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Chapter glossaries

Chapter glossaries provide an easy
reference for more than 350 key terms.
Glossary words are marked in bold in
the main text. Glossaries appear at the
front of chapters, with select extended
glossaries included for chapters
requiring greater vocabulary support.

Case studies

Three levels of case studies—smaller
ones within units, unit-long case studies,
and full chapter case studies—allow
students to dip in or deep-dive into a
specific event or location. Unit-level

and smaller case studies offer a good
introduction to a specific event or place,
and are written to extend students’
knowledge and understanding. Case
study chapters offer a far deeper
exploration. See page 1 for more about
the case study chapters.
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Skills builders

Skills builders are embedded in
selected units and concentrate on key
geographical skills and concepts.

© SKILLS BUILDER
Investigating microclimates

Even

activities:

Activities

Activities have been created to cater
for the full range of student abilities.
Many activities are based on the
stimulus material presented and aim
to facilitate the development of the
skills used by geographers.

Using a ladder approach (lower to
higher order), three different sets of

® guide students towards an
understanding of the content

specified in the syllabus
SpOtlig hts m extend students beyond the text

Spotlights offer real-life contexts for key
ideas, concepts or issues discussed

and involve them in a variety of
learning experiences

in the unit. They are designed to ® engage students in higher order

develop students’ knowledge and
understanding of the concepts and tools.

tasks, applying inquiry skills and

processes that are central to the study
of geography at this stage of learning.

® SPOTLIGHT

phic: NGOs

READER+ RESOURCES

Visit the digital toolkit in the Resources folder of Reader+
for student support with key geographical tools,
including reading and creating graphs and maps, and
understanding statistics. Also, access blank maps and
graphic organisers.

To locate these resources in the eBook, go to your
Reader+ edition on pearsonplaces.com.au and select
VIEW MORE.

To access these resources when you are in the eBook,
select the folder icon on the navigation pane.
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Using Global Interactions 11
Structure

The text is organised into four sections, corresponding with the four focus areas of the Year 11 Geography Syllabus.

1 Earth’s natural systems

This section focuses on key processes, cycles and
circulations of the atmospheric, hydrological, geomorphic
and ecological systems that form Earth’s integrated system.
It explores Earth’s uniqueness and diversity, and land

cover change. Three case study chapters investigate land
cover change—a topic prominent in the Year 11 syllabus.
Each case study chapter
investigates one type of land
cover, its nature and extent,
the land cover changes, the
natural and human factors
involved, and management
practices.

SECTION

Earth’s natural
systems

Students are provided with
three case study chapters:

m Deforestation
m Glaciers and ice sheets

m Desertification (digital-only
chapter)

3 Human-environment interactions

This section explores the effects of human interactions

with the environment on Earth’s natural systems over time,
and the impacts of humans on land use and land cover.
Three case study chapters investigate human—-environment
interactions to help develop an understanding of the natural
and human components and their interactions with each
other and the implications

of these, with students
developing understanding
through the study of one
specific human-environment
interaction.

SECTION

Human-environment
interactions

Students are provided with
three case study chapters:

m Climate Change

m Contemporary hazard:
Bushfires

m Contemporary hazard:
COVID-19

2 People, patterns and processes

This section explores the extent of human activity on

Earth’s surface, the processes of our increasingly integrated
world, and patterns of human populations and resource
consumption. Three case study chapters investigate the role
of different human processes in changing environments
and shaping the unique character of places, with students
developing an understanding
through the study of one
specific human process at
work.

sEcTioN

People, patterns
and processes

Students are provided with

three case study chapters:

m Place and cultural change

m Political power and
contested spaces

® Human resilience in diverse
environments (digital-only
chapter)

4 Geographical investigation

This section focuses on the geographical investigation
students are required to undertake in Year 11.

Geographical
investigation

HOW TO USE 1




CHAPTER

Geography:
An introduction

The Royal Geographical Society (UK) sees geography as building a
unique bridge between the social sciences and natural sciences. They
say, ‘Geography ... makes a vital contribution to our knowledge of the
rapidly changing environmental and social challenges facing us and
how we should tackle them.’

The Australian Academy of Sciences describes geography as a
‘wide-ranging and dynamic discipline concerned with exploring issues
affecting the wellbeing of people and places.. It states geography

“... provides an understanding of the diversity of environments, places and
cultures on this planet, and the inequalities within and between places’.
On the utility of geography, the Academy notes ‘... applying geographical
understandings to contemporary issues allows us to integrate knowledge
about the natural world, society and the humanities through the
perspective of space, place and the environment'.

This introductory chapter offers students a range of important insights
into the nature of the discipline of geography—its intrinsic and utilitarian
value, its key concepts, its focus on inquiry-based learning and its
transferable skills, geographical perspectives and the role of fieldwork.

Our daily lives are interwoven
with geography. Each of us

lives in a unique place and in
constant interaction with our
surroundings. Geographic
knowledge and skills are
essential for us to understand
the activities and patterns of our
lives and the lives of others.

Gilbert M. Grosvenor, former president and chairman of the
National Geographic Society

1.0.1 A computer-generated topographic map
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Chapter glossary

atmosphere the gaseous layer surrounding Earth that acts
as a barrier between space and the surface
biosphere the living components of an ecosystem; the flora

and fauna
fieldwork observing and investigating in the real world
geographical thinking making sense of the world by
viewing it through a geographical lens; conceptual
understanding developed through the study of geography
geosphere all the rocks that make up Earth’s crust; also
called the lithosphere
human geography the study of the dynamics of cultures,
societies and economies

hydrosphere the interconnected system of water in the
atmosphere and lithosphere, including the oceans, ice
caps, rivers and groundwater

pedosphere the outermost layer of Earth made of soil

perspectives the viewpoints, theories or worldviews that
shape people’s values; those deeply held beliefs about
what is important or desirable

physical geography the study of the natural features of
Earth'’s surface

transferable skills skills that can be applied in a range of
contexts




UNIT 11

The nature of geography

Geography is the study of places and the
relationships between people and their
environments. Geographers explore both
the physical properties of Earth’s surface
and the human societies spread across it.
They also examine how human culture
interacts with the natural environment
and the way that locations and places can
have an impact on people. Geography
seeks to understand where things are
found, why they are there, and how they
develop and change over time.

National Geographic Society

Geography prepares young people with
the knowledge, skills and understanding
to make sense of their world and to
face the challenges that will shape our
societies and environments at the local,
national and global scales.
Dr Rita Gardner CBE,
former director, Royal
Geographical Society

Geography explains the past, illuminates
the present and prepares us for the
future. What could be more important
than that?
Sir Michael Palin, former
president, Royal Geographical
Society

Geography is, in the broadest sense, an
education for life and living. Learning
through geography ... helps us all to
be more socially and environmentally
sensitive, better informed, and more
responsible as citizens and employees.

Royal Geographical Society

... the fundamental question of
geography is about how humans shaped
Earth’s surface and how we, in turn,
are shaped by the ways in which we
have shaped Earth’s surface. So, for
me, geography was just a set of tools
that allowed me to ask these kinds of
questions and to try to think through
them.
Trevor Paglen, American
artist, geographer and author

4 GLOBAL INTERACTIONS 11

Geography is a dynamic subject. It explores the complexity of our world. It offers
an understanding of the diversity of environments, places and cultures on this
planet, and the inequalities within and between places.

Applying geographical understandings to contemporary issues allows us to
integrate knowledge about the natural world, society and the humanities through
the perspective of space, place and the environment.

In studying geography, students gain the opportunity to investigate geographical
issues and phenomena at a variety of scales and contexts. What makes geography
unique is the integrated study of Earth’s physical and cultural geographies.

Each definition on the left emphasises the relevance of geography.

Physical and human geography

Geography is the only subject that spans both physical and social sciences.
Traditionally, it is divided into two parts: physical geography and human
geography, though each is rarely studied in isolation. As a physical science,
geography covers the natural environment and the effects of human activities on
it. As a social science, it focuses on the spatial aspects of people, communities
and cultures. Environmental geographers work across this division, studying the
interrelationships between human and physical geography.

©® SPOTLIGHT

Physical geography

Physical geography is the study of
Earth’s natural surface features, to
better understand the dynamics
of landscapes and environments
(see Figures 1.1.1 to 1.1.4). In
doing so, geographers study

one or more of the following:

the atmosphere (air and gases
surrounding Earth), hydrosphere
(oceans, rivers and glaciers),
pedosphere (soils), geosphere
(rocks) and biosphere (flora and
fauna). Physical geography is
sometimes called earth sciences.

i :} .

1.1.1,1.1.2,1.1.3 and 1.1.4 Physical geography studies Earth’s natural surface features.
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Human geography

Human geography focuses on the dynamics of cultures, and cultural change, and urban, rural and regional
societies and economies, and how networks of people planning. When studying conflicts and tensions, they
and cultures are globally distributed (see Figures 1.1.5 identify solutions with environmental sustainability

to 1.1.8). Human geographers investigate and find and social justice in mind. Their role in environmental
solutions for issues related to climate change, economic management, urban planning, and processes of social
development, environmental management, population and economic change is crucial.

0000 00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000,
.
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Activities

Acquiring and processing geographical b explain why you have elected to study geography in
information your senior school years.

1 Define geography. 4  To what extent do your reasons reflect the points raised

?
2 Explain the difference between physical geography and by the quotes?

human geography. 5 Write your own definition of geography. Share it with your
classmates. What elements do the definitions have in
Applying an_d communicating geographical common? As a class, formulate a collective definition.
understanding 6 Read the definitions of geography at the beginning of this
3 Read the quotes about geography at the beginning of unit again. Which one best reflects the definition your
this unit. As a class: class developed?

a discuss the observations made about the relevance of 7 Read the list of key features of geography in the
geography in the contemporary world. definitions the text provides. Are there any more features
that you can add?

©00000000000000000000000000000000000000000 00°
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UNIT 1.2
Becoming a geographer

Why study geography?

In an interconnected world, it is vital for students to deepen their knowledge and
understanding of why the world functions the way it does. It requires appreciating the
nature and extent of the connections between people, places and environments over
time and space. In acquiring geographical knowledge and a unique spatial perspective,
geography students can engage with some of the great challenges facing humanity.

Consider these attributes of geography.

m Orientates students to the future, empowering them with the knowledge,
understanding and skills needed to shape a socially just and sustainable world.

m Inspires curiosity and wonder about the diversity of the world’s places, peoples,
cultures and environments.

m Provides structure for exploring, analysing and understanding the characteristics of
places. It encourages questioning why the world is the way it is and reflection on
personal relationships and responsibilities for it.

m Teaches students to respond to questions geographically—to plan inquiries, collect,
evaluate, analyse and interpret information, and respond to what is learnt. It also
develops broad skills, capabilities and dispositions helpful in life.

m Fosters an appreciation and respect for social, cultural and religious diversity and
different perspectives, and an understanding of ethical research principles. It
encourages skills in teamwork, problem-solving, critical thinking and creativity.

m Encourages regional and global citizenship, making students capable of active and
ethical participation.

® SPOTLIGHT

Transferable skills

Geography students develop transferable skills they can apply in a wide range of
jobs:

m planning and conducting inquiries using ethical research principles

m collecting, evaluating, processing and analysing information (e.g. from field
observation, data collection, mapping, monitoring, remote sensing, case studies
and reports)

m spatial and visual representation and interpretation skills (cartographic,
diagrammatic, graphical, photographic and multimodal forms)

problem-solving, critical thinking and creativity using evidence and logic
teamwork and time management skills

being able to respond to and act on the findings of an inquiry or investigation

developing the transferable skills known as the ‘4 Cs’:
e critical thinking: understanding problems through carefully analysing data

e communication: using written, oral and visual forms

* collaboration: working with experts from other fields to find solutions to
problems

e creativity: drawing on many sources for information and collating it to
creatively solve issues.

6 GLOBAL INTERACTIONS 11




Thinking geographically

Geographical thinking is when geographers make sense of
the world around them by viewing it through a ‘geographical
lens’ (see Figure 1.2.1). This lens consists of the conceptual
knowledge and understanding developed by geographers
when they integrate information from different sources and
use geographical tools and skills to help them inquire about
and interpret what they discover.

Geographical concepts

Concepts are abstract ideas that help simplify and understand
a complex world. The building blocks of thoughts and
beliefs, they shape how we perceive and interpret the world.
They are the key to geographical literacy. Once mastered,
geographical concepts will forever shape the way we see,
interpret and react to those places, issues and events we
encounter and engage with throughout our lives.

Conceptual understanding develops all through life, starting 1.2.1 The geographical thinking lens
with early childhood experiences, like home and school.

It expands into adulthood through personal experience to a global understanding of

similarities and differences of places, even those not directly experienced.

Geography draws on seven key concepts: place, space, environment, interconnection,
sustainability, scale and change (see Figures 1.2.2 and 1.2.3). Considered ‘big ideas’, these
concepts can be applied across the subject to identify a question, guide an investigation,
organise information, suggest an explanation or assist in decision-making. They underlie
the geographical methods used to investigate and understand the world.

Perspectlves in geog raphy geog Vil
Perspectives are the bodies of thought, theories or worldviews that shape people’s concepts
values—those deeply held beliefs about what is important or desirable. They are
determined by perceptions (how people view and interpret things) and viewpoints (what
they think) on issues and events. Understanding different perspectives helps one person
critique another’s insight into the world. Building the capacity to appreciate others’
perspectives takes time.

Concept ‘ Definition

Place Any part of Earth’s surface identified and given meaning from local to global. Places may be perceived,
experienced, understood and valued differently. They can be described in terms of their location, shape,
boundaries, features and environmental and human characteristics. Some characteristics are tangible
(e.g. landforms, people), others intangible (e.g. scenic quality and culture).

Usyyyonniad

Space The three-dimensional surface of Earth on which everything is located and across which people, goods and
information move.

Environment The totality of our living and non-living surroundings, classified as natural, managed (e.g. farmland) or
constructed.
Scale Differences in spatial level, from personal to local, national, regional and global. Used to examine geographical

phenomena and problems.

Sustainability The ongoing capacity of an environment to meet present needs without compromising future generations’ ability
to meet their needs.

Change Any act or process through which something becomes different. Being aware of change over time and space is
important. Change helps us understand what is happening around us, and to see the world as dynamic.

Interconnection Geographical phenomena are not isolated, but connect through various processes, across space
(e.g. environmental, people movement, trade and investment flows, goods and service purchases,
cultural influences, the exchange of ideas and information, political power, and international agreements).

1.2.2 and 1.2.3 Seven key geographical concepts

CHAPTER 1T GEOGRAPHY: AN INTRODUCTION 7




1.2.4 Fieldwork is used to gather data.

Perspective is determined not just by physical position, but also by a person’s mindset
or worldview, which gives order and meaning to their surroundings. These viewpoints
are adopted through social positioning or belonging to a particular group. Exploring
different perspectives builds knowledge and enhances understanding of geographical
issues and phenomena. For example, reflect on the perspective of an impoverished
farmer who needs to clear forest trees for agriculture. Now consider a conservationist
who is concerned with forest preservation. Valuable insights emerge.

People perceive, describe, explain and evaluate geographical issues and phenomena
differently. But perspectives are not just personal. A person’s worldview is influenced
by their gender identity, ethnicity, cultural background, socioeconomic status, sexuality,
indigenous heritage and more.

Geographical inquiry and skills

An inquiry-based approach to learning is central to
studying geography. It involves acquiring, processing
and communicating geographical information. Such
an approach develops the skills needed to explain
spatial patterns, evaluate consequences and manage
complex places and environments. Fieldwork and
tools, including mapping and spatial technologies,
are fundamental (see Figure 1.2.4). Geographical
inquiries help students develop and apply inquiry
skills, including:

m asking distinctly geographical questions

® planning an inquiry and evaluating information
sources

m collecting, processing, analysing and interpreting
information

m reaching conclusions based on evidence and
logical reasoning

m evaluating and communicating findings

m reflecting on the inquiry and responding, through

8
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action, to what was learnt.

The relationship between geographical inquiry and
geography tools and skills

Geographical inquiries involve individual or group investigations, starting with
geographical questions. A series of steps follows—collecting, evaluating, analysing

and interpreting information. Conclusions are developed and actions are proposed.
Geographical tools and skills are the techniques that geographers use in such
investigations. These tools and skills are typically grouped under five subheadings aligned
to the stages of a complete investigation:

m observing, questioning and planning

m collecting, recording, evaluating and representing
B interpreting, analysing and concluding

B communicating

m reflecting and responding.

The tools students use in Years 11 and 12 include maps, graphs and statistics, spatial
technologies, visual representations and fieldwork.



@ SPOTLIGHT

Fieldwork

Fieldwork enables students to apply classroom-based learning to real-world geography. It means observing
geographical features and processes, spatial patterns and relationships, and geographical issues outside the classroom
(see Figure 1.2.5). The key features of fieldwork involve:

m connecting learning experiences to the outside world
developing geographical thinking skills

undertaking tasks individually or in groups

exploring different perspectives on many geographical issues

gathering information and fostering understanding by observing geographical processes

fostering active learning to sharpen perception by encouraging observation, problem identification, and questioning
and testing hypotheses

engaging in larger research projects that offer freedom to decide what to investigate and where

surveys (e.g. face-to-face interviews and
web-based questionnaires), observation and
experiments

m using fieldwork to collect primary data from
external sources.

Students in Year 11 undertaking fieldwork should
be able to:

m determine the fieldwork’s inquiry questions with
teacher guidance

m decide which methodologies and data sources
to employ

m analyse the data collected and independently
make decisions or reach conclusions

m reflect on the data-collection methods used and
the data’s validity.

1.2.5 Drones are used in fieldwork.

m employing a range of methodologies, including

£ 00000 00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000s,
.

.

4  Explain what is meant by the term inquiry-based
approach. What are the inquiry skills developed in
geography?

: Activities :
Acquiring and processing geographical Applying and communicating geographical
: information understanding :
1 Define transferable skills. Identify which can best be 5 Reorder the points under ‘Why study geography?’ to best
E applied in the career you want to choose. reflect your motivation to study geography. .
. 2 State what is meant by the terms geographical thinking a ldentify which points are of intrinsic nature .
: and geographical lens. What does the lens consist of? (of value by its very nature) or are more utilitarian .
¢ 3  What does the mastery of geographical concepts enable (or functional). :
: us to do? b Discuss how perspective influences your new order. :

©000000000000000000000000000000000000000000000000000000000000000000000000 ©000000000000000000000000000000000000000000000000000000
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SECTION

Earth’s natural
systems




Earth is constantly evolving. Understanding its complexity means studying

its component parts, their interactions, functions and anticipated changes.
The interconnectedness of its natural systems is best approached through its
four components—the atmosphere, hydrosphere, lithosphere and ecosphere.
Each is a vast reservoir of material, with flows of matter and energy passing
between them.

Geographers use the systems concept to break down complex phenomena
into smaller components. This enables the planet to be viewed as a system of
separate but interacting parts. The oceans, atmosphere, landmasses, lakes and
rivers, soil, plants and animals can be studied independently, yet each remains
interdependent. This systems-based approach focuses on the processes,
circulations and cycles, within and between the parts.

Earth is a closed system because only energy—not matter—is transferred or
exchanged with its surroundings. Energy from the Sun enters and leaves Earth'’s
system as radiation. Being a closed system has two vital implications. First, the
amount of matter in a closed system is fixed. Earth’s natural resources are all
that are available and any wastes remain within the planet’s system. Second,
changes made in any part of the system will eventually affect the other parts.

Content focus

In this section, students have the opportunity to investigate Earth’s natural systems
and develop an understanding and appreciation of the wonder, complexity and
dynamics forming the integrated Earth system. In doing so, they analyse natural
processes and cycles to develop an appreciation of the connections between the
atmosphere, lithosphere, biosphere and hydrosphere. They investigate land cover
change and have the opportunity to focus on either deforestation, melting glaciers
and ice sheets or desertification.

The authors also address the role of humans as a key element of Earth’s

natural systems and the extent to which people destabilise natural processes
and contribute to environmental change on a range of scales. In doing so, we
embrace an anthropogenic perspective, one that holds that Earth’'s most recent
geological period (the Anthropocene) is human influenced and that there is now
overwhelming evidence that atmospheric, geologic, hydrologic, ecological and
other Earth system processes all bear the impact of humans.

sscccccccce eecccccccccccce eecccccccccccce eecccccccccccce eeccccccccccccse eecccccccccccce seccccce,
.

: In this section

.

Chapter 2 The uniqueness and diversity of Earth
Chapter 3 Earth's natural systems at work .
Chapter 4 Land cover change
Chapter 5 Deforestation
Chapter 6 Glaciers and ice sheets :

Chapter G1 Desertification
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CHAPTER

The uniqueness and
diversity of Earth

Sir David Attenborough, the famous British naturalist and broadcaster,
described the natural world as ‘the greatest source of excitement; the
greatest source of visual beauty; the greatest source of intellectual
interest. It is the greatest source of so much in life that makes life worth
living. He believes, ‘It's surely our responsibility to do everything within
our power to create a planet that provides a home not just for us, but for
all life on Earth.

This chapter introduces Earth as a source of wonder, spiritual
connection and universal value. The focus is on inspirational
landscapes, biodiversity hotspots, great wildlife migrations and the
global commons. It examines alternative worldviews, Aboriginal and
Torres Strait Islander peoples’ connection to Country, and the overview
effect. Landscapes explored are land and ocean environments, ice
sheets and drainage basins.

The more clearly we can
focus our attention on the
wonders and realities of
the universe about us, the
less taste we shall have for
destruction.

Rachel Carson, American marine biologist and author

2.0.1 The 12 Apostles, Port Campbell National Park, Victoria
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Chapter glossary

anthropocentrism the worldview that humans are the
central or most significant beings in the world

biodiversity hotspots areas that are highly endangered
centres of biodiversity

bycatch the incidental capture of non-target species,
including dolphins, marine turtles and seabirds

Country often used by Aboriginal and Torres Strait Islander
peoples to describe a specific place to which they are
connected. The concept of Country is complex and
incorporates cultural, physical, linguistic and spiritual
features

denudation the sum of weathering, mass-wasting and
erosional processes that result in the progressive lowering
of Earth'’s surface

drainage basin an area drained by a river and all of its
tributaries

ecocentric a worldview explicitly recognising the intrinsic
value of Earth’s ecosystems and their biological and
physical elements

ecosystem services the outputs, conditions or processes
of natural systems that directly or indirectly benefit
humans or enhance social welfare

endemic species restricted to a geographical area, and
which do not occur naturally in any other part of the world

evaporation the process by which water changes from a
liquid to a gaseous state

firn compacted snow that will eventually become glacial ice

geomorphology the scientific study of the origin and
evolution of features created by physical, chemical or
biological processes operating at or near Earth’s surface

global commons global resources; Earth’s shared natural
resources, such as the oceans, the atmosphere and
Antarctica.

High Seas those parts of the world's oceans beyond the
exclusive economic zones of countries

intrinsic value the environmental perspective that nature
has value, independent of potential human uses

land lores the complete body of knowledge, customs, rules
and traditions regarding the land

littoral rainforest a forest distinguished by its proximity to
the ocean (generally <2 km) with a closed canopy

tectonic relating to the structure of Earth’s crust

topographical the forms and features of land surfaces

watershed the dividing ridge between drainage areas

D R R R R R R R R R R R R R R R I Rr RS,




UNIT 2.1
Nature as a source of wonder

The natural world fascinates us—whether we simply glance at passing clouds or stand

Did you know? in awe viewing a spectacular vista. Engaging with nature provides solace, feelings of
Lions dominate their ease and being grounded. The naturalist, John Muir wrote, “When we try to pick out
environment; they are anything by itself, we find it hitched to everything else in the universe. Indigenous
the only predators on the peoples have a spiritual and cultural attachment to the natural world.

savanna capable of killing - -
Africa’s largest herbivores, Insplratlonal Iandscapes

including elephants and Geographers often ask, what makes a landscape inspirational? Studies reveal many people
giraffes (see Figure 2.1.1). prioritise naturalness, especially landscapes featuring unique landforms, vegetation and
spectacular water features (see Figure 2.1.2). Inspirational landscapes provoke deep feelings
of connection to a place. This preference often goes beyond an aesthetic response. Some
people find greater inspiration in landscapes dominated by cultural features, often because
they have spent time there and developed a strong emotional attachment to it. There are
often enduring historical cultural associations for indigenous peoples.

The perception of landscapes is highly individual. Being inspired by nature can promote
creativity, reflection and action to protect a place. Everyone views the world through a lens
shaped by their life experiences. This is what is meant by a person’s perspective or worldview.

2.1.1 Male lions roar to show
their power.

2.1.2 Many
consider the
spectacular
northern lights
(Aurora borealis)
inspirational,
seen here

at Kirkjufell,
Iceland.

® SPOTLIGHT

Victoria Falls

Some landscapes are so breathtakingly beautiful that
they enrich and inspire people. Lying on the Zimbabwe
and Zambia border, Victoria Falls is the world’s largest
waterfall by water volume (see Figure 2.1.3). Known as
Mosioa-Tunya, or ‘smoke that thunders’, it describes the
experience encountered by visitors. As a World Heritage
site, holding outstanding universal value to humanity, the
falls are protected.

©00000000000000000000000000000000000000000 00°
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Biodiversity hotspots

Biodiversity hotspots are the places richest in biodiversity—there are over 30 recognised
worldwide. At high risk for destruction, the classification means a region has lost at

least 70 per cent of its original natural vegetation, usually due to human activity such as
deforestation. While biodiversity hotspots make up less than 3 per cent of the land surface,
they represent 44 per cent of the world’s plant species and 35 per cent of land vertebrate
species. Most plants in such hotspots are endemic—found nowhere else.

Some examples of biodiversity hotspots are:

m the Tropical Andes Biodiversity Hotspot is the world’s most diverse, harbouring about
one-sixth of the world’s plant species.

m the islands of the New Zealand archipelago evolved in isolation, giving rise to many
unique species. Over 90 per cent of its insects and 80 per cent of its plants are only
found there.

m the mountains of Southwest China are home to unique temperate coniferous forests
found in the river valleys of the Tibetan Plateau.

m the Philippines has more than 7000 islands, with larger islands holding more unique
species than most countries. This includes 600 recorded indigenous bird species.

m the unique rainforests of Belize (see Figure 2.1.4) are home to the world’s highest
mammalian endemism and the second highest amphibian, bird, reptile and non-fish
vertebrate endemism.

Australia’s two biodiversity hotspots are southwestern Australia and the Eastern
Australian temperate forests (see box, Spotlight: Eastern Australian temperate forests).

Many biologically diverse environments are being eliminated, degraded and
fragmented by human activity. This includes tropical forests, wetlands and coral
reefs that would otherwise see new species emerge and evolve. Also, the ecosystem

services, on which all life depends, are being disrupted. 2.1.4 The rainforests of Belize are a
biodiversity hotspot.

000 00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000s,
.

©® SPOTLIGHT

The Eastern Australian temperate forests
extend along the Great Dividing Range,
from the east coast of New South Wales
to the South Coast, and into the south-
eastern corner of Queensland. Within

the dry and wet sclerophyll eucalyptus
forests (see Figure 2.1.5) lie pockets of
ecologically significant subtropical and
littoral rainforests, warm temperate
rainforest, deciduous rainforest and cool
temperate rainforest. Some eucalyptus
forests have been cleared for development,
agriculture or logging, but much is protected
in national parks. The Gondwana Rainforests
of Australia hotspot is within a World
Heritage Area. It contains the world’'s most
extensive areas of subtropical rainforest and -
Antarctic beech cool-temperature rainforest, 2.1.5 Wet sclerophyll eucalyptus forest in the Eastern Australian biodiversity hotspot
and large areas of warm temperate

rainforest. Primitive plants and animals, from

which other life evolved, live here.
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Wildlife migrations

Animal migrations can cover staggering distances and scales. The longest-distance
movements of animals are usually seasonal, but can also be linked to the local availability
of food or mating. Such behaviour occurs in all major animal groups, including birds,
mammals, fish, reptiles, amphibians, insects and crustaceans.

Of the world’s 10000 bird species, around 1800 migrate long distances each year.
Migrations are often seasonal, with feeding and breeding in high northern latitudes
during summer, and migrating south for winter. The Arctic tern (a tiny 120 grams)
migrates further than any animal—up to 80000 kilometres per year from its Arctic
breeding grounds to Antarctica. Migrations reveal the interconnectedness of the world’s
ecosystems and habitats.

ee0ccc0ccccce eecccccccccccce eeccccccccccccse ee0ccc0cccccccce ee0c0ccccccccccce ee0ccc0cccccccce eeccc0cccccccce ee0cccccccccccce eeccccce,,
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@ SPOTLIGHT

Australia’s great whale migrations

Humpback whales migrate along Australia’s east
coast (see Figure 2.1.6) from the icy Southern
Ocean, where they develop an insulating layer

of fat by consuming vast amounts of food,
principally krill. Lacking this fat, newborn whales
need warmer water while they build up their fat
stores from their mothers’ rich milk. Humpbacks
head north in May and June to the waters off
North Queensland to breed, returning south

with newborns from August to November. Once
hunted, humpbacks are now protected, with their
numbers rising from 5000 to 135000. However,
entanglement in fishing nets and collisions with
ships remain threats. Southern right whales and
sometimes blue whales, minkes and orcas (killer
whales) also migrate.
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Acquiring and processing geographical information

.
.

1 Briefly outline the importance of the natural world and all its wonders.

2 Explain what makes a landscape inspirational. Why is it considered important?

3 Explain what biodiversity hotspots are. Why are they considered important?

Applying and communicating geographical understanding

4  Select one of the biodiversity hotspots that is not used as an example in the text.
Research why that place was designated a hotspot.

5 Study the box, Spotlight: Eastern Australian temperate forests. Why are these forests
worthy of protection?

6 Study the text about wildlife migrations. Investigate one animal migration and share
your findings with your class.
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UNIT 2.2
People’s connection to the natural world

There are many ways to view our connection with the natural world. One way is by
relating to something greater—aesthetically, emotionally and spiritually. Being immersed
in nature provides a range of mental and physical benefits. In an increasingly urbanised,
technological world, many people feel separated from nature.

Worldviews

The ways people relate to the natural world range from those best described as
ecocentric to those that are anthropocentric. These represent the two ends of a
continuum of environmental worldviews.

Ecocentric worldviews hold that humanity is part of nature and that all forms of life have
inherent value. Humans are custodians who preserve biodiversity and help it to function.
Every organism can evolve and adapt to changing environmental conditions. Resources
are limited, so economic growth is only encouraged when it is environmentally

beneficial.

Anthropocentric (or human-centred) worldviews hold that elements of the natural
world have value only because of their usefulness to people. That is, humans are viewed
as environmental masters rather than custodians. Earth’s resources are seen as being
unlimited. If shortages do arise, substitutes can be found. It is argued that fossil fuels are
the key to sustained economic growth and advances in human wellbeing. Those who do
believe the planet is warming will argue that technological advances will fix the problem.

Aboriginal and Torres Strait Islander Peoples’
connection to Country

Across the globe, many indigenous peoples developed
deep spiritual links with their traditional lands over
thousands of years. In Australia, Aboriginal and Torres
Strait Islander peoples believe the land owns the people
and every aspect of life is connected to the land. In their
society, life originated in the land lores and they are
governed by it (see Figure 2.2.1).

Aboriginal and Torres Strait Islander peoples’ identity
and sense of belonging is deeply connected to Country.
All aspects of their identity—family, language, culture
and spirituality—are connected to their Country. They
are part of the land, for it is the land (their mother) who
gave birth to them and they have a responsibility to care
for and look after her until they finally return to her.
Many non-Indigenous Australians may find this strong
connection to Country a little difficult to comprehend.

Today, the responsibility to care for Country remains strong
for many Aboriginal and Torres Strait Islander peoples.

The health of the land and sea is central. Plants, animals
and ecosystems are deeply valued. Using wild foods and
traditional medicines helps pass on cultural knowledge. 2.2.1 Narrawallee Inlet is part of the traditional Country of the Jerrinja
Their connection is spiritual and cultural, obliging them to People.

caretake cultural sites, including sacred sites, archaeological

sites, waterholes and burial grounds. The land and water

are central themes in Aboriginal and Torres Strait Islander

art, including theatre, dance, music and painting.
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2.2.2 Earthrise viewed from the Moon during the Apollo 8 mission, 1968

The ‘overview effect’: Seeing Earth from space

Once a photograph of Earth, taken from outside is
available ... a new idea as powerful as any in history
will be set loose.

Fred Hoyle, English astronomer

In December 1968, the crew of Apollo 8 turned the
spacecraft’s camera back toward Earth (see Figure 2.2.2).
The images it beamed back to mission control forever
changed the way people thought about their planet. Set
against the vastness of space, the blue, pearl-like sphere—
now home to more than 8 billion people—looked
small and very vulnerable. Astronauts seeing Earth from
space talk about an overview effect—an experience

that has transformed their perspective of the planet and
humanity’s place on it. They perceive it as our shared
home, without boundaries between nations or species.

It suddenly struck me that that tiny pea, pretty and
blue, was Earth. I put up my thumb and shut one eye,
and my thumb blotted out the planet Earth. I didn’t
feel like a giant. I felt very, very small.

Neil Armstrong, American astronaut

18
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Activities

1 How can noticing and appreciating the natural world benefit humans?

Distinguish between ecocentric and anthropocentric worldviews. Outline the
characteristics of each.

3 Explain why Country is important to Aboriginal and Torres Strait Islander peoples.

4  Why do Aboriginal and Torres Strait Islander peoples have such a sense of
responsibility towards their Country?

5 Explain what is meant by the overview effect.

. 6 Write a paragraph describing an experience through which you gained a new
: appreciation and understanding of the value of the natural world.



UNIT 2.3

The universal value of Earth’s
environments

Intrinsic value is a concept that describes nature as having a value independent of human
use, reflecting an ecocentric worldview. It gives nature, ecosystems and landscapes value, even
if they do not benefit humans. Nature can have an aesthetic, emotional and/or spiritual value
and, in some instances, an economic value, such as being a tourist destination.

The global commons

Many global resources are land-based and subject to the territorial claims of nations.
Other resources (including the atmosphere, the open ocean, outer space and the polar
lands, especially Antarctica) are part of what is called the global commons, a term
describing resources that no individual or country owns or has legal responsibility for.
They are shared resources.

It is especially challenging to effectively manage global commons because governance
structures and management systems must be designed to address often conflicting public
and private interests.

The ocean commons

The High Seas belong to everyone. Covering 60 per cent of the ocean’s surface, these
largely unprotected waters support an amazing array of marine creatures and are a vital
source of food. Countries govern oceans within their exclusive economic zones (EEZ)—
generally 370 kilometres from shore. The High Seas sit outside any authority.

The UN Convention on the Law of the Sea (UNCLOS) is the principal international
treaty regarding the sea. Initiated in 1956 and legally in force since 1994, its rules govern
territorial boundaries (22 kilometres from shore), resource management and the rights
of states within their exclusive economic zones. The International Tribunal for the Law
of the Sea can resolve disputes. Most countries, except the United States, have ratified
UNCLOS.

The ocean commons are also home to major
fisheries, with more than 3 million vessels catching
78.8 million tonnes of seafood in 2020. With fish
populations rapidly declining, fisheries have collapsed.
Many believe industrial-scale fishing is unsustainable.
There are environmental impacts on non-targeted
marine life, called bycatch. There is an urgent need
for better management.

Fishing (see Figure 2.3.1) and pollution are the main
causes of declining ocean health. Entanglement in
abandoned plastic and nylon nets are a major threat to
marine life. Widespread overfishing and microplastics
are disrupting food chains, endangering ecosystems
and human health.

Better management means fishing sustainably.
This involves imposing fishing quotas, eliminating — 3 ;
destructive and illegal fishing practices, establishing - :,/’ = ? W 7 ‘

prote(.:ted ﬁsh—b%‘eedlng areas, restoring Collap§ed 2.3.1 Fish stock depletion is only one of the issues impacting the ocean
fisheries, educating stakeholders and the public, and commons.

developing sustainable fishing certification programs.
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©® SPOTLIGHT

The polluted atmosphere commons

The atmosphere has no territorial boundaries and cannot Earth’s surface from harmful ultraviolet (UV) radiation

be exploited as a sovereign right by individual countries. levels. It is the only United Nations treaty to be ratified by
The atmosphere belongs to no-one and everyone. It is a every country. Its landmark multilateral environmental
global common. agreement regulates the production and consumption
The atmosphere is a complex dynamic natural system of nearly 100 human-made chemicals that damage the
that supports all life (see Chapter 3). Unfortunately, it ozone layer.

receives an array of airborne pollutants that can
harm life, including people and food crops (see
Figure 2.3.2). They can be chemicals, solid particles,
liquid droplets or gases, and be natural or human-
made. Reducing pollutants is a massive global
challenge because it is impossible to restrict them
to the place they originate from or to contain them
within country borders. The most damaging is
carbon dioxide (discussed in detail in Chapter 13).

e |

International action has had some success in
mitigating the impacts of some pollutants. The
Montreal Protocol on Substances that Deplete the
Ozone Layer is one. Adopted in 1987, the Protocol
had some success in reducing damage to the
ozone layer. The ozone layer is the shield protecting

2.3.2 Pollutants entering the atmosphere can have a global impact.

eeccccccoe eecccccccccccccce eecccccccccccccce eecccccccccccccce eecccccccccccccce eccccccccce,
.

Acquiring and processing geographical information

1 What is meant by the term intrinsic value?

2 Describe what the term global commons refers to. Why does the protection and
management of the global commons prove so difficult?

Applying and communicating geographical understanding

3 Study the text on the ocean commons.
a Describe what constitutes the High Seas.

b Outline the regulatory framework and institutions that govern the ocean
commons.

c Outline the issues impacting the wellbeing of the ocean commons. How are
these issues being addressed?

4  Study the box, Spotlight: The polluted atmosphere commons.

a Explain why it is so difficult to manage the impacts of pollution on the
atmosphere.

Outline the forms atmospheric pollution can take.

Describe how humans have sought to mitigate the impacts of atmospheric
pollution.

©00000000000000000000000000000000000000000000000000000000000°
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UNIT 2.4

Earth’s landscapes and biophysical

features

Our planet yields a spectacular variety of natural landscapes and biophysical
features. They include all landmasses and oceans, terrestrial and marine
environments, geomorphic landscapes, permanent ice sheets and drainage
basins. The interacting components of the planet’s natural systems produce this
diversity—the atmosphere, hydrosphere, geosphere and biosphere.

The processes creating and transforming Earth’s features operate on broad time
and spatial scales (see Figure 2.4.1). Some occur abruptly and result only in
local changes. Examples include storms, floods, landslides, earthquakes and
volcanic eruptions. Other processes are extremely slow and almost impossible
to see. Examples of places associated with tectonic processes and the rock
cycle include landmasses and oceans, terrestrial and marine environments,
geomorphic landscapes, ice sheets and glaciers, and drainage basins.

Landmasses and oceans

A landmass is a large area of land where Earth’s crust extends above sea level.
There are seven continental landmasses. Largest to smallest, these are Asia,
Africa, North America, South America, Antarctica, Europe and Australia (see
Figure 2.4.2). They account for 148 647 000 square kilometres of land, or 29.1
per cent of the planet’s surface (510 065 600 square kilometres). They make up

most, but not all, of the land surface. The rest consists of non-continental islands.

The world’s oceans make up most of the hydrosphere. They cover 361.9 million square
kilometres (70.8 per cent) of Earth’s surface, with a total volume of roughly 1332 million
cubic kilometres (see Figure 2.4.3). The Pacific Ocean is the largest, covering more

than 30 per cent of the planet. With a surface area of more than 155 million square
kilometres, the Pacific basin is larger than the landmass of all the continents combined.

Oceans provide a range of environmental services that sustain life. They produce more
than half the oxygen we breathe and, as a vital part of the water cycle, they provide
most of the precipitation that sustains our water supply. They are also an important
source of food. Every year, humans take 100 million tonnes of seafood from the oceans.
Figure 2.4.4 shows the ecosystem and economic services provided by the world’s oceans.

2.4.1 Rivers and waterfalls in southern Iceland—a
geomorphic landscape shaped by hydrological

Continent ‘ Area (km?) ‘ Percentage of total landmass
Asia 44579000 295
Africa 30370000 204
North America 24709000 16.5
South America 17840000 12.0
Antarctica 14000000 9.2
Europe 10180000 6.8
Australia 8600000 5.9

2.4.2 The relative size of continents as a percentage of terrestrial surface
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Did you know?
There's no precise definition
for a continent. With an
area of about 7.5 million
square kilometres, Australia
is the smallest recognised
continent. Greenland
doesn’t count as a
continent and is considered
the world's largest island.

It extends over 2.1 million
square kilometres and

is part of North America.
The cut-off for a continent
lies somewhere between
Australia and Greenland.




Continent Area (km?) | Percentage of Average Length of
total landmass | depth (m) | coastline (km)
Pacific Ocean 168723000 46.6 ‘ 3970 135663
Atlantic Ocean 85133000 235 ‘ 3646 111866
Indian Ocean 70560000 19.5 ‘ 3741 66526
Southern Ocean 21960000 6.1 ‘ 3270 17968
2.4.3 The relative size of oceans, -
average depth and coastline length Arctic Ocean 15558000 4.3 ‘ 1205 45389

Ecosystem services Economic services

barrier islands and mangrove forests)

B Oxygen produced via the process of ® Food
S photosynthesis B Energy from waves and tides
: m Carbon dioxide absorption B Pharmaceuticals .
¢ m Climate moderation ®m Transport routes
B Nutrient recycling B Recreation and tourism
. W Water purification B Employment
. m Biodiversity and habitats B Minerals :
B Reduced storm damage (coastal wetlands,

.
L R R R

2.4.4 The ecosystem and economic services provided by oceans
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©® SPOTLIGHT

The role of oceans in regulating climate

The most vital role of oceans is keeping our planet
warm. They store solar radiation, distribute heat
and moisture around the globe, and drive weather
systems. They absorb most solar radiation,
especially in tropical and equatorial waters. The
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2.4.5 Circulation flows in the world’s oceans

Ocean currents drive weather patterns. These are
movements of water in a continuous flow created

largely by prevailing surface winds, but also temperature
and salinity variations, planetary rotation and tides.

The currents typically flow clockwise in the Northern
Hemisphere and anticlockwise in the Southern
Hemisphere. Often tracing coastlines, these currents
transport warm water and precipitation from the Equator
toward the poles and cold water from the poles toward the
Equator (see Figure 2.4.5). This regulates global climate,
balancing the uneven distribution of solar radiation over
the surface. Without these currents, temperatures would

be far hotter at the Equator and colder at the poles, making
the planet largely uninhabitable.

Oceans play a critical role in climate change. They have
absorbed 93 per cent of the extra energy generated by
the greenhouse effect, with warming observed at depths
of 1 kilometre. This has led to changed ocean currents,
increased stratification within water bodies (because of
less mixing of water), oxygen depletion and changes to
the distribution of marine plant and animal species. At the
same time, weather patterns are changing, with extreme
events increasing in frequency and severity.
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Terrestrial and marine environments

Terrestrial environments are land-based ecosystems consisting of biotic
(living) and abiotic (non-living) components in an area. Examples include
deserts, tropical rainforests, deciduous forests, grasslands, tundra and taigas.
The environment in a particular place depends on the interaction between
temperature, precipitation, soil type and amount of light received.

Marine environments include the abyssal plain and the continental shelf.
The abyssal plain is the deep ocean floor (3000—-6000 metres below sea
level) covering over half of Earth’s surface. Continental shelves are found
off the coast of the continents and are home to coral reefs, seagrasses
and kelp forests. Mangroves, salt marshes, mudflats, and rocky and sandy
shores are found where terrestrial and marine environments meet.

Marine ecosystems can be highly productive. Coral reefs, estuaries, salt
marshes and mangrove forests teem with life (see Figure 2.4.6). Others,
like the abyssal plain, are largely devoid of life, the few life forms that
do live there are in constant darkness. Unable to photosynthesise, these
organisms feed on dead organic detritus falling from above.

Geomorphic landscapes

Geomorphic landscapes result from a distinctive set of tectonic and
geological processes, and include volcanic, riverine (see Figure 2.4.7),
arid and coastal landscapes. Such landscapes are created by physical,
chemical or biological processes. The study of their origin and evolution
is called geomorphology.

Large-scale topographical features are the product of the interaction of
surface and subsurface processes. Mountain ranges are uplifted by tectonic
processes and worn down and shaped by the processes of denudation
(weathering and erosion) and the deposition of eroded materials. Small-
scale features develop in response to the balance between uplift, erosion,
deposition and subsidence.

Ice sheets and glaciers

Glaciers are slowly moving rivers of ice that move downslope under the
influence of gravity and their own mass. They form where the snow
accumulation exceeds its ablation over many years, often centuries. Glaciers
can move quite fast—in some instances up to 1 kilometre a year.

An ice sheet is defined as any mass of glacial ice over 50000 square
kilometres in size. There are only two ice sheets, one in Antarctica

(see Figure 2.4.8) and the other in Greenland. Combined they contain
99 per cent of the world’s freshwater. An ice sheet extending beyond

the coastline over the ocean is called an ice shelf. A mass of glacial ice
covering an area under 50 000 square kilometres is called an ice cap, and a
series of connected ice caps is an ice field.

Ice sheets form as snow accumulates year on year and is ultimately
compressed to form ice or firn. Layers of firn eventually build up on top of
each other. When the ice grows thick enough (about 50 metres), the firn
fuses into a huge mass of solid ice. Ice sheets tend to be slightly dome-shaped
and spread out from their centre, a process caused by the weight of the ice.
Ice sheets and glaciers are studied in detail in Chapter 6.

Did you know?

2.4.6 Coral reef, Raja Ampat, Indonesia. While reefs
occupy less than 0.1% of the world’s ocean area, they are
home to at least 25% of all marine species.
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2.4.7 The Grand Canyon in Arizona, USA, is a geomorphic
landscape. The layers of rock reveal two billion years of
geological history. The 446 km long, 29 km wide, and

up to 1.8 km deep canyon was formed by the Colorado
River cutting down through layer after layer of rock as

the Colorado Plateau was slowly uplifted by forces deep
within Earth.

2.4.8 The ice sheet over the Antarctic continental land
mass

Coastlines don't indicate the actual boundaries of the continents. Continental areas
are defined by their continental shelves. This is a gently sloping area extending
outward from beaches far into the ocean. It is both part of the ocean and part of the

continent.
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©® SPOTLIGHT

Largest ice sheet

At over 400 kilometres long and
2500 metres thick, the world’s
largest glacier, or ice stream, is
the Lambert Glacier in Antarctica.
It can move up to 1200 metres a
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Drainage basins

Running water has shaped almost every
land surface, even where rainfall is low and
infrequent. Landforms resulting from river
and stream activity are part of complex
drainage systems. These develop when
precipitation collects and moves downslope
to the nearest sea or ocean, or even inland
depressions such as Lake Eyre in South
Australia.

Drainage systems play a critical role in the
hydrological cycle: water evaporates from
water bodies (primarily oceans) and some
of it falls as precipitation onto land. Some
infiltrates the ground, while some flows
across the surface. Streams—water flowing
downslope in a well-defined channel—
erode the land, and transport and deposit
sediment (alluvium) on their way to the sea
(see Figure 2.4.10).

Water moving downslope in thin sheets
is called overland flow. This eventually
concentrates in well-defined channels to become streamflow. Run-off is a combination

of both types.

2.4.10 Aerial view of Meghna River and the Ganges Delta, India, the world’s largest delta

Every stream has its own drainage basin—the area contributing water to the stream.
Australia’s largest drainage basin, the Murray—Darling, covers 1 million square kilometres
(14% of the landmass). Watersheds separate adjacent drainage basins which are often
nested in a hierarchy. The Mississippi River system in the USA has 10 major tributaries,
each with its own catchment (see Unit 3.8).
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The world’s largest drainage basins

1

The Amazon Basin, South America, covers over 7 million square kilometres; the
6575-kilometre-long Amazon and its tributaries drain into the Atlantic Ocean.

The Congo River Basin, west-central Africa, covers 3.4 million square kilometres and

is home to vast tropical forests.

Nile River Basin, North Africa, covers 3.25 square kilometres. Stretching 6695
kilometres, the Nile is the world’s longest river and flows into the Mediterranean Sea.

The Mississippi River catchment covers all or part of 32 states of the USA and two
Canadian provinces, and area of over 3.2 million square kilometres (see Spotlight box

in Unit 3.8).

Activities

Acquiring and processing geographical

information

1 Account for the diversity of Earth’s distinctive biophysical
features.

2 Define terrestrial environment. What factors determine
the nature of the environment found in a particular
place?

3 Outline the diversity of marine environments. Which are
the most productive?

4  Outline the key processes responsible for the formation
of geomorphological landscapes.

5 Explain what an ice sheet is. Name Earth'’s two ice
sheets. How much water do they store?

6 Explain what a drainage basin is. What is a watershed?

Applying and communicating geographical
understanding

7

10

11

Study the photos in Unit 2.4. As a class, discuss how

the photographs reflect Earth’s diverse and distinctive
biophysical features. What other types landscapes and
features can you identify?

Study Figure 2.4.4. Write a report outlining the ecosystem
services supplied by the world’s oceans.

Study Figure 2.4.2. Construct a column graph illustrating
the relative size of Earth’s continental landmasses.

Study Figure 2.4.3. Construct a column graph illustrating
the relative size of Earth’s oceans.

Study Figure 2.4.1. As a class, brainstorm the geomorphic
process responsible for the development of the Southern
Region of Iceland.

APPLICATION AND CONSOLIDATION TASKS

Task 1: Report writing: Oceans and global warming
Write a report on oceans and global warming. It should include the following:

m The role of ocean currents in regulating global weather patterns (see Figure 2.4.5)

® The impact of climate change on the world's oceans

m The impacts that are currently being observed and the predicted impacts.

Your report can include visuals (maps, graphs, diagrams, photos).

Task 2: Annotated visual display: Drainage basins
Investigate one of the world’s largest drainage basins and create an annotated visual display (AVD). Select one of the

following:

m The Congo Basin

m The Amazon Basin

® The Murray-Darling Basin

Your AVD should include information that outlines:
m the hydrological features of the basin

m the types of environments it supports.

You should include visuals (maps, graphs, diagrams, photos).

CHAPTER 2 THE UNIQUENESS AND DIVERSITY OF EARTH
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CHAPTER

Earth’s natural systems
at work

Earth’s natural systems are incredibly complex and highly integrated.
To make them easier to investigate and understand, geographers divide
these processes into four readily identifiable components or spheres.
These are:

e the atmosphere—the combination of gases and particles surrounding
the globe

e the hydrosphere—the interconnecting system of water in the
atmosphere and lithosphere

e the lithosphere (or geosphere)—Earth’s solid outer shell

e the ecosphere (or biosphere)—Earth’s surface zone and atmosphere
in which all life exists.

Each of these helps sustain the amazingly diverse life on Earth,
providing all the elements necessary. Interactions between the systems
that make up Earth’s biological and physical environment are vital to life
on the planet. Such interactions occur on local and global scales.

This chapter explores the characteristics of Earth’s natural systems and
the factors affecting their functioning. The focus is on key processes,
cycles and circulations connecting these systems.

Those who contemplate the
beauty of the Earth find reserves
of strength that will endure

as long as life lasts. There is
something infinitely healing in
the repeated refrains of nature—
the assurance that dawn comes
after night, and spring after
winter. In nature nothing exists
alone.

Rachel Carson, Silent Spring, author and pioneer of the
environmental movement

3.0.1 Volcanic eruptions occur when molten rock reaches Earth’s surface.
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Chapter glossary

albedo the ability of a surface to reflect light

asthenosphere a layer of partially molten material within
the upper part of the mantle, on which the tectonic plates
move

atmospheric pressure systems areas of the atmosphere
with relatively high or low barometric pressure, often
referred to as highs and lows

barometric pressure the pressure of the atmosphere

becalmed to stop through lack of wind, particularly ships

biological productivity the amount of biomass produced
in an ecosystem

biomass the combined weight of the organisms living in an
area

catchment a drainage area, especially of a river

condensation the transformation of gas or vapour into a
solid or liquid

conduction energy transfer from one material to another by
direct contact

continental drift a former theory that all the continents
were once joined together in a giant ‘supercontinent’,
which subsequently split apart, with the continents
drifting away from one another until they reached their
present locations

continentality the degree to which the weather in an area
is impacted by being an inland region compared to a
coastal region

convection currents movements within a medium (e.g. air
or water) caused by differences in temperature

Coriolis force a force that results from Earth’s rotation,
deflecting moving objects to the left in the Southern
Hemisphere and the right in the Northern Hemisphere

depression an area of low atmospheric pressure

dew point the temperature at which a sample of air will
have a relative humidity of 100 per cent

ecosphere the living part of the planet that consists of a
thin layer extending from just above Earth’s surface to just
below it; the combined ecosystems of the planet

ecotone a transition between two plant communities

edaphic related to soil

epicentre the point from which an earthquake seems to
radiate out

erosion the act of the Earth’s surface being worn away, by
wind, water, glaciers, waves, etc.

fossil fuels energy sources formed in past geological times
from organic materials; examples include coal, petroleum
and natural gas

gradational processes the processes by which Earth’s
surface gets flattened

greenhouse effect the increase in temperature on Earth
created by the Sun’s radiant heat passing through the
atmosphere, in the same way the glass of a greenhouse
creates a warmer temperature inside it

This chapter's glossary words list continues on page 77.




UNIT 3.1

Earth’s natural systems and their
functioning

Earth’s natural systems are incredibly complex, but some important universal factors
affect how they function. These impact how natural systems operate and interact in
different places on Earth’s surface. They include latitude, altitude and the roles played by
continents, oceans and seasons (see Figure 3.1.1).

Altitude

| / Continents

Functioning of
natural systems

3.1.1 Factors affecting the functioning of natural systems

Latitude

There is a relationship between latitude and temperature. Temperatures are typically
warmer towards the Equator and cooler towards the poles. This is the result of different
latitudes receiving different amounts of solar radiation. Places at, or close to, the Equator
receive more direct solar radiation than places near the poles. There is a roughly gradual
temperature gradient from the low to the high latitudes. Other factors complicate this
pattern, including altitude, ocean currents, ice and snow coverage, and precipitation.

See Units 3.3 and 3.4.

Altitude

Earth and its atmosphere are warmed by incoming solar radiation, specifically the infrared
component. It warms up the land and oceans, which, in turn, warm up the air in the
atmosphere. The atmosphere warms from the bottom up, so the air is usually at its
warmest at the surface and cools as altitude increases. Although local factors may influence
the rate of cooling, temperatures typically drop at a rate of 1°C per 100 metres. More
broadly put, temperatures fall 9.8°C every 1000 metres. See Units 3.3, 3.4 and 3.8.

Continents

Remoteness from the oceans and oceanic air affects the climate of any one place. How
much of an impact this has is called continentality. Winds and air masses of moderate
temperature that originate over oceans and move onshore reduce the differences in winter
and summer temperatures in coastal areas of continental landmasses. Continents’ interiors
are too distant to experience the ocean’s moderating effect. As a result, continental interiors
have greater climatic seasonal differences in temperatures. There are also greater daily
variations in temperature. Typically, daylight hours are warmer and the nights are cooler
than coastal areas, which gain and lose heat at a slower rate than inland. Distance from the
sea also impacts precipitation. Continental interior climates tend to be subhumid to arid, as
oceans are primary sources of atmospheric moisture. See Unit 3.4.
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Oceans

Any point on Earth’s surface is subject to the sea’s
influence. How much oceans impact a particular place
is termed oceanity. It is the opposite of continentality.

Places close to large water bodies have smaller temperature

ranges than places well inland. The temperature of the
water body also influences precipitation. Warmer water
bodies are associated with higher rates of evaporation.
Areas adjacent to these waterbodies receive greater
precipitation than places inland. Cold ocean temperatures
are associated with low rates of evaporation and less
precipitation. See Units 3.4 and 3.5.

Seasons

Seasons occur at specific regular intervals of less than a
year, typically quarterly—spring, summer, autumn and
winter. Seasonality refers to the climatic variations
caused by the tilt of Earth’s axis. Throughout the year,
different parts of Earth receive the Sun’s most direct rays.
When the South Pole tilts towards the Sun, it’s summer
in the Southern Hemisphere. When the North Pole tilts

towards the Sun, it’s winter in the Southern Hemisphere.

See Unit 3.4.

The system concept

Evaporation from
lakes, streams
and soil

Transpiration

3.1.2 Anisland can be conceived of as an ‘open system’. Energy from sunlight
and rainfall reaches the island from external sources. The energy leaves the island
via radiation. The water either evaporates, transpires through leaves or drains into
the sea.

Applying the system concept involves breaking down complex problems into smaller,
more easily studied, pieces. Systems vary in complexity and size, and one can be part of a
larger system. A leaf is a system that is part of a larger system (a tree), in turn itself part of a
larger system (a forest). To be able to study a system it must have a boundary separating it
from everything else. The boundary’s nature varies, leading to three basic types of systems:

m Isolated systems prevent the exchange of matter and energy with their surroundings

(these do not exist in the natural world).

m Closed systems permit the exchange of energy but not matter.

m Open systems can exchange both energy and matter (see Figure 3.1.2).

Earth as a closed system

Earth is a closed system with energy coming

in as solar radiation and leaving as infrared Sun
radiation (see Figure 3.1.3). Although tiny

amounts of hydrogen do escape, the planet’s

mass is so vast this is inconsequential. This is

important because the amount of matter in

a closed system is fixed—Earth’s resources,
such as minerals and fossil fuels, are finite
and wastes must remain within closed
systems. Whenever changes are made in \
one part of a closed system, they eventually )
affect all other parts.

In contrast, Earth’s system’s smaller parts are
open systems because energy and matter are
exchanged (see Figure 3.1.4). These include
the atmosphere, hydrosphere, geosphere and
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e G (long-wave) \
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ecosphere—all are open systems. As such,
they are interconnected, so understanding
their interactions is a major challenge in
physical geography. It can help geographers
to predict likely responses to disturbance.

3.1.3 Earth as a closed system—the Sun’s energy
reaches Earth and is eventually radiated back into
space; Earth’'s component systems are

open systems.

3.1.4 Earth as a system of interacting
parts—each represents a reservoir of
matter and each arrow represents a
flow of energy or materials.
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® SPOTLIGHT

The scientific method

The scientific method can be used to study and understand Earth’s physical
geography. Its key steps are:

m observing through gathering observable, measurable evidence

m developing a hypothesis which is an unproven explanation of why something
happens

m testing hypotheses by comparing observations and measurements to
predictions

m creating a theory by testing and proving hypotheses. A generalisation is made
when the results match predictions

m formulating a law is creating a statement to explain that an aspect of the
natural world consistently and predictably happens in the same way

B re-examining hypotheses, theories and laws must be carried out whenever
new evidence is found.

Geography’s inquiry-based methodology is derived from this scientific method, but has

Did you know? been expanded to include social, cultural, economic and political phenomena and issues.
Physical geography This methodology will be revisited in greater detail in Chapter 16.

(sometimes called Earth The use of the scientific method by geographers demonstrates why the subject can be
sciences) assumes events viewed as making a significant contribution to science, technology, engineering and

in the natural world mathematics (STEM).

follow cause-and-effect -

patterns. These patterns Threats to system stability

can be understood The related issues of rapid population growth, habitat destruction (principally caused by
through observations, deforestation and desertification), global warming and pollution of all types threaten to
measurements and destabilise the environmental systems on which life on Earth depends.

experimentation.

Activities
Acquiring and processing geographical information

1 Identify and define the four spheres that interact with parts of Earth’s system.

2 Explain the systems concept.

3 Distinguish between isolated, closed and open systems.

4 Explain why Earth can be defined as a closed system.

Applying and communicating geographical understanding

5 Study Figure 3.1.1. Identify the five factors affecting the functioning of natural
systems. Which natural system is most affected?

6 Study Figure 3.1.3. Write one or two paragraphs outlining how Earth operates as a
system of interacting parts and as a closed system.

7 Study the box, Spotlight: The scientific method and then complete the following
tasks:

a Explain what is meant by the term scientific method.
b Identify the steps involved in the scientific method.

c State what a scientific law is.

©0000000000000000000000000000000000000000000000000000000°
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UNIT 3.2
Atmospheric systems

The atmosphere is the gaseous layer surrounding Earth (see Figure 3.2.1).

It forms the transition between the planet’s surface and the vacuum of
space. Consisting of a mixture of gases: principally nitrogen, oxygen, carbon
dioxide and water vapour, the atmosphere extends some 500 kilometres
above the surface. The lower level is the troposphere. The troposphere
houses the climate system that maintains life-sustaining conditions. Above
it, the stratosphere lies 12 to 48 kilometres above Earth. The stratosphere
insulates the ozone layer, which protects life on the planet by filtering
harmful ultraviolet radiation emitted by the Sun.

When Earth formed around 5 billion years ago, it did not have an atmosphere.
Massive volcanic eruptions released gases. As they cooled, the atmosphere
developed. Their composition was probably 80 per cent water vapour,

12 per cent carbon dioxide, 7 per cent sulphur dioxide and 1 per cent nitrogen
plus other trace gases. The oxygen necessary for life to flourish was missing.
The incoming ultraviolet (UV) radiation was too intense for life forms to 3.2.1 Earth’s atmosphere from space
develop. These high UV levels eventually declined. This triggered chemical

reactions which are believed to have kickstarted the evolution of life.

Formation of the atmosphere

When small organisms broke down carbon dioxide to use the carbon, oxygen was

emitted into the atmosphere as a waste product. The increasing concentrations of oxygen

absorbed greater amounts of UV radiation. So Earth’s surface became warm and rich

enough for life forms to flourish. Oxygen and nitrogen together now make up 90 per

cent of the atmosphere’s volume. The remainder comprises other gases (such as ozone 3.2.2 The composition of Earth’s
and carbon dioxide) plus pollutants and particulates. See Figure 3.2.2 and Unit 3.4. atmosphere

Component Composition by | Importance
volume (%)

Permanent gases:

B nitrogen 78.09 ® Nitrogen plays an important role in the growth of plants.

B oxygen 20.95 B Oxygen is a product of photosynthesis, so it is reduced as the world’s forests are
diminished.

Variable gases:

B water vapour 0.2-4.0 B Water vapour reflects and absorbs incoming radiation and provides the moisture for

B carbon dioxide 0.03 cloud formation and precipitation.

H ozone 0.00006 B Carbon dioxide absorbs heat radiated from Earth'’s surface.

B Ozone absorbs harmful incoming UV radiation.

Other gases:

B argon 0.93

® helium traces

® krypton traces

¥ neon traces

Particulates: B Dust absorbs and reflects incoming solar radiation and provides the condensation

® dust traces nuclei required to form clouds; it is added to the atmosphere by volcanic eruptions
and wind erosion.

Pollutants:

B methane traces B Methane contributes to global warming.

B nitrogen dioxide traces B Sulphur dioxide mixes with atmospheric moisture to form acid rain; it is added to the

B sulphur dioxide traces atmosphere by industrial processes, power generation and vehicle exhaust.
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The atmosphere’s composition has changed over
time due to significant events during Earth’s
history. For example, the impact of a huge
100 asteroid around 65 million years ago altered the
— 0.001 atmosphere’s chemical composition.
90 —
| Thermosphere | Structure of the
atmosphere
— 001 8- ~-""""""~"~"———————— Mesopause
Earth’s atmosphere has a layered structure based
7 m, primarily on temperature characteristics. See
70 CT -|  Figure 3.2.3.
S - ° .
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_3 8 The troposphere extends up from ground level
E 2 | Mesosphere | to about 8 to 10 kilometres above the poles and
& < 50 -1 15 to 17 kilometres above the Equator. The top
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IS . © —| 1s called the tropopause. It forms the boundary
< 40 | e"&\\) | between the troposphere and the stratosphere.
| o 90% of air ocours | Temperatures at the tropopause are very low:
L 10 below 40 km —40°C to —80°C. Heat radiating from Earth’s
30 —  surface warms the troposphere’s air.
Stratosphere Maximum ozone |  Almost all weather and related processes occur in
20 —  the troposphere (see Figure 3.2.4). It contains all
50% of atmosphere L.
~ 100 i & foltory (3 [ ~|  the weather systems that produce precipitation,
) surface winds and other climatic variables that
04 ——————-—"S<Z-—~—————-——~- Tropopause || . .. .
impact living things.
Sea — Troposphere Mt Everest —
level|_1000 The stratosphere
T T T T T T T T T T 1
—100 -90 —80 70 —-60 —50 —40 -30 20 —10 O 10 20 30 The stratosphere lies between 10 and 50 kilometres
B Rise in temperature with height above Earth’s surface. It is relatively calm
~a Fall in temperature with height Temperature (*C) compared to the troposphere. Lower stratosphere

temperatures are fairly constant. Upper
stratosphere temperatures increase with altitude,
reaching about 0°C at the top. Solar radiation is
absorbed, causing this warming.

3.2.3 The layers of Earth’'s atmosphere

3.2.4 Most weather systems are found within the troposphere.
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The mesosphere

The mesosphere extends about 80 kilometres above the surface. Temperatures fall
rapidly with elevation because there is no water vapour, cloud or dust to absorb incoming
radiation. Temperatures are as low as —90°C and wind velocities (speeds) are as high as
3000 kilometres per hour, the strongest in the atmosphere.

The thermosphere

Within the thermosphere, the atmosphere becomes more tenuous or thinner with
elevation. Temperatures rise rapidly, reaching as high as 1500°C. This is due to increasing
concentrations of atomic oxygen in the atmosphere, which, like ozone, absorbs incoming

UV radiation.

e eeeeeeececeetettsanssrssessreseesecseesteceeeetestsstesresbssbesscssessessessesstsnten,
.
Activiti

Acquiring and processing geographical information

Define the atmosphere, in your own words.

Explain how the atmosphere was formed.

Outline how oxygen began to accumulate in the atmosphere.
Describe the troposphere. Why is it so important to humans?

Outline the composition of the atmosphere.

g A W W N R

Discuss the factors that determine how much incoming solar radiation occurs at
particular locations on Earth’s surface.

Applying and communicating geographical understanding

6 Using Figure 3.2.2, write a report on the role different gases play in the atmosphere.

7 Study Figure 3.2.3. Write a report outlining variations in temperature at each layer
of the atmosphere. Explain why temperatures in the upper stratosphere and above
begin to warm.
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UNIT 3.3
Atmospheric processes

. North Pole
60°N

Low angle of incoming sunlight

30°N
¢ Tropic of Cancer

Sunlight directly overhead . 0° (Equator)

Tropic of Capricorn

30°S

L le of i i light
ow angle of incoming sunlig 60°S

Atmosphere/ South Pole

3.3.1 Latitude largely determines how much heat from the Sun reaches Earth’s
surface.

Energy in the atmosphere

The Sun is Earth’s main source of energy.

Earth receives this energy as incoming short-

wave solar radiation, which controls the planet’s
climate, weather and water cycle. Through its
conversion into chemical energy via the process of
photosynthesis in green plants, it supports all life.

The amount of incoming solar radiation received
(insolation) at a particular location on Earth’s
surface is determined by:

m  distance from the Sun: Earth’s elliptical
orbit can result in a 6 per cent variation in the
amount of insolation it receives at different places
and times

m  latitude: incoming solar radiation has twice
the area to heat at 60° north and 60° south as it
does at the Equator. So average temperatures are
lower at higher latitudes (see Figure 3.3.1)

m length of day and night: Earth’s axis tilts at a 23.5° angle, creating seasonal
variations in the length of day and night. Shorter days mean less opportunity to absorb

incoming solar radiation.

The natural greenhouse effect

Not all incoming solar radiation reaches the ground. Most is absorbed, reflected and
scattered as it passes through the atmosphere. Some is absorbed by ozone, water vapour,
carbon dioxide and particles of dust and ice present in the atmosphere. Some is also
reflected into space from clouds and, to a lesser extent, from Earth’s surface.

The ratio between incoming radiation and the amount reflected into space is called the
albedo, expressed as a percentage. Different surfaces affect the albedo considerably (see
Figures 3.3.2 and 3.3.3). Human activities also affect it. Clearing and overgrazing land
often remove vegetation, which increases the albedo. This can make cloud formation and
precipitation less likely, increasing the risk of desertification. Desertification is studied in

more detail in Chapter G1.

Land surface ’ Albedo effect

Oceans Less than 10%

Dark soils . Less than 10%
[ Grasslands | 25%

Deserts 40%

Snow and ice | 85%

3.3.2 The albedo effect varies depending on the
surface.

-
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Incoming solar radiation is diverted by molecules of gas in the atmosphere. This scatters
the Sun’s energy in all directions, with some radiation reaching Earth’s surface as diffuse
radiation. Only 24 per cent of this radiation reaches the surface directly. Another

21 per cent arrives as diffuse radiation. Incoming radiation is transformed into heat
energy at the surface. It heats the ground, radiating long-wave or infrared energy back
into the atmosphere. In the atmosphere, 94 per cent of this energy is absorbed by water
vapour and carbon dioxide, creating a natural greenhouse effect (see Figure 3.3.4).

Incoming solar energy as short-wave radiation
Upper atmosphere| 5o, of energy is reflected by / / /
dust partlcles in the air
30% to 69% of energy is reflected from

the tops of the clouds

Tropopause — — — — — 15% of energy is absorbed by
carbon dioxide, water vapour \ \ \
Clear sky and dust particles . Cloudy sky
5% to 20% of energy is
absorbed by the water
droplets in the clouds
Troposphere

88% of energy reaches the
ground when the sky is clear

/ /6% to 45% of energy reaches the ground when

the sky is cloudy

3.3.4 The absorption and scattering of insolation

The global heat budget

Earth’s temperature remains relatively constant from year to year. This means there is a
balance between incoming insolation and outgoing terrestrial radiation. This global
heat budget has two key features. The first is a net gain in radiation everywhere on the
surface except the poles, which have a high surface albedo. The second is a net loss in
radiation throughout the atmosphere.

After accounting for incoming and outgoing radiation, a net surplus of heat remains
between 35° south and 40° north of the Equator and a net deficit poleward from these
latitudes. The larger land masses in the Northern Hemisphere create this latitudinal
difference.

There is a positive heat balance within the tropics and a negative heat balance in the
polar regions and at high altitudes. This imbalance causes heat from the tropics to transfer
towards the poles and to higher altitudes. Without it, the tropics would ‘overheat’. Two
types of transfer take place:

m horizontal transfers: Wind and ocean currents transfer heat from the tropics towards
the poles. Winds account for 80 per cent of the heat transfer and ocean currents
20 per cent

m vertical transfers: Heat is transferred to the atmosphere from the surface by terrestrial
radiation, conduction, convection currents and latent heat transfers via condensation.
‘Without this transfer, the surface would get hotter and the atmosphere colder.

Altitude and lapse rates

Air temperature declines with higher altitudes in the troposphere. This decline is

called the lapse rate and it greatly influences the lithosphere’s impact on atmospheric
processes. Despite the Sun’s extreme heat, most heat reaching the surface is from solar
radiation, which gets absorbed by the land surface. This effectively heats the troposphere
from the ground up. Air conducts heat poorly. So the higher the altitude in the
troposphere, the colder the air becomes as it rises further from the heated surface.

On average, air temperature decreases by approximately 6°C per 1000 metres of
elevation. By applying the lapse rate, if the air temperature at sea level is 30°C then at
the peak of Mt Everest, which is at 8848 metres above sea level, it would be —24°C
(see Figure 3.3.5). The actual lapse rate varies between places due to humidity. When
applied at a given place and time, this is called the environmental lapse rate.
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9000 m

Mount Everest (8848 m)

6°C

4000 m

|
i
|

3.3.5 Lapse rates relate to the influence of altitude on temperature (applying average lapse rates).

o "'\ Movement of air

The air within the troposphere never rests. The Sun heats the equatorial regions faster
than the polar regions. This causes air movements within the troposphere at a global
scale, which produce the distinctive climatic features experienced on the surface.
Figure 3.3.6 shows the global pattern of atmospheric circulation.

At the Equator, heated air rises. When it reaches the tropopause, it moves towards the
poles. At 30° north and south of the Equator, a body of descending air creates the
subtropical high-pressure belt, bringing clear skies and dry, stable conditions. On the
surface, some descending air moves back towards the Equator. The cells created by
this circulation pattern are called Hadley cells.

0° Equator

On the polar side of the Hadley cells, the remaining air moves towards the poles.
When this warmer air meets the cold air at the polar front, it is pushed under and
uplifts the warmer air. This forms an area of low pressure called a polar cell. The

South
Pole resulting polar front marks the boundary between the warm tropical air masses and
POIa@ the cold polar air masses. The frontal zone is distinct and moves as a non-continuous

band around Earth.

3.3.6 Movement of winds around Earth

The upper troposphere contains narrow bands of extremely fast-moving air called jet
streams. They help rapidly transfer energy and can exceed 230 kilometres per hour.
Military and commercial aircraft take advantage of these winds—eastward flights are
much faster than westward flights. Jet streams are found in both hemispheres, with one
circling each of the two poles (the polar jet streams). A second jet stream encircles the
tropics (called the subtropical jet streams), shown in Figure 3.3.6.

Surface winds

Surface winds are caused by air movements from high-pressure areas to low-pressure
areas. Highly variable in speed and direction, these winds have an overall global pattern.

Hadley cells produce descending air in the mid-latitudes on either side of the Equator
(see Figure 3.3.6). This air moves back towards the Equator as a surface wind. Air
moving towards the Equator is deflected to the left in the Southern Hemisphere and to
the right in the Northern Hemisphere by the Coriolis force. These deflections give the
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winds a direction—from south-east to north-east in the Southern Hemisphere and from
north-east to south-west in the Northern Hemisphere. The surface winds are called the
south-east trade winds and the north-east trade winds, respectively.

Air moving away from the Equator toward the poles is also deflected to the left in the
Southern Hemisphere and to the right in the Northern Hemisphere. On the polar side
of the Hadley cells, descending air moves toward the poles and is also deflected. This
forms a band of strong winds in each hemisphere, dubbed the ‘Roaring Forties’ in the
south as they persist from 40° to 49° south.

In the equatorial region, air rises and there are no strong horizontal surface winds,
creating the ‘equatorial doldrums’. Relatively calm weather also occurs below the
descending air of the polar ends of the Hadley cells. According to legend, early mariners
applied the term ‘horse latitudes’ to these commonly becalmed zones because their ships’
drinking water supplies would run low, and to save water animals were thrown overboard.

Pressure systems

Atmospheric pressure systems are areas of the atmosphere with relatively high or low
barometric pressure, often called ‘highs’ and ‘lows’. Large areas of permanent high
and low pressure exist in bands around Earth. They influence world climate patterns and
ocean currents (see Figure 3.3.7).

Northern Hemisphere

Did you know?

The location of pressure
systems largely determines
wind direction. In the
Southern Hemisphere,
winds blow in an
anticlockwise direction

Winds from low pressure
systems blow clockwise
towards the centre.

3.3.7 Patterns of air movement in pressure cells

High pressure systems

A high pressure system, or anticyclone, is a large body of sinking air that produces an
area of high pressure on Earth’s surface. The air 1s sourced from the upper atmosphere
where there is very little moisture. Because descending air warms, weather conditions
remain dry. When the pressure gradients remain gentle, wind velocities stay low.
(Pressure gradients are shown by the isobars on a synoptic chart.) The weather in regions
dominated by high pressure systems features stable atmospheric conditions, clear skies
and gentle winds.

Low pressure systems

A low pressure system, often called a cyclone, is a large body of rising air that produces
an area of relatively low atmospheric pressure. As the air’s source is close to the surface,
there may be a lot of moisture. As moist air rises it cools rapidly and condenses,
potentially increasing precipitation. Wind velocities are relatively high because the
pressure gradients are relatively steep (these synoptic charts show the isobars close
together.) The weather in areas dominated by low pressure systems is characterised by
unstable atmospheric conditions, cloudy skies, rain and strong winds.

Tropical cyclones are intense low pressure systems that develop over warm tropical
oceans. They are often erratic and unpredictable. Once a cyclone crosses a coastline it
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Did you know?

The terms hurricane,
typhoon and tropical cyclone
are used for the same type
of storm. Hurricanes are
storms that form in the Gulf
of Mexico, the northern
Atlantic and eastern Pacific.
Tropical cyclones occur in
the southern Pacific and
Indian oceans. Typhoons
occur in the north-western
Pacific Ocean.

turns toward the pole. Its intensity then reduces
and it develops into a rain depression. To form
and move, cyclones need a continuous supply
of heat and moisture to maintain the necessary
rising thermal currents (see Figure 3.3.8).

A huge amount of moisture is required to
provide the latent heat that drives the cyclone.
Once released by condensation, the heavy rain
associated with cyclones falls. At the cyclone’s
centre is the ‘eye’. Stretching 30-50 kilometres
wide, it is typified by subsiding air, light winds,
clear skies and relatively high temperatures. The
descending air around the eye warms quickly,
increasing the cyclone’s intensity.

Stream
flow

g@

' 160‘km 1t‘o32l‘<m 16‘Okm
.

Gales gradually  Hurricane

decreasing winds increasing

13000 m

Gales gradually

@ SKILLS BUILDER

Interpreting synoptic charts

3.3.8 Formation of a cyclone

A synoptic chart, or weather
map, is a record of the
atmospheric conditions
experienced at a particular
time in a particular place
(see Figure 3.3.9). It
illustrates air pressure,

the location of air masses
and frontal activity,

cloud cover extent, wind
speed and direction, and
rainfall distribution. This
information can help predict
temperature, humidity,
ocean conditions and the
likely sequence of weather

HIGH
1026

Synoptic charts display
several features.

Isobars: the lines joining
places of equal barometric
pressure, measured in
units called hectopascals

Monsoon trough

— 1012 —— -

S5

Rainfall

_A A
Cold front

_ A A
Warm front

Isobar
(value in hectopascal)

(hPa). Checking the value of
adjacent isobars reveals the

3.3.9 Synoptic chart of typical Australian summer weather patterns

atmospheric (or barometric)
pressure of a particular location. This process is similar to
using contour lines to estimate height above sea level.

Pressure systems: defined by the patterns formed

by isobars. High pressure systems exhibit barometric
pressure increasing towards the centre of a set of
enclosed isobars. Low pressure systems show barometric
pressure decreasing towards the centre.

Cold front: forms when a mass of cold air moves in
and displaces warmer air. The uplift of warm, moist air
increases the chance of rain.

¢ in coming days.

Warm front: forms when a mass of warm air moves in
and displaces cold air.

Wind speed: the closer the isobars, the greater the wind
speed.

Wind direction: the direction wind comes from, so a
wind coming from the south is southerly.

Rainfall: areas in which rainfall has occurred in the
previous 24 hours are highlighted by shading.
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Thunderstorms

Three conditions are required for thunderstorms to develop: a source of moist air,

an unstable atmosphere and a mechanism to initiate their development. Moist air is
important because it condenses to form cloud. As condensation takes place, heat energy
is released. This makes the rising air more buoyant and promotes further cloud growth.
Unstable atmospheric conditions allow developing clouds to rise to great heights. The
mechanisms initiating thunderstorms are fronts, troughs and regions of low pressure (see
Figure 3.3.10). Landform features, such as mountain ranges, may also promote storm
development.

Storm severity depends largely on the rate at which the air rises. Severe storms occur when
the atmosphere is very unstable and the upward air movement is very rapid. Sometimes
several storm cells, at different stages of their life cycle, are found within the same storm
system. These ‘multicellular’ storms produce hail, strong winds and possible flash flooding.
In some cases, severe storms develop into long-lived thunderstorms called supercells.

A supercell is a rare but unusually severe type of thunderstorm. Its structure, behaviour,
intensity and longevity are quite different from those of ordinary thunderstorms. Supercells
can yield very large hail, extraordinary wind gusts and heavy rainfall.

3.3.10 Thousands of storms occur each year in NSW. Over 100 are classified as ‘severe’ and can produce
hailstones over 2 cm in size, wind gusts over 90 km/h and flash flooding.

€0 0000 00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000s,
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and low pressure systems across the continent. Note
the associated weather conditions. Write two or three
paragraphs explaining what occurred over the days.

7 Describe the relationship between atmospheric pressure
and the movement of air across Earth’s surface.

8 Outline the conditions that lead to thunderstorms.

: Activities :
Acquiring and processing geographical Applying and communicating geographical
: information understanding .
{1 Describe the concept of insolation. Explain the factors 9 Examine Figure 3.3.2. Briefly explain the relationship
E determining its rate. between land surface type and albedo. .
: 2 Define the term albedo. 10 As aclass, discuss the importance of heat transfers to
¢ 3 Outline the operation of the global heat budget. Earth. What would happen if these transfers ceased?
: Differentiate between horizontal and vertical heat 11 Using Figure 3.3.5 and the related text, describe the :
: transfers. concept of a lapse rate. .
i5 Explain the processes leading to the creation of Hadley 12 Using diagrams, briefly explain the difference between
: cells. high and low pressure cells.
: 6 Why can planes flying in an easterly direction travel faster ~ 13 Collect a series of Australian synoptic charts over five :
: than those flying west? or more consecutive days. Trace the passage of high S
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CHAPTER 3 EARTH’S NATURAL SYSTEMS AT WORK 39




UNIT 34
Global climate patterns

Mosul, Iraq Colombo, Sri Lanka Harbin, China Churchill, Canada
Temp. Rain Temp. Rain Temp. Rain Temp. Rain
(°C) (mm) (°C) (mm) (°C) (mm) (°C) (mm)
40 80 40 400 120 120 60 60
35 70 35 350 100 100 50 50
30 N\ 60 30 300 . 80 ig ‘s‘g
25 50 25 250
-0 200 60 60 20 20
20 40 0 20 10 10
15 30 15 150
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10 20 10 100 -10
5 10 5 50 0 0 20
1
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Annual average:

temperature 19.6°C

rainfall 384 mm

0
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Annual average:
temperature 27°C
rainfall 2365 mm

—20
JEMAMJJASOND

Annual average:
temperature 3°C
rainfall 488 mm
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Annual average:
temperature -7°C
rainfall 402 mm

Equator

Hot and dry all year;
unreliable rainfall

l Christchurch

Warm to mild months;

Cold most months with
wet all year

- Hot and rainy most of the year
a short summer

Hot all year, rainy most months,

but with a definite dry season

Hot and mostly dry all year;
unreliable rainfall

Antarctic Circle

Mawson, Antarctica

Temp. Rain
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3.4.1 World climate zones

Warm to mild months,
dry in winter

Hot, dry summer,
mild, wet winter

Darwin, Australia

Temp. Rain
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0
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Annual average:
temperature 28°C
rainfall 1491 mm
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cool to cold winter; wet all year
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cool to cold and dry winter

Christchurch, New Zealand

Cold all year

: 0 5000 km
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by altitude ﬂ

Belo Horizonte, Brazil
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There are five main factors contributing to the patterns of climate across the globe.
The first is how much insolation varies between locations as it hits the surface. The
second is Earth’s revolution around the Sun and its rotation on its axis. The last three
relate to the parts of the atmosphere, how continents and oceans are distributed, and
topography (see Figure 3.4.1).

Insolation variations

The amount of incoming solar radiation reaching Earth’s surface varies with latitude
(see Figure 3.4.2). Near the Equator, the Sun’s rays are almost vertical, so they are
concentrated on a smaller surface area. Closer to the poles, rays strike at an angle,
spreading them over a larger area. This means there is less solar energy per unit area.

The relatively large input of heat near the Equator warms the air. This warmer air rises
because it has a lower density than cold air. It moves northward and southward, toward
the poles, carrying heat away from the Equator. At higher latitudes it cools and begins to
descend. These cool air masses then flow back towards the Equator as surface winds, to
fill the void left by the rising air. This circular pattern of air movement moderates global
air temperatures.

Earth’s revolution and rotation

At the Equator, temperatures remain fairly constant throughout the year. Elsewhere,
average temperature patterns vary with the seasons. This is because Earth’s axis is tilted at
23.5°. During its revolution, when the South Pole tilts toward the Sun, its rays strike the
Southern Hemisphere more directly and intensely than in winter, when the South Pole
is tilted away. So, the Southern Hemisphere experiences its summer while the Northern
Hemisphere experiences its winter (see Figure 3.4.3).

Winter

Spring/autumn (Northern

(The sun aims directly Hemisphere
at the Equator) ../ tilts away

23.
(( ﬂsun \‘\

Summer
(Northern
Hemisphere
tilts toward
the sun) _ /
y = Summer
(Southern
Hemisphere
tilts toward
the sun)
(Southern
Hemisphere ¥>
tilts away
from the sun) Autumn/spring

(The sun aims directly at the Equator)

3.4.3 How Earth’s revolution around the Sun influences climate

The forces generated by Earth’s rotation break up the general pattern of air circulation
from the Equator to the poles. This creates six separate belts of moving air: three to
the north of the Equator and three to the south. Earth’s revolution around the Sun and
its angle also cause the length of night and day to vary. Longer days mean that more
incoming solar radiation hits the surface. Therefore more solar energy is available to
plants, increasing their production.

Latitude Insolation
percentage

0° 100.0
10° 98.6
20° 945
30° 88.0
40° 79.2
50° 68.5
60° 57.0
70° 47.4
80° 43.0
90° 41.6

3.4.2 Variations in solar insolation due
to latitude
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The atmosphere’s components

Earth’s temperature and climate are largely determined by the atmosphere’s structure
(detailed in Unit 3.2). In the troposphere, carbon dioxide and water vapour are important
in regulating temperatures. They let in the Sun’s radiant energy, but prevent some of it
from escaping back into space. This creates a ‘natural greenhouse effect’. Without it, Earth
would be a cold and lifeless planet with an average atmospheric temperature of —18°C.

Distribution of the continents and oceans

Ocean currents also influence climate, especially in coastal areas. Warm ocean

currents tend to have higher evaporation rates. Hence, coastal areas generally get more
precipitation, especially where the prevailing wind blows onshore. Cold ocean currents
have relatively low levels of evaporation and low moisture in the air above them. These
currents tend to flow along the western coastlines. This is why more—and larger—
deserts lie adjacent to the western coastlines of continents (see Figure 3.4.4).
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3.4.4 Main surface currents in the world’s oceans and proximity of desert
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@® SPOTLIGHT

The Humboldt Current

The influence of ocean currents on climate can be seen
by comparing the Humboldt, a cold ocean current, with
the Gulf Stream, a warm ocean current. Also called the
Peru Current, it flows northward from Antarctica into the
eastern Pacific Ocean, along the western coastline of
South America. The cold, slow-moving waters allow for
little evaporation, creating an extremely arid landscape.
Stretching 1600 kilometres along the coastline, the
Atacama Desert (see Figure 3.4.5) is one of the world’s
driest places, which limits life in this desolate area. In
contrast, the ocean here supports highly abundant a7 :

marine life. This is because the current pushes nutrient- 3.4.5 The Atacama Desert is an extremely dry environment influenced
rich waters up to the surface, a process called upwelling. by the cold waters of the Humboldt Current that run along its coastline.
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Topography

Altitude means that mountainous areas tend to be cooler than adjacent lower altitudes.
Despite being near the Equator, the summit of Mt Kilimanjaro, Africa’s highest
mountain, is typically covered with snow. Human-induced climate change, however,
means its snow cap is less permanent now.

Mountain ranges also interrupt the movement of prevailing winds and moisture-laden air.
When moist air is forced to rise, it cools and expands. This makes it lose most of its moisture
as either rain or snow, on the mountain range’s windward side (the side exposed to the wind).
This process produces the rain-shadow effect, or orographic rainfall (see Figure 3.4.6).

Rising air cools and condenses  Orographic rainfall Descending air warms as it

is compressed by increasing
atmospheric pressure
As the air cools it

releases latent heat o
Pre0|p|tat|on‘ .

R
\
\.\‘\\\

DR
Vv

Rain shadow

\ AN
Orographic uplift "\ '
G0
Warm moist air; .

cools as it rises

-—-————‘—J"

Cool dry air;
warms as it descends

\

Warm dry air
(fohn wind)
—

Forest

*Orographic rainfall is the name given to rainfall that results when a moist body of air
is forced to rise by a topographic feature

3.4.6 Orographic rainfall shows the influence of topography on climate
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The Western Ghats

.

On India’s western edge, the Western Ghats mountain
range acts as a barrier to the moisture-rich monsoons
that flow across the coastline from the Indian Ocean.
As the moisture-laden clouds rise over them, rains fall
on the seaward western side. This creates a lush, highly

3.4.7 The Western Ghats’ western side is lush with plentiful water.
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productive environment (see Figure 3.4.7). The vast, dry
Deccan Plateau stretches out on the leeward, or eastern,
side. Here, rainfall is far lower and the biophysical
environment stands in stark contrast to that on the
western side (see Figure 3.4.8).

3.4.8 The hot and dry Deccan Plateau is in the rain shadow on the
eastern side of the Western Ghats.
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As drier air flows down the leeward slope (the side sheltered from the wind) it is
compressed and becomes warmer. Thus, deserts and semi-arid areas are often found
on the leeward side of large mountain ranges. The rain-shadow effect impacts places
like the semi-arid regions adjacent to the Himalayas in Asia and the Andes in South
America.

Microclimates

Significant climatic differences often occur over relatively small areas. The study of these
climatic differences is called microclimatology. Many occur naturally, resulting from
differences in factors such as aspect and type of land surface.

The most widely studied microclimates are large urban centres. They feature hard and
dark surfaces, and have high volumes of dust due to air pollution and wind tunnels—
canyons between tall buildings where wind channels at higher velocities. Together,
these alter the local, and sometimes regional, climate. Building materials and roads are
less reflective. During the day these surfaces absorb and store heat, which is released
slowly at night. Heat is also produced by other sources, particularly motor vehicles,

but also people. Hard surfaces like roads and concrete increase rainfall run-off. With so
little surface to cool the air through evaporation, this creates urban heat islands. Large
cities can be up to 5°C warmer than surrounding rural areas in summer, and up to 2°C
warmer in winter.

Aspect-induced microclimates

Aspect is the direction a slope faces. The northerly aspect faces the Equator in the
Southern Hemisphere, while a southerly aspect faces it in the Northern Hemisphere.
Direct sunlight is greater on these slopes than those facing the poles. Slopes facing east
receive more sun in the mornings when temperatures are usually lower. Western-facing
slopes get more sun during the hottest times. Shaded slopes have a cooler, moister
microclimate (see Figure 3.4.10). Farms and settlements in mountainous regions are
usually found on the sunnier side of the valley. Vegetation patterns also vary with
exposure to sunlight— pockets of rainforest along Australia’s eastern seaboard are often
found on slopes that have a southerly or easterly aspect.

@ SKILLS BUILDER

Investigating microclimates

and compare results. Note any differences in the

3 As aclass, measure and record variations in .
vegetation types found on each slope.

temperature and rainfall in the local community using

: There are microclimates in any local community. Even a thermometer and a
. small areas like school grounds can have different simple rain gauge. Then,
: microclimates. Buildings create shade in the same way in their own backyard,
: as mountains and cliffs. Investigate these microclimates each student measures
using simple techniques. the air temperature at a
¢ 1 Using a thermometer, measure and record the air set time and the rainfall
:  temperature at various locations within the school within a set time period.
grounds. Examine the nature of each area and explain Record these findings on
the differences in temperature. Compare the results alocal map and examine
. from each area and plot the locations of the recording them. Note any variation
:  sites on a map of the school. in'the temperature and
) Investigate the impact of large buildings in the school rainfall patterns.
:  onwind flow. An anemometer (see Figure 3.4.9) is 4 Find a small valley aao A g
:  the best tool to measure wind speed. Otherwise, use with slopes that have to C'O”e;e(q;ct)?()e:]e\::éesgzzd_
:  light strips of cloth pinned to the top of sticks, either southerly and northerly
hammered into the ground or held aloft. aspects. Measure the air temperature on each slope
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North-facing slope

Height of the Sun )
(summer) receives sun
throughout the
year (maximum
Height of the Sun insolation)
(winter)
2500 ==
N In shadow for all but a
few weeks in summer
2000 - 2000
Sy
€ 1500 1 - 1500
k<
2
© 1000 - - 1000
South-facing slope
500 iq s!lado_w all y.ear | s00
(limited insolation) In shadow for only a
0 Eucalypt forest few weeks in winter 0

3.4.10 The impact of aspect on climate

Activities

Acquiring and processing geographical
information

1 Explain how variations in insolation reaching Earth’s
surface affect climate.

2 Outline how Earth’s revolution around the Sun and its
daily rotation on its axis affect climate.

3 Describe the effect of the composition of the atmosphere
on climate.

4 Describe the impact of topography on climate and
rainfall.

5 Write your own definition of a microclimate.

6 Describe how large urban centres can influence climate.

7 Outline the meaning of aspect.

Applying and communicating geographical
understanding
8 Study Figure 3.4.1.

Comment on the longitudinal spread where climates
are hot and wet for most of the year.

a

Describe the distribution of hot and dry climates.

Describe the distribution of places with hot, dry
summers and mild, wet winters.

©0000000000000000000000000000000000000000000000000000000000000000000000000000

d Name the type of climate experienced by these
geographical locations: Northern Australia, Sub-
Saharan Africa, Tasmania, Alaska, Northern India,
United Kingdom, Papua New Guinea and Northern
Russia.

Examine Figure 3.4.4. Write a report describing the
patterns of Earth’s ocean currents and the relationship to
deserts.

10 Write a paragraph outlining the impact of the Humboldt

Current on the adjacent landmass.

11 Using the Western Ghats as an example, write a report
on the relationship between topography, the atmosphere

and the biophysical environment.

12 As aclass, discuss strategies to reduce the impact of
urban areas on climate. Brainstorm ideas and record
these in a graphic organiser. Evaluate the ease of

implementing the various strategies.
13 Examine Figure 3.4.10.

a Describe the relationship between altitude and
shadow formation.

b How do you think the environment of the valley
floor would differ from that at the top of the slope?
Explain why.
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UNIT 3.5
Hydrological systems

Although water covers almost 70 per cent of Earth’s surface, it is not a limitless resource.
Every drop existing today was here in one form or another on the day Earth came into
being. Water comes in many forms. The salty oceans contain more than 97 per cent of all
Earth’s water. They help dilute and degrade the pollutants flowing into them. The next
largest component of surface water is polar ice caps and ice floes (2.7 per cent). An important
influence on the world’ climate, they provide essential habitat to many unique life forms.

The 0.3 per cent left is the fresh water we see daily. Rivers, streams and creeks transport
run-off that flows from rain, snow and ice melt, storms or floods. Together with
groundwater, run-off is also a vital source of fresh water for domestic, industrial and
agricultural uses. Wetlands and marshes hold unique ecological value. They cleanse our
drinking water (by removing sediments and contaminants), provide long-term storage for
the slow uptake of groundwater (recharge) and protect us from floods and droughts.

The water cycle

Water is always moving. Its state and geographical location are always changing. Consider
Earth’s 4.6-billion-year history as a 24-hour clock. At 2 am the planet was still being
born. Heat from atomic decay in the pressurised core, combined with the heat generated
by continual meteorite impacts, fused it into a ball of magma, rich in iron. The heat in
the interior drove oxygen and hydrogen atoms from the materials in which they were
contained, and the newly formed molecules surfaced in upwellings of magma. Steam
rose from the crust as lava and emerged through surface fractures. Rising water vapour
cooled and clouds soon enveloped the planet. Violent electrical storms churned through
the atmosphere.

When the surface had cooled sufficiently, the rains came. The first droplets fell at
about 2.30 am. The storms continued until around 3.05 am, having lasted for about
112 million years. The result was a planet mostly covered by a shallow sea, muddy with
sediment washed from the land—Iand with no plants and no soil.

The same water is still circulating today, driven by the Sun’s energy. At a global level, the
hydrological (water) cycle is a closed system. No water is added and none is taken away. What
changes is its distribution, its geographical location and sometimes its form (see Figure 3.5.1).

Inflow of water vapour: 40000 km?

Condensation -

Ocean precipitation:
390000 km?

Condensation

\ R \ \
\ v Vo
\

Vo

\ \La\n\d prec\:'kpitatimﬁs\

' 110000 km? |

bt bR \ \\ AREY
\

Land evaporation: ooy, A
70000 km? A

ARERY \ \
Ocean evaporation: ' |
430000 km? \

AN \
3.5.1 Vast quantities of water are Ocean Run-off from land to ocean
transferred within the water cycle. (surface and underground): 40 000 km?

46 GLOBAL INTERACTIONS 11




About 430000 cubic kilometres (km?) of water evaporates annually from the surface of
the oceans. Another 70000 cubic kilometres evaporates from the land. This gives a total
of approximately 500000 cubic kilometres.

Since the volume of water vapour in the atmosphere remains relatively constant, the same
amount is precipitated back to the surface. However, its distribution varies. Precipitation
over oceans is roughly 390000 cubic kilometres, while precipitation over land is around
110000 cubic kilometres. However, its combined evaporation is 70 000 cubic kilometres.
This gives a net transfer from the oceans to the land of 40000 cubic kilometres a year.
This transfer sustains all the terrestrial life within the ecosphere.

However, far more water exists than the amount transferred annually (see Figure 3.5.3).
Water is stored in many forms and for varying periods. Just over 2.6 per cent is fresh
water—that is, free of salt (see Figure 3.5.2).

Storage State Volume (km3) | Percentage of | Percentage of total
fresh water water on Earth

Ice caps and Solid 282000000 76.5 214

glaciers

Groundwater

= 800m deep Liquid 3740000 10.1 0.27

800-4000m Liquid 4710000 12.8 0.34

deep

Lakes Liquid 125000 0.34 0.00091

Soil moisture Liquid 69000 0.19 0.005

Atmospheric Gas 13500 0.037 0.01

vapour

Rivers and Liquid 1500 0.0004 0.0091

marshes

Total sources 36895000 100 2.665

3.5.3 Global distribution of fresh water in its various states

Key processes in the water cycle

Figure 3.5.4 summarises the key processes involved in the water cycle. Each of these
processes works in concert with the others in the operation of the cycle.

Condensation

Transpiration
from plants

Evaporation

" Evaporation
from land

s/ /P55 55 Surface run-off (rapid
" Evaporation e
- from Run-off

ocean
A

3.5.4 Key processes in the water cycle

Total supply of water:

Plants: 0.001%
Atmosphere: © 0.01%
L
Rivers, lakes and marshes: 0.02%
Groundwater: k 0.61%
Ice caps and glaciers: 2.14%

97.2%

Ocean water:

1385000000 km?®

3.5.2 Where water is stored

0000000000000 00000000000 0000,
. .

@® SKILLS BUILDER

Interpreting
proportional
circles

Proportional circles, as
in Figure 3.5.2, show

the relative size of the
units being measured by
the area of each circle.
Each circle’s size must
be in proportion to the
total value it represents.
Proportional shapes

are sometimes used
instead, such as squares,
rectangles, cubes,
triangles, symbols or the
shape of nation-states.
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Condensation

Water changes from a gaseous state back into a liquid state in a process called condensation.
It can only take place when there are solid objects on which moisture can be deposited.
Dust particles in the atmosphere act as condensation nuclei—there would be no
condensation without them. Condensed water may be visible as cloud, dew or mist.

The rate of condensation depends on the original air temperature (which influences the
air’s capacity to hold water), the amount of moisture or humidity in the air, and the rate
of atmospheric cooling.

Condensation is a warming process because the latent heat absorbed by water during
evaporation returns to the atmosphere. It means air can move heat as well as moisture
from one place to another. The more moisture in the atmosphere, the more energy it
can store and transfer as heat. The air needs to be cooled to a certain temperature before
it becomes saturated (100 per cent humidity). This is called its dew point. When the
dew point is below freezing, water vapour changes directly to ice or frost, a process called
sublimation.

Evaporation

Evaporation is the physical process by which moisture is lost directly to the atmosphere.
This can be due to the Sun’s heat on a body of water or the effects of air movements. Its
rate depends on temperature, wind velocity, the level of humidity and hours of sunshine.
Evaporation is a cooling process because it involves a transfer of heat energy from the
body of water to the atmosphere.

Transpiration

Transpiration is a biological process in which water is lost via the pores in leaves (see
Figure 3.5.5). Its rate depends on time of year, the type and amount of vegetation and
the length of the growing season.

Precipitation

Precipitation results when large masses of moist air are cooled rapidly below dew point.

With continued condensation, water droplets or ice crystals become larger and heavier.
Eventually, they become so heavy the
atmosphere cannot support them. They fall
as rain, sleet, snow and hail.

Infiltration

Following precipitation, soil becomes moist
and absorbent. Water entering it passes
through successive layers of the soil profile,

a process known as percolation. How
quickly this occurs depends on how much
water the soil already holds. Also relevant is
its porosity and structure, as well as the type
and number of plants covering it. The speed
at which water passes through soil is called
its infiltration capacity. Infiltrating water
eventually collects above an impermeable
layer of rock or fills up all pore spaces. This
forms a saturation zone—its upper level is
called the water table. Water may gradually
be transferred horizontally as groundwater
flow or base flow.

3.5.5 Mists over forests are caused by
transpiration.
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Activities
Acquiring and processing geographical b Explain how water reaches the atmospheric store.
information Explain why some parts of the lithosphere contain
Describe the main states in which water can be found. water and others do not.
Write your own definition of the water cycle. d How does water reach the ocean from the
lithosphere?

Describe the process of condensation.
8 Study Figure 3.5.3.

a In which form is water most often found?

Differentiate evaporation from transpiration.

Outline the forms that precipitation takes.
Where is fresh water most common?

Explain the process of infiltration.
Applying and communicating geographical

b
¢ Where is water found in a gas form?
understanding d

Calculate the amount of water currently found in ice
caps and glaciers.
7 Study Figures 3.5.2 and 3.5.3. 9 Study Figure 3.5.4. Using facts, briefly report on the water

a List all the water storages that are part of the cycle’s operation.
atmosphere, the lithosphere and the ecosphere.
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Global water budget

Earth’s water budget is the sum of the inputs, outputs and net changes in the hydrosphere
over a period. The global water cycle contains around 1385 million cubic kilometres of
water. Less than 3 per cent is fresh water. The world’s population requires only a fraction
of this—less than one per cent. Roughly 3000 cubic metres of renewable water supply is
available per person every year, compared with the average use of 750 cubic metres.

The location, quantity and quality of water resources depend largely on the relationship
between climate (precipitation and evaporation) and biophysical features, such as geology
(see Figure 3.5.6). For example, South America has high rainfall in equatorial areas and
high run-off, so it has large river systems and plentiful water supplies, particularly in the
east where the mighty Amazon Basin is found (see Figure 3.5.7).

Continent Area (km?) Average Average run-off | Average run-off | Percentage
rainfall (mm) (mm) (km?3) (run-off)
Asia 45000000 600 290 13000 48
Africa 30 300000 690 260 7900 38
North America 20 700000 660 340 6900 52
South America 17 800000 1630 930 16 700 57
Antarctica (and Greenland) 17 100000 150-200* 160* 2800* *
Europe 9 800000 640 250 2500 39
Australia 7 700000 465 57 440 12

* Data uncertain

3.5.6 Average annual rainfall and run-off for each continent

With mid-latitude continents, the pattern is quite different.
Australia has the lowest rainfall and run-off proportional to area
of all the continents. It also has the lowest percentage of run-oft
proportional to rainfall. Here, evaporation and transpiration are so
high that the amount of rain ending up as streamflow is meagre.
This leaves the continent with few major river systems. It is one
of the reasons why the Central Australia is so dry. Comparing
discharge rates—the amount of water a river releases at its
mouth—highlights this. The discharge rate of South America’s
Amazon River is 180000 cubic metres per second, while 3.5.7 High' rates of rainfall around the equatorial Amazon River feed its
Australia’s Murray River has a rate of 470 cubic metres per second. vast quantities of water.
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3.5.9 The thin band of green winding
through the desert demonstrates the
power of water to bring plant life to the
banks of Egypt's Nile River.

Catchment A

R Catchmiria?{

g,
)
/:S-/)e

pr/%y

Catchment A N

Catchment B

3.5.10 Two river catchments and the
watershed dividing them
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Variations in the water budget

The total amount of water within the water cycle is fixed, but it is unevenly distributed.
The amount of rain and the seasons it occurs in varies between locations. Continental
water budgets vary as a result. A continent’s size and location impact on the interactions
between the hydrosphere and lithosphere, aftecting the general atmospheric circulation.
Such interactions affect the land climate. Globally, broad patterns of vegetation result.
Locally, they influence how much water a place has for plants to grow. In equatorial
areas, where high rainfall dominates, plant life is more prolific.

There is a strong link between precipitation, evaporation rates and run-oft (see

Figure 3.5.8). It determines if rivers can form and how easily people can access water.

The type of intensive agriculture that occurs in Europe is not possible in low rainfall areas
like Australia. Here, grazing and less intensive farming dominate. Also, consider the size
of the continent when looking at its data. While Europe has a relatively low amount of’
precipitation by area compared to Asia, it also has a much smaller landmass—9.9 million
square kilometres compared to Asia’s 44.6 million square kilometres. Evaporation rates also
have an impact. They are high in Africa despite high precipitation rates, so there is far less
run-oft. This limits how much water enters rivers and lakes.

Evaporation (%)

35 Precipitation
= P B Run-off (%)
£ 30
~
8 25
e
=20 -
S
5 15
S
‘s 10
©
® 5
o II Il
Asia South Africa North Europe Australla
America America
. Oceama
Region

3.5.8 Annual precipitation, evaporation and run-off rates around the world. These patterns vary not only
between locations but also over time.

River catchments

Rivers play a crucial role in the water cycle, as they are one of the main ways in which
water is moved across the land’s surface. They transfer water from areas with a net surplus
in their water budgets to areas that have less water (see Figure 3.5.9). The water flowing
down a river system comes from a catchment. Its size and the amount of rainfall that
falls in it determine the flow and discharge rate of the river. A catchment is more than its
rivers; it includes lakes and other natural water storage such as wetlands.

River catchments are separated by a ridge of land called a watershed. When rain falls

at higher points in the natural landscape it is divided between two river systems. The
watershed marks the boundary between river catchments (see Figure 3.5.10). Rivers are
generally fed by a network of smaller rivers or streams, called tributaries. One example
is the Murray—Darling catchment. It covers over 1 million square kilometres, the most
significant river system in Australia.

A catchment is an open system. It forms part of the water cycle. Its inputs are
precipitation (mainly rain and snow) and its outputs are water lost from the system
through flow to the sea, evaporation, transpiration (from plants) or human use. Within
the system, some of the water is stored, either in lakes or in the soil.

The stored water otherwise passes through a series of transfers. First it infiltrates the
ground, becoming groundwater. This groundwater may pass into a different catchment
in a process called throughflow. Hence, the system involves far more than the flow

of water. It also transports nutrients, soil and organic material. This means rivers are
far more than systems of the hydrosphere—they also create crucial changes in the
lithosphere and ecosphere.
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Canada’s watersheds

Canada is one of the wettest countries, with five main Over 30 per cent of Canada lies within the Hudson
watersheds (see Figure 3.5.11). Each watershed is defined Bay Basin, a vast area of 819000 square kilometres.
by a mountain range, with the Rocky Mountains marking Technically part of the Arctic Ocean, this basin is

the largest catchment area. On the eastern side, the rivers considered a separate watershed and drains the Nelson,

flow to the Arctic Ocean or Hudson Bay. The Mackenzie Churchill and La Grand rivers. It is surrounded by land,
River—the longest in Canada at over 4200 kilometres— except for a few straits and channels that flow into the
is the main river here. Its catchment is also the largest Arctic Ocean, making it almost an inland sea. Hudson
in Canada and the tenth largest in the world. The river Bay Basin’s ecosystem is complex and its waters play a
arises from the mountains where the Columbia Icefield’s key role in its functioning.
meltwaters feed it (see Figure 3.5.12). It is a massive area Most of the remaining watersheds in the eastern part of
of ice—around 325 square kilometres—that receives up Canada drain into the Atlantic Ocean from catchments
to 7 metres of precipitation annually, nearly all of it falling in a region known as the Maritimes. A small area drains
as snow. southward into the Mississippi River basin, which flows
through the USA before entering the Gulf of Mexico.
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3.5.12 Icefield meltwaters feed Canada’s Mackenzie

3.5.11 Canada’s five watersheds
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Hydrological functions

Rivers are drainage systems that transport water (under the influence
of gravity) from higher points to lower points of the topography. These
systems are generally fed by precipitation. River systems do not always
drain into oceans. Some rivers drain into lakes—such as Lake Eyre in
South Australia—or inland seas, such as the Caspian Sea in Central Asia.

Geomorphic functions

River systems move and redistribute the products of weathering.
Carrying these materials in water erodes the riverbed and banks, which
can be deposited. A large river channel with an especially high flow
can shift huge boulders downstream. Sand generally stays within the
river channel, while finer silts and clays can reach the ocean. Sediments
can also be deposited onto floodplains. They help nourish these soils.
As a river moves across the flatter coastal plain it loses velocity, often
branching out to form vast deltas (see Figure 3.5.13).

3.5.13 The Ganges River delta in the Bay of Bengal at the
end of its 2700 km journey from the Himalayas
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Catchment run-off

The catchments that collect water for rivers can be viewed as simple input—output
models. The inputs are generally precipitation, but may also include water introduced
from other catchments or sources.

Much of the water infiltrating the ground surface is taken up by vegetation. Other water
eventually passes into the river system via groundwater flows. Water passing deeper into
aquifers may be lost from the catchment. The rest passes as overland flow or run-off to the
river. Water can also bring inputs—eroded material, nutrients and organic matter. Sometimes
groundwater can add high levels of salts. All this depends on the nature of the rainfall and land
management in the catchment. Substantially, the losses come from two sources—evaporation
from land, vegetation and water surfaces, and transpiration from growing vegetation. The
relationship between the inputs (precipitation) and their pathway can be expressed as:

eecsccee

inputs = run-off + evaporation + transpiration + groundwater + loss to other catchments + change in soil/surface storage

Alternatively, the relationship can be expressed in the following form.

run-off = inputs — evaporation — transpiration — groundwater — loss to other catchments — change in soil/surface storage

eecsccee

.
.
.
.
.

How much run-oft (and the sediment and other materials carried by it) enters a river
depends on the nature of the rainfall and the soils, vegetation cover, natural processes and
land management. Vegetation, for example, can create ponding (or water retention) over
the catchment’s surface. This slows down the surface water flow, allowing more surface
water to infiltrate the soil.

Both the nature of the soils and the vegetative cover of catchments will influence the
volume and rate of run-off. In this way, lithospheric and biospheric conditions play key
roles. If soils are sandy, much of the water will infiltrate the soils. The presence of dense
ground-cover vegetation will also increase infiltration. In contrast, impermeable clay-rich
soils with little vegetation cover, or soils saturated from previous rainfall, will yield the
most run-off and the highest flood peaks.

The influence of vegetation

Vegetation has many roles in a catchment. It modifies local climatic conditions and
intercepts rainfall. This helps to protect the soil surface from more intense precipitation.
It also acts as a barrier to overland flow by:

m reducing the velocity of run-off, which in turn reduces surface erosion
B causing ponding, which provides more time for infiltration to occur.

An established stand of vegetation helps infiltration because a more permeable layer of
organic material can develop. It also helps to provide a network of fissures, or cracks,
through the soil profile. The decay of old root systems causes this.

11 Explain how vegetation affects run-off.
4 Explain why continental water budgets vary.

5 Define the terms catchment and watershed.

: Activities :
: Acquiring and processing geographical 6 Outline the role of the geomorphic functions of rivers. .
information 7 Explain how river deltas form.
1 Describe the composition of the global water budget. 8 Describe how sediment transfers by rivers benefit the
2 Outline the factors that determine the location, quantity ecosphere.
: and quality of water resources. 9 Describe the influences of run-off on rivers.
3 Explain the absence of very large river systems in 10 Explain the role of soil in determining run-off rates. '
: Australia.
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Applying and communicating geographical ¢ Which continent has the highest rate of run-off?
understanding d Which continent has the greatest rate of evaporation?

12 Study Figure 3.5.6. Calculate the differences between e What are the implications of this data for agriculture
Australia and South America in terms of average rainfall in Africa?

and run-off. 14 Review the box, Spotlight: Canada’s watersheds. Write
: 13 Study Figure 3.5.8. a short report explaining the role of the lithosphere in

a Which continent receives the most precipitation? creating watersheds.

15 Explain the relationships between river inputs and
outputs.

b Which of the continents featured has the least
precipitation?

Floods

A river floods when it discharges more water than its channel can hold. The extra water
spills over the banks and onto the floodplain. There are different types of floods.

m Slow-onset floods: these develop over several days and last for a week or longer.
They can cause stock and crop loss, and road damage.

m Rapid-onset floods: these are faster and occur in the mountain headwater areas of
large rivers. Often only lasting one or two days, they are often very destructive.

m Flash floods: these are caused by intense storms dropping large amounts of water
within a short period, and there may be little warning. They can peak within minutes.

Two major factors affect the rate of river discharge and how it impacts on the scale of a
flood—river catchment (covered above) and precipitation. Precipitation determines the
amount of water in the system in several ways:

m Type of precipitation: if the precipitation falls as snow, it may be days, weeks or
even months before it melts and runs off into waterways. If it melts rapidly and the soil
underneath is frozen, the large amounts of run-off can cause flash flooding.

m Intensity of rainfall: during storms, if the rainfall is too intense the ground might
not be able to absorb all the water. Excess run-off flows quickly overland and into
waterways. A rapidly increasing discharge can lead to flash flooding.

m Frequency of rainfall: the infiltration rate is affected by how much water is already
in the soil. If it is still wet from earlier rain, it will quickly become saturated. If it has
been able to dry out, it will be able to absorb new rainfall. This is why floods are
more likely to occur after long periods of wet weather.

The nature of the river catchment also impacts flooding. There are many ways it
determines what happens to the water once it is on the ground:

m Rock type: permeable rocks, such as sandstone, readily absorb water and reduce the
amount of run-off. Flooding is more common in catchments with impermeable rocks
such as granite.

m Soil: sandy soils have large air spaces that water can infiltrate. Soils with a high clay
content are less able to absorb water. Clay particles are very small and fit together
tightly. It is difficult for water to infiltrate these tiny spaces, causing it to accumulate
on the surface.

m Slope gradient: on gently sloping land, rainfall has time to infiltrate before it runs
off. On steep slopes, rainfall runs off before it can be absorbed.
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New South Wales floods 2022

After years of severe drought, weather patterns across Australia’s east
shifted markedly during 2021-2022. Record-breaking rainfall brought
major flood events (see Figure 3.5.14). The Wilsons River flows through
Lismore, a town in northern NSW. With floods being part of the town’s
history, many homes were built above the record peak 1974 flood
height of 12.15 metres.

In late February 2022, after months of higher-than-average rainfall,
northern NSW was hit with a massive rain event. At first Wilsons River
seemed to peak well below the 1974 flood levels. Within hours this :
was revised after a report that the flood height was above 13 metres. 3.5.14 Lismore city in flood, February 2022
But it still hadn’t reached its peak—a massive 14.4 metres. It inundated
hundreds of homes and businesses across Lismore. Subsequent months saw many smaller floods, further impacting
the town and the community’s ability to recover. Many months and even years later, hundreds of residents were still
living in temporary housing.
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B Vegetation: vegetation slows the flow of water across the land surface and encourages
infiltration. This reduces the risk of flooding.

m Land use: agricultural land uses can affect the rate of run-off. Ploughing parallel to

the contours of the land (contour ploughing) can reduce run-off. Soil compacted by
stock and farm machinery can do the opposite—it forms an impermeable
layer, encouraging run-oft. Urban buildings, paving and roads form an
impermeable layer that precipitation rapidly runs off. Drainage systems
guide this run-oft into local waterways.

Drought

Droughts are prolonged periods of below-average rainfall (see Figure
3.5.15). Regions with low average rainfall are more likely to experience
droughts than places with high average rainfall. Droughts inhibit the
growth of crops and natural vegetation.

Severe droughts can also contribute to land degradation. Wind erosion takes
place when bare, dry soil is no longer bound together by tree roots, grasses
and other plants. Topsoils are the richest soils, found near the surface where
humus accumulates. They are critical for plant growth. This layer is most
susceptible to erosion from wind and water. Even drought-breaking rains
can erode the soil by washing away unprotected topsoil.

The effects of drought on the people in an area vary with their
socioeconomic situation. In one community a drought may simply lead
to restrictions on car-washing, garden sprinklers or topping up swimming
pools. In another, it can result in famine and death.

3.5.15 Extreme drought in the Entrepefias reservoir, Spain

£ 00000 000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000s,
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5 Describe the impact of droughts.

: Activities :
Acquiring and processing geographical Applying and communicating geographical
. information understanding :
5 1 Outline the different types of floods. 6 Write a paragraph explaining how interactions within the 3
{2 Explain how rock and soil type can impact floods. biophysical environment affect the global water budget.
: 3 Describe the role of gradient on floods. 7 Using examples from the text, outline the impacts of :
. ' floods on communities. :
. 4 Define the term drought. :
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UNIT 3.6
Geomorphic systems

Soaring mountains, deep gorges and rugged coastlines tell us of the tug of opposing forces:
tectonic and gradational. Tectonic forces are caused by Earth’s internal energy and upheave
the land surface, creating new landforms. Without them, Earth’s surface would have been
reduced to flat, featureless plains long ago by the relentless gradational processes. These
are weathering, mass movement and erosion. These processes are caused by gravity and
the Sun’s radiant energy wearing down and smoothing the surface. The Snowy Mountains
of south-eastern Australia were once 5000 metres higher than they are today. Millions of
years of gradation reduced them to their current height and rounded form.

Earth’s surface seems solid and unmoving. The lithosphere is the solid, outer portion of
Earth’s rigid upper mantle. But deep within the planet’s interior are convection currents.
They are so powerful and their movement so great that the lithosphere is broken up into
a dozen or so vast sections. These are called tectonic plates. They move slowly atop the
asthenosphere. Ocean basins and continents are located on them.

Much of Earth’s geological activity takes place in the lithosphere at the plate boundaries.
The plates move very slowly—about as fast as fingernails grow. Over geological time the
movements become significant. Land masses split or joined together as the tectonic plates
shifted around. This changed the size, shape and location of the continents. Their slow
movement across the surface is called continental drift (see box, Spotlight: Continental
drift).

eeecc0ccccccce ee0ccc0ccccccccse ee0ccc0cccccccce ee0ccc0ccccccccse ee0ccc00cc0cccce ee0ccc00cc0cccce ee0ccc00cc0cccce ee0ccc00cccccccs sccccee,
0

©® SPOTLIGHT

Continental drift

Published in 1915, Alfred Wegener's theory of Laurasia (Asia, Europe, Greenland and North America)
continental drift explained the similarity of shoreline and Gondwana (Australia, Antarctica, Africa, India and
edges on either side of the Atlantic Ocean. He matched South America), which began separating about 200
fossils and rocks from two vastly separated continents. million years ago. Each part slowly drifted to its present
He believed these continents shifted from a former location. If put back together, the broken pieces fit like a
‘supercontinent’ named Pangaea. It consisted of vast jigsaw puzzle (see. Figure 3.6.1).
Pangaea Laurasia and Modern
Gondwana world

py {3 Arctic

< el

. North

Eurasia | America |

3.6.1 Movement of the ‘supercontinent’ over time
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Plate tectonics

A plausible mechanism to explain the continents’ movement was discovered relatively
recently. Geological investigations of the mid-Atlantic Ocean revealed that the sediments
near the mid-Atlantic ridge are thin and relatively young. Those progressively further
away are broken and older. This means new land is being created under the ocean,
forcing the continents further apart as it emerges.

This process is called plate tectonics and the theory is based on:

m identifying the asthenosphere as a layer of weak, plastic-like material that acts as a
lubricating layer

m identifying the cold, rigid, lithospheric plates moving like great rafts over the fluid
asthenosphere

m the idea that if new oceanic crust is being continuously created along the mid-ocean
ridges, either Earth must be expanding and the oceans must be getting larger, or
an equal amount of old crust must necessarily be destroyed in order to maintain a
constant size.

A convection current in the asthenosphere rises, separates and forms a mid-ocean
ridge—as seen in Figure 3.6.2. The convection current sinks again where the oceanic
plate meets the continental plate. As it sinks, it carries the solid rocks of the crust
downwards into Earth’s interior. Here, they melt back into the asthenosphere. The places
where this downward movement occurs are called subduction zones.

Figure 3.6.2 shows five major lithospheric plates and some minor ones. NASA scientists
measured the velocities of plate movements using satellites and lasers. Their calculations
confirm the plates move 1.5 to 7 centimetres per year. Australia continues to drift north
by 6.7 centimetres each year.

Eurasian
Plate

“'5; North American Plate .~
\ Juan & 4

\ Coc ‘ 20

Plate

Pacific Plate

Australian

Plate

Antarctic Plate

Antarctic Plate
fffffffffffffff — Direction of plate movement R el b=
€D Estimated annual rate of plate movement in millimetres % A0 | CRSOG
[ Ocean floor created during the past 65 million years S8

Destructive margin @ Constructive margin @
Collision margin m Conservative marginé&
— e

3.6.2 Earth’s tectonic plates
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Plate motion and boundaries Rift valley

Block .
Convection currents within Earth’s mantle were long seen as the cause of plate motion. mountains Continental crust
.. . . - . . . Continental
Rising magma at the diverging mid-ocean ridges is believed to push the plates apart Faults lithosphere

horizontally. Mantle convection depth remains unknown. Research suggests it is
shallow and largely confined to the asthenosphere, rather than extending further into
the mantle.

The lithospheric plates are rigid slabs of rock that move individually. As a unit, their
inner parts are relatively inactive. Almost all surface tectonic and volcanic activity occurs
at the plate boundaries. Here, they diverge, converge or slide past one another. Each type

Asthenosphere
Molten mantle

of boundary produces distinctive and recognisable landform features, like the mountains 1 Plates break apart, forming

in Fi 36.4 rift valley, faults and block

n Mgure 5.0.4. mountains (e.g. African Rift
Valley)

Diverging plate boundaries occur where the plates separate and new crust is created
(see Figure 3.6.3). As the plates move apart, molten material fills the gap, forming a
mid-ocean ridge. These ridges extend for some 65000 kilometres throughout all oceans.
The Hawaiian Islands in the mid-Pacific are the peaks of a mid-ocean ridge.

Narrow ocean

Converging plate boundaries are the points where plates collide. The process of
sea-floor spreading increases Earth’s land surface area. To balance this process, plates
must collide. The old lithosphere is destroyed in the subduction zones—an area where
two tectonic plates come together, one overriding the other. There are three types of

New rock forming

collisions. 2 Plates move apart and
. . . . new rocks are formed
m Colliding oceanic and continental plates occur when the dense ocean floor is on the ocean floor
subducted (or forced down) beneath the less dense continental plate. This forms a (e.9- Red Sea)

deep trench. The descending slab of the sea floor melts and then erupts in a chain
of volcanoes along the edge of the continental plate. Over hundreds of millions of
years, the Andes Mountains of South America were formed in this way.

Mid-ocean ridge

Oceanic crust

m Colliding oceanic plates occur when oceanic plates collide, and the plate that is
older, colder and therefore denser, subducts under the other, forming a trench. This
movement weakens the crust, and molten rock escapes to the surface. It forms islands
of volcanic mountains. Chains of active volcanoes form on the landward side, parallel
to the deep-sea trench. The Pacific basin has many such island arcs, including the 3 yr\:ith further movement,

e sea floor spreads

Aleutian Islands, the Philippines and Japan. to form major oceans
(e.g. Atlantic Ocean)

m Horizontal movements can cause plates to move horizontally past each other
along a single vertical fault line. When the built-up pressure is released this causes 3.6.3 Divergence and convergence of
earthquakes. The San Andreas Fault in California is a major fault system arising from tectonic plates
movement between the Pacific and North American plates.

3.6.4 The Himalayas are continually being pushed up by the Indian Plate ramming into the Eurasian
Plate.
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Did you know?

The Tambora eruption in
Indonesia in 1815 is the
largest in modern history.
It killed 120000 people. It
was the only eruption in
at least 1000 years to rate
seven on the logarithmic
Volcanic Explosivity Index.
The eruption cast a pall of
ash worldwide, lowering
global temperatures so
much (over 2.8°C) that 1816
became the ‘year without
a summer’. About 300
centimetres of snow fell in
Canada’s Quebec City in
midsummer that year. The
eruption is credited as the
motivation for the bicycle’s
invention, as the cost of
horse feed rose and many
horses died.

GLOBAL INTERACTIONS 11

Mountain building

The world’s great mountain ranges are produced through plate tectonics. They form at
the advancing edges of continental plates. As these plates collide, the crust thickens to
absorb the impact. Pressure is exerted and layers of rock are compressed. They are forced
up, folding and faulting as they go.

As continental movements tend to be very slow, the mountain chains they produce are
dominated by folded rock strata (layers of rock). These are classified as fold mountains.
Folds are wave-like patterns in Earth’s crust. Mountains can also be created by faulting
and volcanic activity. Faults are fractures in the rock structure. On a large-scale, faulting
creates landforms such as rift valleys and block mountains.

Earthquakes

Earthquakes are a series of rapid vibrations caused by sudden movements in the crust.
‘When rock strata are put under great stress by plate movements, they usually fracture

or fault. The energy released by these sudden movements travels through the ground in
waves. These waves spread out from the focus (the point where the earthquake began)
and epicentre (the point on the surface directly above the focus). Earthquakes occurring
in heavily populated areas can cause widespread devastation (see Figure 3.6.5). Most loss
of life is caused by collapsing buildings, fires and tsunamis.

The world’s most powerful earthquake had a magnitude of 9.5. It struck southern Chile
in 1960, leaving 4485 people dead or injured and 2 million people homeless. The port
of Puerto Saavedra was destroyed in the ensuing tsunami. It caused US$550 million
damage in Chile alone. Five-metre waves hit the coasts of Japan and the Philippines,
killing another 170 people. A day later, Volcan Puyehue in Chile’s lake district spewed
ash 6000 metres into the air. Its eruption lasted several weeks.

Volcanoes

Volcanic eruptions occur when molten rock reaches Earth’s surface, through cracks or
faults in the underlying rock structures. Once at the surface, the molten material (lava)
cools and hardens. Over time, successive layers of lava and volcanic ash may build up a
volcanic cone. A caldera, or crater, forms when a particularly violent eruption blasts away
the top of an existing volcanic cone. The world’s most active volcanoes lie in volcanic
belts coinciding with zones where tectonic plates collide and fracture.

3.6.5 Earthquake devastation in Aleppo, Syria, in February 2023. The quake killed over 50 000 people and
injured over 100 000 across Syria and Turkiye.




Volcanic eruptions can produce landforms rapidly and spectacularly. Past activity created
many of the largest mountains and plentiful oceanic islands. Roughly 1500 potentially
active volcanoes have at least 500 million people living nearby. Major eruptions occurred
at Mount St Helens in the United States (1980), Mt Pinatubo in the Philippines (1991)
and Mount Merapi in Indonesia (2010). Ash clouds can damage aeroplanes with jet
engines and have frequently disrupted aviation.

The annual level of volcanic activity is surprisingly high. In 2022 alone there were 80
volcanic eruptions. Large-scale eruptions can cause short-term climate change. Millions
of tonnes of volcanic ash and smoke can be released into the atmosphere, limiting the
sunlight that reaches the surface.

Activities
Acquiring and processing geographical information
1 Outline Wegener's theory of continental drift. What evidence did he draw on to

support this theory?

2 Identify the discoveries that helped revolutionise our understanding of movements
within the lithosphere.

3 Explain why the discovery of the asthenosphere is so significant to the theory of
plate tectonics.

State what is regarded as the cause of plate motion.
5 Describe the distinctive features produced at each type of plate boundary.

6 Describe the relationship between the location of the world’s great mountain
ranges and continental plates.

7 Explain the differences between mountains formed by folding and those formed by
faulting.

8 Identify where most active volcanoes are found.

9 Explain how volcanic eruptions create short-term changes in climate.
Applying and communicating geographical understanding

10 Study Figures 3.6.3 and 3.6.4.

a Using an atlas, name the mountain ranges formed by the collision of the
following crustal plates:
i theIndian and Eurasian plates

ii the South American and Nazca plates.

b Using an atlas, identify islands in the Atlantic Ocean that are part of the mid-
ocean ridge.

c ldentify two continents that have deep ocean trenches offshore due to
subduction.

11 Study Figure 3.6.3. Write a report outlining:
a the process of plate divergence

b the process of plate convergence.
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UNIT 3.7
Geomorphic processes

Tectonic forces constantly disturb the surface of the land.
They create new landscapes that make the surface uneven.
Gradational processes are the opposite; they smooth out
surfaces. These geomorphic processes include weathering,
erosion and deposition. When newly formed land features
are exposed to the atmosphere and gravity, they swiftly
come under attack by these gradational processes. Exposed
rock material is fragmented by weathering. It can be
detached by mass movement and erosion. Ultimately it

is deposited at lower elevations as debris. Gradational
processes act on the surface, wearing down high places and
filling in low places (see Figure 3.7.1).

3.7.1 Colorado River's Horseshoe Bend in Arizona, USA, is shaped by SO'I format'on
gradational forces.

Soils teem with hidden life: billions of micro-organisms,
bacteria and fungi. They are vital for the conversion of
inorganic and organic material into the nutrients plants need. Soils develop because the
lithosphere interacts with the other components of the biophysical environment. They
are a complex mix of inorganic minerals (usually in the form of clay, sand and silt), air,
water and organic matter (see Figure 3.7.2).

The profile of a soil

Soils are developed by physical, chemical and biological processes. These include rock
weathering and vegetation decay. For soils to develop, two processes must take place.
First, water moving down through cracks in the rock strata must cause physical and
chemical changes in the original material. Second, living organisms in the soil must
bring about further change. Where the presence of water and organisms is limited, soil
development will be poor.

Surface litter:
I Freshly fallen leaves, organic debris
and partially decomposed organic matter

O horizon <l

Topsoil:

Partially decomposed organic matter
(humus), plant roots, living organisms
and some inorganic minerals

A horizon

Zone of leaching:
E horizon Area through which dissolved or
suspended materials move downward

Subsoil:

Unique colours and often an accumulation
of iron, aluminium and humic compounds,
and clay leached down from layers above

B horizon

C horizon '

3.7.2 A generalised soil profile R .

Parent materials:
partially broken-down inorganic materials

Bedrock:
Impenetrable layer, except for fractures
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Soils typically comprise several horizons roughly parallel to the surface. Together,

these form the soil profile. Each horizon has a distinct colour, thickness, texture and
composition. The number of horizons varies depending on the soil type. In a generalised
profile, the top horizon—Horizon A—is where organic material is most prevalent (see
Figure 3.7.2). This topsoil is ideal for plant growth because it has more nutrient-rich
humus. It is also the type of soil most easily removed by wind and water erosion.

Weathering

Weathering is the physical disintegration and chemical decomposition of rocks and
minerals by atmospheric and biological agents. It loosens surface material, making it
more readily removed. It is a prerequisite for many other types of erosion. The process is
often unobtrusive. Physical weathering slowly breaks up the rocks of the land surface into
smaller particles, but does not change their chemical composition. Chemical weathering
involves the decomposition of rocks, primarily by means of exposure to water, oxygen
and carbon dioxide. Most of the original minerals formed deep in the crust are changed
by chemical weathering into new compounds. These compounds are usually stable in the
atmosphere and the conditions (temperature and air pressure) found at the surface. The
substantial age and stability of the Australian continent produced a great thickness of rock
that has been modified by the process of weathering. In some areas, the modified rock
runs as deep as 100 metres. See Figure 3.7.3 for the types of weathering.

p 3 eathering Chemical weathering

Type Description Oxidation Minerals react with oxygen to form
oxides and, as water is also usually
Unloading When once deeply buried rocks have involved, hydroxides. Iron is the most
the weight and pressure of overlying common element in the process.
material removed. The rocks expand Rocks containing iron appear to be
and may crack along joints parallel to rusting as their surface decays.
the surface and peel off in sheets.
Solution The process by which weak acids
Frost action When water held in the tiny fissures dissolve minerals in rocks and
of rocks freezes, it expands by distribute them in solution. Limestone
about 10% of its volume, forcing is susceptible to attack from carbonic
cracks apart. Recurrent freezing and acid, formed when carbon dioxide
thawing, especially daily, enlarges is dissolved in rainwater. Limestone
such cracks. caves and karst landscapes result

from this process. Karst is shaped
when the soluble layers of bedrock
dissolve, usually carbonate-based
rocks such as limestone or dolomite.

Organic action Germinating seeds and roots wedging
in rock cracks exert pressure, causing
the cracks to widen. Burrowing
animals, such as rabbits and

earthworms, alloyv a_ir to penetrate Hydration Rocks expand as their minerals
further. This may indirectly accelerate chemically combine with water. Clay
weathering. minerals have a vast capacity for such

water uptake. This results in ‘physio-

Some experts now disregard temperature change, or thermal . .
chemical weathering'.

expansion and contraction of rock, as significant weathering

processes. Others argue it is vital in certain contexts—the Organic acids Produced when water combines
extreme heat from bushfires can dramatically affect rock with the decaying organic material
exteriors. Biological activity is now considered to be the most in humus. The acids attack—and
influential weathering process. Plant roots can cause physical weather—rocks as they seep through
and chemical weathering. the soil.

3.7.3 Types of weathering

Erosion and deposition

The land’s surface is shaped continuously by erosion. The eroded material is transported
and deposited, ultimately ending up on the lowest place—the ocean floor. Wind, water
and glacial ice are the agents that carry it. Processes such as the movement of water, wind
and ice shape the landscape on the surface, with fluvial process (running water) being the
most important. Wave action is dominant in shaping coastlines.
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Landforms shaped by water

Water is a significant agent of weathering, but its impact is greatest in erosion. The fluvial
processes of streams and rivers dislodge rock particles and carry them away as sediment.
Running water and surface run-off shapes into rivulets and streams that collect this loose
material as its sediment load. Running water is most effective in arid and semi-arid regions
(see Figure 3.7.4), or where human activities have damaged the protective vegetation that
binds the soil. On these exposed landscapes any rain swiftly forms rivulets, eroding deep
gullies and eventually the rocks and sediments in rivers that the water flows over. Several
processes are involved:

m Hydraulic action: the power of flow, where surging water drags along beds and
banks. It can excavate vast amounts of the loosest alluvial material (sand, silt and
gravel), especially during floods.

m Abrasion: occurs when rock particles carried by the current strike channel walls and
chip off rocks and banks.

m Corrosion: caused by the chemical solution of material from rocks exposed to
solvents carried in the river.

Coastal landscapes shaped by waves

The ocean’s waves, tides and currents relentlessly transform coastlines, making them the
most varied and rapidly changing part of the lithosphere. Rivers, glaciers and even daily
weather conditions also shape coastal environments. Such terrains extend as far inland as
the saltwater, seaspray and windblown sands can reach. They extend into the ocean as far
as waves can move the material on the seabed.

Desert landscapes shaped by water

While desert rain is rare, it can be heavy, causing flash flooding, particularly in areas with
little vegetation. Surface run-oft is rapid, eroding large amounts of material. It is channelled
into dry riverbeds, or wadis, that cut through plateaus, forming canyons. When plateaus
are eroded, this leaves isolated mesas and buttes. Water carries the eroded material via wadis
onto lowlands, creating alluvial fans. These spread across the desert basin or bolson, where
the wind can shape the fine particles into dunes. Playa lakes form when water flows into
depressions. It eventually evaporates, forming salt or clay pans. Inselbergs are resistant rock
masses that are exposed when surrounding rock erodes, such as Uluru in Central Australia.

Pedestal rocks
undercut by

Columns eroded Alluvial fans form where water flowing down Buttes are isolated,
in soft rock layer wadis meets the desert and dumps its sediment flat-topped landform

features. They are wind erosion
Mesa: | similar to mesas,
esa. large but smaller.
flat-topped area
with steep edges Barchans:
,«? = EL crescent-shaped
4 4 i - v . sand dunes,
A - o \ . .
Wind-eroded ; - S showing dominant

‘rock arch wind direction

Steep-sided K L %/ Wadi'and
canyon z s alluvial fan

— Inselberg:
an isolated hill
of harder rock

Desert watercourses;
called wadis, are
steep-sided with
a flat floor. They

are usually dry.

mé‘ e o : 3
- S (?ﬁbe}ck\-;;ewn

i
.. surface

Hamada: a bare, Salt pans left by

’ itudi . ifer: dried-up salt lake.
windswept, rocky surface Longitudinal dunes: Aquifer: rock layer
P y sand ridges showing Permanent oasis at a carrying water Often called a playa.
dominant wind direction spring of constant water from higher land

3.7.4 Landforms of the desert
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3.7.5 Sand dunes of the Sahara Desert around Merzouga, Morocco

Wind
Landforms shaped by wind direction
Wind most effectively shapes landforms in areas with little or no vegetation, such as arid
areas, or areas degraded by human activity. A process called abrasion picks up weathered
materials to create distinctively sculptured, large rock formations like pedestal rocks. On
a broad scale, wind erodes finer material, in a process called deflation. Deflating exposed
rock creates rock-strewn reg or desert pavements. Sand dunes form when windblown
material accumulates. Dune shape varies with wind strength, how much sand is available
and the vegetation type and extent. Dunes are named for their shape and direction (see

Figures 3.7.5 and 3.7.6). leir}d
Irection

\
Crescent-shaped dune

Transverse dunes

Landforms shaped by ice

Glaciers are huge masses of ice made of long-compacted snow (introduced in Chapter 2).
Due to its increasing weight, gravity forces the compacted glacial ice to move outwards
and downwards (see Figures 3.7.7 and 3.7.8).

\
Dune at right angle to wind

Figure 3.7.7 shows the ablation zone where Bear Glacier is losing ice. Broken pieces
look like glass shards in the water. Upslope from the lake, the glacier’s foot is riddled Wind
with crevasses. These are cracks in the ice caused by the glacier’s movement over a rough direction
surface. As it moves, the glacier picks up dirt and debris from the rocks it passes. When
two glaciers merge, as they have in Bear Glacier, the dirt and debris they carry form
parallel stripes, or medial moraines, on the surface of the ice.

Longitudinal (seif) dunes

Ice sheets are layers of ice covering relatively flat landscapes. Like glaciers, they have great
erosional and depositional power. They ‘pluck’ rock fragments from the ground and

embed them in the base of the ice, constantly grinding and scratching the land’s surface Parallel dunes
as they move. This process, called abrasion, creates distinctive erosional features. Ice
sheets occur in Antarctica and Greenland. Point where Star dune

ridges meet

Distinctive U-shaped valleys form when active glaciers deepen and widen old river
valleys. Hanging valleys mark where smaller tributary glaciers enter. Valley glaciers are
found in the Himalayas, the Andes and New Zealand.

Moraines form when deposits of soil and rock embedded in glacial ice are eventually
deposited. They include lateral moraines (sides of glaciers), medial moraines (from
merged glaciers) and terminal moraines, the remaining rock debris deposited at the
glacier’s end.

Wind
direction

3.7.6 Different types of common sand
dunes
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Activities

Acquiring and processing geographical

information

1 Explain the role of gradational forces in shaping Earth’s
surface.

2 Outline the processes that lead to soil formation.

3 Explain the concept of soil horizons.

4 Differentiate between physical and chemical weathering.

5 Outline the ways in which weathered material can be
moved downslope.

6 Identify the circumstances under which water erosion is
most effective.

7 Explain how material in streams is transported.

GLOBAL INTERACTIONS 11
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| Lateral
' moraine

Recessional
moraine

Esker.

3.7.8 The development of glacial landform features

Glacial valley

Terminal moraine

£ 00000 00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000,,
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Explain what abrasion is. How do glaciers abrade the
surface of the land?

Applying and communicating geographical
understanding

10

11

12
13

Study Figure 3.7.4 and select one landform feature on it.
Investigate the processes responsible for its formation.

Briefly explain the processes that form the various types
of sand dunes.

Briefly explain the formation of pedestal rocks.

Draw a block diagram of a glacial landscape. Label the
landform features.
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UNIT 3.8
Ecological systems

Ecological systems relate to all living things on Earth,
both plant (lora) and animal (fauna). Collectively,
Earth’s living component is called the ecosphere

(or biosphere) (see Figure 3.8.1). The ecosphere’s
functioning relies on interactions with the non-living
components of the environment. For example, the
soils, atmosphere and water cycle all influence, and are
influenced by, the ecosphere.

Ecosystems

Ecology is a science that examines the interactions
between organisms and their living (biotic) and non-
living (abiotic) environment. The key is interactions.
Groups of organisms interact with each other and
their biophysical environment. Collectively, they form
an ecological system or ecosystem. An ecosystem is

3.8.1 The ecosphere of Ngorongoro Crater, Tanzania, includes flamingos,
zebras and wildebeests.

an identifiable system of interdependent relationships
between living organisms and their biophysical
environment. Ecosystems are dynamic—constantly
changing and adapting. Different types of ecosystems
can be detected by noticing their usual interaction
patterns.

The size of an ecosystem can vary dramatically, from a
small pond to a vast area of rainforest or even an entire
ocean. Large or small, ecosystems rarely have distinct
boundaries. This can complicate their management
when there are defined boundaries such as national
parks or international borders. Individual ecosystems
blend into adjacent ecosystems via a zone of transition
or ecotone (see Figure 3.8.2). An ecotone contains
organisms common to both ecosystems, but may

also have organisms unique to that area. This means

an ecotone often has greater biodiversity than its ecotone.

3.8.2 This forest ecosystem gives way to an alpine ecosystem, marking an

surrounding ecosystems.

Classifying ecosystems

Ecosystems are usually classified by their dominant feature. They
are named for their climate, physical features or vegetation.
Climate is the key to the type of ecosystem that occurs in a
location—temperature and precipitation are critical to plant
growth. Polar regions and deserts are ecosystems named for their
climatic conditions. Others are classified by their dominant physical
feature, such as a mountain ecosystem. Another may be classified
by its dominant vegetation, such as rainforest. Figure 3.8.3 shows
how the climate conditions of temperature and precipitation in

a location determine the different types of ecosystems that arise.
It highlights the complex interactions taking place between the
atmosphere, hydrosphere and ecosphere.

3.8.3 The relationship between climate and ecosystems

Climate regions and major
terrestrial ecosystems

Temperate
rainforest
Monsoon
forest
Temperate

broad-leaved
and mixed forest

Precipitation

Northern
coniferous
forests

Temperate
scrub or
grassland

Tropical scrub
forest or
grassland
Tundra

Desert

below freezing " plp i ,,
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Did K - Terrestrial ecosystems

Id’you know: Land-based ecosystems (e.g. forests and deserts) are called terrestrial ecosystems (see
Mediterranean vegetation Figure 3.8.4).
is called chaparral in
North America, matorral
in Chile and maquis in the
Mediterranean. It is also
found in southern Western
Australia and South Africa.

The differences between terrestrial ecosystems are due to varying climatic factors. Latitude
is, in turn, key in determining these climatic conditions. So, a pattern in ecosystem type
and latitude emerges. This is linked to how much insolation the surface receives at the
locations where latitude is the key determinant. Figures 3.8.5 and 3.8.6 demonstrate the
links between climate, latitude and terrestrial ecosystem type (e.g. the world’s tropical
rainforests are found around the Equator). The weather is hot and rainy all year round
because this latitude receives the maximum insolation. These forests are the most complex
and productive of all land ecosystems.

Ecosystem | Characteristics

Polar B Permanentice cap, up to 5km deep in places
No plant growth, no animal life beyond the coast

Tundra Usually covered with ice and snow, permanently frozen subsoil
1-3 month growing season
Treeless, shrubby or mat-like vegetation

Most extensive in the Northern Hemisphere

Northern coniferous forest (taiga) Long winters with deep snow, short summers with long, warm days
3-4 month growing season
Dominated by conifer trees, thick layer of needles on the ground

Occurs on large continental landmasses

Erratic rainfall, fires occur
B Dominated by grasses and annuals (single growing season plants)
B Often exploited for grazing sheep and cattle

Temperate grassland

Temperate broad-leaved and B Warm, mild growing season varying with latitude; moderate precipitation throughout the
mixed forest year; large seasonal differences and changes in day length; rich topsoil
B Some trees evergreen, some deciduous; well-developed understorey

Mediterranean-type vegetation B Long, hot, dry summers, mild winters with reliable rainfall; growth often stops in summer drought
B Open forest with stunted tree growth; woodland and shrubland; tough evergreen leaves,
often spiny
Desert B Very little rain; true desert has less than 100 mm precipitation per year and arid areas

less than 250 mm; high summer daytime temperatures (often >37°C); large temperature
difference between day and night

B Widely scattered shrubs, water-conserving plants and non-drought-adapted ephemerals
(which grow and set seed quickly on rare occasions when water is available); some very dry,
sandy deserts have almost no plant growth

B Generally between 20° and 35° north and south of the Equator

Tropical grassland (savanna) B Low rainfall but seasonal heavy storms can occur; frequent fires; thin soil
B Grasses with scattered clumps of trees, grading into either open plain or woodland

Tropical scrub forest B Rainfall not abundant, high evaporation
B Thorny shrubs and trees
B Grades into tropical grassland and savanna

Monsoon forest B In the tropics, but with distinct wet and dry seasons
B Trees less closely spaced than in rainforest, many trees shed their leaves in the dry season

Tropical rainforest B Warm and humid with no true seasons (averages 25°C); frequent rain; little change in day
length; growth throughout the year; infertile clay soil

B Closed canopy with little understorey; diverse plant species competing for light; trees often
large-trunked with buttress roots; many vines and epiphytes (plants that grow on other
plants); little leaf litter

Mountain B Increasing altitude produces a decrease in temperature, similar to the effect of increasing
latitude

B Vegetation types vary with altitude, if too high, trees do not grow and vegetation resembles
tundra

3.8.4 Characteristics of the major terrestrial ecosystems
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3.8.5 The world’s major terrestrial ecosystems
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3.8.6 Worldwide climate patterns
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Marine ecosystems

The ocean’s dominance is clear in images from space. Marine ecosystems encompass the
world’s oceans and seas covering around 70 per cent of Earth’s surface. They comprise
the world’s largest ecosystems. As on land, they are highly complex.

Naturally, there are differences both within and between marine ecosystems. These arise
from variations in salinity (dissolved salts), the amount of nutrients dissolved in the water,
how deep sunlight penetrates and the average temperature.

Marine ecosystems are always salt water—usually 96.5 per cent liquid water with
chloride and sodium dissolved in it. This salt comes from rivers carrying huge quantities
of dissolved chemicals. River rocks that once contained salt become weathered by
running water. Their chemicals are released into the rivers, which react, creating salt.
These salts are released and dissolved, then transported to the sea.

Considerable amounts of salt get lost, particularly through evaporation. The wind blows
salt onshore or it is lost when it reacts with hot basalt lava spewed out by underwater
volcanoes onto the ocean floor. Sea creatures consume some salt, especially tiny diatoms
with silica-based shells. So, the salt water making up the marine environment results from
a complex set of interactions between the four spheres of the biophysical environment.
Each sphere plays a role in the marine environment’s delicate balance of salt.

Study of ecology

Ecology is concerned with interactions occurring at five levels of organisation:
ecosphere, ecosystems, habitats and communities, species and populations, and organisms
(see Figure 3.8.7).

Organisms: an organism is simply any form of life. There are many ways to classify
organisms. The simplest distinction is between producers (plants), consumers (most animals)
and decomposers (such as bacteria that feed on dead animal and plant matter). Plants

range from single-celled phytoplankton to huge trees. Animals range from microscopic
zooplankton to enormous whales. Decomposers range in size from bacteria to giant fungi.

Species and populations: a group of the same species living together is a population.
Populations are dynamic. Over time their size, distribution, age structure and genetic
make-up adapt and respond to changing environmental conditions.

A species is one type of organism able to reproduce its own kind. Estimates vary from

5 million to 30 million—possibly 50 million—species exist. Most animal species are
insects, mites and nematodes (worms). So far, around 1.7 million species of all kinds have
been identified and named.

Habitats: the area in which an organism or population lives is its habitat. The

interaction between temperature and precipitation plus soil determines land-based
(terrestrial) habitats. This interaction creates an environment allowing a
particular combination of life forms to develop. An aquatic habitat is based
on features such as temperature, nutrient levels, turbidity (light intensity),
salinity and water currents.

Communities: several populations interacting with each other within

a certain habitat form a community. Ecosystems are also defined as

communities of plants and animals that live together in a common habitat

An ecosystem can be referred to as the combination of a community and
Topography  its non-living environment an—ever-changing (dynamic) network of

biological, chemical and physical interactions that sustains a community and

allows it to respond to changes in environmental conditions.

Factors affecting the operation of
terrestrial ecosystems

Figure 3.8.8 summarises the main factors influencing ecosystem operation.
These four factors work in concert with each other.

3.8.8 Factors affecting terrestrial ecosystem operation

68

GLOBAL INTERACTIONS 11



Climatic factors

The key climatic factors affecting ecosystem operation are:
precipitation, temperature, sunlight and wind. Water is essential to
all living organisms. Precipitation is the most significant climatic
factor. Plants require water to photosynthesise and reproduce. As
plants constantly lose water via transpiration, they need to receive
at least the same amount from the environment.

Precipitation has two key impacts on ecosystem functioning:

1 The availability of water. This includes the type and amount
(e.g. is it steady rain or does it come in short intense bursts
during storms, resulting in high run-off levels?).

2 Its timing. Does it coincide with the growing season of the
vegetation, is it concentrated in a short wet season or is it
spread out over the entire year?

Temperature is another key climatic factor impacting ecosystems

- B > 3.8.9 The stinging tree (Dendrocnide moroides) has large leaves. It
operation. For most plants the ideal range for photosynthesis grows below the canopy in Queensland's tropical rainforests where

is 10-35°C. Above 35°C will cause too much moisture loss. light is scarce.

Below 10°C can make it difficult for plants to grow.

Adequate sunlight is vital for ecosystems to function. Photosynthesis is the single most
important biological process for green plants. Leaves act like tiny solar cells collecting
the Sun’s energy. They combine it with carbon dioxide and water to create nutrients.

It means the intensity of sunlight determines how much energy is available to plants. In
dark environments, such as under a rainforest tree canopy, plants have evolved to capture
all available light. Some have huge leaves (see Figure 3.8.9), others climb trees to reach
the light.

Wind is the fourth main climatic factor affecting ecosystem functioning. Its impact on
vegetation is usually mild, although intense storms might cause massive damage. Where
winds are consistently strong, such as along coastlines and on mountain ridges, plants
may hug the ground to avoid being damaged. Wind can also limit the moisture available
to the ecosystem by increasing evaporation. Many plants rely on wind to disperse their
seeds or pollen.

Topographic factors

Topography relates to the shape of the land and is a part of the lithosphere. Vegetation
patterns are affected indirectly by the gradient, aspect and altitude of the slope, with
slope the most vital element of topography. All these factors influence ecosystem
development (see Figure 3.8.10). They also modify the climate and impact the soils.

Gradient: the steepness of the slope, which impacts surface stability. For example, on
very steep slopes soil is more easily eroded by water. This makes it susceptible to mass
movement such as landslides. This can strip the slopes, leaving little soil available to
support life.

Aspect: the orientation, or direction, the slope is facing. It impacts sunlight and temperature
conditions. North-facing slopes in the Southern Hemisphere favour plant growth over those
facing south (especially in winter). These slopes receive the most direct insolation.

Altitude: as elevation increases, there are corresponding decreases. These occur in soil
depth and air temperature. Altitude also increases exposure to wind. Collectively, these
limit the conditions for plant growth. As altitude increases there is a noticeable decrease
in the number of plant species. It also decreases plant height, density, growth rate and
growing season length.

In very high mountains, vegetation shows a distinct vertical zoning. As latitude increases
and elevation rises, there is a noticeable shift to cooler vegetation types, along with a
decrease in community diversity (see Figure 3.8.11). The best-known zoning is the tree
line—the altitude above which trees no longer grow. The tree line height is influenced
by latitude. The tree line closer to the Equator has a much higher altitude than the one
closer to the poles.
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Did you know?
Highly beneficial
relationships can occur
between species.

Many plants evolved

to rely on animals to
help them reproduce.
Most notable is the role
bees play in pollination.
Such relationships are
often symbiotic—both
species benefit (e.g. bees
receive nectar in return
for pollinating the plant,
helping it to reproduce).
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3.8.11 Relationship between latitude, altitude and the tree line
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Distinguish between terrestrial and aquatic ecosystems.
Describe the ecological terms of community, population

Soil factors

Aspects associated with soil are called edaphic factors. Most plants rely on soil as a
growth medium. Soil provides the essential moisture, nutrients and oxygen. Vegetation,
in turn, impacts the soil’s characteristics—decaying plants add organic material. Soil
and vegetation, then, have an intimate mutual relationship in ecology. Soils with high
levels of humus benefit plants by stimulating their growth. This in turn stimulates
further organic material deposits into the soil. A positive feedback loop is created. It is
equally true that poor soils usually limit vegetation growth. This creates limited organic
deposition into the soil, producing a negative feedback loop. If the rich topsoil is lost
from a site, it may be unable to produce crops or pasture. It can become prone to
desertification.

Biotic factors

Biotic factors are aspects of ecosystem functioning. They connect the elements of the
biosphere—the living components—including flora and fauna. A biome is a large group
of plants and animals. It is not a random collection but a highly complex, interactive
community. Within each ecosystem, plant and animal species form a multitude of
relationships. The biotic factors are those arising from these intertwining relationships.

Applying and communicating geographical
understanding

9 Select two of the ecosystems listed in Figure 3.8.4.

Compare their location and climatic conditions.

10 Write a paragraph explaining the role of climate in

ecosystem development using Figures 3.8.5 and 3.8.6

11 Create a glossary for the terms aspect, gradient and

altitude.

Explain the influence of the availability and timing of

12 Examine Figure 3.8.11. Write a short report describing the

link between latitude, altitude and the tree line.

Activities

Acquiring and processing geographical

information

1 Explain what an ecosystem is.

2

3
and organism.

4  Define the term ecotone.

5
precipitation on an ecosystem.

6 Describe the role of temperature on ecosystem
operation.

7 How do gradient and aspect influence ecosystem
operation?

8 Whatis the tree line?
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Energy flows and nutrient
cycling

The productivity of an ecosystem can be expressed
in two ways:

— 400

— 300
~N
~N

2500 — — 26
2000 — — 22
1800 — — 18
1400 — — 14
1000 — — 10
600 — 6
200 — 2
L L p—

Biomass—the mass of new living matter
produced per square metre of land (or within a
volume of water) per unit of time. The greater the
biomass, the more productive the ecosystem is said
to be.

Energy flow—the amount of energy (in
kilojoules) that is ‘locked into’ all the organisms in
an area per unit of time.

Both rates depend on the quantity of available
energy and the nutrients in the environment. Add
to this mix the efficiency with which energy and
matter are incorporated into producers and passed
up the food chain or food web.

Net primary production per unit area (g/m?/year) g
Total area of each ecosystem type (million km?) i

|
Tundra |

Arid shrubland
Open ocean

Figure 3.8.12 compares the productivity of major
ecosystems. Ecosystems with low productivity (such
as deserts) require larger areas to be sustainable.
Highly productive ecosystems, such as tropical
estuaries (coastal rivers), require only small areas.
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. 3.8.12 The relative productivity and size of key ecosystems. This graph shows the
B|omass vast differences in how much life different ecosystems can support.

Biomass describes the total weight or number

of organisms in an area. For example, the biomass of a forest can be estimated by
considering the trees and other plants, along with the animals living in it. Scientists do
this by identifying a number of sample areas (such as 10-square-metre plots) from across
an ecosystem. They calculate the biomass for these small plots, then use the results to
draw conclusions for the whole ecosystem. The amount of biomass produced in an
ecosystem is its biological productivity.

The way the four spheres of the biophysical environment—the atmosphere, hydrosphere,
lithosphere and ecosphere—interact with each other is crucial in determining an
ecosystem’s biological productivity. For example, the low rates of precipitation in desert
ecosystems greatly limits plant growth. This impacts soil production, further limiting
plant growth. In turn, this limits the diversity, size and number of animal species. Hence,
deserts overall have low biological productivity.

Conversely, highly productive ecosystems, such as tropical rainforests (see Figure 3.8.13),
have plentiful precipitation and high temperatures,

along with solar energy. These all produce excellent Sy T >
growing conditions. Due to the vast size of tropical
rainforests, their highly complex nutrient cycles and
numerous species, they yield a staggering 10 per cent
of the world’s biomass production.

Energy flows

The Sun’s energy powers ecosystems. This energy flows
through the ecosystem as it transfers between organisms.
Unlike many of Earth’s processes, this energy flow is not
a cycle. Instead it is transferred through a chain, from
producers to consumers. Producers—plants—use solar
energy to produce more energy. Consumers—animals—
use the energy stored in plants, either by eating the plant
or eating an animal that ate the plant. As energy flows 3.8.13 The Amazon Rainforest is one of the most biologically productive
through the food chain, at each link some energy is lost ~ ecosystems.

in the form of heat into the atmosphere.
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3.8.14 The transfer of energy within
an ecosystem
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Geographers categorise species into trophic levels (see Figure 3.8.14). Energy flows
from one level to another. As energy is lost between each level, there is less energy
available for each subsequent level. Hence each trophic level is smaller than the level
below it.

As primary producers, plants occupy the first trophic level so they are the most numerous.
They add—or produce—energy in the system but take none out as their energy source is
from the Sun. They expend little energy to obtain nutrients.

Primary consumers are herbivores, animals that exclusively gain their energy from eating
plants. Secondary consumers gain their energy from eating the primary consumers.

Tertiary consumers are at the top of the food chain because they are not eaten by others.
Sometimes they are called apex predators due to their position on food chain. They gain
their energy from eating the secondary consumers. Tertiary consumers use large amounts
of energy to hunt for food. Ecosystems with low levels of energy cannot support many
tertiary consumers.

Food chains also help recycle nutrients from producers and consumers back into the
system for future use. Decomposers like fungi, worms, beetles and termites complete this
role. They break down organic materials allowing them to recycle.

It is useful to understand the simple transfer of energy in an ecosystem as a food chain or
a pyramid. Yet the relationships between producers, consumers and decomposers in any
ecosystem is far more complex than in the highly simplified Figure 3.8.14. Organisms

in a natural ecosystem are usually part of an intricate network of interacting food chains,
called a food web. Figure 3.8.15 shows a simplified food web of Antarctica. There can
be multiple levels of consumers and some species have diverse diets (such as penguins).
Others (such as baleen whale species) have very limited diets. Despite being tertiary
consumers they consume species towards the bottom of the food chain.

Energy pyramid

Energy consumption
“
\Zf j

Tertiary consumers

Decomposers Secondary consumers
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Primary consumers y
\?\0
Primary producers
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Elephant seal

Other seals

Other herbivorous

Carnivorous zooplankton

zooplankton

I
Phytoplankton

Q-8

3.8.15 A simplified food web for Antarctica

The nutrient cycle

The nutrient cycle is the key biochemical process that enables the effective functioning
of ecosystems. Like other biological systems, it is driven by solar energy. Photosynthesis
is at the centre of the cycle. Energy from the Sun is used by plants to turn carbon
dioxide and water into glucose and oxygen. In this way, the nutrient cycle interacts with
other important biochemical cycles, such as the water cycle, the nitrogen cycle and the
carbon cycle. Other organic chemicals, such as phosphorus, oxygen and sulphur, are
also important in providing resources for the ecosphere and also operate in a cyclical
fashion.

Although nitrogen makes up more than 75 per cent of
Earth’s atmosphere in a gaseous form, this is unusable to
most organisms. However, through a series of biochemical
processes, nitrogen is transformed into a form that is
suitable for plants.

Figure 3.8.16 is a simplified model of the nutrient cycle.
Plants grow by producing glucose. They combine it with
minerals and other nutrients gained from soil to create
their energy source. As they grow, plants produce organic
material that becomes available for animals to eat. The
energy stored as nutrients thus passes from one trophic level
to the next. Animal dung is a by-product. This waste and Organic material, such

1. ial he soil to d ; as leaves and animal
any uneaten plant material returns to the soil to decay into

. dung, break down

humus. Decomposers, such as fungi and dung beetles, speed
up this process by breaking down the material. Living plants
then re-access these nutrients promoting new growth.

/
/f /\Nater and air
//penetrate soil

Nitrogen fixation involves blue-green algae and bacteria
converting the nitrogen gas into compounds. The nitrogen
is then assimilated into the tissue of the algae and bacteria.
Animals consume these, so the nitrogen is assimilated into
their own tissues. Certain plants, such as legumes (e.g. soya
beans), have very high levels of bacteria that capture the
nitrogen. Such plants are called nitrogen-fixing plants.

3.8.16 Simplified model of the nutrient cycle
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When living organisms produce dung or die and begin to decay, ammonia (NH,) and
ammonium (NH,) is created as a by-product. It gets stored in the soil. A special type
of bacteria called a nitrifying bacteria converts this ammonia back into nitrates (NO,).
These are consumed by denitrifying bacteria. They create nitrogen gas as a by-product
which then returns to the atmosphere. Thus, the whole process begins anew.

The carbon cycle

Carbon is the basic building block of the compounds necessary for life. Most plants

in terrestrial ecosystems absorb the carbon they need through their leaves from the
atmosphere in the form of carbon dioxide (CO,). In aquatic ecosystems, microscopic
plants called phytoplankton access the carbon dioxide dissolved in the water. Plants use
carbon dioxide while making glucose through photosynthesis, creating oxygen as a
by-product. When plants die, carbon is released back into the system. Animal respiration
also produces carbon dioxide as a by-product.

Carbon is also stored deep underground in the form of oil, natural gas and coal. These
sources of stored carbon are produced by decomposed plants and animals. This was
compressed under enormous pressure millions of years ago. When humans access this
stored carbon and burn it as fossil fuels, the carbon re-enters the carbon cycle as carbon
dioxide. The amount of carbon dioxide released by fossil fuel use far exceeds the amount
that can be absorbed and stored. This disrupts the natural carbon cycle. This is one of the
leading causes of climate change. Thus, humans play a leading role in the carbon cycle.

Human impacts on the nutrient cycle

Human activities can disrupt how natural cycles operate, including those essential for
ecosystems to effectively function. The nutrient cycle can be impacted by human actions,
especially when they reduce the availability of nutrients for the ecosystem. Land clearing
for agriculture and urban development often removes vegetation. This depletes the source
of organic material to make humus, which replenishes soil nutrients. This can result in
desertification, the loss of soil’s ability to support life (see Figure 3.8.17).

3.8.17 Desertification can result from land clearing.
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Humans can also have an impact on the
nutrient cycle by adding in more nutrients
than it can recycle. These often come
from chemical fertilisers applied during
intensive agriculture. Their impact is clear
in the catchment areas of the Mississippi
River and the Gulf of Mexico (see Figure
3.1.18). The Mississippi is one of the
world’'s major river systems. Stretching
3800 kilometres, its vast catchment is
almost 2 million square kilometres—the
world'’s fourth largest. It includes 31 states
in the USA and two Canadian provinces.
Figure 3.8.18 reveals that this catchment 9 %00, %00km
has several major rivers acting as
Mississippi tributaries, eventually flowing
into the Gulf of Mexico. 5

This catchment contains some of the most intensely The impact from such massive nitrogen loads can form

farmed regions in the USA and some large cities, such as huge dead zones. For example, it created the Gulf of
Chicago, Memphis and St Louis, plus countless smaller Mexico Dead Zone, off the coasts of Texas and Louisiana,

urban centres. Farming and urban activities add vast USA. In 2017 it measured a record-breaking 22000 square

¢ quantities of extra nutrients into this river. Every year over kilometres (see Figure 3.8.19). Subsequent dead zones :
1.6 million tonnes of nitrogen enter the Gulf of Mexico. were smaller, but still exceeded 15000 square kilometres.
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3.8.18 The Mississippi River catchment area covers over 40% of continental USA. :

It comes from nitrogen-based fertilisers, sewage from The nutrients promote algal growths that extract oxygen
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Activities

Acquiring and processing geographical 11 Use Figure 3.8.14 to explain how energy is transferred

information through a food chain.

1 Define the term biomass. 12 Study the food web in Figure 3.8.15.

2 Explain the importance of the Sun to ecosystem a Which species is the primary producer in this food
operations. web?

3 Whatis a trophic level? b Which species would be considered tertiary

2 ?
4 Explain why plants are classified as producers in food consumers? Why?

chains. c Explain the consequences for this food web of a

. . . . significant decline in krill.
5 Differentiate between primary, secondary and tertiary 9

consumers. d If elephant seals were removed from the food web,

. . . hat would be the possible consequences?
6 Explain the difference between a food chain and a whatwou poss! qu

food web. 13 Create a flow chart to explain the nutrient cycle. Add

. . . annotations to:
7 Explain why nutrient, carbon and nitrogen cycles are all

referred to as cycles. a explain why it is so critical to ecosystem

8 What is biological productivity? functioning

b describe how land clearing can disrupt the nutrient

9 Explain why different ecosystems have different rates of L
cycle and outline its consequences

biological productivity.
) ) ) ) c outline the impacts of humans adding too many
Applying and communicating geographical nutrients into the cycle.

understanding

10 Examine Figure 3.8.12. Describe the relationship between
ecosystem productivity and size. What implications
might this have for human use and managing different
ecosystems?

APPLICATION AND CONSOLIDATION TASKS

Task 1: Presentation: Geomorphic events

Collect media reports about recent earthquakes and volcanic eruptions. Include video recordings, webpage screenshots
and articles from newspapers or magazines. Write a synopsis of the material gathered and present the information to
your class.

In your presentation include:
m the type of geomorphic event and where it was located
m the impact of the event

m the consequences and outcomes.

Task 2: Report writing: Ecosystems

Write an extended report on:

1 the factors that influence the operation of ecosystems—both terrestrial and aquatic
2 one ecosystem investigated in detail, including the factors that affect that ecosystem.
Your report can include visuals such as maps, graphs, diagrams and photos.

Task 3: Infographic: Landform features
Undertake research into one landform'’s features formed by:
m weathering

m erosion

m deposition.

Include detailed information on the processes and how the landform was created.
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Continued from page 27.

Chapter glossary

groundwater water beneath the surface of the ground

hectopascal a unit of atmospheric pressure; 100 pascals

humus part of the soil produced by decaying organic (plant
and animal) matter

infiltration the downward movement of water into the soil
or rock

insolation the solar radiation that reaches Earth’s surface

lapse rate the decline in temperature that occurs with
increasing altitude throughout the troposphere

lithosphere the outer shell of Earth, consisting of solid rock
(100-150km thick), soil and geological formations

magma molten rock under Earth’s crust, which is under
immense pressure

mass movement the movement of soil or rock down a
slope as a result of gravity

mesosphere the layer of the atmosphere between the
stratosphere and the thermosphere, 50-80 km above the
surface of Earth

moraine a deposit of soil or rock carried and left by a
glacier

nutrient cycle the recycling of nutrients around an
ecosystem to support the biosphere

oceanity the degree to which the weather in an area is
impacted by the ocean

ozone layer the layer of gaseous ozone in the stratosphere
that protects life on Earth by filtering out harmful
ultraviolet (UV) radiation from the Sun

plate tectonics a theory that explains the movements of the
lithosphere on top of the asthenosphere

percolation the act of liquid passing through porous layers,
for example soil

precipitation the process by which water returns to Earth’s
surface from the atmosphere, most commonly as rain

run-off rain that flows across the land into streams

seasonality affected by seasons that result from changes in
the tilt of Earth’s axis

soil a mixture of organic materials and particles of rock and
sand together with living microbes, air and water

stratosphere the layer of the atmosphere between the
troposphere and the mesosphere, 20-50km above Earth’'s
surface

system any part of the universe that can be isolated from
the rest of the universe to observe and measure changes

tectonic forces disturbances in Earth’s crust that result
from Earth’s internal energy and create physical features,
such as mountains, on the surface

tectonic plates sections of Earth’s crust that move as
distinct units on the asthenosphere on which they rest

terrestrial radiation stored heat emitted as long-wave
radiation by Earth, including its land, oceans and
atmosphere

thermosphere the layer of the atmosphere above the
mesosphere, 80-100 km above Earth’s surface, in which
the temperature increases with altitude

transpiration the process by which leaves lose water into
the atmosphere

trophic level alevel in a food chain

troposphere the innermost layer of the atmosphere in
which most of Earth’s weather occurs

water budget the total amount of water available in an
area, its inflows and outflows

water table the upper limit of the part of the ground
saturated with water

weathering the process of change as a result of exposure
to atmospheric conditions
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4 Land cover change
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Land cover change describes human modifications made to the Earth’s
surface. For thousands of years, this was done to obtain food and other
resources. However, the current rate and intensity are unprecedented,
leading to large-scale changes in ecosystems and environmental
processes on local, regional and global scales. These changes include
the warming of the planet, biodiversity loss and the pollution of water,
soils and air.

Mitigating the negative consequences of land cover change, while also
sustaining the production of the resources needed to sustain our way of
life, are among the greatest challenges facing humanity.

This chapter covers the nature, extent and outcomes of land cover
change. It explores the natural cycles and processes in tandem with the
role humans play in modifying global systems and how this contributes
to land cover change. Deforestation, desertification and melting glaciers
and ice sheets are investigated. Climatic and glacial cycles, geomorphic
processes, and invasion and ecological succession of vegetation
communities, are also further explored.

We abuse land because we
regard it as a commodity
belonging to us. When we
see land as a community to
which we belong, we may
begin to use it with love and
respect.

Aldo Leopold, American author, philosopher, scientist,
ecologist, conservationist and environmentalist

4.0.1 Clearing rainforest for plantations




Chapter glossary

afforestation the planting of trees, or sowing of seeds, to
create a forest in a barren land devoid of any trees

algal bloom a rapid increase or accumulation of algae in a
waterway

anthropogenic caused by humans

bioaccumulation when substances, especially toxins,
remain within an organism and increase with repeated
exposure or ingestion

climax community the final stage of succession, in
which the mix of species remains relatively stable until a
disturbance such as fire occurs

eutrophication water pollution involving excess nutrients,
often from fertilisers or sewage

evapotranspiration physical, chemical and biological
changes that take place after a lake, estuary or
slow-flowing stream receives inputs of nutrients and
phosphates from natural erosion and run-off from the
surrounding drainage basin

feedback loop occurs when an output of matter or energy
is fed back into the system as an input and leads to
changes in that system

geomorphological relating to landforms, their origin,
evolution, form and distribution

glaciation the process or state of being covered by glaciers
or ice sheets

habitat fragmentation the break-up of a habitat into
smaller pieces, usually because of human activities

heat island an urban area that is significantly warmer than
its surrounding rural areas due to human activities and
the nature of the constructed environment

herbaceous plants plants without woody stems

hydrological drought drought that occurs when the
surface flow (river flow) and lakes or reservoir levels
decline below the long-term mean

land cover the physical and biological features of Earth’s
surface

periglacial the area marginal to a frozen or ice-covered
region and which is subject to the seasonal effects of
freezing and thawing

permafrost a subsurface layer of soil that remains frozen
throughout the year, mostly found in polar regions

plant succession the change in the types of plant species
occupying a given area over time

Pleistocene the geological epoch that lasted from about
2580000 to 11 700 years ago

primary succession ecological succession in an area
without soil or where the soil is incapable of sustaining life
(because of recent lava flows, newly formed sand dunes,
or rocks left from a retreating glacier)

secondary succession ecological succession in an area in
which natural vegetation has been removed or destroyed
(e.g. by fire) but the soil has not been destroyed

shrub a woody plant, under 5 metres tall if it has a single
main stem or 8 metres if it has multiple stems

This chapter's glossary words list continues on page 100.




UNIT 4.1
Nature and extent of land cover

Land cover refers to the physical and biological cover of Earth’s surface. It includes
natural features like water bodies (oceans, seas, lakes and rivers), areas of ice and
snow, vegetation, and exposed rock and soil. It also covers constructed and managed
environments (e.g. buildings, roadways, agricultural land).

Land cover types

Many land cover classification systems exist, with the most recent and widely used
being The Global Land Cover-SHARE, developed by the UN’s Food and Agriculture
Organization’s (FAO) Land and Water Division. It identifies 11 thematic land cover
layers, which are presented in Figure 4.1.1.

A

- Tree cover - Mangroves |:| Water bodies
- Shrub cover |:| Sparse vegetation - Artificial surfaces

[ ] Grasslands [ ] Bareearth ] Cropland -N- 0o 2000 4000 km
- Herbaceous vegetation |:| Snow and glaciers | "

4.1.1 Global distribution of land cover types as defined by the UN’s FAO

Tree cover

Any land with a natural tree cover of 10 per cent or more is considered to be a tree-
covered area. This category includes areas planted as an afforestation project, areas
seasonally or permanently flooded with fresh water, and coastal mangroves (see Figures
4.1.2 and 4.1.3).
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: Ra . o Tree covered area
4.1.2 Tree cover in a tropical rainforest 4.1.3 Global distribution of tree-covered areas is 27.7% of terrestrial land.

Shrub cover

Shrub-covered areas have a natural shrub cover of 10 per cent or more. It can include
scattered trees, if they cover less than 10 per cent of this land, and herbaceous plants.
This category includes areas flooded by inland fresh water, but not coastal salt or
brackish water.

Shrubland is also called heathland or chaparral. Its diverse vegetation shares the
characteristics of shrubs. Most shrubland is in warm temperate climates with mild, wet
winters and hot, dry summers, including the Mediterranean; California, USA; Chile;
South Africa; and southern Australia. Others occur in the semi-arid tropics and the
Arctic, with smaller pockets found elsewhere. Australia has the greatest expanse and
range of shrub cover due to its dry variable climates (see Figures 4.1.4 and 4.1.5).
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0% 100%
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Shrub covered area

4.1.4 Shrubland in King’'s Canyon, Northern Territory 4.1.5 The global distribution of shrubland covers 9.5% of terrestrial land.

Grasslands

Grasslands have natural herbaceous plants covering 13 per cent of land area, and include
grasslands, prairies, steppes and savanna, irrespective of human or animal activities, such
as grazing (See Figure 4.1.7). Woody plants (trees and shrubs) can be present if they
cover less than 10 per cent.

The African savanna is dominated by grasses and dispersed trees and has a complex
food web. It is hot, dry and prone to wildfires for half the year. A rainy season yields tall
grasses for grazing herds such as zebras and wildebeests, preyed on by carnivores such as
lions and cheetahs (See Figure 4.1.6).
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The steppe grasslands stretch across Eurasia through to Mongolia into northeast China.
Similar to savanna grasslands, they are typically drier and colder. Far from oceans with
mountainous barriers, they lack humidity. Poor soil quality yields few other plants, so the
main vegetation is herbs and seas of grasses up to 66 centimetres tall.

0% 100%
\ Y N ! Grassland
4.1.6 Savanna grasslands of Namibia, Africa 4.1.7 The global distribution of grasslands covers 13% of terrestrial land.

Herbaceous freshwater wetlands

Herbaceous vegetation is any area where vegetation has a cover of 10 per cent or more
that is regularly flooded by fresh or brackish water, such as swamps and marshes, for at
least two months of the year. Woody vegetation may be present if its coverage is under
10 per cent. Herbaceous plants are non-woody and vascular, and include grasses and
grass-like plants. The Everglades of Florida, USA and the Okavango delta of Botswana
are examples (see Figures 4.1.8 and 4.1.9). Kakadu National Park’s floodplains in the
Northern Territory have herbaceous swamp vegetation dominating areas submerged for
six to nine months a year. Waterlilies are common, including the blue, yellow and white

snowflake.
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0% 100%
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Herbaceous vegetation
4.1.9 The global distribution of herbaceous vegetation covers 1.3% of
4.1.8 Herbaceous vegetation, Okavango Delta, Botswana terrestrial land.
Mangroves

Mangroves include any area with woody vegetation covering 10 per cent or more that
is permanently or regularly flooded by salt and/or brackish water. They are found in
coastal areas or river deltas and provide important environmental services including their
role as a ‘carbon sink’ (see the box, Spotlight: Australia’s mangroves as ‘carbon sinks’; see
Figures 4.1.10 and 4.1.11).
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Mangroves
4.1.10 Mangrove forest, Krabi, Thailand 4.1.11 The global distribution of mangroves covers 0.1% of terrestrial land

©® SPOTLIGHT

Australia’s mangroves as ‘carbon sinks’

Australia’s mangrove forests, tidal marshes and seagrass A record heatwave in 2015 along 1000 kilometres of the Gulf
meadows absorb some 20 million tonnes of carbon of Carpentaria’s coastline induced mass mangrove dieback
dioxide annually, making them an important ‘carbon sink’. (see Figure 4.1.12). Recovery is slow with storm-damaged
They can absorb carbon dioxide up to 40 times faster and dead mangroves stifling new growth. Significantly,
than forests and have five times the storage capacity of these dead trees emit eight times more methane (a

land trees. Mangroves store carbon in their soils as well powerful greenhouse gas) as live mangroves. In 2019, a

as in the plants, which if undisturbed can be locked away cascade of rising sea levels, heatwaves and back-to-back
for millennia. They are crucial in protecting coastlines tropical cyclones killed or damaged a 400-kilometre stretch
from erosion, as fish nurseries, and in filtering water to of mangroves. Protecting these ecosystems is a vital
maintain water quality. contribution to slowing climate change.

When damaged by storms, heatwaves, dredging or land
clearing, their stored carbon dioxide is released back
into the atmosphere. In Australia, this means around

3 million tonnes of carbon dioxide is released into the
atmosphere annually. Globally, these ecosystems are
being lost twice as fast as tropical rainforests, despite
being far smaller.

Australia’s 25 760 kilometre coastline represents 5-11 per
cent of the world’s ‘blue carbon’ locked up in mangroves,
seagrasses and tidal marshes. These coastal ecosystems
are calculated to store 4000-6300 million metric tonnes

of carbon dioxide. This is a significant amount, compared
to the annual carbon dioxide emissions—501.5 million
tonnes in 2021.

4.1.12 Mass mangrove dieback in the Gulf of Carpentaria in 2015

Sparse vegetation

Sparse vegetation is land with 2—10 per cent natural vegetation coverage. It includes
permanently or regularly flooded areas and deserts, except the very driest. Desert plants
adapt to the coarse, dry conditions with extensive root systems, small leaves, stems that
store water and prickly spines that discourage animals. Cacti in the deserts of North and
South America are desert plants. In Australian deserts, the trees include the silvery white
ghost gum, mulga, sandalwood, northern cypress pine, sandhill wattle and western myall.
Some shrubs, grasses and wildflowers are spinifex, saltbush, Mitchell grass, Sturt’s desert
pea and kangaroo paw (see Figures 4.1.13 and 4.1.14).
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Sparse vegetation

4.1.14 The global distribution of sparse vegetation covers 7.7% of
4.1.13 Spinifex grasses in the Pilbara, WA terrestrial land.

Bare ground

Bare ground refers to land dominated by natural abiotic surfaces (e.g. bare soil, sand,
rocks), with little to no natural vegetation cover (under 2%). This includes areas
periodically flooded by inland water (e.g. lake shores, riverbanks, salt flats). It excludes
coastal areas affected by tidal saltwater. Deserts are good examples, such as the Sahara
(Africa), the Gobi (Asia) and the Simpson (Australia). Other examples are exposed rock
surfaces, saltpans and areas covered with sand (see Figures 4.1.15 and 4.1.16).

0% 100%
: Bare earth
4.1.15 The Gobi Desert of remote Mongolia, a landscape devoid of 4.1.16 The global distribution of bare ground covers 15.2% of terrestrial
vegetation land.

Snow and glaciers

Snow and glaciers include any area covered by snow or glaciers for at least 10 months

of the year. The Antarctic ice sheet is Earth’s largest single mass of ice, covering an area
of almost 14 million square kilometres and containing 26.5 million cubic kilometres of
ice. The ice sheet covers 98 per cent of the Antarctic continent. In Greenland, ice (see
Figure 4.1.17 and 4.1.18) occupies about 82 per cent of the island’s surface, and if melted
would cause sea levels to rise by 7.2 metres. Sea ice (an expanse of frozen seawater)
covering the Arctic Sea reached its annual minimum extent of 4.67 million square
kilometres on 18 September 2022, the tenth lowest reading in 40 years of satellite data
collection. September Arctic Sea ice extent is now shrinking at a rate of 12.6 per cent
per decade, compared to its average extent from 1981 to 2010. Glaciers and ice sheets are
discussed in detail in Chapter 6.
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Snow and glaciers

4.1.18 The global distribution of glacier and ice fields covers 9.7% of
4.1.17 Elephant Foot Glacier and icefield, North Greenland terrestrial land.

Water bodies

Any area covered by inland water for most of the year is called a water body (see
Figure 4.1.20). Natural water bodies largely form by inland draining catchments, such
as the Caspian Sea (the world’s largest), North America’s Great Lakes and Africa’s Lake
Victoria. Some water bodies can be frozen for up to 10 months of the year.

Artificial water bodies are engineered, mainly dams, which greatly impact freshwater
ecosystems. Since the early 1980s around 180 000 square kilometres of land has been
inundated by dam building. Dams fragment river systems, block animal migration routes
and alter downstream flooding and sediment deposition patterns. Floodplains, riverbank
zones and wetlands can be lost by building dams. Globally, dam construction is booming,
most intensely in India, China and Brazil. Zimbabwe’s Kariba Dam has the world’s
largest capacity (see Figure 4.1.19), forming Lake Kariba, 280 kilometres long and up to
32 kilometres wide. The storage capacity is 185 billion cubic metres and the surface area
is 5580 square kilometres.

River diversions, wetland draining and excessive water extraction have led to surface
water losses elsewhere. Any water surface imbalance is detrimental to the local
biodiversity and ecosystems.

0% 100%
T

= = Water bodies
4.1.19 Kariba Dam lies in Kariba Gorge on the Zambezi River Basin 4.1.20 The global distribution of water bodies covers 2.6% of
between Zambia and Zimbabwe. terrestrial land.

Artificial surfaces

Artificial surfaces are urban areas or features such as parklands, sports facilities, industrial
areas, waste dumps and mining sites. Urbanisation drives much land-cover change.
Buildings and artificial surfaces (e.g. roadways and parking lots) contribute to ecosystem
loss and natural habitat fragmentation. They often replace local tree-covered areas,
grasslands or shrublands.
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Soil sealing also causes loss. It adds a hard, impervious layer of concrete or asphalt (see
Figure 4.1.21) which degrades the soil and increases flood risk. The soil’s moisture
content, its biodiversity and the amount of organic matter all decline. The nutrient cycle
slows down, as does the soil’s ability as a diluter of pollutants.

Some artificial surfaces are built on existing cropland. Such conversions are especially
apparent in Japan, Switzerland and the Netherlands (see Figure 4.1.22).

0% 100%
T
Artificial surfaces
4.1.22 Global distribution of artificial surfaces covers 0.6% of
4.1.21 Motorway interchange in Osaka, Japan terrestrial land.
Cropland

4.1.23 Sugar cane cropland, Sao Paulo state, Brazil

Cropland encompasses a wide range of crops, both herbaceous and woody. Herbaceous
crops include wheat, rice, maize, soybean, barley, sorghum, cotton, sugar cane and hay
plants (See Figure 4.1.23). Woody crop land cover features a layer of permanent crops. It
includes orchards and plantations, such as fruit trees, coffee and tea plantations, oil palms,
and rubber plantations. In some areas, woody and herbaceous crops are layered. This is
seen in Mediterranean regions when wheat is grown in olive groves.

Agricultural expansion drives natural and semi-natural land losses worldwide (see
Figure 4.1.24). Rapid population growth and rising living standards are increasing
this expansion. Natural vegetation is replaced with far fewer plant types, lowering

a community’s plant diversity. Converting natural landscapes to croplands requires
significant effort and expertise. Fertilisers and pesticides are added to maintain
productivity, but overuse can degrade soils, reduce biodiversity and deplete nutrients.
Sustainable agricultural practices are critical to offset the environmental impacts of
cropland.

0% 100%

Cropland

4.1.24 The global distribution of cropland covers 12.6% of terrestrial land.
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Land use

Land use describes human activities such as agriculture, forestry
and constructions that alter land-surface processes, including
hydrology and biodiversity. It is also defined by the land’s social
and economic purposes, such as subsistence versus commercial
agriculture or public versus privately owned land. Consider
these differences between land cover and land use:

m Forests are classified as land use if they are used for selective
logging or recreation (see Figures 4.1.25 and 4.1.26).

® A naturally occurring lake is land cover, but considered as
land use when used for irrigation or recreation.

m Grasslands are a type of land cover, but when used for
grazing sheep and cattle they are also considered a land use.

m The African savanna is land cover, but is classified as a land
use if managed as a tourist safari park or wildlife refuge.

4.1.25 Pine forest is a land cover. If logged or used for recreation, it is
aland use.

Land cover change

Changes in land cover can be traced back many millennia and are a direct result of
people’s need for resources, especially food. Initially this involved using fire to corral
game, but it accelerated once farming practices developed, escalating deforestation and
transforming vast natural areas into agricultural landscapes. Industrialisation concentrated
human populations in urban areas, a process called urbanisation. This led to an
intensification of agriculture on productive lands and the abandonment of marginal land.
Rural populations gradually declined.

! @ SPOTLIGHT

Observing land cover
change

While changes in land cover extent can be assessed
using field-based observations or remote sensing, local
expertise is often needed to identify different activities

in various parts of a landscape. For example, a satellite
image of a vegetated area may be undisturbed old-
growth forest, a selectively logged forest, secondary
regrowth or a rubber tree plantation. Only the expertise of
local land managers can provide such information.

From 1700 to 2020, the world’s population increased
from 650 million to 7.6 billion. Roughly a quarter of Earth’s
land area changed from trees and shrubs to crops and
pasture:

N A b W -

4.1.26 Rainforest being cleared in Borneo for oil palm plantations

m Forest and woodland declined from 41 to 31 per cent
m Grassland and similar vegetation declined from 24 to

13 per cent have been transformed by human activity. In Australia’s
m Shrubland declined from 6.5 to 2 per cent southern agricultural regions, up to 50 per cent of native
m Cropland expanded from 2 to 11 per cent forests and 65 per cent of native woodlands have been

cleared or greatly modified. Even in areas where the type
of land cover has not changed, it has been degraded by
land use and management, such as using grasslands
and shrublands for grazing livestock.

m Pasture expanded from 4 to 23 per cent.

Land cover change is caused by both natural and
human-related processes. While some parts of the world
are marginally affected by land cover change, others
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Activities

Acquiring and processing geographical information

1
2
3

Distinguish between land cover and land use.

Outline the changes in land cover from a historical perspective.

eeccccccccccce o

Explain why expert knowledge is often required to supplement field-based observations and remote sensing when
investigating the nature and extent of land cover change.

ceccccce,
.

Outline the extent of land cover change in the 320 years from 1700 to 2020. To what extent does land clearing in Australia
reflect this trend?

Applying and communicating geographical understanding

5 a Using the following data, create a pie graph of the distribution of terrestrial land cover.

[}

b

Tree cover: 27.7%
Bare earth: 15.2%
Grasslands: 13.0%
Croplands: 12.6%

Snow and ice: 9.7%
Shrubs: 9.5%
Sparse vegetation: 7.7%

Water bodies: 2.6%

Identify the four largest terrestrial land cover types. Which are the smallest land cover types?

Herbaceous vegetation: 1.3%

Artificial surfaces: 0.6%

Mangroves: 0.1%

Study the information that describes the various land cover types. Create a table to summarise it.

Label the columns: Land cover type, Location, Characteristics.

Label the rows: Tree cover, Shrub cover, Grassland, Herbaceous vegetation, Mangroves, Sparse vegetation, Bare
earth, Snow and glaciers, Water bodies, Artificial surfaces, and Cropland.

e0cc0cc00cc00000000000 0 eecccccccccccce
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UNIT 4.2
Land cover change: Natural causes

Changes in land cover can be initiated by a range of natural processes. These include
non-anthropogenic climate change (see Chapter 13); geophysical processes, including
continental drift, earthquakes, volcanic eruptions and landslides; plant succession; and
fire and pests.

Natural climate change

Earth’s climate has changed over time. The last time the climate was markedly different

from the present was during the last glaciation (or ice age). It reached its peak about

24 000 years ago, when ice and snow cover was much greater than it is today. This period of
glaciation was the last in a long succession of glaciations that characterised the Pleistocene,
a geological epoch lasting from 2.6 million years ago to about 11 700 years ago.

During the last glaciation, the climate of the middle and high latitudes of the Northern
Hemisphere cooled to such an extent that a vast ice sheet formed over central and
eastern Canada and spread southward into what is now the USA, and westward towards
the Rocky Mountains. It advanced at an average rate of 25 to 100 metres a year (see
Figure 4.2.1).

At the same time, another vast ice sheet formed over the mountains of western Canada,
northern Europe and north-west Asia. Large glacier systems developed in the European
Alps, the Andes, the Himalayas and the Rockies. Smaller glaciers developed in all

other ranges and mountain peaks at all latitudes, including Tasmania and Australia’s
Southern Alps.
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4.2.1 The geography of North America about 20 000 years ago, during the last glaciation. Sea levels were about 120 m lower, exposing large areas of
the continental shelf. The southern margin of the ice sheet, shown here, was over 2.5 km deep in the northern parts of the continent.
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Areas of sea ice also expanded during periods of glaciation, creating one vast northern
glacial ice sheet that covered all of the Arctic and much of the sub-Arctic regions.

With the southward advance of the northern ice sheets, the periglacial zones spread

to lower latitudes and lower altitudes. In Russia, permafrost extended 1000 kilometres
south of the ice sheet’s edge. In North America, the periglacial zone was largely limited
to a small belt adjacent to the southern edge of the ice sheet. For the southern extent of
permafrost in North America and Eurasia, see Figures 4.2.1 and 4.2.2.

North Atlantic
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[ Exposed land due to lower sea level = Glacier limit
—16~" August (summer) sea-surface temperatures (°C) 4500~ Glacier surface contours (m)

4.2.2 A vast periglacial zone separated the northern European ice sheet from the glacier-covered Alps.

The climate of the last millennium

The Middle Ages (the fifth to the fourteenth centuries) saw a period of relatively mild
climate followed by a period when average temperatures reduced by 1° to 2°C. It
lowered Western Europe’s snowline by about 100 metres, ushering in a period of glacial
advance.

The Little Ice Age lasted from 1300 to 1870. Colder, snowier winters saw sea ice in
the North Atlantic advancing south, and more frequent, violent storms. Grain crops
failed to ripen in the cooler, wetter summers, so famine was common. Life expectancy
in England decreased by 10 years within a century. By the early seventeenth century,
advancing glaciers invaded farmland in the Alps, Iceland and Scandinavia. By the
nineteenth century, erratic weather conditions led to rising grain prices, epidemics and
famines. This initiated large-scale migrations, notably to North America.



Mountain glaciers and North-Atlantic sea ice began to retreat with the general warming
in the 1870s. It brought conditions favourable for crops in middle latitudes as the world’s
population expanded rapidly.

Today’s anthropogenic warming is significant for its accelerating rate. Climate changed
very slowly in the past, over centuries. Today’s rate is over decades. The retreat of
glaciers, ice sheets and sea ice, and the associated sea-level rise, is changing the planet’s
land cover. It can be observed and measured using spatial technologies.

©00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000,
.

©® SPOTLIGHT

The Antarctic ice sheet

Antarctica is home to the larger of Earth’s two polar ice Roughly 61 per cent of Earth’s freshwater is held in the
caps. The ice sheet covers 98 per cent of the Antarctic Antarctic ice sheet.

continent—almost 14 million square kilometres—and This ice sheet is the focus of significant scientific
contains 26.5 million cubic kilometres of ice. The ice sheet  4ttention. The melting Antarctic ice has added nearly
is up to four kilometres thick (see Figures 4.2.3 and 4.2.4). 3 trillion tonnes of water to the oceans over the past

25 years, mostly from West Antarctica, where
the rate of ice melting has tripled—from 58

billion to 175 billion tons per year. Antarctic ice
This map shows the major geographical features on the Antarctic continent and the USA and UK

research stations, to accompany the Landsat Image Mosaic of Antarctica (LIMA). For information losses have led to sharply rising sea levels over
about LIMA and to access the imagery, go to http:/lima.usgs.gov
the last decade.

ANTARCTICA OVERVIEW MAP

If the entire Antarctic ice sheet were to melt,
sea levels would rise by about 58 metres.
Even a 1-metre rise would degrade or destroy
over a third of the world’s coastal estuaries,
wetlands, coral reefs and fertile river deltas.

It would inundate low-lying countries such

as Bangladesh and the island states of the

A Pacific and the Caribbean, and flood some of

P

"’ the world’s largest cities, including Kolkata and
EAST ANTARCTICA .

Mumbai, India and Dhaka, Bangladesh.
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4.2.4 The Antarctic ice sheet

To find more detailed maps of Antarctica:
Ico sheet Oldunnpulndmﬁommeummna hitp:/flma.usgs goviorder.php
oo vhell retic Survey maps: ac.ukiabout_ _listphp
m(wmmmmmm .aad.gov.auw/
Contours at Fm-m«mnag&mofplmmnmwu hwlmmmSCARGAZEI
500m intervals For a map showing all research stations operating in Antarctica visit: http://www.comnap.aq/

To find out interesting facts about Antarctica see:
“‘Antarctica in Context’ on hitp./lima.usgs.govidownioad.php

Antarctic Survey ronummmmmmmumﬂ:s«mymmn visit:

AT BT artARe CoumCn www.antarctica.ac.

4.2.3 Antarctica can be divided into West Antarctica, East Antarctica and the
Antarctic Peninsula. The peninsula is home to scientific stations operated by
many nations and is a popular destination for cruise ship-based tourism. The
numerous glaciers and floating ice shelves are changing rapidly here because
this region is warming faster than the rest of Antarctica.
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Geophysical and
geomorphological processes

Geophysical and geomorphological processes
such as tectonics, including earthquakes,
volcanic activity and landslides, can initiate
land cover change. Weathering, erosion and
deposition also contribute.

Continental drift changed the distribution of the
continents over tens of millions of years (detailed
in Chapter 3). As landmasses traversed latitudinal
zones they adjusted to new climatic conditions.

Australia separated from Antarctica when the
supercontinent Gondwana broke up 90 to 30
million years ago. As Australia moved north
(see Figure 4.2.5), the climate became warmer
and drier, transitioning the vegetation land
cover from diverse forest to today’s scrub and
eucalypt landscape.

Present

During the Pleistocene epoch, significant
changes in sea level linked Australia to Indonesia
and New Guinea via land bridges. This allowed
for new combinations of species and ecosystems
as species dispersed and intermixed. Through
isolation and time, Australia’s flora and fauna
evolved separately from other continents.

90 mya (million years ago)

After it separated from Antarctica, southern
Australia contained diverse forests; their
relatives are still living in small pockets. These
4.2.5 The Australian tectonic plate moves north by about 7 cm a year, the fastest on Earth. rainforests became less diverse and more
fragmented over time, their distribution
becoming scattered before human occupation.

The mainland’s characteristic aridity developed from about 20 million years ago. Recent
cycles of increasing and decreasing aridity were part of the glacial cycles of the last
million years or so.

There is evidence of regular fires in south-eastern Australia dating back 25 million
years. Eucalyptus trees were absent from the forests, appearing on the east coast about
20-25 million years ago. While evidence that suggests eucalypts appeared in response
to more frequent fires, they were not common until 50 000-200 000 years ago. They
responded positively to First Nations people’s fire management practices.

Volcanic activity

Volcanic activity can cause land cover change within the blast and deposition zone, but

a volcano’s influence reaches far beyond its location. When widely distributed gases,

dust and ash reach the upper atmosphere they upset its circulation
patterns. Eruptions in the tropics can affect climate in both hemispheres,
while those at mid or high latitudes are usually limited to their own
hemisphere. Massive eruptions throw gases and dust particles into the
atmosphere, which can block incoming solar radiation and cool the
planet for months or even years. Sustained episodes can increase ice and
snow cover extent, causing vegetation pattern changes.

Weathering, erosion, transportation and deposition

The geomorphological process of weathering, erosion and deposition
also impacts land cover (see Figure 4.2.6). Typically, this impact is felt
4.2.6 Monument Valley, USA, is shaped by weathering, at a more localised scale than geophysical processes such as volcanic
erosion, transportation and deposition. eruptions. These processes are detailed in Chapter 3.
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@ SPOTLIGHT

Mt St Helens

The 1980 eruption of Mt St Helens, USA, was the first
such event observed in scientific detail. Satellite imagery
revealed land cover changes and the rate of plant
succession over the following decades. An earthquake
followed, collapsing the northern face, causing the
largest recorded landslide. Hot rocks, ash, gas and steam
exploded up and out, spreading volcanic debris (grey in
images) over 600 square kilometres. Debris obliterated
forest cover up to 27 kilometres away. The avalanche
buried 23 kilometres of the North Fork Toutle River in rock
and debris to an average of 46 metres deep. Volcanic

4.2.7 Mt St Helen’s in 1979,
before the eruption. Areas that

4.2.8 Mt St Helens in 1980,
immediately after the eruption

mudflows (lahars) poured down rivers and gullies of the
southern half of the mountain. Mt St Helens was reduced
from 2950 metres to about 2550 metres. Eventually,

the river carved a shallow, braided path through the
buried valley.

Heat and noxious gases sterilised the surface, which
became buried under ash, mud and rock. Nearly every
living creature in the area perished, but traces of life
survived—seeds, spores and fungi. Plant succession
processes began and land cover was slowly re-
established (see Figures 4.2.7 to 4.2.10).

appear red are vegetation.

Invasions and ecological succession

An invasive plant is a non-native species that spreads, causing habitat damage and

threatening biological diversity. Such invasions typically occur when some, often human,

intervention results in a loss of natural controls or the introduction of an exotic species,

such as blackberry.

Plant succession is the change in the types of plant species occupying a given area
over time. It typically involves the processes of pioneering, establishing, sustaining and
reproducing. It can also be described in terms of primary, secondary and climax plant
communities. Beginning with a few pioneering species, a community increasingly
diversifies, then stabilises and self-perpetuates.

Plant succession may be initiated in two ways. Forming a new, unoccupied habitat,
uninfluenced by pre-existing communities is called a primary succession (e.g. from a
lava flow or landslide, or a disturbance such as fire, strip mining or logging). Secondary
succession follows the disruption of a pre-existing community. When succession results
in a stable, self-perpetuating plant community it is called a climax community.

Fires and pests

Fire is a major threat to forests, shrublands and grasslands, as it changes the structure of
habitats and the mix and diversity of species present. It has an impact on soil properties
such as texture, porosity, organic matter, nutrient availability and biota. This then has an
impact on plant life. Drought, disease, insect infestation, overgrazing or a combination of
these can intensify this impact. Uncontrolled animal populations such as rabbits can lay
waste to communities such as grasslands.

Pests threaten forests, shrublands and grasslands. Insect infestations can cause ‘dieback’
in forests, the progressive death of trees within a year or two after symptoms appear.

CHAPTER 4 LAND COVER CHANGE
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Symptoms are often subtle, slow to develop and usually uniform
throughout the tree’s crown.

Trees and shrubs are also subject to diseases, extremely high or low
temperatures, and fluctuations in soil moisture during long-term weather
cycles. Weakened trees and shrubs are more susceptible to insect attack
and fungal invasion. These include borer-type insects, canker diseases and
fungi that cause root rot (see Figure 4.2.11).

In Europe, landscapes are transformed by a fungus (Hymenoscyphus fraxineus)
that causes widespread dieback and has a mortality rate of up to 85 per
cent in ash tree forests. Most attempts to control its spread have failed, even
removing trees in infected areas, as the fungus grows on forest leaf litter (see
Figure 4.2.11).

Tree root systems are especially vulnerable to soil environment changes.
These include soil compaction, drainage pattern changes, excessive
moisture, lack of water, removing or adding soil over the root system, and
excess pesticide or fertiliser use.

Invasive animal species, such as feral cats, foxes and cane toads, can damage
habitats. Without controls, rabbits and feral pigs can strip the vegetation
exposing the soil to erosion. Some can kill native animal species and carp
can increase the turbidity of waterways.

4.2.11 Clearing fungal-diseased common ash trees in
the UK

.
Activiti

Acquiring and processing geographical
information

a Middle Ages
b Little Ice Age (1300-1870)

1 Explain the relationship between climate and land cover. c Post-1870s

90 00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

2 When was Earth’s climate markedly different from now? 12

What was it like?

Study Figure 4.2.1. Using information from the map,
write a brief report describing the nature and extent of

3 Identify the defining climatic event of the Pleistocene. the North American ice sheet and permafrost about
. . . . 20 000 years ago.
4 Outline the effects of the cooling associated with the last y 9 o ) )
glaciation event. What was the impact on sea levels? 13 Study Figure 4.2.2. Using information from the map, write
. . s a brief report describing the nature and extent of the
5 chheanr:g)éthe geophysical processes initiating land cover European ice sheet and permafrost about 20 000 years
o . . . . ago.
6 g\rletlrlzfnt:e role of fire in shaping land cover in Australia 14 Study Figures 4.2.3 and 4.2.4 and the related text.
7 Outline the impacts of the Mt St Helens eruption on the a V\gr(ljterzni Ogimlzaggigzﬁisgi(;;mg the physical
surrounding area. What was the role of plant succession geography '
in repairing the damage? b Outline the impacts of climate change on the ice
heet. h ignifi Iti f the i
8 Define plant succession. Outline the processes involved. zhgz i;ﬁ;wrgvznyr:Lﬂz;;?izt meiting of the ice
Distinguish between primary and secondary succession. i P P )
What is meant by the term climax community? 15 Study Figure 4.2.5.
9  Outline the impacts of fire and out-of-control animal a Describe Australia’s progress northwards over the last

species on habitats.

10 Explain what dieback is. What are the likely causes?

Applying and communicating geographical
understanding

11 Construct a flow diagram describing the nature of
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the world's climate over the past 1000 years. Use the
following headings in your diagram:
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16

90 million years.

b Briefly describe the relationship between continental
drift and land cover change.

Study Figure 4.2.6. Working in groups, identify and
describe the role of weathering and erosion in the
formation of this landscape. Sketch the photo and
annotate the features, describing what agents of erosion
appear to be primarily responsible for the formation of
this landscape.
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UNIT 4.3
Land cover change: Human causes

The human causes of land cover change include a rapidly growing population, along
with improvements in material standards of living and technological advances that have
greatly increased human capacity to transform landscapes and anthropogenic climate

change (detailed in Chapter 13).
Population growth

The environment’s ability to cope is threatened with becoming overwhelmed by
population growth and a rising demand for consumer goods, particularly from the
developing world’s rapidly growing middle-class. An increasing number of consumers
and increasing demand for food challenge the limits of growth. Already, the adverse
impacts of production are evident and numerous. Demand for energy parallels
production. It is largely sourced by using fossil fuels, which have increased greenhouse-
gas emissions. This has fuelled climate change, which threatens the stability of entire
ecosystems.

Developed nations and a handful of rapidly developing nations currently account for
just 18 per cent of the global population. The rest of the world’s population (i.e. the
remaining 82 per cent) aspire to the developed world’s living standards. This is most
apparent in the heavily populated parts of South and East Asia, especially China and
India. The demands this will place on food and industrial production will deplete Earth’s
natural resources, especially soil and water resources. The biosphere will be seriously
threatened. Species extinctions, largely as a result of deforestation, will accelerate.

Technology

Advances in technology have greatly enhanced
the ability of humans to transform Earth’s
terrestrial landscapes. Large-scale earth-moving
equipment can change the topography and clear
large areas of forest. Genetically modified crops
have been developed to grow in areas once
deemed marginal or unsuitable. Humans can
build large dams and related water-distribution
infrastructure to supply water to once-arid
landscapes.

Examples of major dam infrastructure are:

Snowy Mountains Scheme, Australia:
water is diverted from the Snowy River into the
Murray and Murrumbidgee rivers to expand
irrigated crop production in an area once
dominated by grazing.

State Water Project (SWP), USA: constructed
in the 1960s and 1970s, it supplies water to over
27 million people and 750000 acres of farmland.
It is one of the world’s most extensive systems of
dams, reservoirs, power plants, pumping plants
and aqueducts, and is key to California’s economy
(see Figure 4.3.1).

By

4.3.1 California’s aqueducts demonstrate human capacity to transform land cover.

CHAPTER 4 LAND COVER CHANGE 95




Did you know

The decade 2011-2020 was
the hottest ever recorded
on Earth. It had eight of the
10 hottest years on record.
The other years in the top
10 were 2005 and 1998.

Earth is now about
1.2°C hotter than it was
at the beginning of the
industrial age in the
mid-to-late-1800s. This
number is important
because in 2015 global
leaders adopted a goal
of preventing 1.5°C of
warming since the rise of
big industry.
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Anthropogenic climate change

After nearly 1000 years of relatively stable climatic conditions with near-surface
atmospheric temperatures remaining fairly steady, global temperatures began to rise.
Current climate changes since around 1975, along with projected changes, are many
times faster than natural changes, which take place over hundreds or thousands of years.

Significantly, the world’s leading scientific bodies, including the UK’s Royal Society,

the US National Academy of Sciences, the US National Oceanic and Atmospheric
Administration (NOAA), the US National Aeronautics and Space Administration (NASA),
and Australia’s CSIRO and Academy of Sciences, together with 97 per cent of the world’s
climate scientists, agree that:

m the world’s climate is warming at an accelerating rate and is primarily caused by the
burning of carbon-rich fossil fuels, which add carbon dioxide to the atmosphere. A
secondary cause is the clearing of forests, which take up carbon dioxide from the
atmosphere

m climate change will continue to accelerate unless we act to reduce emissions. Such
actions are possible and affordable, and will result in significant improvements in
people’s health and the environment more generally. They will also boost economic
activity. The sooner we act to reduce emissions, the lower the economic and
environmental costs will be.

The consequences of global warming are mounting. Additionally:

m atmospheric concentrations of carbon dioxide and other greenhouse gases that warm
the atmosphere are rising rapidly. After remaining below 300 parts per million (ppm)
for more than 400 years, atmospheric concentrations of carbon dioxide rose from
318 parts per million in 1960 to 421 parts per million in May 2022

m in the Arctic, the extent of summer sea ice has been retreating since 1979. In 15 years
(2007 to 2021) the Arctic recorded the lowest 15 minimum extents in sea ice in the
43-year satellite record

m almost all mountain, valley and piedmont glaciers, and most tidewater glaciers are
retreating. Glacier National Park in the USA, was home to 150 glaciers in 1910. It has
since decreased to under 30, and most of those remaining have shrunk by two-thirds.
Within 30 years most, if not all, the remaining glaciers will disappear

m in Alaska, USA and Siberia, Russia, frozen ground (permafrost) is melting, releasing
masses of carbon that have been locked away in the frozen soil for thousands of years.
It also emits methane, another of the greenhouse gases. On entering the atmosphere,
methane and carbon dioxide accelerate the rate of climate change, even as humans try
to reduce their reliance on fossil fuels

B sea levels are rising at an accelerating rate. This rise is driven by the expansion of the
ocean water as its temperature increases and increasing run-off from land-based ice
(glaciers and ice sheets). Sea levels may rise by up to 1.3 metres by the end of the
century.

Chapter 13 covers more on climate change.



@ SPOTLIGHT

Australia burns

The 2019-20 Australian bushfire season, arguably

the most devastating in Australian history, started

with a series of uncontrolled fires in June 2019. Given
the prolonged drought affecting NSW and much of
Queensland at the time, the blazes proved difficult to
control. Many burned well into February 2020. Record
high temperatures and strong winds were all that were
needed to create catastrophic fire conditions.

By the time the fire crisis peaked, an estimated

18.6 million hectares (186 000 square kilometres) had
been burnt, over 5900 buildings (including 2779 homes)
had been destroyed, and at least 33 people had been
killed. The extent of habitat destruction was alarming.
An estimated 1 billion animals were killed, and some

endangered species were driven to the brink of extinction.

These bushfires emitted 400 megatonnes of carbon
dioxide into the atmosphere, as much as Australia’s
average annual carbon dioxide emissions, in three

months. These contributed to global warming, which
heightens the likelihood of recurring megafires that will
release yet more emissions. Scientists call this a climate
feedback loop.

The fires became the centre of a public debate about the
relationship between climate change and the growing
incidence and severity of fire and drought in Australia.

The prolonged period of drought was followed by well-
above-average rainfall caused by the occurrence of two
major weather patterns—La Nifia in the Pacific and the
negative Indian Ocean Dipole—along with warmer than
average waters around northern Australia. Flooding

was widespread in south-eastern Australia and South
East Queensland in early and late 2022. The Bureau of
Meteorology links Australia’s wild temperature and rainfall
variability to global warming caused by human activities.

Chapter 14 covers more on bushfires.

Activities

Acquiring and processing geographical information

1 Briefly outline how humans have impacted the nature and rate of land cover

change.

2 Describe how population changes impact food and energy demands. How will
growing standards of living in developing countries impact Earth and its resources?

3 Outline the key elements of the scientific consensus about the nature and causes of

climate change.

4 Outline the evidence to support the claims made about anthropogenic climate

change.

Applying and communicating geographical understanding

5 Asaclass, brainstorm examples of the ways in which humans, via advances in
technology, have been able to transform terrestrial land cover.

6 Study the box, Spotlight: Australia burns, then answer the following questions:

a What factors fuelled the devastating bushfires?
b What was the impact of the fires?

¢ How did it impact the public debate surrounding the link between climate

change and the incidence and intensity of bushfires?
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UNIT 4.4
Impacts of land cover change

Land cover change is amplified by land clearing. Marginal land is often cleared for
agriculture and food production, while fertile land and valuable habitat are lost to urban
expansion, industry and transport infrastructure. As the world population grows, the
land-clearing rate escalates.

Impacts on ecosystem services

The clearing of natural vegetation causes a range of environmental impacts:

m Change in radiation balance: cleared land has a higher albedo than vegetated land.

m Decline in soil water-holding capacity: soil porosity and its water-holding
capacity are reduced by clearing natural vegetation for agriculture. Soil compaction
by grazing livestock often results. This raises the risk of hydrological drought,
especially during dry seasons. Exposed soils are susceptible to erosion during heavy
rainfall. Soil erosion greatly impacts agriculture, local economies and ecosystems.

m Decline in precipitation: the cloud formation rate declines when forests are cleared
for agriculture because the rate of evapotranspiration declines.

Anthropogenic changes in the landscape contribute to regional and global climate
change. While not fully understood, converting forested land to agricultural land changes
local climates by changing the solar radiation and water balance. Changes in precipitation
and temperature patterns eventually harm the sustainability of agricultural systems.

©® SPOTLIGHT

Land cover change and a warming planet

Land cover change releases greenhouse gases into As airborne particulates, they reflect incoming sunlight and
the atmosphere, contributing to climate change (see this might affect cloud cover.

Figure 4.4.1). Deforestation, especially combined with

tillage-based agriculture, releases carbon dioxide.

Altered surface hydrology increases —— =
methane emissions (e.g. through e -
wetland drainage and the flooding p = 3 EUR(:ZE \4‘\
of rice paddy fields), as does cattle ;
farming. Agricultural products increase i
nitrous oxide emissions (e.g. in organic
nitrogen fertilisers, irrigation and
biomass combustion).

.
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While the complex relationship
between greenhouse gas emissions
and land cover changes is not fully
understood, it is known that land cover

S I

change and land use account for 770

about 12.5 per cent of human carbon %fr‘,ﬁpe,amre change (°C)

emissions. An added uncertaint 2014-2018 compared with 1880-1899 nsufficient data

is how much sulphur dioxide and 4 0 152 6+

particulates (produced by biomass 4.4.1 Temperature change 2014-18 compared to 1880-1899. The Arctic region has
combustion) might contribute warmed more markedly than elsewhere, driving the decline in sea ice and retreat in

terrestrial ice sheets and glaciers.

to regional and global cooling.
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Land cover change and biodiversity

Clearing forests and grasslands for agriculture reduces
biodiversity. Species loss is immediate and often
complete; even partial forest habitat loss has an impact.
When existing habitats are fragmented (see Figure 4.4.2)
the forest’s edges become exposed to external influences.
This reduces the extent and environmental integrity of
core habitat areas. Smaller habitat areas typically support
fewer species. For any species needing undisturbed

core habitat, habitat fragmentation can result in their
extinction. By clearing land, an area becomes exposed
to invasion by exotic (non-native) plants, animals and
diseases, especially in remnants near human populations.

Land cover change and pollution

Removing land cover vegetation can cause water, soil
and air pollution. Soil becomes exposed to water and
wind erosion, which ultimately reduces its fertility,

4.4.2 Fragmented boreal forests in Ontario, Canada

especially when fire or large-scale machinery is used.

Erosion releases phosphorus, nitrogen and sediments into streams and other aquatic
ecosystems, increasing sedimentation, turbidity and eutrophication. The latter can
trigger aquatic plant growth, which depletes dissolved oxygen.

Modern agricultural practices can result in waterway and groundwater pollution

(e.g. nitrogen and phosphorus fertilisers and concentrated livestock feedlots). This can
cause algal bloom outbreaks in waterways that deplete oxygen levels. Some of these
rapidly accumulating algae contain toxins that kill fish and harm livestock and native
fauna. (See Unit 3.8.)

Modern agricultural practices can cause chemicals such as herbicides and pesticides to
accumulate in ground and surface-water bodies. They can accumulate in living things, be
passed up the food chain and result in bioaccumulation.

Burning vegetation to clear land for agriculture is a major contributor to air pollution.
Mining has a greater impact and when poorly managed can pollute waterways and
groundwater with toxic metals.

Land cover change in urban areas

Urban expansion radically transforms land cover. Natural vegetation and farmland are
replaced with built environments such as housing, factories and roads. This creates urban
heat islands, making cities typically hotter (see Figure 4.4.3). This can be caused by
dark surfaces, such as asphalt and roof tiles, absorbing and storing more solar energy than
grass and trees; industrial processes and transportation generating heat, and eliminating
shade and transpiration by removing vegetation.

On average, cities are 1.5°=2.0°C warmer than surrounding vegetated lands. Planting
street trees and creating parklands mitigates this because parks are cooler than

their surrounding area. Shady trees prevent ground surfaces from overheating and
evapotranspiration pleasantly cools the air beneath the canopy. Plants transpire water
into the atmosphere, which evaporates to cool the atmosphere around its aerial parts.
The effect is more pronounced at night. The park’s size and plant community dictate
the intensity and impact of this phenomenon. Figure 4.4.3 illustrates the heat island of
London, UK.

Urban run-oft is a source of environmental pollution in aquatic environments. It is often
heavily contaminated with oils and other pollutants from streets and cars.
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4.4.3 London, UK’s heat island effect

Activities
Acquiring and processing geographical
information
1 Outline the impact land cover change has on:
a radiation
b the soil's water-holding capacity
c precipitation
d climate change

2 What is the percentage of anthropogenic carbon
emissions linked to land cover change?

3 Explain how the release of sulphur dioxide and
particulates complicates the analysis of the effects of
anthropogenic climate change.

Why is habitat fragmentation considered such a
problem?

©0000000000000000000000000000000000000000000000000000000

4 Outline the impact of land cover change on biodiversity.

©00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000,
.

5 Identify the types of pollution associated with land
cover change.

6 Outline the causes and impacts of algal blooms.

Applying and communicating geographical

understanding

7 Study Figure 4.4.1. Write a paragraph outlining the global
pattern of warming.

8 Write a paragraph or two explaining why urban areas are
measurably warmer than their surroundings.

9 Study Figure 4.4.3. Use data from the map to describe the
heat island effect associated with London.

10 As aclass, brainstorm the strategies authorities could
initiate to mitigate the effects of the heat island effect.
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Continued from page 79.

Chapter glossary

1
1
1
1
I
1
1 soil compaction the increased density of soil when
! it is compressed by the trampling of livestock.
1 The compression forces air and water from the
X soil

. tectonic (processes) disturbances in Earth’s crust that
X result from Earth’s internal energy and create physical
! features, such as mountains, on Earth’s surface

turbidity the degree to which light will pass through liquid,
usually a measure of the amount of mud or other particles
suspended in the liquid

vascular related to, or having, vessels or ducts that convey
fluids like blood or sap

woody plants plants that have a hard stem or trunk
of wood

_________________________________________________________________________________________
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APPLICATION AND CONSOLIDATION TASK

Task 1: Interpreting memes

A meme is an image, video or piece of text, generally humorous, that is copied and spread rapidly by internet users.
Memes are often used by both private and public organisations to spread messages. Memes have been used
successfully during political campaigns to discredit ideas or cast them into doubt. Being able to read or interpret a
meme is an important life skill. It is also important to identify the issues being addressed, the techniques being used
and where the meme originated.

Use the internet to find a meme to study. Choose a meme with a political or environmental message.
Where did you see the meme?

Who sent you the meme or where did it originate?

What is the meme about? Why?

What can you see in the meme? What words, if any, are used?

What events provided the background or context in which the meme was created?

Has the creator used symbolism, irony, analogy or exaggeration to help communicate their message?
Can you identify the perspective or point of view of the creator?

Is the meme persuasive? If so, why?

What alternative perspectives or points of view are there about this issue?
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CHAPTER

5 Deforestation

Forests are one of Earth’s greatest natural assets. They are home to
more than half of all species, a rich variety of life that keeps many of our
most vital natural systems operational—from keeping our climate stable
by absorbing carbon dioxide and releasing oxygen to regulating our
water supply and improving its quality.

More than a billion people live in, or adjacent to, forests, and depend
on them for fuel, food and medicines. Forests provide timber-based
resources for homes, paper and furniture. Humans have already
destroyed around 40 per cent of the world'’s forests. Slowing down the
rate of deforestation, and protecting and sustainably managing our
existing forests is essential.

This chapter investigates deforestation as an example of land cover
change and the nature, extent and rate of deforestation in selected
places. It explores how deforestation interrupts natural systems; how
deforestation impacts at a range of scales, including climate change;
and the strategies used to protect forests and promote the sustainable
use of forest resources.

| see a future in which
nature gives us a helping
hand. Instead of destroying
the natural world, why can’t
we use it to solve the kinds
of problems that we are
facing?

Frances Arnold, American scientist and Nobel Laureate

5.0.1 Rainforest is cleared and burned for the palm oil industry.
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Chapter glossary

carbon cycle the sequence of processes whereby carbon
compounds are interconverted in the environment,
involving the incorporation of carbon dioxide into living
tissue by photosynthesis and its return to the atmosphere
through respiration, the decay of dead organisms, and the
use of fossil fuels

clear-fell to cut down every tree in an area

deforestation the clearing of a forest or a stand of trees

environmental services the qualitative functions of natural
assets of land, water and air

forest degradation entails a reduction or loss of the
biological or economic productivity and complexity of
forest ecosystems, resulting in the long-term reduction
of the overall supply of benefits from the forest, which
includes wood, biodiversity and other products or services

forest fragmentation the division of continuous habitat
into smaller and more isolated fragments

habitat the natural home or environment of an animal, plant
or other organism

plantation forests managed forests consisting of one or
two species of trees

primary forest naturally regenerated forests of native tree
species where there are no clearly visible indications
of human activity and the ecological processes are not
significantly disturbed. Sometimes referred to as old-
growth forests

reforestation the re-establishment of forest formations after
human-induced or natural disruption

secondary-growth forests a stand of trees that result from
secondary ecological succession. This occurs in an area
where trees were removed by human activities




UNIT 5.1

Nature and spatial distribution of the
world’s forests

Forests are critical to life on Earth because they provide a range of important
environmental services, including habitat for plants and animals. They also supply
oxygen and protect Earth’s watersheds. A forest can inspire wonder, providing a place to
interact with the natural world.

Types of forests

Globally, forests cover 4.06 billion hectares (30.8 per cent of land), but their distribution
is uneven. Just five countries—DBrazil, Canada, China, Russia and the USA—contain
over half of the world’s forests (see Figures 5.1.1 and 5.1.2). Of these, nearly half are
intact, with primary forest making up a third. They are dominated by native tree
Did you know? species and there is no visible signs of human activity, leaving their ecological processes
largely undisturbed. Nine per cent of global forest cover exists as unconnected fragments.
Primary, or old-growth forests, are irreplaceable for their biodiversity, carbon storage and
ecosystem services, such as cultural and heritage values. Secondary-growth forests
result from secondary ecological succession after disturbance by human activity, including
clear-felling or by natural forces such as cyclones. Plantation forests are commercially
managed forests that account for about seven per cent of the world’s forested area.

Visits to forest environments
can have positive impacts
on human physical and
mental health. Many people
have a deep spiritual

relationship with forests.
Worldwide, forest diversity varies with latitude, soil, rainfall and prevailing temperatures

(see Figure 5.1.3). The three principal types of forest are coniferous (or boreal or taiga),
temperate, subtropical and tropical rainforests (see Figure 5.1.4).

Coniferous forests: covering 33 per cent of the land surface, are dominated by cone-bearing
trees, such as pines and firs (see Figure 5.1.7). They thrive in northern latitudes in areas with
warm summers and cool to cold winters. They span eight countries: Canada, China, Finland,
Japan, Norway, Russia, Sweden and the USA. Boreal forests are those evolving under short
growing seasons and severe winters with several months of snow cover.

Temperate forests: covering 25 per cent of the land surface, are found in Europe, East Asia,
North America and in some parts of South America (see Figure 5.1.6). Typically, they include

Tree cover density (%)
010 100

i
Source: UN Food and Agricultural Organization (FAO), 2020
5.1.1 World forest density by percentage
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coniferous and broad-leafed trees, such as oaks and elms. Many
broadleaf trees are deciduous, with leaves that turn orange,

yellow and red in autumn before falling oft. They are found in . (%g)
the mid-latitudes with a temperate climate—moderate rainfall (34%) -
evenly spread throughout the year, mild to warm summers and

cool to cold winters.

Tropical and sub-tropical rainforests: these are the most
biologically diverse and complex forests (see Figure 5.1.5). 72 (2%) -
Tropical forests need abundant rainfall (average over

o

60 millimetres a month) and constant warmth. They are & (922/0 ()2% )
found in equatorial regions of South America, Africa and 126 (3%)
South-East Asia. Subtropical forests are found on the east 134 (3%)
coasts of North America and Asia, and some mountainous ) . )
semi-tropical regions of Australia and New Zealand. They M Russia M China RUCHESS
also need hot summers with abundant rainfall, but tolerate Brazil i Australia M Peru
colder winters with moderate rainfall. Both types act as Il Canada I Democratic Republic India
‘carbon sinks’, soaking up greenhouse gases. M usA of the Congo M Rest of the world
Collectively, forests account for over 80 per cent of the Source: FA, 2020.
world’s terrestrial biodiversity and over 50 per cent of all 5.1.2 Global distributiorj qf forest showing the 10 countries with the

largest forest area by million hectares and percentage of the world’s

biodiversity. They are home to thousands of species of
plants, animals, fungi and bacteria. Rainforest ecosystems
are especially complex and vulnerable owing to their
high level of diversity in relatively small areas. In
contrast, savanna grasslands have lower biodiversity
spread over large areas, which reduces vulnerability.

forests.

Naturally regenerating forests account for 93 per
cent of the world’s forested area, the other 7 per
cent being planted forests.

Rainforest Savanna

5.1.3 The relationship between temperature, moisture and Wet » Dry
forest type Decreasing moisture

B [ Coniferous forest [
cf [ Temperate forest 0 2000 4000 km
. Tropical rainforest {*i- & T

5.1.4 Distribution of the world’s forests by type
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5.1.5 Tropical rainforest, Khao Yai National Park, Thailand

5.1.6 Temperate deciduous forest, Laurentian Mountains, Canada 5.1.7 Coniferous (boreal) forest, Carpathian Mountains, Ukraine

Ecosystem and economic services provided
by forests

Forests provide a range of ecosystem and economic services. These are shown in
Figure 5.1.8.
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5.1.8 Ecosystem and economic services provided by forests
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Through photosynthesis, forests remove carbon dioxide from the atmosphere and store

it as organic compounds as part of Earth’s global carbon cycle. In doing so, forests help Did you know?
stabilise average atmospheric temperatures and moderate Earth’s climate. Forests also Globally, 18 per cent of
produce oxygen, purify water and reduce run-off and flooding by storing water and then the world’s forest area,
releasing it slowly back into catchments. or more than 700 million

hectares, falls within legally
established protected areas
such as national parks,
conservation areas and
game reserves.

Forests support biodiversity, providing habitats for two-thirds of terrestrial species. They
support the livelihood of around 300 million people directly and 1 billion people indirectly.

Forests also provide a range of raw materials, including timber. More than half of the
wood harvested is used as biofuel for cooking and heating. The rest is mainly used to
make timber and paper.

Forests also play a role in maintaining human health and traditional medicines (used by
80 per cent of the population). Many modern medicines are derived from forest species.
Certain chemical compounds in forest plants are blueprints for prescription drugs. Forests
also remove air pollutants, including some human carbon dioxide emissions.

Natural causes of deforestation

The natural causes of deforestation include forest fires, disease, parasites and extreme
weather events like cyclones and floods. However, these impacts are not entirely
independent of human activity. The intensity of naturally occurring forest fires, for
example, is affected by human land management practices. Disease and parasite attacks
often result from humans upsetting the ecological balance. The frequency and intensity
of extreme weather events are increased by anthropogenic climate change.

Forest fires can be ignited by lightning strikes. If it happens frequently, the regeneration
rate is affected and the nature of the land cover can change permanently. Parasitic insects
can attack and even kill trees. Bark beetles bore through the bark of trees to access
nutrients in the inner layers. If they eat all the way around the tree, they will kill it
because the tree cannot send nutrients up and down the trunk. Defoliating insects eat the
green needles and leaves. Mistletoe-like plants (clumpy, parasitic growths) rob nutrients
from the host tree, weakening it and letting root diseases attack the underground root
systems. Extreme weather events can physically damage trees and prolonged flooding can
cause death.

the landscape shown in each photograph. Note the level
of diversity evident and any information that indicates the
climate present in the region.

: Activities :
Acquiring and processing geographical Applying and communicating geographical
: information understanding :
1 Explain why forests are critical to life on Earth. 7 Study Figure 5.1.1. With the aid of a world map, identify
: 2 Distinguish between primary and secondary forests. the parts of the world with the densest tree cover.
: What is a plantation? 8 Study Figure 5.1.2. Using data from the graph, describe
¢ 3 Identify the three principal types of forest. Describe the the global distribution of the world's forests.
: characteristic features of each. 9 Study Figure 5.1.3. Outline the relationship between
: 4 Explain why tropical and subtropical rainforests are so temperature, moisture and forest type.
: important. 10 Study Figure 5.1.4. Write three sentences describing the
: 5 Explain the relationship between the photosynthesis of global distribution of tropical and subtropical rainforests,  :
. forest trees and plants and global climate. temperate forests and coniferous (boreal) forests. :
6 Outline the natural causes of deforestation. 11 Study Figures 5.1.5,5.1.6 and 5.1.7. Describe the nature of :
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UNIT 5.2
Deforestation and its impacts

Detorestation involves the conversion of the existing tree-based land cover into non-forest
land uses, including subsistence farming, commercial agriculture, animal grazing, mining,
timber harvesting and urban expansion (see Figure 5.2.1). In the five years from 2015 to
2020, the annual extent of deforestation was an estimated 10 million hectares, down from
12 million hectares in 2010-2015 and 16 million hectares in the 1990s. An estimated 420
million hectares of forest have been lost worldwide through deforestation since 1990. But
not all forest resource exploitation is damaging. Appropriately managed, selective logging
is sustainable, but clear-felling can destroy whole ecosystems and the habitat on which
species depend.

Cleared plots Cleared plots

Old growth New highway for grazing Highway  for agriculture

5.2.1 Building roads into previously inaccessible forests is often the first step in the harvesting
of forest resources. It paves the way to forest fragmentation, destruction and degradation of forest ecosystems.

Forest fragmentation is the division of forests into smaller and more isolated
fragments. Examples include clearing forests for agriculture, transport infrastructure,
power and pipeline corridors, and urban subdivisions. Over time, the edges of each
remnant become degraded and may become too small and too isolated from other
fragments to support viable forest ecosystems, ultimately resulting in deforestation. Forest
fragmentation and the clear-felling of forests have profoundly altered the characteristics
and connectivity of forests and caused severe biodiversity losses.

While some forests are cleared, others are expanding (typically on land previously used
for agriculture), a process referred to as afforestation. So, while the global loss of forest
is around 10 million hectares per year, the net annual loss is less. The net change in
forest cover is calculated by deducting the increase in forested land from the area that
has been deforested.

In 2010-2020 the average annual net loss was 4.7 million hectares (down from 7.8 million
hectares per year in 1990-2000 and 5.2 million hectares a year in 2000-2010). Africa had
the largest annual rate of net forest loss in 20102020, at 3.9 million hectares, followed by
South America, at 2.6 million hectares. Asia had the highest net gain of forest area in
20102020 at 1.2 million hectares, followed by Oceania and Europe. Significantly, both
Europe and Asia recorded substantially lower rates of net gain in 2010-2020 than in
2000-2010. Despite this decline in the rate of deforestation, more than 80 million hectares
of primary forest were lost from 1990 to 2021. See Figures 5.2.2 to 5.2.4.
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5.2.2 Net forest area change by region, 1990-2020 (million ha per year)
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5.2.3 Global forest expansion and deforestation, 1990-2020 (million ha per year)

Causes of deforestation

Agricultural expansion is the principal driver of deforestation and forest fragmentation
and associated biodiversity forest loss. Agriculture accounted for 73 per cent of tropical
forest loss between 2000 and 2010.

Deforestation and forest degradation are driven by many political and socioeconomic
forces interacting at global to local levels. Population growth, demographic trends

and economic development are the principal drivers of environmental change,
including deforestation. Since the 1970s, the global population has doubled and the
global economy has almost quadrupled. It lifted billions of people out of poverty, but
significantly altered the environment through habitat change, loss and degradation,
unsustainable agricultural practices, invasive species, and resource overexploitation,
including illegal logging and wildlife trade.

Global market pressures, dietary preferences and waste throughout agricultural supply
chains drive demand for products, which drives deforestation and degradation. In
Africa, population pressure and poverty are the principal threats. Survival needs drive
people to convert forests to cropland and to harvest fuel wood at unsustainable levels.
Elsewhere, affluence drives deforestation through rising consumption patterns.
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The UN Food and Agricultural Organisation (FAO) found that large-scale commercial
agriculture (primarily cattle ranching and soya bean and oil palm cultivation) is the most
significant driver of deforestation, at 40 per cent from 2000 to 2010. Local subsistence
agriculture accounts for roughly 33 per cent, urban expansion (10%), infrastructure (10%)
and mining (7%). Sometimes land-use change was preceded by forest degradation, such as
unsustainable or illegal wood removal. Specific drivers differ significantly between regions
(see Figure 5.2.4).

A) Proportion of deforestation drivers B) Area proportion of deforestation drivers C) Proportion of forest degradation drivers
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Source: FAO, 2020
5.2.4 Drivers of deforestation and forest degradation by region, 2000-2010

State of the world’s tropical rainforests, 2020
Figure 5.2.5 summarises the state of the world’s tropical rainforests in 2020.

State of the world's largest tropical rainforests in 2020

Share of primary tropical forest Share of primary tropical forest
cover in 2020 loss 2002-2019

2020 2002-19 % loss of o 1% 0%

extent loss 2001 cover ., \\“

mm Amazon 526.2 30.5 55% 3%

= Congo 167.6 6.1 3.5% )
Australasia 64.4 1.3 2.0%
Sundaland 51.0 10.4 17.0%

mm Indo—Burma 40.1 3.6 8.2%

mm Mesoamerica 16.0 2.0 11.2%

mm Wallacea 14.6 1.1 6.9%

mm West Africa 10.2 0.9 7.7%
Atlantic forest 9.3 0.7 6.7%
Choco 8.4 0.1 1.4% P

mm Rest of the tropics 61.2 37 57% 2%

Tropical primary forest loss and tree cover loss 2002-2019
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Source: FAO, 2020
5.2.5 The state of the world'’s tropical rainforests, 2020
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Deforestation in Australia

Around 44 per cent of Australian forests and woodlands have been
cleared since 1788. This reflects the more recent history of land
clearing and agricultural land uses, plus the legacy of over

65 000 years of Indigenous land management practices.

The least-modified vegetation cover is in the north and centre of
Australia, along with the eastern and south-western ranges of the
mainland and the eastern ranges and south-western Tasmania (see
Figure 5.2.6). In these places, about 80 per cent of vegetation is
classified as residual or modified. Conversely, the most-modified or
replaced vegetation is in the intensive-use zones of the eastern and
southern mainland, and the midlands and north of Tasmania. In these
zones, an average of only 40 per cent (range 15-69%) of vegetation
is classified as residual or modified. In both instances, the vegetation’s

regenerative capacity remains intact.

Land clearing and fragmentation pose the greatest threat to g.z.s C'f\al‘r'lfle”ing of native eucalypt forest in Tasmania's
biodiversity. Of the 1250 plant and 390 terrestrial animal species ermem e

listed as threatened, 964 plants and 286 animals have deforestation

and resulting habitat fragmentation or degradation identified as a threat.

Land clearing rates are broadly stable or decreasing everywhere except Queensland.
There, relaxing the tree-clearing legislation led to an increase in clearing rates of both
remnant and non-remnant vegetation. In the period 2010-2018, the total area of land
cleared in Queensland was 2 446 600 hectares. Over 90 per cent of cleared Queensland
forest was replaced by pasture from 2016 to 2019 (see Figure 5.2.7). From 2001 to 2021,
Australia lost 8.73 million hectares of tree cover, equivalent to a 21 per cent decrease in
tree cover since 2000. Fortunately, the rate of loss is slowing and natural regrowth means
there has been a net increase in vegetation over recent years.

1200

1000 —

Thousand hectares cleared per annum

I QLD NSW mm WA VIC mmm SA mm TAS

5.2.7 Deforestation and land clearing in Australia, 1990-2016
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Impacts of deforestation and land
clearing in Australia
Deforestation and land clearing in Australia have a range of impacts.

Animal endangerment and extinction: tens of millions of animals are killed every
year, and species are being driven to extinction, by deforestation and land clearing.
Amphibians and fish are also affected as rivers and wetlands are polluted and damaged.

Wiping out plant communities: whole plant communities are threatened by
deforestation and land clearing. Almost all of Australia’s threatened plant communities are
found in areas of high current or historic deforestation and land clearing.

Climate change: deforestation and land clearing impacts climate change in two ways.
Firstly, the removal of vegetation results in a decline in the drawdown of carbon dioxide
from the atmosphere. Secondly, when burned, forests release large amounts of stored carbon
and other greenhouse gases into the atmosphere. The World Wildlife Fund for Nature
(WWF) estimates that the greenhouse gas emissions from deforestation and land clearing in
Australia are equal to about half of all the country’s coal-fired power station emissions.

Dryland salinity: when vegetation is removed, water that was once absorbed by the
root systems of trees penetrates deeper into the soil profile where it accumulates. As it
does this, it raises the water table. As the water rises, it brings dissolved salt towards the
surface. If the accumulation is large enough, salt scars develop and most vegetation can’t
grow. Across Australia, millions of hectares of land, and tens of thousands of farms, have
been aftected by salinity. By 2050, it’s projected that more than 17 million hectares of
land will have been degraded by salinity.

Soil erosion: when vegetation is removed, soil is exposed to erosion by wind and
running water. This impacts the fertility of soils and the prospects of forest cover
restoration.

River system pollution: the erosion of soil and increase in run-off negatively impacts
water quality, temperature, sediment and nutrient loads of waterways, lakes and wetlands.
In doing so, it changes the physical properties of water bodies and the habitat they
provide, threatening the species that depend on clean water.

Pollution of the Great Barrier Reef and other marine environments: there

is a direct link between deforestation and the quality of water flowing into marine
environments. Sediment, pesticides and nutrient load all impact fragile ecosystems like
the Great Barrier Reef, where they promote algae growth that adversely affects corals.
Pesticides can leach into river systems and then into the sea, where it affects marine life.

Invasive species incursion: the clearing of native vegetation can result in weed
invasions, and the fragmentation of habitat encourages the spread of animal predators
such as cats and foxes.

Increased frequency and duration of droughts: forests, as with other types of
vegetation cover, take up and transpire moisture into the atmosphere, together with heat.
This process contributes to the occurrence of localised cloud formation and rainfall. The
clearing of the land reduces moisture and increases albedo (see Units 3.3 and 4.4). The
net result of clearing is a reduction of rainfall and increased heating.

Increased fire risk: the logging of forests increases the rate of localised drying and
changes in forest structure. Together with heightened fire risk due to climate change,
logging increases the frequency and severity of destructive bushfires with its devastating
impacts on wildlife and plant communities.

A loss of natural disaster buffers: forests can act as a buffer to natural disasters.
‘Within river catchments, for example, the loss of land cover results in more and quicker
run-oft. The incidence and severity of flooding increases as a result.



Diminished sources of food and medicine: Australia’s native plants are a rich source
of indigenous medicine and food. These plants are also studied in some contemporary
medical research. Deforestation depletes these resources and opportunities for future
medical discovery.

Loss of amenity: deforestation robs people of places to engage with nature. Forests
can inspire people, and, in the case of those Aboriginal and Torres Strait peoples whose
Country is located in forest regions, can also form an important source of spiritual
enrichment and identity. They are also important recreational spaces.

Loss of cultural heritage: Aboriginal and Torres Strait Islander peoples have strong
and enduring personal and cultural connections to Country. This includes Australia’s

forests, the loss of which can destroy sites of cultural significance.

©® SPOTLIGHT

Deforestation in Borneo’s rainforests

Borneo's rainforests are estimated to be at least 130 million
years old. Of great ecological importance, it is home

to 15 000 species of plants (including 3000 trees,) 420

birds and 222 mammals. Many are only found in Borneo,
including Borneo pygmy elephants, proboscis monkeys,
black shrews and Bornean orangutans. It is estimated that
only 50 000 Bornean orangutans live in the wild, making

it one of the most critically endangered species on Earth
(see Figure 5.2.8).

Deforestation in Borneo is widespread and largely
involves the use of fire (see Figure 5.2.9). Rainforest
fires have become an annual event. In the Indonesian
state of Kalimantan, illegal fires that raged during
2019 spread acrid smoke as far as West Malaysia
and Singapore. The use of fire is driven by a growing
demand for lucrative palm oil, which is used in
products ranging from chocolates to shampoo. The
money that farmers earn from palm oil is four times
what they would earn from growing rice or producing
rubber. See Figure 5.2.10.

Land clearing by fire also destroys
the peatlands that lie beneath it,
one of the world’s largest natural
terrestrial ‘carbon sinks'. Natural
forest fires in Borneo are rare. Peat
contains partially decayed plant
material that soaks up excess water
during the monsoon season and
stays damp during the dry season,
preventing fires.

Clearing forests by fire devastates
local biodiversity, so the number
of threatened plants and animals
is rising, threatening the island’s
biodiversity heritage.

Though most are deliberatively lit,
global warming has increased the
frequency and intensity of all fires.
Losing forest cover diminishes its
capacity to sequester, or store,
carbon and produce oxygen, and
reduces the flow of moisture into

the atmosphere.

Continued on next page

CHAPTER 5 DEFORESTATION

113




B R

Island of Borneo

Sulawesi

Forest cover loss
on Borneo

[ Jupto1900
[ 1900-2000 Java Sea 4
[ 2000-2020 -N-
I Forest cover left in 2020 |
(projection)
. International border 0 100 200 300km

Source: WWF
5.2.9 Borneo rainforest loss 1900-2020

D R R R R R R

GLOBAL INTERACTIONS 11



Activities

Acquiring and processing geographical
information

1
2

4

5

Define deforestation. What does it involve?

What was the amount of forest lost in the period
2015-2020? What trend is evident?

Explain the process of forest fragmentation. How does it
contribute to the loss of biodiversity?

Explain what afforestation is. To what extent does it offset
forest loss?

Outline the principal causes of deforestation.

Applying and communicating geographical
understanding

6

Study Figure 5.2.1. Explain how the construction of roads
in forest areas often results in forest fragmentation,
destruction and degradation.

Study Figure 5.2.2. Using data from the graph, outline
the net forest loss being experienced by different
regions. Where, for example, is the rate of deforestation
increasing and decreasing?

Study Figure 5.2.3. Using data from the graph, describe
the global trends in forest expansion and deforestation.

Using data provided in the text under the heading,
‘Causes of deforestation,’ construct a pie graph showing
the relative contributions of commercial agriculture,
urban expansion, infrastructure and mining to
deforestation.

10

11

12

13

Study Figure 5.2.4 and then answer the following
questions:

a In which regions does commercial agriculture
make its largest and smallest contributions to
deforestation?

b In which region does the collection of fuel wood make
its greatest contribution to forest degradation?

¢ In which region does timber logging make its largest
proportional contribution to forest degradation?

Study Figure 5.2.5. Drawing on the data presented,
write a report outlining the state of the world's tropical
rainforests in 2020.

Study the text under the heading, ‘Deforestation in
Australia’, and complete the following activities.

a List the factors that have determined the current
distribution and state of Australia’s forested lands.

b Study Figure 5.2.7. Write an extended response
summarising the impacts of deforestation in Australia.

Study the box, Spotlight: Deforestation in Borneo’s
rainforests and complete the following activities.

a Explain what is special about the rainforests of Borneo.
b Outline the factors driving deforestation in Borneo.

c Explain why the burning of Borneo’s peatlands is so
environmentally damaging.

d Describe the impact of climate change on the
rainforests of Borneo.

e Study Figure 5.2.9. Compare the cover in 2020 against
that of 2000 and 1900.
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UNIT 5.3

Sustainable management of
the world’s forests

116

Did you know?
Sustainability is an
approach to environmental
management that focuses
on meeting the needs

of the present without
compromising the ability

of future generations to
meet their needs. It is

both a goal and a way of
thinking. Progress towards
environmental sustainability
depends on the
maintenance or restoration
of both economic and
social environmental
functions that sustain all life
and human wellbeing.
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Efforts to combat deforestation have gathered pace over the past few decades, primarily
because of a growing appreciation that forest loss and the use of fire to clear land is
negatively impacting the global carbon cycle. Slowing, if not reversing, the rate of
deforestation is seen as critical to limiting the warming of the planet to well below
2°C, and preferably to 1.5°C, compared to pre-industrial levels.

Applying the principle of sustainable development is critical to the successful
management of the world’s forest resources. An integrated approach to land use planning,
within a sustainable framework, provides a strategy for balancing competing land uses.
The development of such strategies requires meaningful participation from stakeholders.
This ensures that strategies are accepted, and that stakeholders will implement and
monitor the plans.

Actions designed to address the issue of
deforestation

The establishment of protected forest areas

The global network of protected areas, such as national parks, nature reserves,
conservation reserves and game reserves, has expanded rapidly in recent decades,
reaching almost 240000 designated protected areas. Collectively, these areas now protect
just over 2 billion hectares, equivalent to 15 per cent of Earth’s land surface. Thousands
of these protected areas are specifically designed to protect forests.

Globally, 18 per cent of the world’s forest area, or more than 700 million hectares, is
found within legally established protected areas. The largest share of forest in protected
areas is found in South America (31%) and the lowest in Europe (5%). See Figures 5.3.1
and 5.3.2.

Europe
North and Central America

Oceania

South America

I I I I |
40 50

o —
_
o
N
o
w
o

Note: Data for Europe include Russia. If Russia is excluded, 18 per cent of Europe’s forest area is in protected areas.
Source: FAO, 2020

5.3.1 The percentage of forests in legally protected areas
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To be effective, protected areas need to be large enough to allow
ecological processes to be sustained indefinitely without being negatively
affected by activities in surrounding areas. They must be managed in
ways that meet both the interests of local communities and the demands
of biodiversity conservation, which can be conflicting. For example,
where the main drivers of deforestation are subsistence agriculture

and fuel wood harvesting, the development of alternative forest-based
livelihoods is often necessary. This might involve the development of
sustainably produced forest products and services (see Figure 5.3.3).

Another strategy to maintain biodiversity is the retention of biological
(or habitat) corridors. A habitat corridor is an area of habitat that
connects wildlife populations separated by human activities. These,
often narrow;, forest corridors allow for an exchange of individuals
between populations, which may help prevent the negative effects

of inbreeding and reduced genetic diversity that often occur within
isolated wildlife populations. Corridors may also help facilitate the
re-establishment of populations that have been reduced or eliminated
due to events such as fires or disease outbreaks.

Non-government organisations

Non-government organisations (NGOs) have been central to efforts
to save the world’s forests. NGOs serve as watchdogs and agents

of change. They hold governments and businesses to account by
facilitating collective action and community engagement. They have
become skilled at capacity-building, networking and partnerships.
Some of the best known and successful forest-related NGOs are the
Global Forest Coalition, Rainforest Action Network, World Wildlife
Fund (WWF), Rainforest Trust and Conservation International.

By bringing the plight of the world’s forests to the public’s attention,
often through the skillful use of the media, NGOs have been
successful in shaping public discourse and debate (see Figure 5.3.4).
This has forced governments and businesses to act.

Consumer and shareholder activism

Environmental groups and other NGOs have worked to ‘name
and shame’ corporations that profit from deforestation and land
clearing. By pushing for consumer boycotts and putting pressure on

5.3.3 In protected forest areas, local communities need to be
supplied with alternative sources of energy if their impact on
the forest is to be minimised.

5.3.4 A protest in Brazil to denounce indiscriminate burning in
the Amazon
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shareholders, they have helped modify corporate behaviour. Certification schemes have
also identified products that meet certain environmental and human rights standards.

Consumer-based approaches encourage customers and shareholders to boycott products from
illegally cleared land. NGOs also pressure importing firms and manufacturers, which, in turn,
pressure their suppliers to prove their products do not come from deforested land. They may
develop or join an internationally recognised forest certification standard. Such initiatives
advance environmental standards, labour rights, workplace safety and human rights.

Consumer pressure on large beef importers, like McDonald’s, encouraged them to
influence the Brazilian beef ranching industry to change their practices. Importers may
enhance their reputation by purchasing sustainable beef via schemes like the Global
Roundtable for Sustainable Beef. The Chinese meat industry is a major importer of
Brazilian beef and China has partnered with the WWF to protect the Amazon forests.

Government responsibilities

Governments are forest regulators and often large-scale forest owners. Their major role
is to create conditions that ensure all forests are sustainably managed. Success means
establishing clear processes for land-use planning and decision-making that involve
community and corporate stakeholders.

Governments need to enforce forest-related laws and regulations. Illicit exploitation and
trade in timber is a global problem with serious implications for biodiversity conservation
and ecosystem services. Illegal activities include harvesting, transport, processing,
purchasing or selling forest products. The driving forces are complex, but include
inadequate legal protection, absent law enforcement, corrupt local officials and a limited
capacity to develop and implement effective land use plans. Countries importing timber
products without ensuring they are legally sourced are encouraging illegal land clearing.

Demand for timber commonly drives illegal logging, especially high-value species such as
mahogany. However, it can also result from clearing land for plantation commodities like
oil palm and soya beans.

Efforts to combat illegal logging have been spearheaded by trade regulations in consumer
countries. Importers must be able to demonstrate that their timber was harvested legally.
Australia’s illegal logging laws, similar to the European Union and the USA, were
designed to combat the trade in illegally sourced timber. Its framework includes the
Illegal Logging Prohibition Act 2012 (the Act) and the Illegal Logging Prohibition Regulation
2012 (the Regulation). The Act makes it a criminal offence to import illegally sourced
wood, pulp and paper products intentionally, knowingly or recklessly into Australia. The
Regulation outlines the due diligence process that businesses must undertake. It requires
importers of regulated timber products and Australian processors of raw logs to minimise
the risk that the wood has been illegally logged.

International initiatives

There are several notable international initiatives designed to slow the rate of
deforestation.

The Forest Carbon Partnership Facility (FCPF): commonly referred to as REDD+ is
an incentive-based scheme that helps developing countries to access funding, principally
from the Green Climate Fund, for verified results in:

m reduced emissions from deforestation and forest degradation
m the sustainable management of forests
®m the conservation and enhancement of carbon stocks.

To date, 50 countries have submitted a baseline of emissions against which they can measure
their progress in reducing emissions from deforestation and forest degradation. These countries
represent more than 30 per cent of the global forest area and more than 70 per cent of the
global loss of forests. As of January 2020, nine countries have reported reductions of 8.82
billion tonnes of emissions due to reduced rates of deforestation and forest degradation. The
UN-REDD Programme, an initiative of FAO, the United Nations Development Programme
and the United Nations Environment Programme, supports the nationally-led REDD+



processes (see Figure 5.3.5). It promotes the engagement of all stakeholders, including
indigenous peoples and other forest-dependent communities, implementing REDD+.

The New York Declaration on Forests (2014) is a voluntary (non-binding) international
agreement to halt global deforestation. It has been endorsed by more than 200 bodies,
including governments, transnational corporations, groups representing indigenous
communities and NGOs. Importantly, it specifically includes commitments by the private
sector to eliminate deforestation from the supply chains of major agricultural commodities.
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5.3.5 Countries participating in the UN-REDD initiative and the FCPF (REDD+)
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Cocoa: Towards a deforestation-free commodity chain

Almost 70 per cent of the world’s supply of cocoa These initiatives are aligned with national REDD+
originates from West Africa where smallholder farmers policies and plans.

rely on cocoa as their major cash earner (see Figure 5.3.6).
Historically, cocoa has been an important driver and direct
cause of deforestation. The expansion of cocoa growing
into forests is often driven by declining cocoa yields

from established plantations. The soils of freshly cleared
forested land are often more fertile.

Governments in the region, together with private
operators, have made a range of commitments to

end deforestation in cocoa supply chains. They aim to
safeguard biodiversity and ecosystem services while
avoiding revenue loss and impacts on local livelihoods.
Public—private initiatives, such as the Cocoa & Forests
Initiative of Ghana and Coéte d’lvoire and the Green
Cocoa Landscape Programme in Cameroon, aim to
support the sustainable intensification and climate
resilience of cocoa production, the prevention of further
deforestation and the restoration of degraded forests.
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Did you know?
The State of the World’s
Forest report 2020, noted
that there are 1.7 billion
to 1.8 billion hectares

of potential forest land

in areas that have been
previously degraded,
dominated by sparse
vegetation, grasslands and
degraded bare soils.

5.3.7 Forestry worker and volunteer
plant trees as part of reforestation
efforts, Okayama, Japan

120

GLOBAL INTERACTIONS 11

The role of agribusiness

Growing international pressure has encouraged an increasing number of agribusinesses
(agriculture-based businesses) to commit to zero deforestation. Commodity investors
are also encouraged to adopt business models that are environmentally and socially
responsible, and that involve and benefit local producers, distributors and other
contributors to the commodity value chain. This can be achieved through the joint
design of sustainable land use plans on corporate land.

In places where large-scale commercial agriculture is the principal cause of deforestation,
effective regulation, with appropriate social and environmental safeguards, is needed.
Initiatives, such as voluntary certification schemes and commitments to zero
deforestation, also have a positive impact. These are examined in more detail below.

Forest restoration

The UN’s Sustainable Development Goals Report 2019 found that 20 per cent of Earth’s
surface was in a degraded state. To address the issue, the UN declared 2021 to 2030 the
Decade on Ecosystem Restoration. The aim is to prevent, halt and reverse ecosystem
degradation and raise awareness of the importance of ecosystem restoration.

Forest restoration can involve a range of strategies. They include:

m rehabilitation: restoration of the species mix and structure of an existing ecosystem

B reconstruction: restoration of native plants on land used previously for other
purposes

reclamation: restoration of severely degraded land devoid of vegetation

replacement: the replacement of existing species with a new species better able to
cope with a changing climate.

Land restoration initiatives include the Latin American Initiative 20X20 (launched

in 2014), which aims to restore 50 million hectares of degraded land by 2030. As of
2023, there were more than 100 land restoration and forest conservation projects in
Latin America and the Caribbean. Another example is the African Forest Landscape
Restoration Initiative (AFR 100), launched in 2015. AFR 100 aims to bring 100 million
hectares of degraded land under restoration by 2030.

Natural regeneration

The natural regeneration of forests can be assisted and managed by humans. It includes
forest restoration, reforestation and afforestation (see Figures 5.3.7 and 5.3.8). Assisted
natural regeneration (ANR) involves any set of interventions aimed at enhancing and
accelerating the natural regeneration of native forests.

ANR is a relatively simple and inexpensive approach to forest regeneration. It involves
removing or reducing barriers to natural succession. It often involves the re-establishment
of trees from seeds adapted to local soil and climate conditions. It may also involve the
encouragement of pollinators, herbivores and seed-dispersal agents of colonising tree
species.

Human interventions may also include protecting an area from disturbances such as

fire, stray domestic animals and human activities such as trail bike riding, and reducing
competition from grasses and other vegetation forms that hinder the growth of naturally
regenerating trees.
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5.3.8 Increase in forest area through forest restoration, reforestation and afforestation, 2000-2019

Activities

Acquiring and processing geographical
information

deforestation.

2 Name the criteria which must be met for a protected
area to be effective in maintaining biodiversity.

4 Outline the role and characteristics of NGOs in terms of
their efforts to protect the world’s forests.

5 Explain how consumer and shareholder activism has
proved to be an effective way of battling deforestation.

6 Outline the role that governments play in protecting the
world’s forests.

7 Explain how agribusiness can contribute to a slowing
rate of deforestation.

8 Outline the ways in which the natural regeneration of
forests can be assisted by humans.

1 Explain what is driving the effort to slow down the rate of

3 Explain why biological (habitat) corridors are important.

Applying and communicating geographical
understanding

9 Explain the concept of sustainability. Outline what is
required to achieve sustainable development.

10 Study Figure 5.3.1. Using data from the graph, describe
the global distribution of protected forest areas.

11 Study Figure 5.3.2. Identify the regions which have
seen the greatest rate of increase in protecting forest
areas since 1990. Which have shown the lowest rate of
increase?

12 Study the box, Spotlight: Cocoa: Towards a deforestation-
free commodity chain. Outline how a deforestation-free
commodity chain has been achieved within the cocoa
industry.

13 Study Figure 5.3.8. Identify the regions of the world that
have the best record of forest restoration, reforestation
and afforestation.

CHAPTER 5 DEFORESTATION 121




UNIT54
Deforestation in the Amazon Basin

The Amazon Basin of South America is vast

(see Figure 5.4.1). It covers about one-third

of South America, spans eight countries and
features a mosaic of intersecting and overlapping
ecosystems. The Basin covers at least 6 million
square kilometres (an area nearly twice the size
of India) and is home to Earth’s largest rainforest
(See Figure 5.4.3). The forest, which covers about
80 per cent of the Basin, supports one-fifth of the
world’s terrestrial species, including many found
nowhere else on Earth (see Figure 5.4.2). It is also
home to more than 30 million people, including
hundreds of indigenous groups. The Amazon is
drained by the world’s largest river, as measured
by the volume of flow and the size of its drainage
basin.

Despite its vast size, and its importance to

the planet, there is still much to learn about
the complexity of its contribution to Earth’s
5.4.1 Amazon rainforest, Brazil ecosystem services. Given that it is largely
surrounded by mountainous plateaus, much of
the basin is remote and difficult to access.

The Amazon rainforest’s
environmental services

The importance of the Amazon rainforest and
the environmental services it provides extend
well beyond the borders of Brazil. The rainforest
is an enormous ‘carbon sink’. It draws down
carbon from the atmosphere and sequesters it in
the soil and plants of the forest. Additionally, the
plants, transform un-sequestered carbon dioxide
into oxygen, which is pumped back into the
atmosphere. Up to 20 per cent of Earth’s oxygen
originates from the Amazon forests. Without
this sink and oxygen-producing capacity, global
atmospheric carbon dioxide concentration would
increase more rapidly than it is, resulting in even
higher temperatures. When the forest burns,

the stored carbon dioxide is released into the
atmosphere, thereby adding to the warming of
the planet.

5.4.2 Amazon jaguar is just one of the 427 mammal species known to live in the The Amazon rainforest also pumps vast quantities
Amazon forest. of moisture into the air by transpiration. About
half of this moisture falls as rain within the basin.
The rest travels to other parts of South America
via ‘atmospheric rivers’ and contributes to precipitation in these areas. As the forest is lost
or fragmented, this transfer of moisture is disrupted, impacting rainfall patterns across the
continent.
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5.4.3 False-colour image of South America showing the nature and

The lighter green areas in Venezuela, Guyana, extent of land cover change

Suriname, French Guiana and southern and
eastern Brazil are generally tropical savanna. These
woodland—-grassland ecosystems often have trees, but they are spaced far enough apart that the canopy does not
appear fully closed. While tropical savannas receive plenty of rain during the wet season, they typically have vegetation
that can withstand the region’s lengthy dry season. Rivers and reservoirs appear as navy blue in the image. The brown
areas are seasonally flooded wetlands.

Areas affected by human activity stand out. Forest areas that were converted to pasture generally appear yellow.
Savanna converted to cropland is generally pink, especially if fields are fallow or have exposed soil. .

Causes of forest lost in the Amazon

The main causes of forest loss in the Amazon are clearing land for cattle grazing (63 per cent),
small-scale farming (12 per cent), commercial crops (9 per cent), fire (6 per cent), selective
logging (4 per cent) and tree plantations (including palm oil) (1.5 per cent).

Deforestation, often achieved

through the use of fire, represents the

single greatest threat to the Amazon 35000 - ~92.00%
rainforest. Figure 5.4.4 shows the

trend in deforestation since 1988, 30000
compared to 1970. Almost 20 per - 88.00%

cent of the pre-1970 forest cover had 250007 | 86.00%
been lost by the end of 2021—down

from 4.1 million square kilometres to 20000+ - 84.00%
3.3 million square kilometres. The 15000 | 82.00%
rate of loss peaked in 1995 when

29 059 square kilometres was lost. 10000 - - 80.00%
The average annual rate of loss in | 78.00%
the period 20102021 was a more 5000 4

modest 7184 square kilometres. This - 76.00%
reduction in the rate of loss can be 04 | 74.00%
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mm Annual forest loss (km?) == Percentage of 1970 remaining
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some of which have been introduced
by international bodies like the

European Union. 5.4.4 The trend in annual forest loss (1988-2021) and natural forest cover compared to 1970
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Did you know?
Scientists fear that the
continued destruction

of the Amazon rainforest
could push climate change
towards a tipping point,
after which the region
would enter a feedback
loop of decline. The result
would be rainforests
converting into savanna,
releasing 200 billion
tonnes of CO, into the
atmosphere. Temperatures
would increase further,
and the environmental
services of the Amazon
rainforest would be greatly
diminished to the detriment

of the entire planet.

The clearing of the rainforest is typically done using the slash-and-burn technique

(see Figure 5.4.6). The forest is first cleared using bulldozers during the wetter months of
the year (November—June). The piles of felled trees are set alight as the dry season arrives
(July—October). Often these fires spread into the adjacent, uncleared rainforest where
they are difficult to extinguish. Much slash-and-burn activity is done illegally. While
most countries in the Amazon Basin have laws against deforestation, they are rarely
enforced.

The inauguration of president Jair Bolsonaro, in January 2019, resulted in a relaxation
of environmental protection measures. As a result, Brazil had more than 70 000 fire
outbreaks in 2019, an 84 per cent increase on the same period in 2018. More than
half of these fires were in the Amazon rainforest. Higher temperatures and a dryer than
normal summer, both attributed to global climate change, increased the intensity of the
fires.

Farmers took advantage of weaker enforcement of environmental regulations. After
Bolsonaro became president, the Brazilian environment agency issued fewer penalties,
and ministers sided with those responsible for land clearing rather than the indigenous
groups who live in the Amazon. In the 2022 presidential election, Bolsonaro was
defeated by Luiz Inicio Lula da Silva. Lula, as he is known, made climate a cornerstone
of his presidential campaign. He pledged to end deforestation in the Amazon.

Satellite imagery is used to track the incidence of fire in the Amazon. While naturally
occurring fires do happen, 99 per cent of fires are the result of human intervention,
either on purpose or accidentally. Satellite imagery highlights a relationship between
the points of fire ignition and roads and existing agricultural areas. Very few fires start in
remote areas of the Amazon Basin.

The Amazon fires of 2019

In 2019, fires raged across the Amazon Basin (see Figure 5.4.5). The destruction was so

great that it was represented as one of the greatest environmental disasters of the decade.
The impact of the fires prompted a wave of global concern and focused attention on the
valuable environmental services provided by the Amazon rainforests.

Importantly, there was not just one large fire, but thousands of fires spread all over the
Brazilian Amazon—in particular, along the southern edges of the rainforest where the
encroachment of agriculture and grazing has resulted in the greatest rate of land cover
change. The vast majority of fires were lit by cattle ranchers, loggers and speculators who
want to clear and use the land.

5.4.5 A photo of an Amazon blaze taken with a drone 5.4.6 Slash-and-burn land clearing
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Saving the forests of the Amazon

Brazil faces an enormous challenge: how to balance economic growth with the
preservation of the Amazon rainforest. Many NGOs are campaigning to protect what
remains of this amazing natural wonder. Mongabay, a website that publishes news
focusing on tropical rainforests, identifies several strategies for protecting the rainforests of
the Amazon.

Forest rehabilitation

The restoration of entire ecosystems is possible in regions where remnants of the original
forest cover remains intact and population pressure is not too great. Small clearings
surrounded by forest recover quite quickly. Large areas of cleared land may recover over
time, especially if there is human intervention in the reforestation process. After several
years, once—barren fields can support vegetation in the form of pioneer species and
secondary growth. While secondary forests are generally low in diversity, the forest cover
will be substantial enough to allow some species to return. Additionally, newly forested
areas can be used for the sustainable harvest of forest products and low-intensity logging.

Increased productivity of formerly forested lands

Increasing the productivity of already cleared rainforest lands using improved agricultural
technologies can generate higher-yielding crops and reduce the need to clear additional
areas of rainforest.

Expansion of protected areas

Expanding the protection of critically important habitats is seen as essential to
maximising the survival of the Amazon’s biodiversity. The key to such efforts include:

identifying biological hotspots and prioritising their protection
providing the funding needed by enforcement agencies
sufficient funding to maintain protected areas

making sure local communities are involved in decision-making processes

improving the living conditions of local communities. Local communities need to be
both partners in and beneficiaries of conservation eftorts.

Development based on the sustainable use
of existing rainforests

Applying the principle of sustainability is potentially one of the best ways of protecting
rainforests. In agriculture, this could involve the adoption of the techniques used by

the indigenous peoples of the basin. These techniques could be used to increase the
productivity of degraded forest lands and promote sustainable use of forest resources.
Additionally, the application of agroforestry techniques (the growing of trees or shrubs
around or among crops or pastureland) and polyculture practices (the practice of growing
more than one crop at the same place and time) can increase productivity and minimise
the need to clear an extensive area of rainforest. Ending subsidies for large landowners
would also slow down the rate of deforestation.

Traditional, sustainable tree—harvesting practices have the potential to sustain forests as
functional ecological systems, while providing the economic benefits associated with the
resource.

Related strategies include:
m restricting the trade of specific rainforest tree species, for example, mahogany

m ending subsidies for sawmills and road construction will reduce the financial viability
of forest clearing

m adopting best-practice logging procedures to reduce the impact on surrounding
vegetation, for example, directional tree felling

m establishing stream buffer zones to protect water quality

B minimising soil disturbance

CHAPTER 5 DEFORESTATION

Did you know?

In 2021, Amazon rainforest
destruction rose 24% from
2020, to 10 476 km?. This
was a 39% increase from
the 7536 km? deforested in
2018. Scientists agree that
protecting the Amazon is
critical to stop catastrophic
climate change because
it absorbs vast amounts
of CO,,.
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m reducing wood waste
m limiting the gradient of roads to prevent excess erosion

m establishing plantations on already degraded lands to minimise the clear-felling of
forests.

Land policy reform

Under Brazilian law, the Amazon rainforest is defined as an ‘open access resource’,
meaning that it is freely available for exploitation. As a result, there is little incentive

for squatters, farmers or developers to use forests or resources sustainably. Many simply
clear another area of the forest when the land being used is no longer viable, because of
declining soil fertility. Developers gain the right to unoccupied land just by using it for
at least one year and a day. This ‘use’ could simply involve grazing a few cattle on the
land or burning an area of forest. Laws restricting such practices are urgently needed.
Alternatively, existing laws could be enforced. For example, the 1996 law forbidding
landowners from cutting down more than 20 per cent of the forest on their land.

Law enforcement

While Brazil has several laws aimed at reducing the rate of deforestation and encouraging
the sustainable use of forest resources, the agency responsible for their enforcement

(the Environmental Protection Agency) is so underfunded that it is largely ineftective
(see Figure 5.4.7). Corruption further undermines attempts at law enforcement. The
agency estimates that as much as 80 per cent of all logging in the Amazon is illegal.

International attention

5.4.7 Law enforcement officers on In November 2021, more than 100 countries with around 85 per cent of the world’s
patrol in the Amazon forests agreed in the COP26 climate summit’s first major agreement to end deforestation
by 2030. This was an improvement on a similar 2014 agreement, because it now
included Brazil. Those signing the 2014 agreement, the New York Declaration on
Forests, pledged to halve the rate of deforestation by 2020 and end it by 2030. But in the
20142021 period, deforestation increased.
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Activities

Acquiring and processing geographical Applying and communicating geographical

information understanding

1 Identify the key features of the Amazon Basin’s 7 Study Figure 5.4.3. Identify the areas on the false-colour
geography. satellite image that are covered by tropical humid

2 Outline the environmental services provided by the rainforests, tropical savanna and woodland grassland
Amazon’s rainforests. ecosystems. Identify those areas affected by the activities

: I of humans.
3 Outline the nature and extent of land clearing in the

Amazon. 8 Draw a pie graph illustrating the causes of deforestation

. .. . in the Amazon. Include an ‘others’ category.
4  Explain how political factors have impacted on gory

deforestation in Brazil. 9 Study Figure 5.4.4, then complete the following tasks.
5 Outline the causes of the Amazon fires of 2019. What was a Using data from the graph, write a short report
their impact? describing the trends in annual forest loss between

. . . 1988 and 2018.
6 Summarise the various strategies that could save the
rainforests of the Amazon Basin. b Using data from the graph, describe the trend in the

percentage of 1970 forest cover remaining.

c Describe the trend in the estimates of natural forest
cover 1970-2021.
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APPLICATION AND CONSOLIDATION TASKS

Task 1: Infographic: Ecosystems and economic services
Using Figure 5.1.8, create an infographic outlining the ecosystem and economic services provided by forests.

When you are outlining the services provided by forests, ensure you include the following information in your
infographic:

m specific examples for each service provided

m both the direct and indirect benefits of the services provided by forests

Task 2: Report writing: State of the World’s Forests
Write an extended report on the State of the World's Forests.

Access the most recent State of the World'’s Forests report from the FAO and analyse the progress made in protecting
the world’s forests since 2020. In your report:

m describe the main findings of the report
m outline and describe changes and updates
m analyse the initiatives discussed in the report

® add visuals (maps, graphs, diagrams, photos).

Task 3: Presentation: Rainforest investigation

Investigate an example of how an international initiative has proved effective in protecting forests in a specific country
and/or region. You can either select one of the examples in this chapter or another (in consultation with your teacher).

In your presentation:

outline the international initiative

explain whether or not the situation has improved since 2020 or since it started
explain whether the initiative has been successful or if changes have had to be made
outline the future prognosis

add visuals (maps, graphs, diagrams, photos).

Task 4: Class debate: Protecting forests

Conduct a class debate on the topic ‘Humanity has a moral and ethical responsibility to protect the world’s forests’.
To prepare for the debate:

m write down all the arguments for and against the topic

m re-read this chapter (and undertake further research) to find data to support your argument.

CHAPTER 5 DEFORESTATION
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CHAPTER

6 Glaciers and ice sheets

Glacial ice moving across the surface of the land has created some
spectacular landscapes and landforms. Currently, 10 per cent of Earth’s
land area is under glacial ice. During the last ice age, glacial ice covered
32 per cent of Earth’s surface, drastically reshaping and changing the
land beneath.

Historically, such transformations were slow. Today, the extent and rate
of glacier and ice sheet retreat has increased due to climate change.
Understanding glaciers and ice sheets means understanding that they
are open systems interacting with other global systems.

This chapter investigates the power of glacial ice to transform the land
surface. Though mainly found in remote places, these frozen landscapes
are greatly impacted by human interruptions of natural systems. The
alarming rate at which glaciers and ice sheets are melting poses
significant consequences for the immediate environment. At scale, large
glacial ice losses will have a global impact.

Where the glacier meets the
sky, the land ceases to be
earthly, and Earth becomes
onhe with the heavens; no
sorrow lives there anymore,
and therefore joy is not
necessary; beauty alone
reigns there, beyond all
demands.

Halldor Laxness, Icelandic poet

6.0.1 Ice falls off a glacier into the sea in Alaska, USA.
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Chapter glossary

ablation the process of a glacier or ice sheet losing more
ice mass than it accumulates

benthic invertebrates organisms without a backbone that
live in the sediment at the bottom of a water body

calving the process of chunks of ice breaking away from a
glacier to become icebergs

cirque a deep, rounded hollow with steep sides found
in a mountain valley head that has been eroded by a
glacier

cryoconite dark dust or airborne sediment composed of
dust, pulverised rock particles from volcanic eruptions,
soot from fires and particulates from diesel engines and
coal-fired power stations

cryospheric relating to the cryosphere, the parts of Earth’s
surface where water is frozen in solid form, including
glaciers, ice sheets, ice caps, sea ice, lake ice, river ice,
snow cover, and frozen ground

glacial abrasion where the glacial ice and the rocks it
carries grind and scrape against a valley’s sides or the
bedrock underneath

glacial accumulation the zone of a glacier in which the
amount of snow deposited exceeds the ice lost

glacial lake a body of water filling a void or depression
previously occupied by glacial ice, within a cirque
or dammed by the terminal moraine of a retreating
glacier

glacial lake outburst flood a catastrophic discharge of
water where all the water from a glacial lake rushes down
a mountain when the terminal moraine holding it back is
breached
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glacial plucking where the moving ice of a glacier lifts
out and removes angular blocks of rock, which are then
embedded in the ice and move with it

glacial trough along, U-shaped valley that was carved out
by a valley glacier that has since disappeared; a trough
tends to have high, steep, straight sides and a flat valley
floor

heavy fuel oil the residual fuel oil remaining after crude oil
has been stripped of its more valuable components in the
oil refining process

moraine a deposit of soil or rock carried and left by a
glacier

moulin a vertical shaft or hole worn in a glacier by
meltwater falling through a crack in the ice

mountain glacier glaciers that originate in high alpine
areas and form in cirques; also called alpine or cirque
glaciers

peak water the tipping point of glacier melt supply when
run-off in glacier-fed rivers reaches its maximum due
to accelerated melting; after peak water, water flow will
diminish as glacial storage has been depleted

permafrost a subsurface layer of soil that remains frozen
throughout the year, mostly found in polar regions

retreat when a glacier or ice sheet reduces in size because
ice melts or ablates more quickly than it accumulates

terminal moraine a rubbly heap of debris dropped at the
snout or lowest end of a glacier

tidewater glacier valley glaciers that flow far enough to
reach out into the sea

valley glacier glaciers that originate in the snowfields of

high mountain ranges and flow through steep walled

valleys
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UNIT 6.1

The power of glacial ice

A glacier is a system of flowing ice that moves under the force of gravity. It originates
on land through the accumulation and recrystallisation of snow. Glacial ice is a potent
agent of erosion and drastically alters the land it covers. Glaciers carry immense weight,
scouring soil and rock material in their path and transporting debris, depositing it far

from its original site.

The source of glacial ice: The snowfields

Glaciers form in the world’s coldest areas in high altitudes or high latitudes, where more
snow accumulates each year than melts. Newly fallen snowflakes are light and loose,
but as the snow accumulates it compacts and has fewer air spaces. Eventually, under the

Snow crystals Less than
1 year
Air trapped
Compacted |
snow (firn)

Air squeezed
out

Ice formed

Glacial ice

6.1.1 The transformation of snow crystals into glacial ice

6.1.2 The Gorner Glacier, Zermatt, Switzerland
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weight of more than 24 metres of snow, compaction leads to glacial
ice forming (see Figure 6.1.1).

Over time, the ice mass builds until it is thick enough to flow under
its own weight, pulled by gravity. The weight of accumulated ice
deforms ice crystals, making them slippery. Most glaciers creep just
25 centimetres daily, but in Antarctica, some move less than a metre
a year. A few surge at speed, including Greenland’s Jakobshavn
Glacier, generally considered the fastest glacier in the world, able to
cover up to 45 metres per day.

Types of glaciers

The principal types of glaciers are mountain glaciers, valley
glaciers, tidewater glaciers and ice sheets (or ice caps and
icefields).

Mountain glaciers

Mountain glaciers develop in high mountainous regions, often
flowing out of icefields and spanning several peaks or entire mountain
ranges (see Figure 6.1.2). They form in small bowls with steep

sides called cirques. They are also known as cirque glaciers. They
terminate before they reach the sea. The largest mountain glaciers are
found in Arctic Canada, Alaska, the Andes and the Himalayas.

Valley glaciers

Valley glaciers originate in the snowfields of high mountain ranges.
They are typically long and narrow, occupying previously formed
valleys. Such glaciers carry the ice to lower elevations where
warmer temperatures melt it. They terminate on land. Their
distinctive landform features are visible in Figure 6.1.3. Mountain
and valley glaciers are retreating at faster rates as a result of global
warming.

Tidewater glaciers

Tidewater glaciers are valley glaciers that flow far enough to reach
into the sea (see Figure 6.1.4). Tidewater glaciers are responsible
for calving icebergs. Due to variations in precipitation, they
undergo periods of advance and retreat. The general trend now is
retreat, due to rising global temperatures.

Ice sheets

Ice sheets form in the polar regions where prevailing temperatures
are low enough for ice to accumulate. Over thousands of years,
layers of snow build up, forming a mound of ice that thickens



6.1.3 Yosemite National Park, California, USA, has glacial valley 6.1.4 Three glaciers flowing into Prince William Sound,
features from melted glaciers. Alaska, USA.

to thousands of metres deep. Under such immense weight, ice deforms and then flows
outwards in all directions from a central accumulation zone. These continent-sized ice
sheets overwhelm the land, even causing Earth’s crust to subside under them. During

the Pleistocene ice ages, ice sheets estimated to be one to two kilometres thick covered
much of the Northern Hemisphere. They exerted approximately 1000 tonnes of pressure
on each square metre of the crust underneath causing it to sag under the weight.

Glacial landforms

The landform features associated with mountain, valley and tidewater glaciers are
illustrated in Figures 6.1.5 and 6.1.6.

Movement
of glacier

Snow and firn

Glacier ice

Tributary glacier

Main glacier
b \ [¢]

a Sediment deposited
at glacier margin

Braided
meltwater

Meltwater stream

sediments

6.1.5 Landforms of an active valley glacier
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Did you know?

The oldest glacier in
Antarctica may be

1 million years old, while the
oldest glacier in Greenland
is thought to be 100 000
years old.

6.1.8 Cross-sections of Antarctica and
Greenland, highlighting their vastly
different sizes
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6.1.6 Distinctive landforms left by a valley glacier

Antarctic and Greenland ice sheets

Today, Earth has just two major ice sheets, one on Antarctica and one on Greenland (see
Figure 6.1.7). The Antarctic ice sheet is the largest single mass of ice on Earth, covering
98 per cent of the continent. As illustrated in Figures 6.1.8 and 6.1.9, much of the ice
sheet is over three kilometres thick and its extreme weight has depressed large parts of
the continent’s surface, leaving it below sea level. There are mountains near the edges of
the continent, where the highest ranges and peaks emerge above the icy surface. These
mountains funnel glacial ice towards the sea. The Greenland ice sheet covers 80 per cent
of the island. It is more than three kilometres thick in its centre, where the ice is at its
thickest, but then thins towards its edges.

Features ‘ Greenland ‘ Antarctica (east & west ice sheet)

Area 1.71 million km? 12.37 million km?

Volume of ice 4 million km? 25.71 million km?

Ice cover approximately 80% 98%

Percentage of global ice 10% 90% of global ice

Average ice thickness 1.6 km average 2.16 km average

Maximum thickness 3200 m 4776 m

Snow accumulation rate 303 mm per year in the west and

118 mm in the east

6.1.7 Features of the Greenland and Antarctic ice sheets
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Ice sheets take on a dome-like shape at the centre and flow outwards. The ice is at its
thickest in the centre. The ice is pushed outwards, at a rate of only a few centimetres a
year, until it reaches the ocean, where ice speeds can reach hundreds of metres or even
several kilometres a year along fast-flowing outlet glaciers. For both Antarctica and
Greenland, much of their ice flow terminates in the surrounding ocean. As glaciers flow
into water, calving is common as ice chunks break off the end of the glacier and float
away as icebergs. Antarctica is surrounded by ice shelves where permanent floating ice
extends out over the ocean (see Figure 6.1.9).

Greenland .

: Antarctica
Melting on the lower .
parts of the surface, Ice shelves, with

icebergs calve off from subglacial melting.
ice sheet edges into ice Icebergs calve off
fjords and the sea from ice shelves
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% e
SUngaCial Ocean
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6.1.9 Ice flow on the Greenland and Antarctic ice sheets

Ice shelves receive ice in several ways: the flow of ice from the ice sheet, surface
accumulation (snowfall) and the freezing of marine ice to their undersides. Ice shelves
lose ice by melting from below (from relatively warm ocean currents), melting above
(from warm air temperatures) and from calving icebergs. These are normal parts of
their ablation. Ice shelves can be up to 2000 metres thick, with a cliff edge up to
100 metres high.

Activities

Acquiring and processing geographical 8 Explain how an ice shelf gains and loses ice.
information

9 Describe an iceberg and identify where they originate in

1 Distinguish between mountain, valley and tidewater both the Northern and Southern Hemispheres.
glaciers. Applying and communicating geographical

2 Identify the parts of the world where glaciers form. understanding

3 Explain how freshly fallen snow becomes glacial ice. 10 Study Figures 6.1.2, 6.1.3, 6.1.5 and 6.1.6. Explain how

4  Explain what enables glacial ice to flow. a valley glacier transforms the mountain landscape.

5 Demonstrate the differing speeds at which glaciers Identify angl describe the main Ir?mdform features created
move, with reference to examples. by the erosive power of the glacier.

6 Explain how an ice sheet deforms the land underneath it. 11 Study Figures 6.1.7, 6.1.8 and 6.1.9. Write a brief report

. . . comparing the Antarctic and Greenland ice sheets.
7 Contrast the direction of flow between a valley glacier paring

and an ice sheet.
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UNIT 6.2
Glaciers and ice sheets as open systems

Glaciers and ice sheets are open systems and have similarities with other systems like
rivers, where flows occur due to gravitational forces. They have a series of linked inputs,
transfers, stores and outputs, through which both energy and material are cycled (see
Figure 6.2.1). The stores in this system are the atmosphere where the snow comes from,
the glacial ice and the underlying bedrock. The ice moves over it and geomorphological
processes—erosion, transportation and deposition—transfer the debris with the

moving ice. Meltwater is a system output. So too are the distinctive landforms, such as
moraines, glacial troughs, outwash plains and icebergs.
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6.2.1 A glacier operating as an open system

Like other natural systems, glaciers respond to changes in inputs. They alter the rates
of ice flow and determine outputs. When an increase in temperature causes an increase
in melting that exceeds the input of new ice, a glacier loses mass until it reaches a new
balance between accumulation and ablation. Lower temperatures and higher snowfall
have the opposite effect, causing a glacier to gain mass. This relationship between total
accumulation and total ablation at a point in time is called mass balance. Averaging

this over a year determines a glacier’s annual net balance. This determines whether it is
positive or negative, indicating if a glacier’s size has increased or decreased. Most glacial
systems have had a negative balance since at least the 1970s.

Ice in the glacial system

Ice is the most significant input into a glacial system. Snow enters as precipitation and is
compressed into ice. It builds up in the accumulation zone from where it is transferred
downslope in a valley glacier or outward toward the margins of an ice sheet. Ice leaves the
system in the ablation zone. Here, it calves and floats away as icebergs, melts or evaporates.
The balance between the rate a glacier or ice sheet accumulates ice and the rate at which
ice ablates determines the system’s size. Temperature is the controlling factor.

The surface of a glacier or ice sheet reflects its operation as a system. The snowline
generally shows the boundary between the accumulation and ablation zones. The surface
appears smooth and white above the snowline, as fresh snow covers any irregularities
caused by melting. Below the snowline, the surface is broken by crevasses, as gaps are left
where snow melts or evaporates (see Figures 6.2.2 and 6.2.3).
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Firn line

Rock

Rocks and sediment in the glacial
system

Rock is another important input into the system. Rocks
embedded into the base of glaciers and ice sheets act as
powerful agents of erosion, with the transported rock
material being deposited near the margins of ablation zones.
The main processes are glacial plucking and abrasion.
Plucking is where the ice lifts out and removes angular
blocks of rock, which move with the ice to then grind and
scrape the valley sides or bedrock underneath, in a process
known as abrasion.

Unlike rivers, which sort and smooth the rocks and
sediment they carry, glaciers carry large rocks and small
fragments side by side. Being embedded in the solid ice
they remain angular and are deposited when the ice melts
and the glacier retreats. This builds up a heap of debris,
known as a terminal moraine, at the glacier’s snout.
Meltwater forms streams that exit the snout, carrying finer
sediment to the outwash plains. Many of the largest rivers
in the world, including the Ganges, the Yangtze and the
Indus, have their sources in elevated, glaciated areas.

The meltwater that emptied from the continental
Pleistocene ice sheets (2.58 million to 11 700 years ago)
created extensive outwash plains that covered hundreds of
square kilometres. Sand and gravel were dropped closest

to the margins of the ice sheets, with the finer clay and silt
carried the furthest. These finer sediments were pulverised
rock particles generated by the grinding of the bedrock
under the power and weight of the ice sheets. Due to their
rich mineral content, they contributed to the fertility of the
US Midwest’s deep soils, where some of the world’s most
productive agricultural land is found. Glacial rock flour is
the finest sediment produced. Being very light, it remains
suspended in lake water for a long time. Sunlight reflecting

Superimposed ice

6.2.2 The accumulation and ablation
zones on a glacier

Snowline

' i

6.2.3 The surface of a glacier is different above and below the snowline.
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off these particles gives the lakes a distinctive turquoise
green (see Figure 6.2.4).

Part of an assemblage of open
systems

The state of the atmosphere and temperature (which is
largely a product of latitude and altitude) determines the
input of snow and regulates the amount of energy entering
the system. Temperature drives the growth or retreat of

a glacier or ice sheet, thereby establishing the size and
velocity of flow. It also sets the ice thickness and the rate

at which it melts, the quantity and spatial extent of the
distribution of deposited rock fragments and debris. This

is why there is concern now about the extent and rate of
glacial and ice sheet retreat related to climate change. Key
to addressing the problem is understanding that glaciers and
7 $ ice sheets are open systems, interacting with Earth’s other
L NS systems.

6.2.4 The distinctive colour of Peyto Lake, Canada is evidence of its
glacial origin.
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Acquiring and processing geographical information

o®

Identify the inputs, processes and outputs of a glacial system.

Describe how the mass balance of glaciers is determined.

Explain what determines the size of a glacial system.

Distinguish between the accumulation zone and the ablation zone of a glacier.

Contrast the ways in which glaciers and rivers transport rocks and sediment.

o a0 b~ WN R

Distinguish between plucking and abrasion of a glacier as it erodes the valley sides
or bedrock underneath.

Describe a terminal moraine and how it is formed.

Assess the importance of the Pleistocene ice sheets to the agricultural productivity
of the Northern Hemisphere.

Applying and communicating geographical understanding

9 Study Figure 6.2.1. Draw two diagrams to show the response of the glacial

system to:

a warmer temperatures

b cooler temperatures.

10 Study Figures 6.2.2 and 6.2.3. Demonstrate how the surface of a glacier moving
downbhill reflects its operation as a system.
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UNIT 6.3

Land use change and glacier
and ice sheet retreat

Land provides for human livelihood and wellbeing, including the supply of food, fresh
water and multiple other resources. Tracing changes in land use over time demonstrates
the extent to which humans have increasingly interrupted Earth’s natural systems.
Despite their remoteness in high latitudes or altitudes, glaciers and ice sheets are sensitive
to alterations in natural systems occurring elsewhere in the world.

Changes in land use over time

While early agricultural practices interrupted natural systems, they were mostly
localised. Much of the natural world, notably forests, was intact, maintaining a balance
in the natural cycles. The Industrial Revolution began industrialising and urbanising
agricultural societies from 1760, and land transformation began accelerating. Fossil fuel
use increased dramatically, upsetting Earth’s natural balance.

©® SPOTLIGHT

A brief history of land use

Humans have a long history of altering terrestrial ecosystems by hunting, foraging,
land clearing, agriculture and other activities. For example, Aboriginal and Torres
Strait Islander peoples have been modifying Australia’s environment for at least
60 000 years. Around 8000 years ago, agricultural land uses spread throughout
Mesopotamia and the Fertile Crescent areas of South-West Asia, followed by
China, India and Europe. Intensive land use patterns developed in India, China,
Africa and South America. By around 6000 years ago, agricultural expansion had
spread across most continents, leading to native vegetation clearing and culling,
and the domestication of herbivores. Native flora and fauna were replaced with
intensive crop and livestock management practices, as human populations grew
in size and density.

Hotter oceans also expand and melt ice, causing sea levels to rise. The measured sea
levels of the decade 20102020 were the highest, based on records dating back to
1900. Scientists expect about 1 metre of sea level rise by 2100, potentially displacing
150 million people worldwide.

Warmer oceans melt floating ice

The ocean absorbs heat from the atmosphere and the warmer ocean water melts floating
ice from below, increasing its vulnerability and speeding up iceberg calving. If warmer
water reaches under the ice shelf to where the ice sheet or glacier 1s attached to the
bedrock (known as the grounding line), it can weaken it. This makes it even less stable
and it loses more ice over time (see Figures 6.3.2 and 6.3.3). As these ice shelves thin, the
ice held in glaciers and ice sheets flows more rapidly into the ocean.
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©® SPOTLIGHT

Ocean temperatures hit a record high

The heat in the world’s oceans set a new record for the fifth consecutive year

in 2022, showing irrefutable and accelerating heating of the planet. The world'’s
oceans are the clearest measure of the climate emergency because they absorb
more than 90 per cent of the heat trapped by the greenhouse gases emitted by
fossil fuel burning, forest destruction and other human activities (see Figure 6.3.1).
The amount of heat being added to the oceans is equivalent to every person on
the planet running 100 microwave ovens all day and all night.
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6.3.1 Oceans are getting warmer due to global heating.
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6.3.2 Warm water flowing under the ice shelf melts it at the grounding line,
making it more unstable, which then speeds up ice flow.
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Dust and soot lower shnow and
ice albedo

Land uses in places well away from glaciers and ice sheets
are also having an impact on melting. From the snow-
capped peaks of New Zealand to Himalayan glaciers and
Greenland’s ice sheets, layers of dust and soot darken the
surface of glaciers and ice sheets.

Windborne dust, soot and pollution that settle on the
surface of glaciers and ice sheets discolour them and
lower their albedo. Snow and ice have a high albedo

as the white colour of the surface is highly reflective,
bouncing incoming radiation back into space. Pristine
white snow reflects incoming solar radiation back into
the atmosphere. This has always been a natural defence
against melting. However, as humans have changed land
cover, intensified agriculture and become increasingly
urbanised and industrialised, soot and dust have become
mobilised and are found settling on the surface of remote
ice sheets and glaciers. When snow becomes blanketed

6.3.3 The Ross Ice Shelf, the largest Antarctic ice shelf

by darker-coloured particles of dust and soot, this coating
absorbs more sunlight, which melts the snow faster. This then exposes the ice below the
snow to the Sun earlier in the season, triggering earlier snowmelt in spring.

Dust-related melting in Greenland could add at least 2 centimetres more to the globally
averaged sea-level rise by 2100 than current estimates suggest.

Dust

Dirt darkens snow surfaces as windstorms pick up and carry dust for thousands of
kilometres before settling. In 2019, dust stained the Southern Alps of New Zealand
orange-brown after drought-loosened iron oxide-rich soil particles were blown

2000 kilometres across the Tasman Sea by north-westerly winds (see Figure 6.3.4). Dust
from the Sahara impacts the albedo of the European Alps (see Figure 6.3.5) and dust
from the arid lands of the western and southwestern USA impacts the snowpack of
North America. Dust from north-western China impacts Himalayan glaciers.

Dust is not only generated by poor agricultural practices and drought; mining also causes
problems. In Chile, there are 24 114 glaciers and some of the largest ice sheets outside the
polar regions. They are at risk from mining-generated dust. Because of this, environmentalists
are pushing for more protective measures against mining dust to be put in place.

Did you know?
Pure snow generally has

a visible albedo of 0.95. It
reflects more than 95% of
the visible light that hits it.
Soot reflects less than 10%
of incoming light (albedo
0.1). Tiny particles of car
tyres and brakes are blown
from densely populated
areas of the Northern
Hemisphere onto the Arctic,
reducing its albedo.

.3.4 Dusty glaciers in New Zealand, November 2019

[}

6.3.5 Saharan dust heading towards the Italian Alps
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6.3.6 Surface water entering a moulin on the Ferpécle Glacier in the Swiss Alps.

6.3.7 Alarge moulin on Langjokull Glacier, Iceland

Did you know?
Over a period of 20 years,
each molecule of black
carbon traps 3200 times
more heat than CO,.

Soot

Soot is a black powdery substance, consisting mainly
of particulate carbon, and is known as black carbon.
Because it 1s darker than dust, it absorbs more sunlight
and so is much more potent at warming and melting
ice than dust. As well as settling on the surface of
glacial ice, soot particles can also form the nuclei of
snow crystals. Then, with their additional heat, they
are responsible for changing a feathery and highly
reflective white snow crystal into a darker more
compact grain which then absorbs more heat (see
Figures 6.3.6 and 6.3.7).

Historically, increased levels of soot being carried in
the atmosphere began with the Industrial R evolution.
It is an unwanted by-product of the incomplete
burning of fossil fuels. Research has confirmed that
the reason the Little Ice Age (1300-1870) ended in
Europe was the coating of soot deposited on the Alps
by the Industrial Revolution.

Soot is also produced by the incomplete burning of
organic matter. Forest fires and wood-burning stoves
are common sources of soot (see Figure 6.3.8). As
development has pushed the agricultural frontier in
the Amazon Basin, smoke plumes have billowed from
extensive forest fires and travelled with the wind to
darken the Andes’ glacial snow with soot.

The use of biomass fuels such as wood, crop waste and
dried animal dung in open fires and cooking stoves
also results in high levels of airborne particulate matter.
Many people living in poorer regions of China, India
and Tibet depend on such fuels as their major energy
source. The impact is evident in the Tibetan Plateau
of the Himalayas, as soot darkens snow and ice in the
region.

6.3.8 A traditional cooking stove in northern India releases soot into the atmosphere.
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@ SPOTLIGHT

Historic coal soot in the Himalayas

New research published by the Proceedings of the cores have provided a trove of data, including snowfall
National Academy of Sciences has found that soot records, atmospheric circulation and other environmental
dating back to the beginning of the Industrial Revolution changes over time.

made its way across Europe to settle on the top of the Geographers studying an ice core they believe formed
Himalayas, over 10 000 kilometres away. Soot has been between 1499 and 1992, found higher-than-natural levels
found in an ice core extracted from the Dasuopu glacier, of several toxic metals, including cadmium, chromium,

at an elevation of over 7900 metres, on Shishapangma nickel and zinc, from around 1780. All these metal trace
mountain (see Figure 6.3.9). elements are by-products of burning coal, and were

The research began in 1997 when scientists travelled probably transported by winter winds, which travel

to Dasuopu to drill ice cores from the glacier. The ice around the globe from west to east.
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Activities

Acquiring and processing geographical 4 Define soot and explain why it is more potent than other

information pollutants in melting glacial ice.

1 Identify the greatest dislocation to Earth’s natural Applying and communicating geographical
balances and when it started. understanding

2 Explain how warmer atmospheric and ocean 5  Study Figure 6.3.1. Using data from this graph, answer

temperatures are accelerating the melting of the ice

the following questions.
sheets of Antarctica and Greenland.

a ldentify the year when oceans first started getting

3 Describe how the main windborne pollutants from warmer.

human activities are being carried to and settling on

. . b Compare the rate of warming between last century
remote ice sheets and glaciers.

and this century.

e0000000000000000000000000000000000 00°
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UNIT 6.4
The extent and rate of glacial retreat

Glacial ice is especially sensitive to climate change. The edges of ice caps are shrinking
and glaciers are retreating. When there is warmer air over a glacier or ice cap, the ice
on the surface melts, which directly reduces the mass of the glacier. Once meltwater
penetrates cracks on the surface of the ice, it can lead to further melting and accelerate
ice flow. As these cracks open, they allow more water to drain down to the bed and
spread out across its base lubricating it.

Evidence of glaciers and ice caps melting

In the past decade, Earth scientists have documented record-high average annual surface
temperatures and have been observing changes in the distribution of ice. Since the early
1900s, with few exceptions, glaciers around the world have been rapidly melting and
retreating at unprecedented rates. Glaciers are melting, calving into the sea and retreating
on land, and ice caps are shrinking. During the last century, several glaciers, ice caps and
ice shelves disappeared altogether, with many more shrinking so quickly that they may
vanish within a matter of decades.

The World Glacier Monitoring Service (WGMS) has tracked changes in more than

100 glaciers worldwide. There are 37 that have records dating back 30 years and are
accepted as climate-reference glaciers. Figures 6.4.1 and 6.4.2 reflect how these reference
glaciers have been losing their mass balance over recent decades as melting occurs. The
total mass loss over time appears to be accelerating as the downward curve steepens.
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6.4.1 Mass balance of the WGMS 37 reference glaciers 1950-2022

Decade ‘ Loss per year in metres

1980s -0.228
1990s -0.443
2000s -0.676
2010s -0.921

Source: NOAA
6.4.2 Glacier loss from the 1980s to 2010s
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@ SPOTLIGHT %

Measuring changes in Earth’s gravitational pull

As NASA Gravity Recovery and Climate Experiment (GRACE) twin satellites orbit Earth, they continuously measure
the slightest changes in Earth’s gravitational pull. Changes in the distribution of water are the most significant cause
of gravity changes, so scientists can measure the weight of water and track its shift from ice caps and glaciers to the
oceans. See Figures 6.4.3 and 6.4.4.
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6.4.6 Eight billion tonnes of ice are
lost every year from the Himalayas.
Not replaced by snow, the lower-level
glaciers are shrinking 5 m annually.

Alpine summits and glaciers losing ice cover

Since 1970, several hundred glaciers across the world have been losing 0.5-1.3 metres of
thickness each year; this is at least twice the average loss for the twentieth century. It is
predicted that by 2100, alpine summits may have lost 90 per cent of the ice that covered
them in the 1920s. Figures 6.4.5 to 6.4.7 highlight just some of the loss.

European Alps

Glaciers lost half their volume between 1850 and 1975. Since 1970, 40%
of their remaining glacial ice has melted. The Argentiére Glacier on
Mont Blanc has receded 1150 m since 1850.

(Central Asia)

Himalayas All the estimated 15 000 glaciers will be 35-75% smaller by volume by
2035. The glacial melting has doubled since 2000, with more than a
quarter of all ice lost over the last 40 years (see Figure 6.4.5). Most in
the eastern and central Himalayas may all but disappear.

Tien Shan Glaciers have lost over a quarter of their mass since 1970. Since the

1960s they have been losing 60 km? annually, shrinking the size of
glaciers by almost 3000 km?2.

Rocky Mountains
(Canada & USA)

Glaciers are melting along the Rocky Mountains and many have
already disappeared. All glaciers in Montana'’s Glacier National Park,
USA, for example, have retreated, some by as much 85% (see Figure
6.4.6).

Alaska

99% of Alaska’s 2000 glaciers are retreating. The Grand Plateau Glacier
is visibly narrowing and thinning, and has pulled away from its valley
walls.

Africa

Mt Kilimanjaro’s once ice-capped summit has been partly exposed for
the first time in 10 000 years. More that 80% of the mountain’s glacial
ice has melted since 1912.

6.4.5 Extent of ice loss on the world’s major glaciated mountains.
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6.4.7 The Grinnell Glacier in Glacier
National Park in Montana’s Rocky
Mountains has retreated to the mostly
shaded, upper confines of its basin.

@ SPOTLIGHT

The Andes Meltdown

The glaciers in the Andes Mountains, South America, are rapidly shrinking due to warming temperatures. A staggering
98 per cent of glaciers have shrunk and some mountain glaciers have retreated 9 kilometres over the last century. Many
sit in low altitudes in the southern Andes, which makes them vulnerable to rising air temperatures. The Patagonian
icefields at the southern end account for 83 per cent of all ice loss in South America (see Figure 6.4.8).

Tropical glaciers in the Peruvian Andes are thinning and losing mass, shrinking at their fastest rate in the past 300 years.
They have lost almost half their surface area since the 1970s.

: Over 70 per cent of the world’s

. tropical glaciers are found in Peru
¢ in high mountain ranges around

. the Equator, many concentrated

¢ inthe Cordillera Blanca, or White

¢ Range. They are acutely sensitive

. torising temperatures. Small icy

. regions in Columbia, Venezuela

. and Bolivia are also rapidly
melting. Glaciers in the western

. Andes of Bolivia have lost more

: than two-thirds of their mass since
: the 1980s. Those at lower altitudes
. are the most vulnerable, losing

: 1.35 metres of glacial ice annually,
. double the rate of high-altitude
glaciers. Usually under 40 metres
deep, they will probably disappear
¢ within decades.
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Shrinking of polar ice sheets

Satellite surveys show that polar ice sheets are melting six times faster than in the 1990s,
when Greenland and Antarctica combined lost 81 billion tonnes of ice a year. The loss
increased to 475 billion tonnes in the 2010s. From 1992 to 2017, the combined ice loss
from both sheets was 6.4 trillion tonnes, with 60 per cent from Greenland.

Increasing sea temperatures drive the melting Antarctic ice sheet. The ocean melts the
outlet glaciers, speeding up their flow. In Greenland, ice loss has been triggered by a
combination of atmospheric and sea temperature rises, exacerbated by complex feedback
loops that are speeding up surface melting (see Figures 6.4.9 and 6.4.10).
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Greenland is losing glacial ice seven times faster than in the

1990s. This could create another 7 centimetre rise in sea levels

by 2100. Glacial ice is reacting to the rapid Arctic warming, with

temperatures rising 0.75°C in the decade 2010-20. Most ice loss
- e B comes from surface melting where water runs off into the ocean.

g Melting is most apparent on the edges of the ice sheet where the

glaciers carrying ice from the interior calve and crumble into the
sea. The speed the ice moves towards the sea has also more than
doubled. Seawater thaws the ice from below and this is thought to
be a growing driver of ice loss.

; Temperatures are rising across the Arctic at about twice the global

3 average. This causes surface melting of the ice sheet, particularly

its edges. Summer temperatures are now among the highest on
record, often over 20°C near where the Jakobshavn Glacier enters
the ocean. Across Greenland, 600 billion tonnes of ice are now lost

6.4.10 The edge of Greenland’s ice sheet south of llulissat

during summer. If sustained, the melt could raise global sea levels
Did you know? by 2.2 millimetres a year. Recent persistent high pressure systems
across the Arctic have brought warm air to northern parts of the ice
sheet. This has helped to maintain clear skies leading to a lack of
snowfall. If this becomes a regular summer weather pattern, future
melting could double. A Danish meteorological team estimated that

Australian scientists have used NASA satellite

data to calculate the weight of the Greenland ice
sheet. During the summer of 2019, the loss of ice
has been calculated to be enough to cover all of

Tasmania in water almost 5 metres deep. over 30 billion tonnes of ice melted in three days in the summer

of 2019.
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As warming melts the edges of the ice sheet, rock that has been
crushed by it is exposed. As it dries it releases mineral dust. This
blows back over the retreating ice sheet, settling on its surface,
darkening it, reducing its albedo and accelerating melting. This is

a significant feedback loop as melting causes even more melting.
Much dust is generated elsewhere in the Arctic as there is a longer
snow-free season, leaving soil exposed. Soot also blows in, which
absorbs heat more effectively. Large wildfires in northern Russia and
Alaska produce most of the black particulates settling on Greenland’s
ice sheet. Together with the dust, they form cryoconite, which
accelerates melting.

With the surface of the ice sheet becoming increasingly wet in the
warmer summers, microbes and algae thrive on the cryoconite. The
algae also produce a dark pigment as a sunscreen, which further
boosts the ice’s absorption of solar energy. This is another feedback
loop, as the absorption of heat by the dark cryoconite deepens the
holes where the algae lives. This stops the water from freezing,
creating a suitable environment for more to grow. Moulins develop
and this fuels more melting (see Figure 6.4.11).

Activities

Acquiring and processing geographical

combine to form cryoconite, which can exacerbate
melting and form moulins, and how these accelerate the
speed with which a glacier flows.

13

6.4.11 Cryoconite matter is made up of microscopic mineral
and organic particles carried by the winds to fall on the ice.
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Applying and communicating geographical

Study Figure 6.4.9. Calculate the percentage change in
the mass of the Greenland ice sheet from 2002 to 2019.

¢ information understanding

1 Describe what has been happening to ice sheets and 9 Study Figure 6.4.1. Using data from this graph, answer
glaciers since the early 1990s. Explain how this has the following questions.

: created a feedback loop. a ldentify the two years in which the reference glaciers
2 Assess the extent of ice cover from the world’s major gained mass.

glaciated mountains this century. b Calculate how many years the reference glaciers lost
3 Identify which mountain range in the world has lost mass, as a percentage of the time frame represented.
E the most glacial ice relative to its size and account for ¢ What has happened to the rate of melting over the

. its vulnerability and the speed with which glaciers are period shown? Validate your answer.

: melting. .

. .g ) ) ) ) 10 Study Figures 6.4.3 and 6.3.4. Compare the rate of

¢ 4 Describe how ice cover in the Arctic and Antarctic a has change of the ice masses in Antarctica and Greenland.

: been lost and explain what the main drivers of melting Account for the difference.

. are in both the Antarctic and Greenland. . .

: 11 Study Figure 6.4.5. Complete the following tasks.

: 5 Explain why the rate of melting of the Greenland ice . .

. . a Assess the severity and extent of ice loss on the

. sheet exceeds that of the Antarctic ice sheet. , . . .

. ] ) world’s major glaciated mountains.

. 6 Describe and account for the extent of melting of the . L . .

. ; : b Investigate recent statistics of ice melts in these

. Greenland ice sheet in 2019. . . . .

. mountains to establish the current situation and

. 7 Explain how the melting of the edges of the Greenland whether ice loss has accelerated or abated.

: ice sheet creates a feedback loop. . N

. P 12 Study Figure 6.4.6. Compare the rate of melting in the

S 8 Explain how a combination of airborne pollutants Himalayas moving from west to east.
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UNIT 6.5
The impact of glacier and ice sheet retreat

The retreat of glaciers and ice sheets can have significant and even devastating effects on
the immediate environment, such is the scale of the loss of glacial ice.

Rising sea levels

The loss of land ice directly causes the sea level to rise, putting at risk low-lying islands
Did you know? and coastal communities throughout the world. Rising sea levels loom as one of the most
damaging long-term impacts of the climate crisis. Figure 6.5.1 shows how the sea level
has risen since 1900. The accelerated increase reflects the ice sheet mass loss from both
Antarctica and Greenland. The Greenland ice sheet has become the largest contributor,
currently raising the level by more than 1 millimetre each year.

If all the ice in Greenland
melted, sea levels would
rise by 7 metres.

212.18 mm
—_ Satellite data
(%]
g
(]
E
E Measured  © Global dam projects
2 sea-level rise
. ” = ®Greenland and Antarctic ice sheets
Did you know? o @Thermal expansion
. K @ Mountain glaciers @®Mountain glaciers
Greenland and especially s @ Greenland ice sheet
Antarctica were quite stable @
at the start of the 1990s.
It took until the 2010s for 0mm - | : | |
the ice sheets to react to 1900 1940 1970 1990 2018
decades of a warming Year

Source: NASA

climate.

6.5.1 Causes of sea level rise since 1900

The Intergovernmental Panel on Climate Change’s (IPCC) most
recent mid-range prediction for global sea level rise in 2100 is

53 centimetres. But the new analysis of satellite data suggests

that if current trends continue, seas will rise by an additional

17 centimetres. It is estimated that every centimetre of sea level rise
leads to coastal flooding and coastal erosion, disrupting people’s lives
around the planet. For example, an extra 17 centimetres would mean
the number of people exposed to coastal flooding each year would
rise from 360 million to 400 million (see Figure 6.5.2).

Disruption of ocean currents

Fresh water pouring off the Greenland Ice Sheet is altering the
salinity of seawater and disrupting the ocean conveyor belt in

the Atlantic Ocean. This global process, the Atlantic Meridional
Opverturning Circulation (AMOC) ensures heat and energy are
distributed globally and ocean waters are continually mixed. Warm
water moves northward and colder, denser, saltier water moves south,
moving the current. Adding fresh water reduces the water’s salinity,
making it harder to drive the current southward.

If the AMOC continues to weaken it will affect the weather patterns of countries
bordering the Atlantic Ocean. Europe may experience both hotter summers and colder
winters, and more destructive storms could hit the US coast. Rainfall patterns in the
tropics could also be altered.
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Long-term decline in water resources

Nearly one-sixth of humanity lives near streams and rivers that source their water from
glacial meltwater originating in the headwaters of drainage basins. Some are already
finding that run-off is decreasing, while others face an uncertain future.

In response to accelerated melting, decreasing glacial mass will deliver increasing water
in the basin with more run-off until the point of peak water is reached. Beyond that,
water flow will diminish as glacial storage is depleted. The timing of reaching peak
water depends on geographical location. Research indicates that it has already passed for
almost half of the basins in the Alps, Andes and Rocky Mountains, where flow is now
diminishing. The smaller the glacier and the closer it is to the Equator, the quicker peak
water is reached. Many of the smaller tropical glaciers in the Andes have already reached
peak water and may disappear altogether. Being further away from Equator, larger
glaciers in Alaska are not expected to reach peak water until near the end of this century.
While the Himalayas sit at a low latitude, their high altitude tempers melting and they are
expected to reach peak water in the middle of the century.

Potential water crisis in the Hindu Kush

The Hindu Kush—Himalayan (HKH) region is the source of the waters flowing in the
Ganges, Brahmaputra, Indus, Yangtze and Yellow rivers. This water sustains close to

2 billion people. These rivers drain the Himalayas, delivering sediment-laden water

that supports intensive agriculture on the region’s fertile soils. Any change in the flow
of water from melting glaciers will severely impact farming, the availability of drinking
water and the generation of hydro-electricity. An accelerated spring melt is expected to
increase water flow out of the mountains until 2050, when peak water is reached, before
river flows start to plummet. Food security in the region is threatened.

Andes water shortages

With ever-increasing climate stress, the availability of water is becoming
critical, particularly in semi-arid and arid regions, where other sources
of water are limited. Meltwater from glaciers in the Andes ensures that
many rivers continue to flow in the dry season and during droughts.

In Peru, for example, the source of the Rio Santa is in the Cordillera
Blanca. The river supplies drinking water and irrigation for large-scale
agriculture schemes along the dry Atacama coast. Further glacial retreat
in the upper reaches of the Rio Santa is expected to reduce the flow of
the river in the dry season by 30 per cent.

For many large cities in the region, glacial melt from the Andes is a
critical natural resource. Santiago (population 6.8 million) in Chile,
sources as much as two-thirds of its water from river systems fed

by glaciers high up in the Andes. La Paz (population 2.7 million)
in landlocked Bolivia, relies on glaciers in the surrounding Andean
mountains for its water supply. The city has three main dams, but
they have almost run dry as they can no longer rely on glacial melt

water (see Figure 6.5.3). Water rationing has been introduced and a 6.5.3 Low water levels in Milluni Zongo reservoir near La Paz,

state of emergency declared. Bolivia

Significant changes to flow regimes in glacierised catchments

are expected as glacier melt diminishes. Stream and river flow will become more
dependent on unpredictable rain events. There are many challenges facing those seeking
water security, and similar struggles across the world could lead to conflict between
neighbouring countries in the future, as water resources become scarce.

Hydro-electricity

Glacial run-off contributes significantly to the generation of hydro-electric power

in many countries: 91 per cent in Iceland; 70 per cent in Austria and 25 per cent in
Switzerland. The Mauvoisin Dam in Switzerland collects run-oft from nine glaciers.
Its power plant output is expected to increase until 2050 as run-off increases, but then
fall as the glacier melt drops towards the end of the century.
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Did you know?

In Alberta, Canada,
agriculture relies on
meltwater from glaciers

in the Canadian Rockies,
which are expected to lose
90% of their current volume
by 2100.




Did you know?

A warming climate may see
a longer growing season

in Greenland and farming
may return to a similar state
to what it was a thousand
years ago. Dairy cattle have
recently been brought in
and there are now locally-
grown potatoes and
broccoli.

Glacier tourism nhumbers follow retreating ice

Glacial mountain landscapes rank as some of the world’s most popular tourist
destinations. In 2019, more than 4 million people visited Banft National Park in Canada
and 672 000 visited Glacier Bay National Park in Alaska. In New Zealand, glacier
tourism contributes more than US$85 million to the economy annually.

Clearly, the loss of mountain snow and ice will mean such sites may lose their appeal.
Initially, it may spur people to want to see glaciers before they are lost, but accessing
some glaciers is becoming increasingly difficult. Hiking up onto New Zealand’s two
iconic glaciers, the Fox and Franz Josef glaciers was stopped in 2015 because it is too
dangerous. The rapid melting of glaciers has left the steep sides of the glacial trough
exposed and vulnerable to rockfalls. The only way onto these shrinking glaciers now is
by helicopter (see Figure 6.5.4).

Too many visitors may also degrade the glacial surface and
‘ threaten the ecological integrity of the region. In 2016, the
Xinjiang government banned tourism on glaciers in the Tien
Shan Range in the far northwest of China, ensuring that the
glaciers be observed from a distance rather than having people
step onto them.

Glacial lake outburst floods

Melting glaciers can also trigger catastrophic discharges of
water where the contents of a whole glacial lake rushes
down a mountain at once, known as glacial lake outburst
floods. As the run-off from glaciers has increased, there has
been a significant increase in the formation of glacial lakes.
As glaciers retreat up a mountain they leave behind a large
void or depression that was formerly occupied by glacial ice.
Meltwater forms a glacial lake. On the downslope side, the
water is held back by the terminal moraine of the glacier,
which sits as a pile of unconsolidated, rocky rubble that
had been pushed forward by the glacial snout. As melting
continues, the lake increases in size. These lakes become
deadly if the moraine is breached allowing the water to

escape. This will happen if the loose rocks shift when ice at
7 4 the core of the moraine melts. Even a small crack is quickly
_i, & enlarged by surging water being pulled downslope by gravity.
' This leads to the glacial lake emptying without warning,
sending a destructive flood wave down the valley below.

Glacial lake outburst flood waves comprise water mixed with
sediment, rock debris and chunks of ice which makes them
deadly, as illustrated in Figure 6.5.5. They have significant
societal impacts causing a loss of life as communities are
engulfed, as well as damaging land, property and infrastructure
in remote regions. They have killed over 12 000 people
worldwide—in South America, the European Alps, Central
Asia and Iceland. They also negatively impact the ecology of
systems downstream.

The number of glacial lakes in the world has increased.
Research using over 250 000 Landsat images showed that
between 1990 and 2018 the number and size of glacial lakes
increased by more than 50 per cent from roughly 9400 to over
14 300. The water volume in the lakes also increased by about

6.5.5 Creek flowing after a flood emptied the Tulsequah Glacier

50 per cent. Lakes at high latitudes exhibited the fastest growth.
glacial lake, Canada

Some countries have begun mitigation strategies to reduce
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flooding risks by glacial lakes. In Nepal, for example, officials lowered the water level in
Imja Lake, a glacial lake near Mt Everest, by more than 3.5 metres.

Loss of biodiversity

The rapid shrinking of glaciers is having cascading impacts on downstream systems.
The continual melt from glaciers keeps rivers lowing during summer and drought
periods when other sources are depleted. This creates a perennial riverine habitat,
which is especially important in arid and semi-arid regions. The inevitable reduction
in such river flow once glaciers have passed peak water will place vulnerable
ecosystems at risk. The high Andean wetlands are particularly sensitive to glacial
melting and are considered ecosystem sentinels for the impact of climate change. Many
species depend on the slow-growing mossy pillows of cushion plants of the wetlands
that are struggling to keep up with the pace of melting. Some specialist organisms are
starting to disappear, including the meltwater stonefly, as its larvae depend on the cold,
glacial streams.

Diverse ecological communities have evolved in the harsh environmental conditions

of glacier-fed streams and rivers. Many of the aquatic species that have evolved

in mountainous environments require cold temperatures to survive. Benthic
invertebrates, or organisms that live in the sediments at the bottom of rivers, drive gross
primary production. They are critical to energy flows and nutrient cycling within the
ecosysterm, from the lower trophic levels of algae and detritus feeders to upper trophic
levels of fish, amphibians, mammals and birds. Many of these temperature-sensitive
benthic organisms become extinct when water temperatures rise, disrupting the basis of
the aquatic food chain. Such changes to glacier-fed stream habitat may similarly have an
adverse effect on cold water fish such as trout and salmon.

Water contamination

An unexpected impact of the glaciers melting is the release of contaminants that have
been locked up in the ice for a long time. Many originated as emissions from industrial
activity, often thousands of kilometres away, with particulates and compounds carried
by wind and settling on the ice, subsequently becoming part of it. Black carbon,
mercury, pesticides and other pollutants have been historically deposited in the
snowpack. The freeing of these harmful substances could significantly reduce water
quality downstream.

Loss of spiritual significance

Glacial mountain peaks have spiritual significance for indigenous peoples throughout
the world. Their sophisticated understanding and connection to the natural world are
ingrained in their cultures. They recognise the
mountains as the source of the streams and rivers on
which their very existence depends. In India, the
Gangotri Glacier is considered a sacred place and
receives thousands of pilgrims each year.

Some indigenous peoples consider glaciers gods. In
Peru, the loss of ice and snow from mountain peaks
is thus associated with the god’s departure and the
end of the world.

Permafrost is melting

Permafrost sits beneath the surface across vast
swathes of the higher latitudes in the Northern
Hemisphere. It is permanently frozen ground that
can be more than a kilometre thick. With Arctic
temperatures increasing at more than double the
global rate, ice within the permafrost is melting,

Did you know?

The only bird known to nest
on a glacier is the white-
winged diuca finch, also
known as the glacier bird,
of the Andes. As glaciers
retreat, it will have to move
further up the mountains to
find ice to build its nest on.
Eventually, it may run out
ice completely.

Did you know?

The continued thawing of
the Greenland ice sheet
could release radioactive
waste. It was buried by

the US Army in the 1950s,
believing it would be buried
forever.

6.5.6 The colour of melting permafrost indicates its high organic content.

causing the ground to collapse (see Figure 6.5.6).
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Sinkholes and hollows pockmark the surface. Once the organic material that was held
within the permafrost thaws, it decomposes and releases both carbon dioxide and
methane into the atmosphere. The permafrost has long served as a ‘carbon sink’ and it is
believed to hold twice as much carbon as the atmosphere. By releasing greenhouse gases,
it is creating yet another climate change feedback loop with the potential to accelerate
warming.
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@® SPOTLIGHT

A framework integrating the effects on ecosystem
services

The impacts of glacial and ice sheet retreat on human
activities are far-reaching. As Figure 6.5.7 predicts,

there may be some initial increase in the value of some
activities up to when peak water is reached, but beyond
the peak, they will all decrease as the glacial storage

is depleted. Figure 6.5.8, by the National Academy

of Sciences of the USA, highlights the complexity of
adapting to this change. The outer ring highlights

the broad groups of ecosystem services provided

by glacier-fed watersheds. The inner ring highlights Low TR
specific services potentially altered by glacier retreat and High Low
disappearance. The centre highlights the complexity Glacial cover

of interactions among the various services, which will 6.5.7 Projected impact of decreasing glacial cover on human
necessitate trade-offs as society adapts to cryospheric activities

change.
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6.5.8 The impact of glacial retreat on human activities
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Activities

Acquiring and processing geographical
information

1 Identify the two contributing causes of sea level rise and
analyse their respective impacts.

2 Assess the impact of sea level rise on coastal
communities.

3 Outline the predictions of the Intergovernmental Panel on
Climate Change on global warming.

4  Explain how fresh water pouring off Greenland could
disrupt ocean currents and what this would mean for
global weather patterns.

5 Describe how water supplies will be impacted by the
melting of glaciers and what will happen once peak
water is reached. Provide illustrative examples to
determine the likely impact on water resources for many
communities relying on glacial meltwater.

6 Describe a glacial lake outburst flood. Explain why they
are dangerous to those living downstream.

7 Explain how glacial meltwater becomes contaminated.

8 Outline the spiritual significance of glacierised mountain
peaks and what the loss of their ice and snow signifies to
those that have a spiritual connection with them.

9 Explain why holes are appearing in the ground above
the permafrost in the Arctic and how this may trigger a
feedback loop that would accelerate climate change.

Applying and communicating geographical
understanding

10 Study Figure 6.5.1 and, using data from this graph,
answer the following questions.
a By how much did the sea level rise from 1900 to 2018?
b What contributed to this rise from 1900 until 1990?

¢ What contributed to this rise from 1990 until 20187

d

What evidence from the graph is there that the rate of
rising sea levels has accelerated from the 1990s?

e What additional data has been available since the
1990s?

11 Study the information explaining the various impacts

of glacier and ice sheet retreat. Draw up a table
summarising the information provided. Use the following
as a guide.

| Cause | Effect | Examples

Rising sea
levels

Disruption of
ocean currents

Long-term
decline
in water
resources

Declining
tourism

Glacial lake
outburst floods

Loss of
biodiversity

Contamination
of water

Loss of spiritual
significance

Study the box, Spotlight: A framework integrating
the effects on ecosystem services, and complete the
following tasks.

a Describe the impact of the loss of glacial cover on
human activities and how this changes over time.

b Write a paragraph or two explaining the complexity of
addressing the issues arising from glacial retreat and
disappearance as society adapts to the change.

As a class, brainstorm the strategies that could be
undertaken at a local, regional and global level to slow
the rate of melting of the Greenland ice sheet.

©0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

CHAPTER 6 GLACIERS AND ICE SHEETS 153

.

0000 000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000°




UNIT 6.6

Sustainable management: Banning heavy
fuel use in Arctic shipping

The complexity of the interconnections between the natural systems of ice sheets

and glaciers has become evident, as have the feedback loops that increase the rate of
warming. It is by understanding the damage that can be done by one of these feedback
loops, namely the settling of black carbon particulates on glacial ice, that is spurring a
campaign to ban the heavy fuel oil (HFO) responsible.

Why heavy fuel oil is a threat to the Arctic

HFO is the dirtiest marine fuel. It is the residual oil left after crude oil has been stripped
of valuable components during refining. Being cheap it’s widely used for long-haul
shipping. A spill from a ship does not disperse like regular oil. It leaves a highly viscous
thick, tar-like sludge that emulsifies in seawater forming a paste. This is difficult to
capture and gets trapped under the ice. Sensitive marine environments are at risk as it
persists in the environment far longer than other fuels.

These heavy fuels burn slowly, emitting a high concentration of black carbon particles
that contribute to the Arctic’s more rapid warming. Reducing soot emissions is the
fastest and most economical means to slow down that rate. HFO spills:

m are 50 times more toxic to fish compared to medium and light oil spills

m pose a severe risk to Arctic residents, many of the 4 million inhabitants depend on the
sea for survival

m can cause hypothermia and death in seabirds and marine mammals

m produce harmful pollutants such as black carbon, sulphur and nitrogen oxides.

The growing use of heavy fuel oil in the Arctic

Dwindling polar ice makes traversing the Arctic Ocean easier for ships, attracting many
countries and corporations to this route. HFO is the most commonly used fuel by bulk
carriers, tankers and cargo vessels in the Arctic (see Figure 6.6.1). Russia is the biggest
user as it needs to deliver supplies to remote coastal communities that lack road or

rail connections (see Figures 6.6.2 and 6.6.3). With sea ice vanishing, Russia sees the
Northern Sea Route (NSR) as a Suez Canal alternative. Shipments between Europe and
Asia could possibly use the NSR as a shortcut for 10 months of the year. During the
coldest months, sea ice means ships needed an icebreaker to traverse the passage.

There has already been explosive growth in shipping on the NSR, with 31.5 million
tonnes of goods moved in 2019, up more than 60 per cent from 2018. In 2020,

Tons of black carbon

General cargo 34.2
Oil tanker
Fishing
Cruise

Bulk carrier

Ship type

Service
Refrigerated bulk

Chemical tanker

Container

I I I I I I | I
0 5 10 15 20 25 30 35 40

6.6.1 Black carbon emissions by type of ship using heavy fuel oil in the Arctic Ocean, 2015
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commercial shipping began in May, earlier than ever before. A Russian carrier loaded
with liquefied natural gas crossed the NSR to China without an icebreaker for the first
time. Even the most icy and difficult parts of the route provided safe passage. The ease of
early-season navigation will expedite the growth of cargo traffic in the Arctic.

Tons of black carbon

Russia
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Denmark (DIS) 7
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Note: Flag state is the country a ship is registered in, and not necessarily the owner’s country of origin. 6;?'2, ﬁ'aektc"t"rb]? n em}'f.s'ons. by
Panama, Liberia, Marshall Islands, Bahamas and Malta register a large number of foreign vessels. ship's Tlag state, irom Ships using
i . . L 3 heavy fuel oil in the Arctic Ocean, 2015
DIS is the Danish International Shipping Register.

6.6.3 A cargo ship with containers at
Anadyr, Chukotka in far east Russia

Action to ban the use of heavy fuel oil in the Arctic

With the growth of shipping in the Arctic, the use of HFO will rise and with it more
accelerated melting of glacial ice. Robust measures are needed to reduce the risks arising
from the use and carriage of HFO. Concerns have long been held about the reliance

on this dirty fuel in such a delicate and remote environment. It led to the International
Maritime Organization (IMO) prohibiting its use in Antarctica in 2011. Efforts to
include the Arctic region in that ban fell short. The IMO has been working for a decade
to have heavy fuels banned in the Arctic. They have only secured this for some of the
waters of the Norwegian archipelago of Svalbard.
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6.6.4 The International Maritime
Organization’s Arctic boundary
designation
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Considerable pressure has been placed on the IMO by environmental non-profit
organisations. At the forefront has been the Clean Arctic Alliance, which led a multi-year
campaign to ban HFO in the Arctic. They gained increasing support from many of the
member states of the IMO. In 2020, the IMO agreed on a draft regulation to phase out
the use and carriage of HFO, recommending a ban on Arctic shipping in the circumpolar
north, starting from July 2024. This is the first-ever agreement to limit greenhouse gas
emissions from shipping. Although Russia was initially hesitant, it eventually supported
the measure, along with the other countries bordering the Arctic Ocean. The designated
boundary of the zone where the bans apply is shown in Figure 6.6.4. There were some
key exceptions:

m ships engaged in search and rescue or oil spill preparedness and response

B nation-states whose coastlines border the Arctic waters can waive the ban if their ships
are flying their own flag and they are operating in their sovereign waters where they
have jurisdiction. This was integral to securing Russia’s support as they rely heavily on
domestic journeys servicing coastal communities.
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Other operators in the Arctic move to cleaner fuels

Apart from regulatory efforts, several shipping operators, including those operating in
Arctic waters, have begun to phase out HFO or have even committed to transitioning to
carbon-neutral fleets over the coming decades.

Norway’s Hurtigruten implemented a voluntary ban on HFO a decade ago and is

now moving to even cleaner vessels. The company took ownership of the first hybrid-
powered, ice-strengthened expedition cruise ship in June 2018. The vessels can operate
for short stints on silent, emission-free fuel cells. Ponant, a French cruise-ship operator
with frequent voyages to the Arctic, no longer uses HFO 1in its fleet of five cruise ships.

Maersk, the world’s largest shipping operator, and first company to sail a container ship
through the Arctic in September 2018, is committed to operating a carbon-neutral
fleet by 2050. It has already achieved a 46 per cent reduction in emissions compared to
the 2007 baseline. The company says that the next five to ten years will be crucial for
developing and investing in clean fleet technology.



Activities

Acquiring and processing geographical 7 Describe how other operators in the Arctic Ocean are
information moving towards cleaner fuels. What may be motivating

:
1 Describe heavy fuel oil (HFO). them to do so*

2 Outline the impacts that HFO can have on the Arctic Applying an_d communicating geographical
environment. understanding

Describe the work that has been undertaken by the IMO the following questions.
in addressing the threat of HFO. a Calculate the total tons of black carbon emitted by all

5 Outline the draft regulation that was agreed on in 2020. ships using HFO in the Arctic.
Explain what exemptions were needed to gain the b Calculate the percentage of combined emissions
support of Russia and other countries bordering the from general cargo ships and oil tankers.

Arctic Ocean. 9 Study Figure 6.6.2. Using data from this graph, calculate

6 Investigate the current situation regarding regulations the percentage of Russia’s contribution to black carbon

< 3 Account for the increasing use of HFO in the Arctic. 8 Study Figure 6.6.1. Using data from this graph, answer
banning the use of HFO in the Arctic. emitted in the Arctic. Suggest why it dominates.

APPLICATION AND CONSOLIDATION TASKS

Task 1: Class debate

Conduct a class debate on the topic ‘Atmospheric carbon levels are likely to be reduced in the future and the balance
in glacial systems will be restored'.

To prepare for the debate:
= write down all the arguments for and against the topic

m re-read this chapter (and undertake further research) to find data to support your argument.

Task 2: Report writing

Write a short report assessing how land use changes have interrupted the operation of glacial systems and contributed
to the accelerated melting of ice sheets and glaciers; and the impacts of the melting ice sheets and glaciers.

In your report, consider the framework that integrates the effects on ecosystem services (see Figure 6.5.7).

Task 3: Create an infographic

Prepare an infographic promoting the benefits of cruise ships bringing tourists to the Arctic using cleaner fuels. Your
task is to encourage tourists to select a tourism operator that only uses clean fuels and has sustainable practices.

Your infographic should include the following information:
m whatHFO is

why HFO is a problem

what the tourism operator is doing

what the benefits are of using cleaner fuels

reasons to take a cruise to the Arctic.
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CHAPTER

1 Desertification

Desertification is one of the key environmental issues facing the world
today. It results from a degradation in the ability of the land to support
life and ultimately leads to an absence of all vegetation. Complex
interrelationships between unsustainable human activities and climate
change cause it.

Overgrazing, extensive land clearing and overharvesting water interrupt
the nutrient cycle leaving soil devoid of organic material and susceptible
to wind erosion. These impacts are compounded by climate change,
leading to more frequent and severe drought events that increase the
spread of desertification. Revegetating the land is the most effective
strategy for dealing with desertification, but is costly, labour-intensive
and slow.

This chapter investigates the nature, extent and rate of the land cover
change resulting from the process of desertification. The impacts of
desertification are examined on a range of scales. Also covered is
how understanding interconnected natural systems can contribute to
sustainable land management to reverse desertification. A focus on
place is on desertification in China.

[Desertification and land
degradation] is the greatest
environmental challenge
of our time [and] a threat

to global wellbeing ... The
top 20 cm of soil is all that
stands between us and
extinction.

Luc Gnacadja, UN Official

G1.0.1 Desertification is a global environmental issue, seen here in the Namib Desert, Namibia.
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Chapter glossary

arid an area with very low precipitation; annual precipitation
is generally 100-300 mm

broadacre farming removing vegetation to create very
large open and uniform fields for crops

desert an arid area of land typically receiving less than
250 mm of precipitation a year

desertification land degradation in arid and semi-arid
areas

drought a prolonged period of abnormally low rainfall
drylands areas that have low levels of precipitation

humus part of the soil produced by decaying organic (plant
and animal) matter

land degradation the deterioration in the quality of land,
usually due to human activities

overgrazing too many animals grazing on plants in an area
so that plants are not able to recover

semi-arid an area with low precipitation, but enough to
support agriculture; annual precipitation can vary from
300-800 mm

wind erosion the movement of sediments, such as soil by
wind from one location to another




UNIT G11
Extent and rate of desertification

Desertification is a term used to describe the degradation of drylands, which
includes arid and semi-arid areas. These areas have low levels of precipitation and
often high rates of evaporation. Geographers categorise them as having very high rates
of water vulnerability. It means these areas have unreliable water supplies. In such harsh
environments, water is scarce, and flora and fauna are specially adapted to survive.

Desertification is often misunderstood as the growth in desert areas. It is better defined

as the degradation of land in all water-scarce areas in the world, or drylands. In 1994 the
United Nations Convention to Combat Desertification was developed. The Convention
defined desertification as ‘land degradation in arid, semi-arid and dry sub-humid areas
resulting from various factors, including climatic variations and human activities’.

Drylands currently cover around 45 per cent of Earth’s land surface or 60.9 million
square kilometres (see Figure G1.1.1). Less than 15 per cent of drylands are true deserts,
with most being arid and semi-arid regions. Drylands are home to more than 3 billion
people, many of whom depend on the local environment for their food. Around

75 per cent of the world’s pastureland and 50 per cent of the world’s croplands lie within
dryland environments. This means global agriculture is very vulnerable to desertification.
A 2018 report by the Intergovernmental Science-Policy Platform on Biodiversity and
Ecosystem Services estimated that by 2050 Earth’s drylands will be home to more than

4 billion people.
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G1.1.1 Global distribution of drylands

Higher rates of desertification typically occur in developing countries, especially in
Africa and parts of Asia. It is associated with higher population levels in these areas and
the demands this adds to local agriculture to feed the population. Some researchers
estimate at least 40 per cent of Africa and Asia’s population live in areas threatened by
desertification (see Figure G1.1.2).

An estimated quarter of the world’s drylands are currently subject to degradation.
Globally, around 20 000-50 000 square kilometres of dryland environment are degraded
annually due to human use. More than 1 billion people rely on already degraded land for
their food, particularly in Africa and Asia.
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. G1.1.2 At least 40% of Africa’s population
“=. lives in areas at risk of desertification.

©® SPOTLIGHT

Desertification in China

China is considered one of the global hotspots for w5y
desertification. Throughout the second half of the - O N o
twentieth century, its population boomed and its " T e—

economy grew. With this, the rate of desertification

increased dramatically. More recently, the rates of

desertification have stabilised. There have been some

areas where desertification has been reversed. However,

it remains a serious problem. Estimates say that as much

as 25 per cent of China’s land cover is now degraded,

directly impacting at least 400 million people. Research 2
in 2016 calculated a cost to the Chinese economy E
of around US$7 billion annually in lost agricultural

production and social impacts G1.1.3 Sand slowly engulfs a highway in Inner Mongolia, China, as

desert sands from the Gobi Desert expand across former grasslands.

In China’s north, the area bordering the vast Gobi Desert is
where the problems are most extreme. Here, the desert is

expanding into neighbouring grasslands, consumingupto 1 he Gobi Desert's expansion can be attributed to
3600 square kilometres annually. As the Gobi Desert grows, ~ Several factors, including extensive land clearing
valuable agricultural and grazing lands are lost and people ~ @nd deforestation plus climate change. However,

6 Write a short report on the nature of desertification
in China.

are displaced from their homes. Vast sandstorms are now unsustainable agricultural methods, especially grassland

a common feature in this part of China (see Figure G1.1.3). overgrazing, is one of the most significant factors.
: Activities i
Acquiring and processing geographical Applying and communicating geographical
¢+ information understanding :
1 Define the term desertification in your own words. 4  Write a paragraph describing the main causes of
¢ 2 Describe drylands. desertification. :
: 3 Describe the extent of desertification around the globe. 5 Examine Figure G1.1.1. Describe the location of the
. globe’s drylands in terms of latitude and location on :
continents.
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UNIT G1.2
Changes in land use

Land management and climate are the two factors that directly cause desertification.
Land management includes the human activities of land clearing and deforestation,
overgrazing livestock, over-cultivating crops, and inappropriate and excessive irrigation.
Climate includes both long-term natural fluctuations (e.g. moving in and out of ice ages)
and shorter-term cycles (e.g. El Nifio and human-induced climate change).

These impacts often combine to create a ‘perfect storm’ of desertification. For example,
changes in climate can cause prolonged droughts. Combined with poor farming
practices, this has exacerbated the problem. At the heart of understanding the impact of
desertification is how human activities have impacted soils.

Water and air
penetrate soil

Organic material such
as leaves and animal
dung break down

Minerals and other
nutrients are released
into soil

Rocks are broken
{ down
Decomposers break

down organic matter

W\

.. '/‘ "

G1.2.1 Simplified model of the nutrient cycle

G1.2.2 Land clearlng of native vegetation central Queensland

6 GLOBAL INTERACTIONS 11

The nutrient cycle

The productivity of all ecosystems depends on
nutrient cycling. Chemicals are constantly being
recycled through the ecosystem to support the
biosphere. This encompasses the living components
of the ecosystem. These chemicals move from

the soil to be used by plants as nutrients that
enable them to grow and reproduce. This, in

turn, provides nutrients to the animals feeding

on the plants, which then provides nutrients to
predatory animals. Ultimately the nutrients are
returned to the soil as decaying plant materials (e.g.
fallen leaves), animal manure and decaying animal
carcasses—also called humus (see Figure G1.2.1).

The process of nutrients returning to the system

is long and slow, so soil requires a continuous
circular flow. As plants consume the nutrients
from the soil, it must be continually replaced. If
this cycle becomes unbalanced, soils can quickly
become depleted of nutrients and degraded. These
degraded soils are less able to support plant growth
as they are devoid of nutrients. The spiral toward
desertification begins this way.

Humans have dramatically transformed and
disrupted the nutrient cycle. Land clearing

is perhaps the most profound impact (see

Figure G1.2.2). By clearing vegetation, humus—
the key source of returning nutrients to the soil—
is removed. Large-scale land clearing is usually
done to create space for agricultural activities

and grazing. The loss of vegetation reduces the
soil quality and removes the tree’s root systems.
Tree roots bind the soil together, making it less
susceptible to wind erosion. Vegetation loss also
increases the rate of nutrient leaching. This is the
process of rainfall ‘washing’ the nutrients out of
soil. As the water percolates into the ground, it
dissolves many of the nutrient chemicals, removing
them from the soil. The heavier the rain, the
greater the impact. Leaf matter on the surface
reduces leaching, so when vegetation is removed,



leat matter disappears. This makes the rates of percolation higher, in turn removing even
more nutrients from the soil.

In late 2019 a review of land clearing for agricultural activities in NSW began. This
review was triggered by significant increases in clearing rates over the preceding years. In
the 2017-2018 financial year more than 27 100 hectares (217 square kilometres) of native
vegetation was cleared across the state—the highest level in over 15 years. Scientists now
use satellite images to track how much unauthorised land clearing occurs. They found
almost 60 per cent was done without proper authority. Besides the significant loss of
habitat, there were also major impacts on the soil quality.

Wind erosion

Wind erosion is a natural process that moves sediments, such as soil and sand, from one
location to another. This is a function of the relationship between the atmosphere and
the lithosphere. The hydrosphere and biosphere also play key roles in determining the
vulnerability of soil to erosion. Wind is a powerful agent of erosion and can move vast
quantities of sediment. Larger particles are moved along the ground in a process known
as surface creep. Very fine particles can be lifted high above the ground and are carried in
suspension. These particles are too small to be influenced by gravity and can be carried
along as far as the wind propels them.

While wind drives erosion, processes on the land surface determine the degree of
vulnerability to, and the extent of, wind erosion. When soil dries out, the individual
particles begin to separate, allowing them to be more easily transported by wind. The
amount of moisture in the soil is a key factor in determining the nature of wind erosion.
Wet soil typically clumps together, so the particles are too large to be influenced by
wind. This is why wind erosion is far more common in drylands and deserts than in
other types of environments.

The second significant factor in determining the extent of wind erosion is land
cover. Figure G1.2.3 shows the relationship between wind erosion and the

extent of ground cover. Once ground cover falls below 50 per cent, the rate @ 100
of wind erosion increases dramatically. Ground cover acts like a blanket over E

. . L, . . . . . . o 80—
the soil, reducing the wind’s ability to interact with and lift the soil particles. o
Plants also disturb the wind’s flow by reducing its velocity and power to erode T 60—
the soil. Plant roots are also crucial. Their roots bind the soil particles together, 5 40
creating a framework structure. Grasses and ground-hugging plants greatly help g
to minimise wind erosion of topsoil in this horizon. S 20
Human activities greatly impact wind erosion. This includes ground cover S

» 0 T T T | |

reduction associated with overgrazing and land clearing. Vegetation trampled 0 20 40 60 80
by hard-hooved animals, such as cattle and sheep, also reduces ground cover.
On a larger scale, issues like a change in climate can also increase drought
periods by drying out soils. All these factors increase soils’ vulnerability to

Ground cover (%)

erosion

100

G1.2.3 Relationship between landcover and wind

wind erosion.

Changes to climate and desertification

Research released in 2020 by the Climate Centre of the Netherlands Red Cross, found
that storm activity was intensified by a lack of moisture in the soil. Conducted over
several years in the Sahel region of Africa, it was found that when storms passed

over moisture-laden soils this moderated the storm’s intensity. This meant the storm
had less impact, rain fell more gently and winds were less intense. The reverse was also
true. They also found that when a storm moved over a very dry landscape, which is
common in the Sahel, it became more intense. This highlights how storm events can
become more dangerous. More importantly, it shows they might contribute more to
desertification than previously thought. Storms bring moisture to the ground, but if the
storm is too intense, rainfall is likely to lead to flooding. This creates further soil erosion,
which in turn leads to further desertification.
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Climate change is a leading cause of desertification, but desertification is also enhancing
climate change. The World Resources Institute estimated that up to 300 million tons of
carbon is released into the atmosphere annually due to desertification. This equates to
approximately 4 per cent of current global carbon emissions. These emissions result from
dying vegetation, which releases stored carbon back into the atmosphere.

Research by the Intergovernmental Panel on Climate Change found that at local and
regional levels, desertification causes substantial disruptions to many different natural
processes, triggering feedback loops. One loop relates to the impact of more dust in the

atmosphere. This dust directly increases the heat in the atmosphere. The heated dust layer

alters the humidity levels. This impacts cloud formation, which can reduce rainfall.

Figure G1.2.4 demonstrates the interrelated nature of climate and desertification and

its impact on the biophysical environment. Changes in the climate begin to intensify
weather patterns and systems (e.g. more droughts). This increases the loss of biodiversity
and vegetation, which leads to a greater release of carbon dioxide into the atmosphere
and less absorption of carbon dioxide from the environment. This has a further impact
on climate change and the soils deteriorate further as vegetation declines, leading to even

less vegetation.

Vegetation binds the soil and
adds nutrients. Vegetation is
lost due to overgrazing, fuel
collection and poor land-use
practices. Climate change
causes extreme weather
events (floods, droughts).

Soil is left exposed.
Wind blows soil away.
Climate change causes
extreme weather events.

Land is degraded and
biodiversity is lost. Soil
loses moisture, fertility and
structure. Decrease in
vegetation diversity.
Decrease in soil organ-
isms. Reduced carbon
reserves and increased
CO, emissions.

No vegetation to intercept
rainfall. Soil moisture is
lost. Soils crack and erode.
Reduced carbon reserves.

| |" | y
'3

G1.2.4 Relationship between desertification, climate change and biodiversity loss

Activities

Acquiring and processing geographical
information

1

Describe the impacts of land clearing on the operation of
the nutrient cycle.

Write a simple definition of wind erosion.

Explain the relationship between soil moisture and wind
erosion.

Describe how plants help reduce the impact of wind
erosion.

Describe the relationship between desertification and
storm activity.

Outline the impact of desertification on greenhouse gas
emissions.

GLOBAL INTERACTIONS 11

£ 00000 000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000s,
.

Applying and communicating geographical
understanding

7

10

11

Develop your own definition of the nutrient cycle. Share
your definition with a partner and refine your definition,
then share it with the class.

Using Figure G1.2.1 and the information in the text, write
a short explanation of the operation of the nutrient cycle.

Examine Figure G1.2.3. Explain the relationship between
land cover and wind erosion.

Prepare a short report on how wind erosion shows a
relationship between the four spheres of the biophysical
environment—atmosphere, lithosphere, hydrosphere and
ecosphere.

Examine Figure G1.2.4. Write a short report on the
relationship between climate change, desertification and
biodiversity loss.
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UNIT G1.3
Impacts of landcover change

Climate change and its impact on landcover

Climate change is having a profound impact on all aspects of the biophysical
environment and is closely associated with desertification. Figure G1.3.1 shows the
results of four major scientific studies about changes in global temperatures. While
each study found some differences, the overall trend is very clear; that is, the world is
becoming increasingly warm and the rate at which it is warming is also increasing.

30 5
0-700 m Global ocean heat content

95 | = 3-month average through July—September 2020
=== Yearly average through 2019

=== Pentadal average through 2015-2019

N
o
|

—_
[6;]
|

Heat content (1022 joules)
=
|

NOAA/NESDIS/NCEI Ocean climate laboratory
updated from Levitus et al. (2012)

T T T T T T T
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Years

G1.3.1 Changes in global and land temperatures 1970-2018 from multiple studies

Climate change has several profound impacts on desertification.

1 As temperatures rise, the landscape becomes drier, placing greater stress on vegetation.
This then impacts soil productivity, further heightening degradation.

2 Increasing temperatures lead to more intense weather systems, which occur more
frequently. For example, climate change has been linked to increased storm activity.
This then heightens water erosion, degrading fragile topsoils. Climate change is also
linked to the frequency and intensity of droughts. The long drought preceding the
devastating bushfire season of 2019-2020 in eastern Australia was at least partially
worsened by climate change. Changes in ocean temperatures disrupt the natural
ocean currents in the Pacific and Southern oceans that drive the El Nino effect, a
major cause of Australian drought, which makes the impact greater.

3 Climate change has significant social consequences. Increasingly, environmental
degradation prompts migration. This is especially relevant among agricultural societies
that rely on their immediate environment for food. As the environment degrades,
these communities are forced to seek new areas to farm. This can lead to further land
clearing of new areas and eventual desertification.
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Climate modelling shows droughts will happen more regularly and more intensely in
eastern Australia. Indeed, the recent drought gripping Australia in the mid-2010s was
one of the most severe on record (see Figures G1.3.2 and G1.3.3).

G1.3.2 A property in Watson's Creek, near Tamworth, NSW, in 2016 before the G1.3.3 The same property as G1.3.2, in 2018, at the drought’s
full impact of the severe drought. peak.

A comparison of the two photographs, Figures G1.3.2 and
G1.3.3, gives insight into the impact drought has on land
cover. The photo on the right shows how the soil was laid
bare and dried out. This soil became susceptible to erosion,
especially by wind. Massive dust storms emerged across
eastern Australia at this time (see Figure G1.3.4).

In the late 1990s, long-term CSIRO research reported
the relationship between weather patterns and land
cover. It studied the extent of ground cover by grasses
from 1876 to 1996 on a 576-square-kilometre parcel
of land near Alice Springs, Northern Territory. Figure
G1.3.5 summarises the results across 120 years, showing
the extent of variability in ground cover. The three
periods of lowest coverage coincide with extensive
droughts in the 1890s, 1930s and the 1960s. Periods

of exceptionally high coverage coincide with two
periods (1920-1921 and 1973-1975) when regional
rainfall exceeded 800 mm a year, more than three times
the average. Such research shows a clear link between
weather patterns and landcover. This then impacts on
desertification and land degradation rates.

G1.3.4 Massive dust storm in Central West NSW
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Year Springs, 1876-1996

Impact of human activities on landcover

Figure G1.3.6 summarises research by the NSW Environment Protection Authority
found around 75 per cent of soils in the state have become degraded since European
arrival. Most of this impact occurred in the twentieth century. Wind and water erosion
are the biggest issues. Desertification is mostly a problem in the western regions, as it is
the driest. This region is dominated by drylands.

Figure G1.3.6 also shows that in the north—west and western regions, the single biggest
cause of desertification has arisen from historical, unsustainable farming practices. These
regions are dominated by large grazing leases. Past widescale land clearing to promote
grass growth for cattle and sheep grazing greatly impacted how much organic material
the soil contains. Around Moree and Griffith, wind erosion is a major concern. Both
regions are dominated by broadacre farming. This clears the land of all or most native
vegetation to replace it with crops, such as cotton and rice. It exposes topsoils that, when
dry, are more easily lifted into the air, such as during a drought.

Moree .

NORTHERN_%
TABLELANDS |

Newcastle

o Orange :
CENTRAL
i TABLELANDS

Griffith®

Main issue of concern
No issue of concern
Sheet and gully erosion

MURRAY

» Deniliquin

Batemans

Bl Soil acidity

8 Soil carbon
0 100 200 Bl Soil salinity

B Soil structure
Kilometres Wind erosion

. 3 Local Land Service region . - .
Source: OEH 2014 d G1.3.6 Major soil issues in NSW
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The American Dust Bowl

The American Dust Bowl occurred in the 1930s when a
very severe drought occurred in the USA. It coincided
with the Great Depression. There was a misguided
belief that once land was farmed, greater rainfall would

result. The saying was ‘rain follows the plough’. This led
to further clearing of ever-more marginal drylands for

farming.

The drought’s onset in 1931 caused crop failure across
vast areas. By 1934, up to 14 000 square kilometres of
farmland had been made useless by desertification, as
shown in Figure G1.3.7. Over 5000 square kilometres
were subject to very severe degradation. Huge

clouds of dust roared across the plains, dubbed

‘black blizzards'. In 1934, the dust was so thick in New
York City that the Statue of Liberty was no longer
visible. Dust pneumonia was common among plains
residents, caused by the amount of dust in the air.

The return of rains by 1939 ended the worst of the

dust bowl.
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G1.3.7 Afarm in Kansas in 1936, buried in soil during the Dust Bowl
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Acquiring and processing geographical information

Describe the impact of climate change on weather systems.
Outline the link between drought and desertification.
Describe the state of soils in NSW since European settlement.

What has been the impact of agricultural activities on soils in NSW?

Applying and communicating geographical understanding

Examine Figure G1.3.1. Describe the overall trend of global temperatures.
Prepare a short report on how climate change impacts rates of desertification.

Examine Figures G1.3.2 and G1.3.3. Describe the impact the drought had on this
property. Outline the soil-related issues it would have faced due to the drought.

Examine Figure G1.3.6. Describe the location and spread of the major distribution of
major soil issues in NSW.

Write a short report on the causes and impacts of the American Dust Bowl.
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UNIT G1.4
Reforestation: Dealing with desertification

The loss of ground cover is the first step to
desertification. With vegetation loss comes

soil degradation and further loss of vegetation.
Reforestation programs (see Figure G1.4.1) replant
lost vegetation to help deter desertification. As the
vegetation grows it stabilises the soil. This reduces

the impact of erosion and gradually restores the soil’s
organic material. Nutrients are enhanced and become
available to plants.

China’s Green Wall

With around a quarter of its territory covered by E.ﬁ*‘:
3

desert, China is severely affected by desertification.
Chinese authorities launched a massive environmental ,
program in 1978 to build a series of shelterbelts to B e

stem the rate of desertification. A shelterbelt, shown B 1 5 o
in Figure G1.4.2, is a way of planting trees to create G1.4.1 Reforestation is a key solution to desertification.

shelter from the wind. It can also help stabilise
exposed soil and sand.

Three strata
barrier

Dominant
wind

G1.4.2 A shelterbelt uses trees and vegetation to reduce wind erosion.

This ambitious plan, called the Green Wall, was supported by regional and central
government authorities. Extensive large-scale tree plantings were undertaken, but were
often unsuccessful, as the trees were left untended. The harsh, dry and windswept
conditions meant their survival rates were very low.

Local projects are having greater success. Projects that utilise local people, their skills and
knowledge, are proving to be far more effective as they are involved in the process.

The Ningxia Hui Autonomous Region in north-western China (see Figure G1.4.3)
is one of China’s most problematic areas for desertification. Bordering the vast Gobi
Desert, nearly 30000 square kilometres of the region’s territory are now affected by
desertification. This equates to 55 per cent of its area. The region is at the heart of the
Green Wall project.
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G1.4.3 Location of the Ningxia Hui Autonomous Region in China

In the Shapotou District in north-west Ningxia, vast sand dune systems
dominate the landscape, shown in Figure G1.4.4. Constantly moving sand
from dunes is easily driven by winds blowing from the vast Mongolian
Plateau to the north. These sands have gradually been drifting southwards
impacting southern grasslands.

The Ningxia region has not always been so arid. Much of it was once
covered in grasslands. Desertification has increased due to a warming and
drying climate combined with unsustainable agriculture and water harvesting
practices. Up until the late 1970s, the government tightly controlled
agriculture and limited grazing. However, population pressure and a shift to
privately-run agriculture saw a growth in family-owned businesses.

This massively increased the number of sheep and goats grazing these
grasslands. Ground cover was swiftly lost. Desertification was worsened
by the region’s strong winds. Climate change has helped spread the desert
across northern China. Now droughts are more common, drying out soils
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that degrade faster, further reducing land cover.

The 1+4 process

A massive environmental program was launched in 2012 within the Shapotou District to
respond to rising desertification there. Using the ‘1+4’ process, vegetation is slowly being
returned. The first step is to start stabilising the dune systems and reduce wind erosion’s
effects. Straw helps stabilise the dunes. It disrupts the flow of wind across the dune and
reduces its movement, as shown in Figure G1.4.5. Done by hand, this is a laborious but
effective method.

With the straw grid in place, hardy grass seedlings are planted in spring and autumn. Seeds
are also spread during the short rainy season in summer. As land managers have become
more skilled, they have been able to achieve a plant survival rate of 70 per cent. In areas
being replanted, up to 40 per cent of ground cover has been restored. Since 2012, close to
7000 hectares of shifting desert dunes were stabilised and replanted.



When dunes are stabilised with grasses, the soil
structure gradually improves. As grasses and straw
break down, they add nutrients to the soil, slowly
restoring the nutrient cycle. The richer soil can now
support more plant life. This returns more nutrients
into the soil, creating a positive feedback loop. Trees
and larger plants can be planted, and forests can
gradually retake over the land (see Figure G1.4.6).

Responding to overgrazing

Within the Ningxia region, overgrazing was the
main reason for desertification. Within the region,
Yanchi County lies on the border of the Maowusu
Desert. It is famed for its tan sheep providing high-
quality wool and tender meat. Straw grids stabilise
dunes, and grasses and trees grow where sand was
once found.

Local authorities also placed restrictions on sheep
grazing here. Farmers must keep their sheep in
corrals. They have financial support to build fences
and sheep sheds to keep sheep away from reforested
areas. An extensive information and education
campaign helped farmers understand what causes
desertification and how to reduce it.

Tree cover there has increased by 2 per cent. Grass
cover increased substantially and dust storms have
significantly decreased.

The success of desertification reduction programs

in these parts of China encouraged authorities

to launch an ambitious reforestation project across
the north-west. They aim to reforest up to

40 000 square kilometres of degraded land to address
desertification across over 200 counties.

Individual actions to solve
desertification

Unsustainable agriculture is a key cause of
desertification. Broadly, this can seem insurmountable,
but individual, local-level actions can have a powerful
effect. In the Balaklava region of South Australia
north-west of Adelaide, the Kirkland family are
farmers on the property ‘Kiraba’. They have been
taking steps to combat desertification and land
degradation on their property for more than 40 years.
The 1200-hectare farm has a mixture of sheep grazing
and crops. What sets it apart from others here are large
stands of trees in most paddocks.

These trees are planted in shelterbelts similar to
hedges (see Figure G1.4.7). They give the sheep

a place to shelter from strong winds that cross the
property. They also provide nutrients for the soil
and help to minimise soil erosion by acting as a
windbreak. The property also has a small timber
plantation and some areas left with native scrub.
These are the most marginal regions on the property
and could be easily degraded due to their poor-quality soils.

G1.4.7 Shelterbelt planting of native Australian vegetation
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Activities

Acquiring and processing geographical
information

1

2
3
4

8
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Local action groups have been established across Australia to help deal with land
degradation issues. Many engage in mass planting to address issues of desertification. One
is the Goolwa Wellington Local Action Planning Association (GWLAP). Established in
1998, the not-for-profit non-government organisation is based in Strathalbyn, South
Australia. It is currently working with almost 3700 landholders to help them improve
their properties’ environmental conditions. Together with the landholders, they have
planted almost 1.9 million trees.

Similar groups exist across Australia, working collectively to improve degraded and

desertified land. Many work with Landcare Australia, which contributed significantly to

the federal government’s 20 million trees program. Between 2015 and 2020, Landcare
worked with community groups to restore 3000 hectares of degraded land. They
replanted it with 3.2 million native plants, with most work done by volunteers.

Define the term reforestation.
Describe the extent of desertification in China.
Outline the challenges faced by the Green Wall project.

Explain the impact of government economic policies on
desertification in the Ningxia Region.

Explain the 1+4 method used in Shapatou District.

Outline the strategies used in Yanchi County for dealing
with desertification.

Describe the role individuals can take to address issues
of desertification and land degradation.

Applying and communicating geographical
understanding

Using a flow chart, describe how reforestation helps to
reduce the impacts of desertification.

10

11

12

With a partner, take on the role of environmental
scientists tasked with providing information on
desertification to farmers in the Ningxia Region of China.
Prepare an easy-to-understand brochure or presentation
on the causes of and solutions to desertification at a
local level.

One of the limitations of the 1+4 method is that it is a
slow and labour-intensive process. In a small group,
brainstorm possible solutions for making this faster and
more efficient. Share your ideas with the class. Evaluate
each of the strategies as a class.

Write a paragraph assessing the strategies used in
Yanchi County for dealing with desertification.

Visit the website of the Goolwa Wellington Local Action
Planning Association. Outline the nature of the work
being done by the Association. Explain how this reduces
land degradation.

©00000000000000000000000000000000000000000000000000000000°
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APPLICATION AND CONSOLIDATION TASKS

Task 1: Radio advertisement informing farmers about wind erosion

Working with a partner, write a script for a short radio advertisement informing farmers of the causes, problems and
possible solutions to wind erosion.

Consider how to get your message across to farmers and the tone the advertisement will use.
Record your advertisement. It should be no longer than 2 minutes.

Task 2: Prepare a speech

Take on the role of a soil scientist. Prepare a speech on why caring for soils is important in reducing climate change.
Include in your speech:

m the importance of soils

m the relationship between climate change and desertification

m the impacts of biodiversity loss

Your speech can include visuals (maps, graphs, diagrams, photos) that you would use during your presentation.

Task 3: Assess the effectiveness of a reforestation program

Prepare an annotated visual display. Select one of the following reforestation programs (or consult with your teacher to
select another location).

m China: Green Wall

m Australia: Balaklava region of South Australia

Assess their effectiveness.

Include in your response:

m the extent of the desertification problem

the specific causes and impacts of desertification

what reforestation programs are being used, along with the history of any previous programs
why was this program chosen

the successes and failures of the current program—consider the short-, medium- and long-term outcomes of
the program).

CHAPTER G1 DESERTIFICATION
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The footprint of Earth’s 8 billion people is evident everywhere we look. Not
even the most remote polar outpost, the most inhospitable desert, the most
distant island, the deepest ocean trench or the world’s highest mountain peak
is free of human impacts. The agricultural systems that supply the food and
fibres we need, the industrial complexes that produce the goods we consume,
the urban centres that house more than half the world’s population, and the
transport networks vital to the movement of people, goods and services, have
had far-reaching effects on the global environment. To this, we add the world’s
cultural diversity—its mosaic of customs and traditions, religions, languages,
social organisation, forms of government and economic systems.

The world’s cultural landscapes arose from the complex interactions between
cultures and the natural environment. Each culture has its own practices,
preferences, values and aspirations. The outcome of all such interactions is a
‘humanised’ version of this planet’'s landscapes.

Content focus

In this section of the text, students have the opportunity to examine evidence

of human diversity across Earth's surface. In doing so, they develop an
understanding of the spatial patterns and extent of the human footprint, and the
human transformations shaping those patterns. They investigate how systems
of production, distribution and consumption shape places through the study

of population change, resource consumption and international integration. To
consolidate this knowledge, and better understand the human processes that
shape the unique character of places, students have the opportunity to focus
on either place and cultural change, political power and contested spaces, or
human resilience in diverse environments.

In this section

Chapter 7 Human activity on Earth
Chapter 8 Our increasingly integrated world
Chapter 9 Population and resource consumption

Chapter 10 Place and cultural change
Chapter 11 Political power and contested spaces
Chapter G2 Human resilience in diverse environments




CHAPTER

7 Human activity on Earth
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Human activity has impacted Earth'’s surface and its atmosphere. Nearly
95 per cent of Earth’s surface shows some form of human modification,
with 85 per cent bearing evidence of multiple forms of human impact.
The anthropogenic stressors that dominate the more highly modified
biomes include dense human settlements, agricultural land uses,
networks of infrastructure and industrial activities.

Only 5 per cent of the world’s lands are largely unaffected by humans,
while 44 per cent are described as having a low modification. The
remainder has a moderate to a high degree of modification—34 per cent
(moderate); 13 per cent (high); and 4 per cent classified as (very high).

This chapter studies Earth’s surface from a human perspective, focusing
on the diversity and extent of the human activity and the spatial patterns
related to settlement, infrastructure, industrial production and services.
Also examined are the spatial patterns of the world’s indigenous peoples
and their languages.

It is our collective

and individual
responsibility ... To preserve
and tend to the world In
which we all live.

Dalai Lama, Tibetan spiritual leader

7.0.1 The busy Shinjuku district of Tokyo, Japan




capital wealth available to a business, in the form of money
or assets

deindustrialisation the relative decline (and in extreme
cases, absolute decline) in industrial employment in core
industrial regions of the developed world

developed country an industrialised country

developing country a country in the process of becoming
industrialised

economic activity a process that leads to the manufacture
of a good or the provision of a service

economic restructuring the significant and enduring
changes in the nature and structure of the economy,
brought about primarily by the emergence of the global
economy

environmental degradation any deterioration evident
in the state of an environment through depletion of
resources such as air, water and soil, habitat destruction,
the extinction of wildlife, and pollution; any change or
disturbance perceived to be damaging

)R L VAT

green revolution the development and use of high-yielding
varieties of rice and other staple crops

infrastructure the public and private physical structures
required for the functioning of an economy and society

international division of labour the specialisation of
particular countries in distinct branches of production,
whether this be in certain products, or selected parts of
the production process

megacity a very large city, typically one with a population of
over 10 million people

service sector the provision of services (intangibles) rather
than the production of products or goods. It involves
providing services to other businesses, as well as final
consumers

settlement a place in which people live

urbanisation an increase in the proportion of people living
in towns and cities
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UNIT 71

The diversity and extent of human activity
on Earth

©00000000000000000000000000000000000000000000000000000000000

Humans are the world’s dominant species. People have power, evident in the
technologies used to sustain, add to, or degrade the planet’s natural endowment, and
the resources necessary to sustain life and economies. Humans can determine which
forests are to be cleared or protected and redirect the flow of river systems. They pollute
waterways and drain aquifers. Use of fossil fuels warms the climate and increases ocean
acidity. Habitat destruction contributes to species extinction.

At the same time, the quality of life most people experience has greatly improved—
a process driven by economic growth, scientific research, interventions of governments,
and the creative endeavours and grassroots activism of people.

€000 00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000,
.
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Ecological footprint

The simplest way to define the concept of
‘ecological footprint’ is to think of it as the area of
biologically productive land and water required to
produce the goods consumed and to assimilate
the wastes they generate. More simply, it is the
amount of the environment necessary to produce
the goods and services necessary to support a
particular lifestyle.

Figure 7.1.1 shows the ancient footprints of
Acahualinca. They belonged to 15 Paleo-Indians
from around 6000 years ago. While few of

our footprints will last as long, our ecological
footprints are likely to have environmental
impacts many times greater than those left in the
mud of Managua.

0000 00000000000000000000000000000000000000000000000000000000000000000000000000000C0COCC0CCC00COCC00COC0C00C00000000C00CC0CCCCOCIOCCOIOCIOCOCIEOCIOIOCTES

7.1.1 Footprints preserved in volcanic ash and mud in Managua, Nicaragua
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Human achievement

In improving material wellbeing, humans have developed an amazing range of useful
(and some not-so-useful) materials and products. These include high-yielding crops

and sophisticated food supply chains that greatly improve the variety and quality of
consumed food. Humans learnt how to cure diseases and prolong life, split the atom and
send satellites into space. High-tech building products, such as carbon fibres that allow
aircraft to fly further using less fuel, have been developed. There are new sources of
energy (geothermal, hydrogen, solar and wind), which are gradually reducing reliance on
fossil fuels. Artificial environments in the form of buildings and cities have been created.
Computers enhance problem-solving and robots perform work in highly automated
factories. Electronic networks enable instantaneous global communication, transforming
the ways in which people interact, and providing access to vast amounts of information.
New forms of economic activity have become possible. Many workplaces are safer and
the work performed is often more rewarding.

The air and water are getting cleaner in many parts of the world. People are better
protected from the toxic chemicals that once polluted our bodies and caused health
problems. Humanity has successfully protected some endangered species and ecosystems
and restored some wetlands. Forests are growing back in some areas that were cleared.
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Globally, life expectancy is increasing, infant mortality is declining, more children have
access to education and the population growth rate has slowed down.

These improvements in life and environmental quality, underpinned as they are by
scientific research and technological advances, are possible through the wealth generated
by economic activity. Humans are now globally connected with growing access to
information.

Challenges remain

These advances are still not universally shared. While great strides have been made in
alleviating global poverty, too many people still live in circumstances most would find
unacceptable. More than 1.2 billion people have been lifted out of poverty since 1990,
but 9.2 per cent of the world’s population (almost 720 million people) continue to live in
extreme poverty (down from 36 per cent in 1990).

Despite advances in wellbeing, human activity still strains Earth’s natural functions
that enable global ecosystem services to sustain future generations. People are living
unsustainably by wasting, depleting and degrading Earth’s life-sustaining capital—a
process geographers call environmental degradation.

Human activities directly affect an estimated 83 per cent of Earth’s land surface
(excluding Antarctica). These lands are used to grow crops, graze livestock and produce
energy. They also accommodate urban areas, industry, mining, forestry, transport
infrastructure, and a range of commercial and recreational activities.

In many places, forests and grasslands are shrinking, deserts are expanding and topsoil Did you know?
is eroding. The atmosphere is warming, ice sheets and glaciers are melting at an
accelerating rate, sea levels are rising, and ocean acidity is increasing. The frequency
and intensity of extreme weather events are increasing in many areas. Rivers and
underground aquifers are running dry as the rate of extraction exceeds the speed at
which the water cycle can replenish them. The world’s fisheries are being depleted.
People litter the land and oceans with wastes faster than they can be recycled by natural
processes. Twenty per cent of the world’s coral species have been lost and many others
are threatened.

Species loss is occurring
at a rate at least 100 times
faster than pre-humanity.
This rate is expected to
accelerate and result

in anthropogenic mass
extinction.

Spatial patterns of settlement, infrastructure and
economic activity

The most distinctive ecological footprints, and those that have had the greatest impact

in terms of land cover change, are settlements, infrastructure and economic activity.
A settlement is any place in which people live. They can range in size from an isolated
homestead to the world’s largest megacities. Infrastructure includes all those structures
associated with utilities (e.g. water, electricity, gas and telecommunications distribution)
and transport (by road, rail, air and water). Economic activity is any activity of providing,
making, buying or selling commodities or services by people to satisty their needs and
wants. It includes manufacturing, distributing or utilising products or services. The
changing spatial patterns created by settlements, infrastructure and economic activity are
of particular interest to geographers.

Activities

Acquiring and processing geographical 4 Distinguish between settlements, infrastructure and
information economic activity.

1 Inyour own words, outline the power of humans to Applying and communicating geographical
impact the planet’s natural endowment. understanding

2 Explain what is meant by the concept of an ecological

5 As aclass, brainstorm the ways in which people have
footprint.

modified the planet’s natural endowment, beginning with
3 State the ways in which the material wellbeing of your immediate surroundings.
humanity has been improved by the ingenuity of people.

woeoeecscccsccsscccssccscccsscccscce
eecccccccscccccscccccscscccscscccec’
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UNIT 7.2
Patterns of settlement

The spatial distribution of the world’s largest urban centres is shown in Figure 7.2.1. For
the first time in human history, more than half of the world’s population lives in urban
places (towns and cities). The urban population stands at 3.7 billion and is projected to
almost double by 2050.

This ‘big shift’ results from the process of urbanisation. Much of the shift from rural to
urban living is occurring in developing countries. This global transformation has vast
implications for broad issues, including food, water and energy consumption. Moving towards
greater urban concentrations makes city life a reality for more of the world’s population.

The big city is a relatively recent development. In 1900 there were only 12 cities with
a population of over 1 million people, including London, New York, Paris, Beijing and
Tokyo. By 1950, this number had risen to 83, and to 512 by 2020. Projections indicate
that by 2030, 662 cities will have over 1 million residents.

Megacities and small cities
Cities with more than 10 million inhabitants are often called megacities. In 2020, there

were 33 megacities, projected to rise to 41 by 2030. See Figures 7.2.1 and 7.2.2.

Of the cities predicted to rise above 5 million inhabitants, 15 are in Asia and 10 in
Africa. In 2030, 63 cities are projected to have 5-10 million inhabitants. Most of the
world’s cities have fewer than 5 million inhabitants.

0.5-1 million 1-5 million 5-10 million >10 million

(megacities)

2020 598 ' 467 l 48 ‘ 33 l

2030 (projected) ‘ 710 ! 597 | 63 | 41 |

7.2.1 The number of cities by population in 2020 and the estimated number by 2030

ATLANTIC
OCEAN

PACIFIC OCEAN

Key ¢ /

Growth rate City population in 2018
B <1% ° 500 to 750 thousand
1-3% © 750 to 1000 thousand
3-5% © 1 million to 5 million
I 5%+ © 5 million to 10 million
10 million or more

0 2000 4000 km
S S N —

7.2.2 Urban centres by population and growth rate, 2018-2030
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The environmental footprint of cities

The concentration of the world’s population in urban settlements has both positive
and negative environmental consequences. Having people live in just two per cent
of the global land area allows for wildlife conservation and biodiversity hotspots to
remain relatively undisturbed. However, urbanisation concentrates pollutants that
disproportionately impact the physical setting of urban concentrations.

There is one qualification. Urban sprawl, a term initially used to describe the process

of suburbanisation of land-rich developed countries, such as the USA, Canada and
Australia, is now occurring in cities globally. The physical extent of urban areas is growing
much faster than their populations, consuming more land for urban development. The
expansion of cities has vital implications for energy consumption, greenhouse gas emissions,
climate change and environmental degradation. Urban sprawl, in the absence of additional
public transport, increases peoples’ reliance on energy-demanding private transport. In
response, governments seek new technologies (e.g. electric vehicles and building new
public transport infrastructure) to reduce the carbon footprints in cities.

©® SPOTLIGHT

Evolution of human settlements

Humans have lived together in settlements for thousands of years. They first
appeared when advances in agriculture enabled surplus food to be produced.
From this, emerged a division of labour and trade. Farmers could trade surplus
food for goods produced by people with specialised (non-agricultural) skills (e.g.
blacksmiths, potters, weavers). Markets—the space in which trade took place—
became a central land-use feature of the earliest cities.

Did you know?

The ancient city of Uruk on
the banks of the Euphrates
River in Mesopotamia is
considered the world’s
oldest city. First settled
around 4500 BCE, at its
height (circa 2000 BCE)
Uruk had 50 000-80 000
residents living in a

6 km? walled area.

By the fourth and third millennium BCE, relatively sophisticated civilisations,
along with the first cities, had developed in the river valleys of Mesopotamia. This
stretched across parts of modern-day Iraq, Syria, Iran, Turkey, India, China and
Egypt.

Historically, city dwellers represented a small proportion of humanity. This is no
longer the case.

Activities
Acquiring and processing geographical information

1 State the proportion of the world’s population living in urban places. What process
is responsible for this development?

Describe the distribution of the world’s megacities.

urban sprawil.

4 Outline the evolution of urban settlements.
Applying and communicating geographical understanding

5 Study Figure 7.2.2. With the aid of an atlas, describe the spatial distribution of cities

Outline the positive and negative environmental consequences of urbanisation and
that have a growth rate of greater than three per cent.
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UNIT 7.3
Patterns of infrastructure

The infrastructure our way of life depends on is all around us. Infrastructure includes
all public and privately owned structures associated with utilities. These include the
distribution of water, electricity, gas and telecommunications, waste removal and
treatment (such as sewage, household refuse and recyclables) and transport (road, rail,
air and water). Add to this, facilities provided for the public good, including schools,
hospitals, parks and other recreational facilities (see Figures 7.3.1 and 7.3.2).

In the past, the world’s best infrastructure was found in developed countries. This is
now not always the case. The infrastructure in many developed countries is ageing

and is starved of funding by governments that prioritise lower taxes above providing
public goods and services. In the USA, for example, infrastructure has been decaying
for decades and is seriously lacking investment. Meanwhile, some developing countries,
notably China, invested heavily in very modern and advanced infrastructure. In the
world’s least developed countries, there is an ongoing deficit in the infrastructure needed
to meet the needs of people.

7.3.1 Power grids distribute the energy needed to power the 7.3.2 Transport infrastructure, like the interchange of Los Angeles and Century
economy and homes. freeways, keeps large cities functioning.

e0c00ccccccoe ee0c0cc0cccccccce ee0ccc0cccccccce ee0ccc00cccccccse eeccc0cccccccce ee0cecc00ccccccce ee0ccc0cccccccce eeccc0cccccccce ceccccce,
.

® SPOTLIGHT

America’s decaying
infrastructure

In 2020 it was estimated the USA needs to spend
around US$4.5 trillion by 2025 to fix the country’s roads,
bridges, dams and other infrastructure. The American
Society of Civil Engineers has given the country’s
crumbling infrastructure a D+ grade. Roads and
bridges, airports and schools need urgent renewal (see
Figure 7.3.3). Newer networks critical to modern life,
like broadband internet, have not yet reached many
parts of the country. In 2021, US Congress approved

a US#$1 trillion infrastructure bill to rebuild the nation’s e,
deteriorating roads and bridges, and fund new climate 7.3.3 The iconic Brooklyn Bridge, New York City, USA, is in urgent need of
resilience and broadband initiatives. repair.

eecccccccccscccscccsscscoe eecccccccccccccccscccsscscoe eecccccccccccccccscccsscccoe eeccccccccccccscccscccsccce eeccccccccccccccccscccee

= <
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Infrastructure building
China

Infrastructure is seen as the key to China’s future
economic success and central to a commitment to
lift millions out of poverty. The country has invested
heavily in constructing new transport infrastructure,
including highways, railway systems, port facilities
and airports (see Figure 7.3.4).

As part of its 2020 post-COVID-19 relief package,
China ramped up plans to construct new digital
infrastructure nationwide—including building

5G networks, artificial intelligence (Al) and the
Internet of Things. Vast amounts will go towards
intercity high-speed rail, ultra-high voltage power
transmission and electric vehicle charging stations.
The new infrastructure investment is expected to be

US$1.43 trillion to US$2.51 trillion over 2020-2025.

@ SPOTLIGHT

with 13 stations from Tallawong to Chatswood.

7.3.5 Shanghai Metro ticket machine

Shanghai’s metro system

In just 27 years (1993-2020) Shanghai built the world's biggest metro system. Its
extensive network has 700 kilometres of track with 408 stations on 18 lines. Second
in the world by annual ridership, with 3.88 billion rides taken in 2019. Only Tokyo'’s
metro is busier. Over 10 million people use the system on an average workday.

Expansion plans will extend the network to 25 lines over more than 1000 kilometres
of track by 2025. By then, every location in central Shanghai will be within 600
metres of a metro station. In 2020, Sydney had only one 36-kilometre-long metro line

7.3.4 The world's largest single-building airport terminal, Beijing’s futuristic
Daxing international airport opened in 2019 and cost US$11.4 billion.
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Did you know?
China has just under

38 000 km of high-speed
railway passenger
track—about two-thirds

of the world’'s commercial
high-speed railway tracks.
It plans to extend this

to 70 000 km by 2035. It
also has the world’s most
extensively used railway
service, with 2.29 billion
high-speed train trips taken
in 2019.

Over 1000 sets of trains
operate at speeds of

250 km/h to 350 km/h with
the fastest trains capable of
a maximum test speed of
487.3 km/h.




Sydney

After decades of a focus on reducing taxes and government debt, in 2008 the NSW
Government initiated the greatest infrastructure spending in the state’s history. Much
of it was financed by borrowing money and selling off state assets, such as electricity
generation and distribution networks, and motorways.

Major construction projects include the City and Southwest Metro to extend the existing
Metro Northwest to a 31-station, 66-kilometre standalone metro line, due for completion
in 2024. The Metro West line will connect Parramatta to the city. Road projects include
the West Connex motorway, a 23-kilometre link connecting the M4 with the M5 and
MS. Eventually, it will link to the planned Western Harbour Tunnel and Beaches Link and
M6 Motorway heading to the city’s south. The NorthConnex link between the M2 and
the M1 has been completed. The city’s biggest infrastructure project is the new Western
Sydney Airport at Badgery’s Creek.

The evolution of infrastructure

This infrastructure evolution is driven by technological advances. The world’s railway
infrastructure developed in response to steam power, the key technological advance
driving the Industrial Revolution. It led to a period of decline in the system of

canals built to transport raw materials and finished products. Notable exceptions

are the Suez and Panama canals, created to accommodate large ocean-going vessels,
central to world trade development. Internal combustion engines led to road-based
infrastructure, particularly the rapid expansion of private car ownership after World War
I. Airport infrastructure developed in direct response to aviation technology advances.
Communications infrastructure developed in response to technological advances in the
information sector.

® SPOTLIGHT

Changing technology of shipping and ports

: Sail has been used to power vessels for up to 8000 years. then loaded onboard using cranes. Unloading reversed

. The first significant change in shipping technology occurred this operation (see Figure 7.3.6). Sydney’s remaining :
 with sail-powered clipper ships in the 1840s and 1850s. heritage finger wharves are a legacy of this mode of 1
They were built for speed with streamlined iron hulls and cargo handling.
large sail areas designed to catch the slightest breeze, By the 1960s the increasing size of ships and
: representing the peak of sailing ship technology. containerisation heralded a dramatic transformation in
¢ By the 1870s clipper ships were replaced by steam- ports worldwide. Their existing infrastructure became
: powered vessels that could maintain greater average increasingly obsolete as new container-handling facilities  :
. speeds. Some vessels initially combined both sail and were built near waters deep enough to accommodate
¢ steam, but eventually steam triumphed. Steamships the larger vessels (see Figure 7.3.7). Port facilities that
. were replaced by diesel-driven vessels mid-twentieth had been serving maritime trade for over a century were ¢
. century. These vessels grew bigger and became highly abandoned. Such land has often undergone large-scale
. specialised in cargo carrying. urban renewal. Sydney’s Barangaroo (see Figures 7.3.8
* The next generation of vessels is likely to be powered by and 7.3.9) and London’s Docklands are notable examples. :
liquefied natural gas (LNG). The relatively low emissions By 2020 the world'’s shipping fleet had grown to almost
. and cost advantages of LNG are major incentives. 52 000 commercial vessels over 1000 tonnes. These ships
: The technology for handling cargo on the waterfront has carried more than 11 billion tons of cargo. In terms of
: also changed. Before containerisation was introduced tonnage, 29 per cent of ships were tankers, 43 per cent
: in the 1950s, goods were mostly carried as general bulk carriers, 13 per cent container ships and 15 per
. cargo. They were delivered to the dock by horse-drawn cent other types of vessels. The technological advances
© dray, rail, or later, motorised vehicles, and stored in in shipping and cargo handling were critical factors in
warehouses before the ship arrived. Once the vessel the expansion of world trade and a key driver in global
¢ arrived, the stored cargo was taken to the wharf and economic integration.
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7.3.6 Ships being unloaded at Millers Point, Sydney, in
the 1920s

7.3.7 Goods are handled in highly automated
container terminals, Port Botany, Sydney.

7.3.8 Barangaroo, 1937. The port infrastructure reflects

7.3.9 Bangaroo, 2022

the technology of shipping and cargo handling in place
at the time.

Activities

Acquiring and processing geographical
information

1 Name the types of infrastructure addressed in this
section of the text.

2 Explain why some of the most advanced infrastructure

is now found in developing, rather than developed
countries.

3 Outline the evolution of infrastructure.

Applying and communicating geographical

understanding

4  Study Figures 7.3.1 and 7.3.2. Identify the types of
infrastructure evident in each image. How do these

images inform our understanding of the type of
structures our lifestyle depends on?

0000 00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000,
.

What benefits will arise from funds being spent on
addressing America’s decaying infrastructure?

Why is the Chinese government so focused on
developing the country’s infrastructure? What are China'’s
infrastructure priorities?

Contrast the emphasis given to public transport
infrastructure in Shanghai and Sydney.

Outline changes in the technology of shipping and cargo
handling since the age of sail. What have been the
implications of these changes for the world’s ports?

Study Figures 7.3.8 and 7.3.9. Describe the changes
observed in the port-related infrastructure shown in the
two photographs.
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UNIT 7.4
Patterns of economic activity: Agriculture

Agriculture is the process of cultivating crops and raising livestock for subsistence and/
or profit. Over millennia, people developed sophisticated ways of transforming land into
food and fibre-producing systems, reflecting the nature of their relationship with their
environment.

In studying the spatial pattern of agriculture it’s vital to understand the diverse ways in

which humans have learnt to modify the biophysical environment to feed themselves,
their families and the global population (see Figure 7.4.1).

There is no definitive point in time at which agriculture originated. Before people
developed crop-growing and livestock-grazing skills, they obtained food by hunting and
gathering.
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Less developed countries . Commercial gardening
:) Plantation Rice Probable origins
) Little or no agriculture of cultivated plants

7.4.1 The global distribution of agriculture by type

Subsistence agriculture

Subsistence agriculture slowly replaced hunting and gathering when people developed
the ability to domesticate animals and plant species. This advance allowed them to settle
in one place. Subsistence agriculture is where a farmer and their family consume most
of what they produce. It has declined, but is still widely practised by people living in
developing countries. There are usually three kinds of subsistence activities.

Shifting cultivation focuses on maintaining the fertility of the soil by rotating cultivated
fields. Plots are cultivated until the soil shows signs of exhaustion. They are abandoned to
allow the native vegetation to regrow while cultivators move on to another plot.
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This style is now largely confined to developing countries in tropical
regions, especially rainforests in Central and West Africa, and parts of
South-East Asia, where climate, rainfall and vegetation combine to
produce soils that lack nutrients. Slash-and-burn clearing is typically the
first stage of the farming cycle. Larger trees are felled and their remains
burnt. Crops are planted in the ash-enriched soils. The clearing is used
for two to three years until soil fertility declines. It is abandoned and the
forest is allowed to regenerate.

Intensive subsistence agriculture focuses on the effective and efficient use
of small areas of land to maximise crop yields. Large inputs of labour and

fertiliser are required. Such practices can support large population densities.

It is mostly found in Asia, especially in India, China and South-East Asia.
These regions generally have high population growth rates and limited
land, as well as a range of environmental restraints. This has led people to
reshape the landscape. Terraced hillsides are common, and the fields are
planted year after year, as adding fertiliser helps maintain soil fertility. Rice
production dominates, especially in wetter areas (see Figure 7.4.2).

Pastoralism involves traditional practices around managing domesticated
livestock such as cattle, goats, camels and reindeer. Animals are bred

and herded to provide food, clothing and shelter. It is typically found

in regions that are too cold or dry to support subsistence agriculture.
These include savanna grasslands, deserts and steppes (lightly wooded
grassy plains found in cooler continental areas of south-eastern Europe or
Siberia). Today, pastoralism is largely confined to parts of North Africa
(particularly the Sahel, see Figure 7.4.3), the savannas of central and
southern Africa, the Middle East and Central Asia.

Commercial agriculture

Commercial agriculture sees farmers producing crops and livestock
primarily for sale. It can be practised on either an extensive or
intensive scale.

Extensive commercial agriculture uses relatively small inputs of labour,

fertilisers and capital, relative to the land area being farmed. Examples
include cattle and sheep grazing and grain growing, such as wheat, oats
and millet (see Figures 7.4.4 and 7.4.5).

Extensive farming is found in the mid-latitudes of most continents, and
in semi-arid regions where water for cropping is not available. Its nature
means it requires less rainfall than intensive farming.
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7.4.2 Women practise intensive agriculture by planting rice in a
paddy field in Lombok, Indonesia.

7.4.3 A Fulani man herding cattle, practising pastoralism
in the Sahel

Did you know?

One-third of the food produced globally is
either lost or wasted. Reducing this waste
is critical to improving food and nutrition
security, meeting climate goals and
reducing environmental stress.

7.4.4 and 7.4.5 Extensive agriculture examples include wheat harvesting in Canada and sheep grazing in New Zealand
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Intensive or industrial agriculture requires capital-
intensive agricultural inputs, such as fertiliser, pesticides
and large-scale machinery, to maximise output per
unit of agricultural land. It is widespread in developed
nations and increasingly common worldwide. It
involves agribusinesses (many of which are transnational
corporations) and industrial-scale infrastructure. Cattle
feedlots (see Figure 7.4.6), large climate-controlled
greenhouses and poultry battery cages are examples.
Much of the meat, dairy, eggs, fruit and vegetables sold
in supermarkets is produced this way.

All forms of commercial agriculture have become
increasingly reliant on selective breeding, genetic
engineering and new technology to increase yields.
This involves farmers analysing growing conditions
(weather, soil, water, weeds and pests) using technology
such as drones and sensors to help them manage the
land most eftectively.

7.4.6 A cattle feedlot near Hereford, Texas, USA

Did you know? Extensive agriculture has a range of advantages:

Agriculture is an important m Less reliance on inputs of labour per unit of land, especially since costly and intrusive
driver of economic growth alterations to the land (e.g. terracing) are not required.

and accounts for around m Large-scale machinery can be used more efficiently over large, flat areas of land.

4 per cent of global GDP
(gross domestic product). In
some developing countries,

this can be over 25 per cent
of GDP. ® Animals typically graze on pastures native to the area, rather than relying on

introduced species.

m Labour efficiencies result in generally lower product prices and higher returns.

m Animal welfare is less of an issue compared with, for example, high-capacity feedlots
and battery cages.

m Soil management is easier, there is less use of fertilisers and chemicals.

m Large amounts of grain and livestock can be produced relatively cheaply.
Intensive agriculture has some advantages:

® Yields are much higher, at least in the short term.

m The area of land required is smaller, given the intensive, capital-intensive nature
of the enterprise.
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® SPOTLIGHT

Plantations

Plantations are a form of commercial agriculture. They
are large-scale estates specialising in crops such as

- 5

cotton, coffee, tea, cocoa, sisal, oil palms, fruits and 33 8 g ,f-:vQ;gl:sv-'»”?‘
rubber trees. They are typically monocultures—the e e S =
same plant species is grown across a given area (see ‘ e T

Figure 7.4.7).

Their environmental impact is often focused on the site
where the plantation is established. Natural forest is
cleared, reducing biodiversity and habitat.

Crops are typically destined for a global market,
playing an important role in integrating the economies
of developing countries into the global economy.
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7.4.7 Tea plantation pickers, Sri Lanka
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@ SPOTLIGHT

Mediterranean agriculture

Six major regions of the world have a Mediterranean

. type of climate. These are the countries of the

¢ Mediterranean Basin (France, Spain, Italy (see Figure
7.4.8), Algeria, Morocco, Turkey, Tunisia, Israel and the
. Northern Nile valley of Egypt), California in the USA,
Central Chile, the southern part of South Africa, the

: lower Murray-Darling Basin of South Australia and
south-west Western Australia.

: Regions that host Mediterranean agriculture feature

¢ similar biophysical environment characteristics. These
¢ include erratic rainfall, mild temperatures, irregular

¢ topography and proximity to large water bodies. The

¢ resulting land uses are intensive, highly specialised and
. varied. Subsistence agriculture often occurs side-by-

¢ side with commercial farming. Crops such as wheat,

¢ barley and vegetables are often grown for domestic

: consumption, while others, such as citrus fruits, olives
¢ and grapes, are mainly for sale.

Today, food and fibre production are big businesses. The food industry is especially

complex. It includes the diverse range of businesses that participate in the supply chain Did you know?
and provide much of the food energy consumed globally. These businesses involve Agriculture, forestry and
farmers and ranchers; those involved in research and development; food processors; land-use change are
the transport and logistics industry; farm machinery suppliers; and food distributors, responsible for about
marketers, wholesalers and retailers. Only subsistence farmers—those who survive on 25% of greenhouse gas
what they grow—fall outside the scope of the modern food industry. emissions. Agricultural

mitigation must be part of
any response to climate
change.

Fibre production includes commonly used products such as cotton, hemp, jute, flax and
sisal. Plant fibres are used in the manufacture of textiles and paper.

The evolution of agriculture

Agriculture evolved via a series of distinct phases or revolutions. Significantly, they did
not occur everywhere simultaneously. Therefore, some parts of the world remain largely
unaffected by such changes. Generally, the world has progressed from largely subsistence-
based agricultural systems to predominantly capital-intensive, commercial systems.

The first agricultural revolution was founded on the development of seed-based
agriculture using ploughs and draft animals (see Figure 7.4.9). It originated when crops
were domesticated. Animal-based practices began when humans domesticated animals,
including sheep and goats.

Seed-based agriculture originated in several regions almost simultaneously, each with a
distinctive cluster of plants drawn from the local flora:

B Mesoamerica (Mexico and Guatemala): corn, beans, squash, papaya, tomatoes, chilli,
peppers (capsicum)

m The Fertile Crescent (the Middle East from the Nile Valley to the Tigris and
Euphrates rivers): wheat, barley, grapes, apples, figs, melons, lentils, dates

m North China (Yellow River Valley): rice, soybeans

m Africa: sorghum, cowpeas, yams, oil palm

m South America: potatoes, sweet potatoes, cassava, peanuts, pineapples
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7.4.9 An engraving of people ploughing fields with oxen, Ancient Egypt

Domesticating plants and animals led to a settled way of life. Villages emerged bringing
new types of social, economic and political organisation. On the fertile floodplains

of the Tigris, Euphrates and Nile rivers, complex civilisations developed. Their new
agricultural practices spread to other parts of the world.

The second agricultural revolution had several defining phases. The
first included dramatic improvements in crop yields, developments
R I s = ~ such as fertilisers and field drainage systems, and improvements to the
' 2 - horse-drawn tools used in agriculture. This phase coincided with the
social changes that stemmed from the Industrial Revolution in the
late eighteenth century. Consequently, subsistence-based agricultural
systems began to break down. The system of peasant farmers
dependent on a land-owning elite was gradually replaced by private
property ownership, and communal lands were replaced by enclosed,
individually owned land.

Many other defining developments then were in response to far-
reaching social and economic changes accompanying the Industrial
Revolution. The most vital was the creation of a commercial market

2 : — for food, the inevitable outcome of an emerging urban industrial
7.4.10 Engraving of a hay harvest by horse-drawn machinery  workforce. The associated technological innovations helped transform
in Australia, circa 1880 agriculture. New types of horse-drawn machinery helped to increase
yields (see Figure 7.4.10). Improvements in transport technologies
aided food distribution.

The third agricultural revolution began in the late nineteenth century
and extended into the early twenty-first century. Advances in farm
mechanisation and artificial fertilisers, along with the emergence of
global food supply chains, transtormed agriculture. Mechanisation
resulted in the gradual replacement of most human labour with
machines, including tractors, combine harvesters, reapers and pickers
(see Figure 7.4.11).

Advances in chemical-based farming applications have also played a
role in increasing yields. Synthetic fertilisers promote plant growth,
and herbicides, fungicides and pesticides are used to reduce diseases
and pests. Biological innovation is also important.

Advances in food processing, cold storage technologies and sophisticated
packaging have greatly increased the shelf-life of food and enabled it to
be transported over long distances. These developments expanded the
relationship between farms and manufacturing firms, a key factor in the
France industrialisation of agriculture (see Figure 7.4.12).
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7.4.12 Beef burgers on the production line in a meat processing and packaging plant

Agricultural industrialisation resulted in farms becoming
part of a vertically integrated industrial process that
includes production, processing, distribution, marketing
and retailing, rather than distinct production units.

The green revolution saw high-yielding varieties of

rice and other staples being developed and used, largely

in Asia and Mexico. Combined with using synthetic
fertilisers and small-scale mechanisation, this enabled many
developing countries to meet the needs of rapidly growing
populations.

A relatively recent development is the increasing focus

on non-traditional agricultural exports, especially in
developing countries. More governments are moving from
a focus on self-sufficiency to commercial crops that are
internationally competitive and earn foreign exchange.
Examples include fruit, vegetables and flowers (see

Figure 7.4.13).

7.4.13 A worker in a large greenhouse sprays roses, grown for European
markets, in Lusaka, Zambia.
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Acquiring and processing geographical information

: Did you know?

Poor diets are the leading
cause of death worldwide.
In 2020, nearly 690 million
people—8.9 per cent of the
population—went hungry.
The cost of a healthy diet is
unaffordable for more than
3 billion people.

1 Identify the drivers of the changing global patterns of economic activity.
2 Define agriculture.

3 Distinguish between shifting agriculture, intensive subsistence agriculture and
pastoralism. Give examples of each.

4 Distinguish between extensive commercial agriculture and intensive industrial
agriculture. Give examples of each.

5 Outline the advantages of extensive agriculture. What are the advantages of
intensive commercial agriculture?

Applying and communicating geographical understanding

6 Study Figure 7.4.1. With the aid of an atlas, write a report describing the global
distribution of at least two forms of subsistence agriculture and two types of
commercial agriculture.

7 What are the distinguishing characteristics of plantations? What is their
environmental impact?

8 Describe the distinguishing characteristics and spatial distribution of Mediterranean
agriculture.
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UNIT 7.5

Patterns of economic activity:
Industrial production

Industrial production refers to the output of the manufacturing, mining and
utilities sectors.

Manufacturing is producing goods for use or sale. It involves raw material processing or
the assembly of component parts into finished goods through human labour, tool use,
machinery and chemical processing. Modern, large-scale manufacturing enables the mass
production of goods using assembly line processes and advanced technologies.

The manufacturing sector is a key part of the global economy, accounting for nearly
14.4 per cent of the global GDP in 2021. China is now the world’s manufacturing
powerhouse, overtaking the USA in 2010. It now accounts for 28.4 per cent of the
global manufacturing output and the USA, 16.6 per cent (see Figure 7.5.1).

Rank ‘ Country ‘ Millions of US$
1 China 4 865 827.26
2 USA 2497 131.58
3 Japan 995 308.97
4 Germany 803 213.14
5 South Korea 461 104.31
6 India 443 911.66
7 Italy 314 095.61
8 UK 274 872.28
9 France 262 642.86
10 Russia 256 958.27
11 Mexico 230067.71
12 Indonesia 228 324.76
13 Tarkiye 181 887.68
14 Ireland 174 522.85
15 Canada 170 222.21
16 Spain 164 651.64
17 Brazil 155 191.76
18 Switzerland 144 042.17
19 Thailand 136 650.26
20 Poland 113 608.85
Australia is ranked 26 (US$86 154.94 million)

Source: World Bank
7.5.1 World’'s Top 20 manufacturing countries in US dollars, 2021

The changing spatial pattern

Manufacturing’s global spatial pattern has changed significantly over the past 50 years.
A key feature is economic restructuring and the emergence of a new international
division of labour.
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Global economic integration has been accompanied by the process of
deindustrialisation—the relative decline (in extreme cases, absolute decline) in
industrial employment in core industrial regions of the developed world. The workers
most affected were those engaged in labour-intensive manufacturing enterprises with
limited profitability. The net effect was a shift in manufacturing jobs to developing
countries, resulting in a new international division of labour. The manufacturing

jobs retained in developing countries were those in high-value-added manufacturing
dependent on a skilled workforce. The expanding service sector helped cushion the
blow of economic restructuring in developed countries.

The process of deindustrialisation was most apparent in the older industrial regions of
the USA, Western Europe and Australia. Manufacturing employment in Western Europe
decreased by a third to half'in countries such as France, the Netherlands, Norway and
Sweden. The most pronounced decline occurred in the UK. The Manufacturing Belt of
the US north-east was also seriously affected.

Major manufacturing concentrations

Today there are three principal manufacturing regions—North America, Western and
Eastern Europe and South and East Asia—and several smaller, emerging regions.

North America

North America has several major manufacturing concentrations. Most significant is
the long-established US Manufacturing Belt, now known as the Rust Belt due to
the impacts of economic change on labour-intensive manufacturing. This region
encompasses much of the north-eastern USA, including Illinois, Indiana, Ohio and
Michigan, and the very southern part of Ontario, Canada.

Other manufacturing concentrations in the USA include California, Texas, North
Carolina, Georgia and Florida. Texas has the advantage of no personal or corporate tax
and cheap energy.

Eastern and Western Europe

A major manufacturing region, it extends from Eastern Russia and Eastern Europe,
through the Rhine-Ruhr Valley of Germany to the UK. Its major exports are oil,
synthetic plasti<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>