting satellite images to show change over time
5.6 Water — a vital part of the picture
5.7 Climate change challenges for food security
5.8 Managing food wastage
5.9 Thinking Big research project: Famine crisis report
5.10 Review

only

only

only only

To access a pre-test and starter questions and receive immediate, corrective feedback and sample responses
to every question, select your learnON format at www.jacplus.com.au.
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5.2 Global food security
5.2.1 What is food security?

Very few Australians, by choice, would go to bed at night hungry. We live in a country where there is a
plentiful supply and wide range of food items available. Our relatively high standard of living enables most
of us to afford to purchase, store and prepare food, or even dine out. Most of us are secure in the knowledge
that there will be food available at the next mealtime.

According to the United Nations Food and Agriculture Organization, ‘Food security exists when all
people, at all times, have physical and economic access to enough safe and nutritious food to meet their
dietary needs and food preferences for an active and healthy lifestyle.’

Food security for you, as a student, means that your family either grows its own food, has sufficient
income to purchase food, or is able to barter or swap food. Similarly, food security for a country means
that it is able to grow sufficient food, or it has enough wealth to import food, or it combines the two. Not all
people in the world are able to achieve this. Further, access to a wide variety of foods varies from place to
place. For example, consider the range of foods available in the two markets in FIGURES 1(a) and (b).

FIGURE 1 Fresh produce market in (a) a developed country and (b) a developing country
— 3 3 - g
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5.2.2 Who has food security?

The FIGURE 2 map shows the countries of the world, scored according to the Global Food Security Index.
This is based on a range of 12 different indicators, including the:

« affordability of food

o accessibility of food

o nutritional value of food

o safety of food

o nutritional and health status of the population.

Countries that have a high rating on the index are able to produce more food than they require, so
they can export their surplus, or they are able to afford to import all of their food needs, as is the case for
Singapore.

FIGURE 2 The Food Security Index, 2018
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Source: © 2019 The Economist Intelligence Unit Limited, data from Global Food Security Index. Map drawn by Spatial Vision.

In Australia, we produce three times as much food as we consume. We are a major exporter of both
fresh and processed food, and can trade competitively in cereals, oil seeds, beef, lamb, sugar and dairy
products. Ninety per cent of our food is grown here in Australia. Of the remaining 10 per cent that we
import, many foods are either processed or out of season in Australia; oranges are an example. Global
trade is an important component of food security because it is almost impossible to exactly match food
production to food demands.

As a country, Australia does not have a problem feeding its population, but it has a humanitarian interest
in the food security of developing nations. As a major food producer, Australia does face future challenges.
There is declining growth in agricultural productivity, the threat of climate change, and increasing
competition for land and water.
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5.2.3 Who is at risk of food insecurity?

FIGURE 2 also shows those countries that have a low Food Security Index score. It is estimated that more
than 850 million people — one in every nine people in the world — are undernourished, with diets that
are minimal or below the level of sustenance. Poor diet and limited access to food create large-scale food
insecurity in many parts of Africa and southern Asia. People who do not have a regular and healthy diet
often have shortened life expectancy and an increased risk of disease. Children are especially vulnerable to
poor diet, and their growth, weight, and physical and mental development suffer. India is home to 24 per
cent of the world’s malnourished and 30 per cent (46.6 million) of the world’s children under five with
stunted growth due to poor and inadequate diets.

Paradoxically there is also an interconnection between food insecurity and obesity. When fresh food is
scarce or expensive, people will choose cheaper food that is often high in kilojoules but low in nutrients.
This is quite common in urban areas of middle- and high-income countries. Of the world’s population of
over 7.7 billion, two billion are now overweight — a condition that contributes to significant health issues
such as diabetes and heart disease.

5.2.4 Why is there food insecurity?

Global food production now provides one-third more calories than are needed to feed the entire world.
Since the beginning of this century there has been an increase in production from 2716 to 2904 calories per
person per day. Increases from 2083 to 2358 calories have also occurred in the least developed countries.
There is, however, unequal access to arable land, technology, education and employment opportunities.
Improvements in food production and economic development have not always occurred in those places
experiencing rapid growth in population. Food is redistributed around the world via trade and aid but neither
is a long-term or large-scale solution to food insecurity. Regional variations still occur in the distribution

of hunger, as can be seen in FIGURE 3. Since 2014, severe food insecurity has actually risen in Africa, Latin
America, and the world as a whole.

FIGURE 3 Regional food insecurity, 2014-2017
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Some of the reasons for food insecurity include:
e poverty

e population growth

o weak economy and/or political systems

o conflict

o natural disasters such as drought.

5.2 INQUIRY ACTIVITIES

1. Research and find out the causes and effects of one of the conditions caused by dietary deficiency, such as

deficiency in iron, vitamin A or vitamin C. Examining, analysing, interpreting
2. Select one of the places mapped in FIGURE 2 as being at extreme risk of food insecurity. Find out the main
factors that contribute to its food insecurity. Examining, analysing, interpreting

3. GS2 Refer to a map of conflict in your atlas or online. Is there an interconnection between those countries
that have a high or extreme risk of food insecurity and those countries that are experiencing conflict?
Include country names in your answer. Examining, analysing, interpreting

5.2 EXERCISES

Geographical skills key: GS1 Remembering and understanding GS2 Describing and explaining GS3 Comparing and
contrasting GS4 Classifying, organising, constructing GS5 Examining, analysing, interpreting GS6 Evaluating, predicting,
proposing

5.2 Exercise 1: Check your understanding
1. GS1 What is meant by the term food security?
2. GS3 Compare the two photographs in FIGURES 1(a) and 1(b).
(@) What are the similarities and differences between the two markets?
(b) Do you think all food groups would be available in both markets? Why or why not?
3. GS4 Refer to FIGURE 2.
(@) List five examples of countries, from different regions of the world, that are considered to have low risk of
food insecurity.
(b) Would you classify these countries as developing or developed?
. GS2 What does it mean to live in a country with low risk of food insecurity?
. GS2 The Food Security Index was based on evaluating five different indicators. Why do you think indicators
such as accessibility and safety were included?
. GS1 What factors make people vulnerable to food insecurity?
. GS1 What is the difference between undernutrition and malnutrition?
. GS2 Explain how conflict can lead to food insecurity.

o »

0 N

5.2 Exercise 2: Apply your understanding
1. GS6 How do you think climate change might affect Australia’s food security?
2. GS6 What natural or human events could disrupt our food security?
3. GS3 Refer to FIGURE 3.
(@) With the use of dates and percentages, describe the main trend in food security throughout the world
for 2014-2017.
(b) Compare the trends in food security for Africa and North America/Europe over time. Use figures in
your answer.
4. GS6 Develop five steps you think would reduce a country’s risk of food insecurity. Give reasons for
your choices.
5. GS6 How can Australia best help another country that is at high risk of having insufficient food for its
people?
6. GS6 At the turn of the twentieth century, the total worldwide spending on agricultural research was
US$23 billion, compared with US$1.5 trillion on weapons. Do we have our priorities right? Write a short
‘letter to the editor’ outlining your view.

Try these questions in learnON for instant, corrective feedback. Go to www.jacplus.com.au.
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5.3 skilBuilder: Constructing and describing complex

choropleth maps

only

What is a complex choropleth map?

A complex choropleth map is a map that is shaded or coloured to show
the average density or concentration of a particular feature or variable, and

it shows an area in detail.

Select your learnON format to access:
e an explanation of the skill (Tell me)

¢ a step-by-step process to develop the skill, with an

example (Show me)

e an activity to allow you to practise the skill (Let me do it)
e questions to consolidate your understanding of the skill.

Resources

Video eLesson Constructing and describing complex choropleth maps (eles-1732)
Interactivity Constructing and describing complex choropleth maps (int-3350)

5.4 Impacts of land loss on food security

5.4.1 How is land lost?

Land is absolutely essential for food
production, and the world has more than
enough arable land to meet future demands
for food. Nevertheless, we need to find a
balance between competing demands for this
finite resource.

The loss of productive land has two main
causes. First, there is the degradation of
land quality through such things as erosion,
desertification and salinity. Second, there is
the competition for land from non-food crops,
such as biofuels, and from expanding urban
areas. As FIGURE 1 shows, the growth in world
population is inversely proportional to the
amount of arable land available. This does not
even take into consideration the land that is

Billion

degraded and no longer suitable for growing food.

FIGURE 1 Comparison of world population growth and
arable land per capita
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Land degradation

Although there have been significant improvements in crop
yields, seeds, fertilisers and irrigation, they have come at a
cost. Environmental degradation of water and land resources
places future food production at risk.

The main forms of land degradation are:
erosion by wind and water
salinity
pest invasion
loss of biodiversity

o desertification.

Land degradation occurs in all food-producing biomes
across the globe. Some degradation occurs naturally; for
example, a heavy rainstorm can easily wash away topsoil.
However, the most extensive degradation is caused by
overcultivation, overgrazing, overwatering, overloading with
chemicals and overclearing (see FIGURE 2). More than 75 per
cent of the planet’s land is considered degraded, impacting
on the lives of more than 3 billion people. In China, erosion
affects over 40 per cent of the land area; up to 10 million
hectares are contaminated by pollutants.

Competition for land

There has been a growing global trend to convert valuable
cropland to other uses. Urban growth, industrialisation and
energy production all require land. Melbourne currently

FIGURE 2 Land degradation caused by
deforestation in Madagascar

produces enough food to supply 41 per cent its needs. With an estimated population of 7-8 million and the
consequent growth in city size by the year 2050, the city will need 60 per cent more food. The capacity of

current farmland will provide only 18 per cent of the city’s needs.

Creeping cities

Cities tend to develop in places that are agriculturally productive. However, as they expand, they encroach
on valuable farmland. Approximately 3 per cent of the world’s land areas are urbanised, but this is expected

to increase to 4-5 per cent by 2050.

FIGURE 3 Satellite image of New Delhi, India, in (a) 1989 and (b) 2018 — the expansion of the city has taken over

valuable arable land.

(b)
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Growing fuel
Traditionally, the main forms of biofuel have been wood and charcoal. Almost 90 per cent of the wood
harvested in Africa and 40 per cent of that harvested in Asia is used for heating and cooking. Today,
people are seeking more renewable energy sources and they want to reduce CO, emissions associated
with deforestation, so there is greater demand for alternative energy sources. Consequently, the use of
agricultural crops to produce biofuels is increasing. Ethanol (mostly used as a substitute for petrol) is
extracted from crops such as corn, sugar cane and cassava. Biodiesel is derived from plantation crops such
as palm oil, soya beans and jatropha. The growth of the biofuel industry has the potential to threaten future
food security by:
o changing food crops to fuel crops, so less food is produced and crops have to be grown on marginal
land rather than arable land
e increasing prices, which makes staple foods too expensive for people to purchase
o forcing disadvantaged groups, such as women and the landless poor, to compete against the might of
the biofuel industry.

Land grabs
A growing challenge to world food security is the purchase or lease of land, largely in developing nations,
by resource-poor but wealthier nations. Large-scale ‘land grabs’, as they are known, have the potential to
improve production and yields but at the same time there is growing concern over the loss of land rights and
food security for local populations.

Since 2000, foreign investors have acquired over 26 million hectares around the world to produce food
crops and biofuels. FIGURE 4 shows the extent of China’s expansion into other countries with investments in
land and agricultural businesses.

FIGURE 4 Global map of China’s land and food footprint

China’s food footprint
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Source: The Heritage Foundation, GRAIN.org, Bloomberg. Map drawn by Spatial Vision.
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Forty-two per cent of global acquisitions have occurred in Africa, examples of which can be seen in
FIGURE 5. Africa’s appeal is based on the fact that the continent accounts for 60 per cent of the world’s
arable land and yet most countries within it currently achieve less than 25 per cent of their potential yield.

FIGURE 5 Examples of land grabs in Africa
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The rise of land grabs came about as a result of the ‘triple-F’ crisis — food, fuel and finance.

o Food crisis: massive increases in world food prices in 2007-08 emphasised the need for those
countries heavily reliant on importing food, such as Saudi Arabia and China, to improve their food
security by obtaining land in other countries to produce food to meet their own needs.

o Fuel crisis: rising and fluctuating oil prices in 2007-09 created an incentive for countries to acquire
land to produce their own biofuels (see FIGURE 5).

o Financial crisis: the global financial crisis in 2008 saw organisations switch from investing in stocks
and shares to land in overseas countries, especially land that could be used to generate food and

fuel crops.

The risk to food security

Investors in farmland are, understandably, seeking large expanses of land that has fertile soils and good
rainfall or access to irrigation water. In many instances, land that is purchased is already occupied and used
by small-scale farmers, often women who rarely benefit from any compensation. Prices for land can be
much lower and there is frequently corruption, with much money going to local and government officials.
People can also be forced off their land by governments keen to make deals with wealthy governments and
corporations. Many land grabs have neglected the social, economic and environmental impacts of the deals.
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With the purchase of land can come the right to withdraw the water linked to it and this can deny local
people access to water for fishing, farming and watering animals. Withdrawal of water can reduce flow
downstream. The Niger River, West Africa’s largest river, flows through three countries and sustains
over 100 million people, so any large-scale water reductions create significant impact to downstream
environments and people.

Not all farmland grab projects have been successful. At least 17.5 million hectares of foreign-controlled
land have failed. There are a number of interconnected reasons, including: a lack of understanding of local
conditions; natural disasters; failed accounting; and, increasingly, challenges from local communities that
have been displaced. When projects collapse, communities rarely get their lands back or are compensated
for their loss. Promises of new schools, health clinics, infrastructure and jobs simply disappear.

It has been estimated that the land taken up by foreign investors for biofuel projects could feed as many
as 190 to 370 million people, or even more, if yields were raised to the level of industrialised western
farming. In addition to these human costs, there are important concerns about environmental risks that are
associated with monoculture farming and the loss of biodiversity in the region.

DISCUSS
‘Land grabs are the solution to establishing a country’s food security.” Provide an argument for this viewpoint and
an argument against this viewpoint. Ensure that your argument is supported with evidence and is logical.

[Critical and Creative Thinking Capability]

Resources

Google Earth New Delhi

5.4 EXERCISES

Geographical skills key: GS1 Remembering and understanding GS2 Describing and explaining GS3 Comparing and
contrasting GS4 Classifying, organising, constructing GS5 Examining, analysing, interpreting GS6 Evaluating, predicting,
proposing

5.4 Exercise 1: Check your understanding

1. GS1 What are the two main ways that productive farmland can be lost?

2. GS1 Why is the use of corn as a biofuel a threat to food security?

3. GS1 What is meant by the term /land grab?

4. GS2 Refer to FIGURE 1.
(a) Describe the changes in population growth and the arable land per person between 1960 and 2030,

making use of figures.

(b) What do these graphs suggest about food security?

5. GS3 Compare the advantages and disadvantages in developing and developed nations of using traditional
biofuels, such as wood and charcoal, instead of oil and gas.

5.4 Exercise 2: Apply your understanding
1. GS2 What is jatropha? What are the benefits of growing this rather than corn and other biofuels?
2. GS6 Do you think Australia will need to purchase farmland overseas? Give reasons for your answer.
3. GS6 Are land grabs the most effective solution for establishing a country’s food security? Outline your view.
4. GS6 Refer to FIGURE 4.
(a) Describe the distribution of countries in which China has acquired land.
(b) Suggest reasons why China might invest in food production and land in Australia.
5. GS5 Refer to FIGURE 5. What do you notice about the use of land in Africa that is being acquired by foreign
countries?

Try these questions in learnON for instant, corrective feedback. Go to www.jacplus.com.au.
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5.5 SkillBuilder: Interpreting satellite images to show
change over time

=
c
(-]
What IS a Satel I Ite | m ag e? The images show the major changes that have occurred as a The Three Gorges Dam is located
. . . . . result of the de_velopment: in the area around the dam (in the in a subtropical region that .
A satellite image is an image taken from a satellite ot s o e sttt vren s
orbiting the Earth. Satellite images allow us to see

very large areas — much larger than those that can be
visualised using vertical aerial photography.

Select your learnON format to access:
e an explanation of the skill (Tell me)
o a step-by-step process to develop the skill,
with an example (Show me)
e an activity to allow you to practise the skill
(Let me do it)
e questions to consolidate your understanding of the skill.

Vegetation appears natural green, water bodies X Soil erosion in this built-up area has
are blue, bare land is pink and built-up areas are . increased, as can be seen in this 2004
apale violet. e s o e e T page

Resources

Video eLesson Interpreting satellite images to show change over time (eles-1733)

Interactivity Interpreting satellite images to show change over time (int-3351)

5.0 Water — a vital part of the picture

5.6.1 Why are we running low on water?

There is no substitute for water. Without water there is no food, and agriculture already consumes 70 per
cent of the world’s fresh water. Every type of food production — cropping, grazing and processing —
requires water. Thus, a lack of water is possibly the most limiting factor for increasing food production in
future.

To feed an additional two billion people by 2050, the world will need to generate more food and use
more water. The two main concerns that threaten future water security are water quantity and water quality.
In theory, the world has enough water; it is just not available where we want it or when we want it, and

it is not easy to move from place to place. We already use the most accessible surface water, and now we
are looking for it beneath our feet. Underground aquifers hold 100 times more water than surface rivers
and lakes. However, groundwater is not always used at a sustainable rate, with extraction exceeding natural
recharge, or filling. This occurs in many of the world’s major food-producing places, in countries such as
the United States, China and India.

Water insecurity is connected with food insecurity. FIGURE 2 shows the predicted number of people who
will face water stress and water scarcity in the future. A more complex view is seen in FIGURE 3, which
shows an interconnection between increased demand for water and predicted climate change, population
increase and greater industrialisation in the 2050s.
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FIGURE 1 Water scarcity is a FIGURE 2 People facing water stress and water scarcity
serious threat to food security.
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FIGURE 3 How water availability may change with temperature, population and industrialisation increase, 2050s
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When water availability drops below 1.5 million litres per person per year, a country needs to start
importing food; this makes the country vulnerable to changes in global prices. Developing countries that
experience water stress cannot afford to import food. They are also more vulnerable to environmental
disasters. In developing countries 70 per cent of food emergencies are brought on by drought.
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The main causes of the growing water shortage are outlined below.

Food production. It is estimated that an additional 6000 cubic kilometres of fresh water will be needed
for irrigation to meet future food demand. Changes in diet, especially increased meat consumption,
require more water to grow the crops and pasture that feed the animals. A typical meat eater’s diet
requires double the amount of water that a vegetarian diet requires.

Growth of urban and industrial demand. Water for farming is diverted to urban populations, and
productive land is converted to urban use.

Poor farming practices. Water is wasted through inefficient irrigation methods and cultivating
water-hungry crops such as rice. Poorly maintained irrigation infrastructure, such as pipes, canals and
pumps, creates leakage.

Over-extraction. Improved technology and cheaper, more available energy have enabled us to pump
more groundwater from deeper aquifers. This is not always done at a sustainable rate, so as water is
removed, less is available to refill lakes, rivers and wetlands.

Poor management. Governments often price water cheaply, so irrigation schemes use water
unsustainably. Some countries may have available water but lack the money to develop irrigation
schemes.

5.6.2 Why is water quality deteriorating?

Agriculture is a major contributor to water pollution. Excess nutrients, pesticides, sediment and other
pollutants can run off farmland or leach into soils, groundwater, streams and lakes. Excessive irrigation
can cause waterlogging or soil salinity. This salty water not only poisons the soil but also drains into

river systems. Industrial waste, untreated sewage and urban run-off also pollute water that may be used to
irrigate farmland. Food that is irrigated with polluted water can actually pass on diseases and other medical
problems, such as heavy-metal poisoning, to people. Pollution is an important contributor to the scarcity of
clean, potable water.

Resources

Interactivity The last drop (int-3328)
Weblinks Water use

Water availability

5.6 EXERCISES

Geographical skills key: GS1 Remembering and understanding GS2 Describing and explaining GS3 Comparing and
contrasting GS4 Classifying, organising, constructing GS5 Examining, analysing, interpreting GS6 Evaluating, predicting,
proposing

5.6 Exercise 1: Check your understanding

1.

GS2 Examine FIGURE 2.

(@) Describe the projected changes in the number of people affected by water stress between 1990 and
2050. Use figures in your description.

(b) How do these changes compare with figures for water scarcity?

. GS2 If a country has an average of 0.5 to <1.0 million litres of water per person per year, is it considered to

be water stressed? Why?

. GS1 Why is agriculture both a contributor to and a victim of water pollution?
. GS2 Refer to FIGURE 3.

(@) Describe those places in the world that are predicted to be in high to extreme water stress in the 2050s.
(b) How could you explain why places like Eastern Europe could face water scarcity?

. GS2 Why would underground aquifers be able to hold more water than surface rivers and lakes?
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5.6 Exercise 2: Apply your understanding

1. GS6 What do you think water managers could do to help prevent water scarcity affecting future food
security?

2. GS6 Suggest one natural and two human activities/events that could cause a decline in the quality or
potability of a water resource.

3. GS6 Suggest reasons why groundwater is often used for food production at an unsustainable rate.

4. GS5 Suggest an argument that would help convince people to reduce their meat consumption as a means
of reducing our water needs.

5. GS6 Governments are often accused of pricing water too cheaply. What changes might your family need to
implement if the cost of household water was to more than double?

Try these questions in learnON for instant, corrective feedback. Go to www.jacplus.com.au.

5./ Climate change challenges for food security
5.7.1 How will food security be affected by climate change?

The impacts of climate change on future world food security are a case of give and take. Some regions

of the world will benefit from increases in temperature and rainfall, while others will face the threat of
greater climatic uncertainty, lower rainfall and more frequent drought. In either case, food production will
be affected.

Agriculture is important for food security, because it provides people with food to survive. It is also the
main source of employment and income for 26 per cent of the world’s workforce. In heavily populated
countries in Asia, between 40 and 50 per cent of the workforce is engaged in food production, and this
figure increases to an average of 54 per cent in sub-Saharan Africa.

It is difficult to predict the likely impacts of climate change, because there are many environmental and
human factors involved (see FIGURE 1), as well as different predictions from scientists (see FIGURE 2).

FIGURE 1 Possible impacts of climate change on food production
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A
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¢ Soil moisture changes
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FIGURE 2 Projected consequences of climate change
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T Significant is defined here as more than 40%. f Based on average rate of sea level rise of 4.2 mm/year from 2000 to 2080.

There is a wide range of possible impacts of climate change. Sea-level rises may cause flooding and the
loss of productive land in low-lying coastal areas, such as the Bangladesh and Nile River deltas. Changes
in temperatures and rainfall may cause an increase in pests and plant diseases. However, agriculture is
adaptable. Crops can be planted and harvested at different times, and new types of seeds and plants, or
more tolerant species, can be used. Low-lying land may be lost, but higher elevations, such as mountain
slopes, may become more suitable. The loss in productivity in some places may be balanced by increased
production in other places. FIGURE 3 demonstrates the effects of climate change on cereal crops, while
FIGURE 4 shows the range of potential impacts across Europe.

Essentially, hundreds of millions of people are at risk of increased food insecurity if they have to become
more dependent on imported food. This will be evident in the poorer countries of Asia and sub-Saharan
Africa, where agriculture dominates the economy. There is also a risk of greater numbers of environmental
refugees or people fleeing places of food insecurity.

DISCUSS
Should food be shared more equitably around the world? How might this be achieved? [Ethical Capability]
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FIGURE 3 Predictions of the effects of climate change on cereal crops
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FIGURE 4 Examples of potential consequences of climate change in
selected European countries
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Resources

Weblink How to feed the world in 2050

5.7 INQUIRY ACTIVITIES

1. Research potential impacts of climate change on Australia. Create an annotated map to illustrate your

findings. Classifying, organising, constructing
2. Use the How to feed the world in 2050 weblink in the Resources tab to find out more about the impact of
climate change on food security. Examining, analysing, interpreting

5.7 EXERCISES

Geographical skills key: GS1 Remembering and understanding GS2 Describing and explaining GS3 Comparing and
contrasting GS4 Classifying, organising, constructing GS5 Examining, analysing, interpreting GS6 Evaluating, predicting,
proposing

5.7 Exercise 1: Check your understanding

1. GS2 Describe the interconnection between environmental refugees and climate change.

2. GS2 Explain how the impacts of climate change may be a benefit to food production in a particular place.

3. GS2 How would an increase in extreme weather events impact on food production?

4. GS2 How might technologies such as glasshouses and irrigation help reduce the impacts of global
warming?

5. GS2 Why are the impacts of climate change likely to be felt more in those countries with a high percentage
of their population in the agricultural workforce?

5.7 Exercise 2: Apply your understanding
1. GS6 How might a country such as Australia best prepare its food production systems to cope with potential
changes in climate?
2. GS5 Refer to FIGURE 2 and decide whether the following statements are true or false.
(@) If temperatures increase by 3 °C, crop yields around the equator would rise.
(b) Changes in extreme weather events are unlikely unless temperatures increase by at least 1 °C.
(c) Food insecurity will be felt greatly in developing regions if temperatures rise more than 4 °C.
(d) Places that are likely to experience decreasing crop yields will be found in the higher latitudes.
3. GS5 Refer to FIGURE 3.
(@ Which places have the potential to be grain exporters and which places are likely to become dependent
on grain imports? Use data in your answer.
(b) What are the economic and social implications of this for countries in these regions?
4. GS5 Refer to FIGURE 4.
(@) Which countries of Europe will benefit from climate change in terms of food production and which
countries are likely to suffer negative outcomes?
(b) Would increased irrigation be a sustainable solution to growing food in Spain? Explain your answer.
5. GS4 Refer to FIGURE 3 to complete the table below, classifying each of the following countries according to
their predicted change to cereal production: Bangladesh, Brazil, England, Germany, Indonesia, Mexico,
South Africa, South Korea.

Decrease
Decrease Small decrease or increase Small increase Increase

(-8% to —19%) (1% to -10%) (-4% to 8%) (2% to 4%) (1% to 20%)

Try these questions in learnON for instant, corrective feedback. Go to www.jacplus.com.au.
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5.8 Managing food wastage

5.8.1 What is the link between waste and food security?

What food have you thr