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Introduction

Using Global Interactions 1: Key features
Second Edition Global Interactions 1: Second Edition presents Stage 6

Geography using stimulus material and case studies
that will demonstrate the relevance and importance of
geography to students and their society. The new edition
also boasts a totally new layout and design incorporating
some outstanding new features.

Global Interactions 1: Second Edition has been written
by a team of experienced geography educators for
the Preliminary course of the New South Wales Stage
6 Geography Syllabus. The text aims to help develop
students’ knowledge, understanding, skills, attitudes
and values in relation to the biophysical and human
environments. Students using Global Interactions 1:
Second Edition will gain a solid foundation for the
study of geography in Year 12.

Geofocus boxes are designed to develop students’ knowledge
and understanding of the concepts and processes that are
central to the study of geography at this stage of learning.

Structure

This text is divided into two sections corresponding
with the Stage 6 syllabus:

1 Biophysical interactions. This section investi-
gates the nature and functioning of the four com-
ponents of the biophysical environment, including
the interactions between the components and the
human impacts on them. It also focuses on how
an understanding of these processes contributes
to sustainable management. Students develop
this knowledge and understanding by studying a

specific environment and a related environmental ' b ——f).
issue. Students are provided with two case ; . — :
studies: The book contains a wealth of stimulus material, including

photographs, diagrams, maps, cartoons, newspaper extracts

— coastal environments and the management of =1l U X
and up-to-date statistical information.

coastal sediments
— catchments and river regulation.

2 Global challenges. The focus of this section is the
social, cultural, political and environmental chal-
lenges occurring at a global scale. These challenges
are investigated under the following headings:

— population geography

— natural resource use - W 2 Geographies of

— cultural integration | Lot

— political geography

— geographies of development: towards
global equity?

Each unit of the text includes a variety of extended-
response exam-style questions. These enable students to
practise and develop their skills in answering examination-
style questions.




Geojobs boxes throughout the text provide information
about relevant careers so that students develop an aware-
ness of the range of occupations available.

Geoskills boxes assist students to communicate their geo-
graphical knowledge. To enhance their appreciation of the
subject’s inquiry-based methodology, the text includes ma-
terial that is relevant to the skill-related outcomes targeted
in the syllabus.

The text contains the following Geoskills boxes: synoptic
charts (p. 23); studying microclimates in your local commu-
nity (p. 35); choropleth maps (p. 41); proportional graphs
(p. 45); writing extended responses (pp. 48-51); propor-
tional circles (p. 55); writing stimulus-based responses
(p. 74); the Senior Geography Project (pp. 75-9); investi-
gating soils (p. 104); presenting an oral report (p. 106);
multimedia presentations (p. 107); wave experiment: the
effect of wind on waves (p. 145); investigating longshore
drift (p. 156); photographic images (p. 175); topographic
maps (p. 181); measuring the discharge of a river (p. 184);
investigating river sediment load (p. 184); investigating the
relative proportions of sand, silt and clay found in a soil
(p. 185); investigating river beds (p. 189); investigating
river banks (p. 190); log-log and semi-logarithmic graphs
(p. 220); population pyramids (p. 238); proportional circles
and shapes (p. 243); flowline maps (p. 246); mindmaps
(p. 259); and interpreting cartoons (pp. 306-7).

Understanding the text questions guide students towards
an understanding of the content (knowledge and under-
standings) specified by the syllabus.

Working geographically activities (including ICT-related
research tasks) extend students beyond the text and involve
them in a variety of learning experiences. The activities have
been carefully selected to cater for the full range of student
abilities. Many activities are based on the stimulus material
presented. This will facilitate the development of the skills
used by geographers. Directive terms and activity types are
clearly labelled for each activity or question to aid learning
and assessment.

Tomat

Geolink boxes and hi.com.au icons indicate where website
URLs are listed at a dedicated site: www.hi.com.au/gil.
Researching these websites will extend and enhance the
information available to students.
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Biophysical

Interactions

Geography is the study of earth’s surface features and related
human activity. It helps us to make sense of our place in a rapidly
changing world and engage with issues such as climate change, the
management of scarce water resources, the challenges facing our
great cities, global inequalities and the ‘war on terror’.

Geography provides us with fascinating insights into the way
human and biophysical processes interact. Every day we hear about
the ways in which humans are placing ever-greater demands on
the earth and its systems. But is drought a human or a biophysical
phenomenon? What about coral bleaching? Or rising sea levels?
Geography gives us the knowledge and understandings as well as
the language, skills and techniques to engage with these questions
with confidence.

Geography gives us a unique understanding of people and
places. Human societies create living spaces and systems of
production, distribution and consumption. People have many
common interests, concerns and aspirations. Yet no two places
are alike. We can all see the differences and may wonder about the
reasons for them.

Geography studies real people in real places, and in doing so
it shows how daily lives are shaped by local circumstances. These
circumstances are not only the physical characteristics of place,
but also the social, cultural, economic and political opportunities
and constraints that exist. Geography shows how each local place
exists in a regional, national, international and global context.

And there is a bonus: geography is a practical subject. It teaches
young people the skills they need across the school curriculum,
at home and in the workplace. Through geography, students learn
about map use (including GIS), data analysis, problem solving
and ICT. They find out how to work alone and in a team. They work
directly in the real world by undertaking fieldwork. They also gain
an appreciation of social and environmental responsibility.




1.1 Biophysical Interactions: An Introduction

1.2 The Atmosphere

1.3 The Hydrosphere

1.4 The Lithosphere ‘
1.5 The Biosphere '

1.6 Coastal Environments and the
Management of Coastal Sediments

1.7 Catchments and River Regulation

In this section of the text we focus on a
geographical investigation of biophysical
processes and how an understanding of
these processes contributes to sustainable
management.
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Live as if you were to die tomorrow.
Learn as if you were to live forever.
Mahatma Gandhi, Indian independence leader

Economic advance is not the same as
human progress.
John Clapman, English economist

We shall require a substantially new manner
of thinking if mankind is to survive.
Albert Einstein, German-born physicist

We cannot command Nature except by
obeying her.
Francis Bacon, English philosopher, statesman
and essayist

Biophysical
Interactions:
An Introduction

Throughout the relatively short period of time that humans have
occupied the planet, they have often admired, yet largely taken
for granted, the natural wonders that surround them. For tens of
thousands of years, the physical world has provided inspiration
to painters, writers and musicians. Others with a more scientific
outlook have been prompted to undertake penetrating research
to seek an understanding of the biophysical world. It seems that
the more knowledge we gain of the planet, the more we realise
we have even more to learn. Thirty years ago it was thought that
there were only about 3 million species of living things on earth;
recent sampling has pushed this estimate up to 30 million, a
figure that may yet prove to be too conservative. This uncertainty
demonstrates just how poorly we understand the complexity of
the earth’s biophysical systems.

Geographers have a special role to play in investigations of
the planet. They study all the phenomena that make up the
biophysical environment not as poets or artists but as scientists.
Yet, where science fundamentally specialises, geography attempts
to study the earth as a whole and to see the connections and
interrelationships that exist.



glossary

m atmosphere the blanket of air surrounding earth.

m biosphere the living part of the planet that consists of a thin
layer extending from just above the earth’s surface to just
below it; the combined ecosystems of the earth.

m hydrosphere the part of the earth that is composed of water,
including clouds, oceans, seas, ice caps, glaciers, lakes, rivers,
underground water supplies and atmospheric water vapour.

m lithosphere the upper zone of the earth’s mantle and its
inorganic mixture of rocks and mineral matter (including soil)
in the earth’s crust.

m sustainable development development that meets the
needs and aspirations of the present generation without
compromising the capacity of future generations to satisfy
their needs and aspirations.

The polar bear: an early
victim of climate change?

The Arctic region is far from being a
frozen, barren open space. It is, in fact,
the largest unfragmented wilderness
in the Northern Hemisphere. The
waters on which the Arctic ice mass
forms are among the most biologically
productive on earth. This is the land
of the polar bear.

The polar bear is the world’s largest
terrestrial carnivore. The bear’s thick
layer of fat serves both as insulation
against the cold and as an energy
reserve. Polar bears typically build up
their store of body fat from late April
to mid-July, when ringed seal pups
(their preferred food) are abundant.
They then fast during the ice-free
season when food is not readily
available. There are an estimated
22000 polar bears worldwide.

Large carnivores such as the
polar bear are sensitive indicators
of an ecosystem’s health. In recent
decades, the area covered by Arctic
sea ice has been melting at an
unprecedented rate. Polar bears
use the sea ice to access their food,
and to move from the hunting
grounds to their summer resting
areas. Other threats to the polar
bear include the toxic chemicals
that are transported to the Arctic by
ocean currents from the south. These
chemicals have long-term effects
on polar bear health and longevity.
Oil exploration poses an additional
threat. It fragments and disturbs
the bear’s habitat, and introduces
oil and other toxic substances to
their environment.

The polar bear may be an early victim of
climate change.
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The earth viewed from space.
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The most beautiful object | have ever seen in a photo-
graph, in all my life, is the planet earth seen from
the distance of the moon, hanging there in space,
obviously alive. Although it seems at first glance
to be made up of innumerable separate species
of living things, on closer examination every one
of its working parts, including us, is independently
connected to all other working parts. It is, to put
it another way, an organism. It came alive, | shall
guess, 3.8 million years ago today, and | wish it a
happy birthday and a long life ahead, for our children
and their grandchildren and theirs and theirs.

Robert Lewis, quoted in Norman Myers,
The Gaia Atlas of Planet Management, Doubleday

Atmosphere

Hydrosphere

Lithosphere Biosphere

©)
‘J

The four spheres.

(10) Global Interactions 1: Second Edition |

The four components of the
biophysical environment

The biophysical environment of the earth consists of four overlapping

spheres:

m the atmosphere—the combination of gases and particles enveloping
the globe

m the lithosphere—the earth’s solid outer shell

m the hydrosphere—the interconnecting system of water storage in the
atmosphere and lithosphere

m the biosphere—the earth’s surface zone and its adjacent atmosphere
in which all organic life exists.

Each of these spheres plays a vital role in sustaining life on earth.
Most of the life on this planet exists in a thin film of air, water and rocks
in a zone extending from about 61 m below the earth’s surface to about
61000 m above sea level.

Not all planets in the solar system have these four constituent parts.
Some have no atmosphere, or are too hot or too cold to support life.

Planet earth is indeed fortunate to have all the elements necessary to
support life as we know it. This life, mysterious in origin, is amazingly
diverse. Any geographical investigation of this life reinforces the
importance of the interaction between the spheres that constitute the
biophysical environment. Such interactions are apparent at a very
localised site or on a global level.

Geographers are, by nature, keen observers. When confronted
with problems concerning the biophysical environment, they find it
valuable to assess the relative importance of the processes involved.
This inevitably leads to an appreciation of the interaction between the
spheres.

Problems such as those at the quarry site shown in figure 1.1.4 do not
occur in isolation. Change over time can have far-reaching consequences
on many aspects of the biophysical environment. Figure 1.1.3 illustrates
the place of the tree within the biosphere and its interdependence with
the other spheres.

/' Gaseous
/ interchange of
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of water
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infitration

Uptake of
soil water
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FlGURE 1.1.3

The interdependence of the spheres.



Land degradation, such as shown in figure 1.1.4, arises because some
humans perceive that the resources of the biophysical environment can
be readily exploited. They give little consideration to the environmental
impact of such activities. The original inhabitants of Australia perceived
their environment very differently. They managed to use the land
carefully for thousands of years so that it could continue to sustain life
for them. Aboriginal Australians would have appreciated the richness
of life offered to them by the area where the former quarry is located.

Today, with the end of quarrying at the site, efforts are being made by
officers of the Department of Natural Resources to rehabilitate the area
by damming it and creating an artificial wetland. Local Landcare groups
are involved in a revegetation program to create a native habitat.

The dying tree is symbolic of how modern Australians have misused
the resources available to them. We are now confronted with the task
of trying, in some human-modified environments, to recreate nature,
because what we have created in its place is unsustainable.

The human element is only one part of the biosphere. Our studies
will extend beyond the fate of an individual tree to, for example, the loss
of such flora on a global scale. It will be quite apparent that the impact
of humans on the biophysical environment must be recognised. The
magnitude of this impact is increasing in proportion to technological
development and population size.

A study of the different aspects of the biophysical environment leads
to an appreciation of the many factors involved and how they interact to
produce recognisable patterns and features. Furthermore, such a study
helps in our endeavours to improve our coexistence with nature, which
is so important to our continued occupation of this planet.

Human impacts, global dimensions

We can no longer conceptualise the earth as consisting of isolated
environments. Rather, we must appreciate that each of these
environments is part of an interacting global environment, on which
humans are having an increasing impact.

It should not be assumed, however, that human impacts on the
biophysical environment are in some way relatively recent events.
For tens of thousands of years groups of indigenous people behaved
in ways that often transformed ecosystems and led to the extinction of
many species. Such impacts, however, were usually followed by long
periods of environmental and ecological stability. During these times the
elements of the biophysical environment adjusted to the human impacts.
Many societies ultimately managed to live in harmony with nature.
They utilised the land, marine environments and plants and animals in
ways that did not greatly disturb the fragile ecological balance.

More recently, contemporary industrial societies have exploited the
biophysical environment with little regard for its ecological limits. They
have done so motivated by the pursuit of material wealth, consumption
and economic development. The Industrial Revolution and the related
technological advances have greatly intensified human impacts on the
environment.

However, we humans have the ability to overcome the problems
caused by our exploitation of the environment. We have the capacity
to better manage and protect the global ecosystem and bring about a
more prosperous future for all. This can be achieved not as individual
countries working on their own but together, in a global partnership for
sustainable development.

Interactions on

a local scale

The imminent death of the tree in the
foreground of figure 1.1.4 can be attributed
to the loss of the soil from around its
root area. Soil contains the nutrients that
are basic to the tree’s survival. Further
investigation at this site reveals that soil loss
is due to the overexploitation of the land for
the purpose of quarrying. A local brickworks
has removed the clay-rich soil and the
associated earthworks have exposed the land
surface to accelerated rates of erosion.
Ongoing decline in the health of trees at
the site will result in associated changes in all
the spheres, including the following:
m lithosphere
— lower organic content within the soil
— exposed soil that is subject to removal
by wind and water erosion
m hydrosphere
— reduced infilitration of water into
the soil
— increased surface runoff
m atmosphere
— less water vapour gained from
transpiration
— altered microclimate—less shade,
higher temperatures and higher rates
of evaporation
m biosphere
— loss of habitat for native animals.

The tree in the foreground will soon die because
of the soil erosion around its roots.

Biophysical Interactions: An Introduction
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Note to teachers and students

This section of the text provides a systematic

study of the four components of the

biophysical environment followed by TWO case
studies that investigate the interaction of the
components within the context of a specific
biophysical environment and a related issue.

The approach allows for greater programming

flexibility.
Students can:

m focus on ONE of the case studies and refer
back to Units 1.1 to 1.5 when they need to
enhance their knowledge and understanding
of a specific biophysical process
or

m undertake a systematic study of the four
components of the biophysical environment
followed by ONE of the integrated case
studies.

What is sustainable development?

Sustainable development is achieved by maximising people’s economic
and social well-being (their quality of life) while maintaining and
protecting the quality of the biophysical environment.

The principles that guide sustainable development include a

recognition that:

Improvements in health care, education and social well-being are
necessary to reduce birth rates in developing countries and stabilise
world population.

The earth’s renewable resources should only be used in a way that
does not reduce their usefulness for future generations.

Decisions made today should not damage the prospects for
maintaining or improving future living standards.

People should be involved in decisions that affect their lives.
Priority should be given to the development of new technologies that
are cleaner, more energy-efficient and use fewer natural resources.
Steps should be taken to prevent further degradation of the land and
biophysical resources.

The benefits of economic growth should be more evenly distributed.

Sustainable development and good environmental management go
hand in hand.

The many varied landscapes of the earth. A African savanna. B Antarctica. C Glacial valley in Yosemite National Park. D The rainforest of Hawaii.

E Coastal landscape. F Desert landscape.

((122) Global Interactions 1: Second Edition | —
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In the relentless human colonisation of every corner of this planet, from the Arctic to .
the Antarctic, we are witnessing the end, indeed the death, of natural environments. P]_ne
The water we drink, the air we breathe, the food we eat, are all modified by human
activity. Our activities, and the seemingly inevitable degradations of the earth, have
meant, in effect, the death of the natural world. We are seeing a transformation from
a naturally ‘managed’ world to a managed ‘natural’ world.

B.W. Boer, ‘Living sustainably’, The Architecture Show

The recent discovery of a small stand of
Wollemi Pine trees, previously known only in
the fossil record, has captured the world’s
imagination. Scientists have likened the
discovery to that of finding a small dinosaur
still alive. The ancestors of the remaining
trees have survived millions of years of
climatic and environmental change.

The small remnant stand of pine trees

1 Explain how the role of geographers differs from that of scientists. lies hidden within the Wollemi National

2 Idgntify thg folur components of the biophysical environment. Give a Park, just 150 km from Sydney. The location
brief description of each. of the stand is a closely guarded secret.

3 Explain where most life on earth occurs. Authorities have developed a strategy to

4 State two factors that have increased the magnitude of human impact ensure the survival of the species. Access
on the biophysical environment. to the site is restricted and the species will

5 Outline, in brief, the nature of the relationship that indigenous people be grown for commercial sale through plant
have with the biophysical environment. nurseries. The widespread availability of the

6 Explain what has motivated contemporary industrial societies to exploit Wollemi Pine should safeguard the future of
the biophysical environment. this priceless botanical heritage.

7 Define the term sustainable development. What are its guiding _ This discovery demonstrates just how
principles? little we know about the diversity of life

on earth.
g

working geographically

Group work Divide the class into four groups. Each group is to select ‘

one of the four components of the biophysical environment and then

brainstorm the following:

a the ways in which the selected component affects the activities of people

b the ways in which the activities of people have affected the selected
component.

Record the main points raised in your group’s discussion on a large sheet
of paper. Share your group’s findings with the rest of the class.

The ancient Wollemi Pine (Wollemi nobilis), which

was discovered in 1994,

T Biophysical Interactions: An Introduction



Water and air, the two essential fluids on
which all life depends, have become global
garbage cans.

Jacques Cousteau, conservationist,
scientist and film maker

Don’t knock the weather; nine-tenths of the
people couldn’t start a conversation if it didn’t
change once in a while.

Kin Hubbard, journalist

Thatch your roof before rainy weather,
dig your well before you become parched
with thirst.

Chinese proverb

The Atmosphere

The atmosphere is the gasesous layer that surrounds earth.

It constitutes the transition between the planet’s surface and
the vacuum of space. The atmosphere consists of a mixture of
gases: principally nitrogen, oxygen, carbon dioxide and water
vapour. It extends some 500 km above the surface of the earth.
The atmosphere’s lower level is called the troposphere. It houses
the climate system that maintains the conditions required to
sustain life on the planet’s surface. The next atmospheric level,
the stratosphere, exists 12 to 48 km above earth. It contains the
ozone layer that protects life on the planet by filtering harmful
ultraviolet radiation emitted by the sun.

Since the Industrial Revolution, humans have been altering
the composition of the atmosphere by burning fossil fuels.
Concern has been growing about rising concentrations of carbon
dioxide, methane, nitrous oxide and chlorofluorocarbons in the
atmosphere because these greenhouse gases trap the heat
energy emitted from the earth’s surface and increase global
temperatures. In addition, chlorofluorocarbons are effective at
depleting the earth’s protective ozone shield.

By developing our knowledge and understanding of
atmospheric processes we are better placed to engage with the
issue of global climate change.



exam-style questions

extended responses

m Analyse the factors that determine the world pattern
of climate.

m Account for local variations in climate.

m Explain the impact that large cities have on climate at
a local scale.

m Outline the consequences of people’s interactions with
the atmosphere.

m Write an extended response on global warming. In your
response:

— QOutline the causes of global warming.

— Speculate on the possible impacts of global warming.

— Explain how the rate of warming might be slowed.

An Inconvenient Truth

Humanity is sitting on a ticking
time bomb. If the vast majority

of the world’s scientists are right,
we have just 10 years to avert a
major catastrophe that could send
our entire planet into a tail-spin of
epic destruction involving extreme
weather, floods, droughts, epidemics
and killer heat waves beyond
anything we have ever experienced.
This is the central message that
former US vice-president Al

Gore seeks to communicate in An
Inconvenient Truth: the Academy
Award winning documentary on the
causes and likely impacts of global
climate change.

In the wake of his defeat by
George W. Bush in the 2000 US
presidential election, Gore decided
to devote himself to a last-ditch,
all-out effort to help save the
planet from irrevocable change.

The film highlights one man’s
fervent crusade to halt in its tracks
the deadly progress of global
warming by exposing the myths and
misconceptions that surround it.

At the heart of Al Gore’s
persuasive argument is the view that
we can no longer afford to regard
global climate change as a political
issue. Instead, it must be treated as
the biggest moral challenge facing
our global civilisation.

The Atmosphere @ ‘
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m acid rain precipitation containing excessive amounts
of acid that is formed when oxides of sulfur and
nitrogen, released by the combustion of fossil
fuels, mix in the atmosphere.

m atmosphere the transparent, odourless mass of air
surrounding the earth.

m atmospheric pollution a change in the chemical
composition of the atmosphere that affects the
well-being and activities of all living things; also
known as air pollution.

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

m fossil fuels energy sources formed in past geological
times from organic materials. Examples include
coal, petroleum and natural gas.

m greenhouse effect the trapping and buildup of heat

m microclimate a small, localised area within a
larger climatic region in which the atmospheric
characteristics differ significantly from those of the
major climate.

m ozone a colourless gas that is the product of the
reaction between oxygen and the sun’s ultraviolet
radiation.

m ozone layer the layer of gaseous ozone in the
stratosphere that protects life on earth by filtering
out harmful ultraviolet radiation from the sun.

m photochemical smog a complex mixture of air
pollutants produced in the atmosphere by the
reaction of hydrocarbons and nitrogen oxides
under the influence of sunlight.

m solar radiation energy received from the sun and on
which all life depends.

m temperature inversion results when a layer of dense,
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in the troposphere, near the earth’s surface. Some
of the heat that is radiated towards space from
the earth’s surface is absorbed by water vapour,
carbon dioxide, ozone and several other gases and
radiated back towards the earth’s surface.

m greenhouse gases gases in the earth’s atmosphere
that contribute to the greenhouse effect; for
example, carbon dioxide, ozone, methane and
nitrous oxide.

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

cool air is trapped under a layer of less dense
warm air. If prolonged, air pollution in the trapped
layer may build up to harmful levels.

m troposphere the innermost layer of the atmosphere
in which most of the earth’s weather occurs.

m urban heat island a phenomenon of urban
settlements where relatively warm atmospheric
temperatures prevail in the most heavily built-up
areas and decrease outward towards the fringes.

m wind a movement of air from areas of relatively
high atmospheric pressure to areas of relatively
low atmospheric pressure. Winds are named after
the direction from which they are blowing.

The atmosphere comprises the transparent, odourless gases that surround
the earth and are held in place by the gravitational attraction of the planet.
It is part of the shared resources to which all species have rights. These
resources are often referred to as the global commons. The atmosphere
has no territorial boundaries and cannot be exploited under the sovereign
rights of individual nation-states. In other words, the atmosphere can be
said to belong to no-one as it belongs collectively to everyone.

When the earth was formed, around 5 billion years ago, it did not
have an atmosphere. Massive volcanic eruptions released gases and
as the gases cooled the atmosphere developed. The composition of the
atmosphere at that time was thought to have been 80% water vapour, 12%
carbon dixoide, 7% sulfur dioxide and 1% nitrogen and other trace gases.
Missing was the oxygen necessary for life to flourish on the planet. The
intensity of incoming ultraviolet (UV) radiation also acted to prevent
the development of life forms. Eventually, however, the levels of UV
radiation began to decline. This triggered the types of chemical reactions
that are believed to have led to the evolution of life on earth.

Oxygen was introduced into the atmosphere when small organisms
broke down carbon dioxide (CO,) to use the carbon. Oxygen was
emitted as a waste product of this process. The increasing concentrations
of oxygen within the atmosphere absorbed greater amounts of UV
radiation. This led to the earth’s surface becoming warm and rich
enough for life forms to flourish. (See figure 1.2.1.)

(16 Global Interactions 1: Second Eition |

ultraviolet (UV) radiation a form of radiant
energy that comes from the sun and can cause
skin damage, such as melanoma and other
types of skin cancer.
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Human impact on the atmosphere

Human activities have had a dramatic impact on the operation of the
atmosphere. On a global scale, global warming and ozone depletion are
now the focus of international attention. In cities, government authorities
are attempting to identify and control the sources of those atmospheric
pollutants that threaten the physical well-being of inhabitants. (See
figure 1.2.2.)

Certain environmental issues highlight the interaction between the
different components of the biophysical environment. One such set of
interactions involves those atmospheric and hydrological processes that
contribute to land degradation. Soil erosion, for example, is directly
related to the pattern of surface winds at a continental scale. Water erosion
is directly related to both the atmospheric and hydrological processes
of runoff and floods. The wind erosion rate is increased substantially
by drought, and the balance between rainfall and evaporation can
significantly affect levels of soil salinity.

The structure and composition of

the atmo Sphere The development of the atmosphere was essential to

the creation of life on earth.

The structure of the atmosphere

Earth’s atmosphere has a layered structure. The layers shown in figure
1.2.4 (p. 18) are based primarily on temperature characteristics.

The troposphere

Almost all the weather and related processes take place in the
troposphere. (See figure 1.2.3, p. 18.) It contains all the weather systems
that produce precipitation, surface winds and the other climatic variables
that impact on the way humans utilise the land.

The troposphere extends upwards from ground level to about 8 to
10 km above the poles and 15 to 17 km above the Equator. The top of
the troposphere is called the tropopause. It forms the boundary between
the troposphere and the stratosphere. Temperatures at the tropopause
are very low; from —40°C to —80°C. The air within the troposphere is
warmed by heat radiated from the earth’s surface.

The stratosphere

The stratosphere extends from about 10 km to 50 km above the earth’s
surface. Itis relatively calm compared with the troposphere. In the lower
stratosphere, temperatures are relatively constant; they don’t change
much with altitude. In the upper stratosphere, temperatures increase

with altitude. They reach about 0°C at the top of the stratosphere. This

warming is caused by the absorption of solar radiation. Human activities have dramatically altered the
operation of the atmosphere.

The mesosphere

The mesosphere extends about 80 km above the earth’s surface. Tem-
peratures 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 km/h, 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 : .

o .. . . . . ) atomic oxygen single oxygen atoms compared
1500°C. This is due to increasing concentrations of atomic oxygen inthe oxygen molecules (two oxygen atoms) found
atmosphere, which, like ozone, absorbs incoming UV radiation. in air.
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Earth’s weather processes occur within the
troposphere.

did you know? _=

Weather and climate

Care needs to be taken when we use the terms
‘weather’ and ‘climate’. Weather refers to

the day-to-day condition of the atmosphere

at a particular place. It includes all the daily
changes in temperature, precipitation, wind,
sunshine, humidity (the amount of moisture

in the air) and atmospheric pressure. Climate,
on the other hand, is the long-term weather
pattern for a place or region. The factors that
determine what type of climate a place will
have include latitude, season, aspect, closeness
to the sea, ocean currents and height above sea
level (elevation).
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The layers of the atmosphere.
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The composition of the atmosphere

Oxygen and nitrogen together make up 90% of the atmosphere’s volume.
The remainder comprises other gases (such as ozone and CO,) as well
as pollutants and particulates. The composition of the atmosphere is
shown in table 1.2.1.

The majority of scientists are alarmed by the likely impacts of human-
induced changes to the earth’s atmosphere. Increases in atmospheric
concentrations of ozone-destroying gases and CO, are now a major
focus of scientific research.

Atmospheric processes

Energy in the atmosphere

The sun is the earth’s main source of energy. This energy is received
as incoming short-wave solar radiation (insolation), 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 on earth.



Composition of the atmosphere

Composition by volume (%) | Importance

Permanent gases:

m nitrogen 78.09 m Plays an important role in the growth of plants

H oxygen 20.95 m A product of photosynthesis, it is reduced when the world’s forests are
destroyed

Variable gases:

m water vapour 0.2-4.0 m Reflects and absorbs incoming radiation and provides the moisture for
cloud formation and precipitation

m carbon dioxide 0.03 m Absorbs heat radiated from the earth’s surface

m ozone 0.00006 m Absorbs harmful incoming UV radiation

Other gases:

m argon 0.93

® helium traces

m Kkrypton traces

E neon traces

Particulates:

m dust traces m Absorbs/reflects incoming solar radiation and provides the condensation
nuclei on which cloud formation depends; added to the atmosphere by
volcanic eruptions and wind erosion

Pollutants:

m methane traces m Contributes to global warming

B nitrogen dioxide traces

m sulfur dioxide traces m Mixes with atmospheric moisture to form acid rain; added to the

atmosphere by industrial processes, power generation and car exhausts

The amount of incoming solar radiation received at a particular
location on the earth’s surface is determined by the following:

m Distance from the sun. The elliptical orbit of the earth around the sun
can result in 6% variation in the amount of insolation received by the
earth at different places and times.

m Latitude. As demonstrated in figure 1.2.5, incoming solar radiation has
twice the area to heat at 60° north and south as it does at the Equator.
Therefore, average temperatures are lower at higher latitudes. | <@= Solar radiation

m Length of day and night. Because the earth’s axis is tilted at an angle '
of 23.5°, there are seasonal variations in the length of day and night.

The shorter the day the less opportunity there is for the absorption of 5

incoming solar radiation.

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, CO, and particles of dust and ice Latitude plays a crucial role in the heating of the
present in the atmosphere; some is also reflected back into space from earth’s surface.
clouds and, to a lesser extent, from the earth’s surface.

The ratio between incoming radiation and the amount reflected
back into space, expressed as a percentage, is known as the albedo. The
albedo varies from less than 10% over oceans and dark soil to 25% over
grasslands, 40% over desert sands and 85% over snow. The albedo
increases where human landuse activities have resulted in the removal
of vegetation by land clearance and overgrazing. This may reduce the
likelihood of cloud formation and precipitation and increase the risk of
desertification.

Scattering of the sun’s energy occurs when incoming solar radiation The lowest temperature ever recorded was
T . ‘ -89.2°C. This was recorded at Vostok in
is diverted by molecules of gas in the atmosphere. It takes place in all  pntarctica. The hottest recorded temperature is
directions, with some radiation reaching the earth’s surface as diffuse  56.7°C, which was recorded in Death Valley in
radiation. the United States.
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Upper atmosphere | 5o; of energy is reflected by
dust partlcles in the air

Y

Tropopause - =

Clear sky

Troposphere

when the sky is clear

15% of energy is absorbed by
carbon dioxide, water vapour
and dust particles

88% of energy reaches the ground

Incoming solar energy as short-wave radiation/ / /
/ / 30% to 69% of energy is reflected from

the tops of the clouds

- \VX/ F\\ Cloudy sky
J/ o / - \/\
- 5% to 20% of energy is ) <
absorbed by the water droplets ( /
NG of the clouds ) ——

\\&\f//\\//\\/;/

6% to 45% of energy reaches the ground when
there is a cloudy sky

Define, in your own words, the atmosphere.
Explain how the atmosphere was formed.
Outline how oxygen began to accumulate in
the atmosphere.

Explain the difference between weather and
climate.

Describe the troposphere. Why is it so
important to humans?

Outline the composition of the atmosphere.
Discuss the factors that determine the
amount of incoming solar radiation at
particular locations on the earth’s surface.

Ay

working geographically

1 Interpreting diagrams Study figure 1.2.4

(p. 18). Write a report outlining what happens to
temperature in each layer of the atmosphere.
Interpreting diagrams Study figure 1.2.5

(p. 19). Write a short-answer response
explaining why temperatures decrease with
increasing latitude.

3 Writing task Study the ‘Did you know?’ box

on page 18. Write a paragraph distinguishing
between weather and climate.

terrestrial radiation stored heat emitted as
longwave radiation by the earth, including its
land, oceans and atmosphere.

conduction energy transfer from one material
to another by direct contact.

convection currents movements within a
medium caused by a difference in temperature.
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Only 24% of incoming solar radiation reaches the earth’s surface
directly; an additional 21% reaches the surface as diffuse radiation.
Incoming radiation is transformed into heat energy when it reaches the
earth’s surface. As it heats the ground, it radiates long-wave or infra-red
energy back into the atmosphere. In the atmosphere, 94% of this energy
is absorbed by water vapour and CO,, creating a natural greenhouse
effect. (See figure 1.2.6.)

The global heat budget

Generally speaking, the temperature of the earth remains relatively

constant from year to year. This means that there is a balance between

incoming insolation and outgoing terrestrial radiation. Features of this
global heat budget include:

® anetgain in radiation everywhere on the earth’s surface except at the
poles, which have a high surface albedo

m anetloss in radiation throughout the atmosphere.

After taking incoming and outgoing radiation into account, there
remains a net surplus of heat between 35°S and 40°N and a net deficit to
the poleward side of these latitudes. This difference according to latitude
is due to the larger size of the land masses in the Northern Hemisphere.

Overall, therefore, there is a positive heat balance within the tropics
and a negative heat balance in the polar regions and at high altitudes.
One outcome of this imbalance is the transfer of heat from the tropics
towards the poles and to higher altitudes. If this transfer did not take
place, 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% of the heat transfer,
and ocean currents for the remaining 20%.

m Vertical transfers. Heat is transferred to the atmosphere from the earth’s
surface by terrestrial radiation, conduction, convection currents and
the transfer of latent heat via condensation. If this transfer did not
occur, the earth’s surface would get hotter and the atmosphere colder.

Lapse rates

As altitude increases throughout the troposphere there is a decline
in temperature. This temperature decline is called the lapse rate. On
average, air temperature decreases by approximately 6.5°C for every



1000 m of elevation. This concept is best demonstrated by way of H

example. At 8848 m above sea level, the peak of Mt Everest would be .

57.5°C colder than the average sea level temperature, if the average !atent heat the amount of heat that is lost or
gained when a substance undergoes a phase

lapse rate were applied. . . . change, such as condensation, evaporation or
The actual lapse rate varies from place to place, depending on air  gypjimation.
humidity. The rate that applies at any given place and time is known as

. d tion th by which wat
the environmental lapse rate. goncensaion e process by which water

vapour becomes a liquid.

What causes the air to move? humidity the water vapour content of the air.
The air within the troposphere is never at rest. The sun heats the equa-
torial regions more quickly than the polar regions, causing movements
of air within the troposphere at a global scale. These movements produce
the distinctive climatic features experienced on the surface of the earth.
The global pattern of atmospheric circulation is shown in figure 1.2.7.

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, with its
clear skies and dry, stable conditions. On the surface of the earth, some
of the descending air moves back towards the Equator. The cells created
by this pattern of circulation are known as Hadley cells.

On the polar side of the Hadley cells the remaining air moves towards
the poles. When this relatively warm air meets the cold polar air at the
polar front, it pushes under and uplifts the warmer air. This forms an
area of low pressure known as a polar cell. The polar front, therefore,
marks the boundary between the warm tropical air masses and the cold
polar air masses. The frontal zone is quite distinct and moves as a non-
continuous band right around the planet.

In the upper troposphere very strong winds reach speeds in excess
of 200 km/h. (Military and commercial aircraft take advantage of these
winds; eastward flights are much faster than westward flights.) Within
these wind systems are narrow bands of extremely fast-moving air
known as jet streams. Jet streams assist in the rapid transfer of energy North Pole
and can exceed speeds of 230 km /h.

Surface winds
Surface winds are caused by the movement of air from areas of high
pressure to areas of low pressure. These winds are highly variable, both
in terms of speed and direction, but have an overall global pattern. 0° Equator
The Hadley cells, shown in figure 1.2.7, produce descending air in
the mid-latitudes on either side of the Equator. 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 effect. The result of these
deflections is to give the winds a direction from south-east to north-east South Pole
in the Southern Hemisphere, and from north-east to south-west in the Polar
Northern Hemisphere. These surface winds are referred to as the south-
east trade winds and the north-east trade winds, respectively.
Air moving away from the Equator towards the poles is also deflected //—\ FIGURE 1.2.7
to the left in the Southern Hemisphere and to the right in the Northern A‘d.’ i I the carth showl
Hemisphere. On the polar side of the Hadley cells, descending air moves thel;gg\??mn;?]; %fr Z?rr Zsrgﬂn??ﬁeo | be earti stowing
globe.
towards the poles and is deflected. This results in a band of strong winds
in each hemisphere. In the Southern Hemisphere such winds are known
as the ‘Roaring Forties’ because of their persistence within the 40°-49°
band of latitude.
In the equatorial region, air rises and there are no strong horizontal
surface winds. This results in a phenomenon known as the ‘equatorial
doldrums’. Another region of relatively calm weather is that below the
descending air of the polar ends of the Hadley cells. Early mariners
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understanding the text

1 Outline the main features of the global heat
budget.

2 Explain how the imbalances in incoming and
outgoing radiation that occur with latitude
and longitude are rectified.

3 Define the term lapse rate.
4 Define the term environmental lapse rate.

Stream
flow

160 ‘km 1 ‘to 32 I‘<m 169 km

Hurricane
winds

Gales gradually
decreasing

Gales gradually
increasing

=

The formation of a cyclone.

did you know? ...

Pressure systems (highs and lows) are
associated with their own distinctive weather
patterns. Areas under the influence of high
pressure systems (anticyclones) experience
stable atmospheric conditions: clear skies

and gentle winds. Areas under the influence

of low pressure systems (cyclones) experience
unstable atmospheric conditions: cloudy skies,
strong winds and the likelihood of rain.

@ Global Interactions 1: Second Edition

applied the term “horse latitudes’ to these zones. They were so named
because their ships were often becalmed, so their animals died of
starvation and had to be thrown overboard.

Pressure systems

Atmospheric pressure systems are areas of the atmosphere with
relatively high or low barometric (air) pressure. They are often referred
to simply as ‘highs’ and ‘lows’. Large areas of permanent high and low
pressure exist in bands around the earth, and these influence world
climate patterns and ocean currents.

High pressure systems are sometimes referred to as anticyclones.
An anticyclone is a large body of sinking air that produces an area of
high pressure on the earth’s surface. The source of the air is 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 are low. (Pressure gradients are shown by
the isobars on a synoptic chart.)

The weather in regions dominated by high pressure systems is
characterised by stable atmospheric conditions, clear skies and gentle
winds.

Low pressure systems are often referred to as cyclones. A cyclone is
a large body of rising air that produces an area of relatively low
atmospheric pressure. As the source of the air is close to the earth’s
surface, there may be considerable amounts of moisture. As moist air
rises it cools rapidly, condensation takes place and the potential for
precipitation increases. Wind velocities are relatively high because the
pressure gradients are relatively steep. (This is indicated on synoptic
charts by isobars that are 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. They develop
over warm tropical oceans and their behaviour is often erratic and
unpredictable. Once they cross a coastline they turn towards the pole,
their intensity is reduced and they develop into what is known as a rain
depression.

For tropical cyclones to form and move there must be a continuous
supply of heat and moisture to maintain the rising thermal currents.
There must also be a large supply of moisture to provide the latent heat
(released by the process of condensation) that drives the cyclone and
facilitates the associated heavy rainfall. At the centre of the cyclone is the

Northern Hemisphere

=z
FIGURE 1.2.9

The patterns of air movement within pressure cells.
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Synoptic charts

A synoptic chart or weather map is a record of the atmospheric conditions
experienced at a particular time in a particular place. (See figure 1.2.13,

p. 24.) They provide information related to air pressure; the location of

air masses and frontal activity (see below); the extent of cloud cover, wind
speed and direction; and the distribution of rainfall. Using this information,
it is possible to make predictions relating to temperature, humidity, ocean
conditions and the likely sequence of weather over the next few days.

Features of a synoptic chart

Synoptic charts display a number of features:

m /sobars. These are lines joining places of equal barometric pressure.
Barometric pressure is measured in units called hectopascals (hPa).
Finding the atmospheric (or barometric) pressure of a particular
location requires you to refer to the value of adjacent isobars. The

process is the same as that for estimating height above sea level using FIGURE 1.2.10
~-°

Ieeliy IIeE: Tropical cyclones are intense storms with very low
B Pressure systems. These are defined by the patterns formed by the it Eressu)r,e y

isobars. High pressure systems are indicated where barometric
pressure increases towards the centre of a set of enclosed isobars.
Low pressure systems are indicated where the barometric pressure
decreases towards the centre.

m Cold fronts. These are formed when a mass of cold air moves in and
displaces warmer air. The resulting uplift of warm moist air means that
the passing of a cold front is often associated with rainfall.

m  Warm fronts. These occur when a mass of warm air moves in and
displaces cold air.

m Wind speed. The closer the isobars, the greater the wind speed. Some
synoptic charts include wind speed and direction indicators.

m  Wind direction. Winds are named after the direction from which they
come. For example, a wind coming from the south is called a southerly.
Wind direction is determined largely by the location of pressure
systems. In the Southern Hemisphere, winds blow in an anticlockwise
direction from areas of high pressure. The winds associated with low
pressure systems blow in a clockwise direction towards the centre.

B Rainfall. Areas in which rainfall has occurred in the previous 24 hours
are highlighted by shading. /

‘eye’. This is an area that is 30-50 km in diameter and is characterised by
subsiding air, light winds, clear skies and relatively high temperatures. =
The descending air warms quickly, increasing the cyclone’s intensity.

Pressure systems are featured on synoptic charts. Being able tointerpret  1ropical cyclones are known as hurricanes in
these charts is an important geographical skill. (See the Geoskills 1 box.)  the Atlantic Ocean and typhoons in the western
Pacific Ocean.

Air masses

Air is affected by the nature of the earth’s surface over which it passes.
Abody of air that has been affected by a large area of the earth’s surface,
such as an ocean or a continent, is known as an air mass.

Air masses over large continental areas and oceans are affected by
temperature and humidity. Air masses above oceans contain more
moisture than those that form over continental areas. High pressure areas
where air sinks towards the earth’s surface near the tropics form warm
air masses. High pressure areas near the poles form cold air masses.

Air masses that form over oceans are usually referred to as maritime =
air masses and those formed over land masses are called continental air
masses. Air masses that form over the Arctic and Antarctic ice fields are Sixty-five people were killed as a result
very cold and dry. They are referred to as the Arctic air mass (Ac) and  of Cyclone Tracy, which struck Darwin on
the Antarctic air mass (Aac). Christmas Eve 1974.
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Cyclone Larry

Cyclone Larry struck the far north coast of Queensland on The area around Innisfail is Australia’s major banana-
20 March 2006. The cyclone was one of the most damaging growing region. The cyclone saw more than 80% of the

to strike Australia since 1974 when Cyclone Tracy caused Australian banana crop destroyed. Many farmers were left
widespread damage to Darwin. Cyclone Larry crossed the with no banana trees at all. In the town of Babinda, north
coast near Innisfail, south of Cairns. During the height of the  of Innisfail, more than 80% of buildings were damaged and
storms, wind speeds reached more than 150 km/h and the in the neighbouring town of Silkwood 999% of homes lost
damage done by the storm was immense. their roofs.
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FIGURE 1.2.14

FIGURE 1.2.13

Synoptic chart featuring Cyclone Larry. A banana plantation after the cyclone.
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The areas where air masses form are known as source regions. There are

five main source regions. They are tropical maritime (Tm), polar maritime | Diréction of frontal movement

(Pm), tropical continental (Tc), polar continental (Pc) and equatorial (E).
Air drawn from these five source regions by the pattern of air
movement associated with high and low pressure systems plays a major Warm air forced to 'i?_\/%_
role in determining the weather and longer-term climatic conditions Warm
experienced at a particular location. The air masses that influence the air mass
climates of North America and Australia are shown in figure 1.2.16.
When two air masses from different source regions meet, the air from
each does not mix straight away. This is because they have different
temperatures and densities. The point where two air masses meet is
known as a front. (See figures 1.2.15 and 1.2.17.) A warm front develops | Direction of frontal movement
when warmer or moister air is forced to rise over colder or drier air. A cold >
front develops when advancing cold air undercuts a body of warm air. In

Cumulo-nimbus
AR a vf\/\/q cloud

both cases the rising air is cooled and condensation results in the formation Frontar - y)
of clouds. Precipitation often accompanies the passing of a front. Cold air "ace \\ :
undercutting warm air
S Warm
— ) air mass
Cold air mass )

Warm fronts rarely occur in Australia but play

' e a major role in the weather experienced in
FIGURE 1.2.15 North America, Europe and Northern Asia.
7\
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The point at which two air masses meet is known as a front.
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FIGURE 1.2.16

The source regions of the air masses that affect the climates of A North America and B Australia.
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1 Explain what causes the global-scale movement of air
within the troposphere.

2 Describe the relationship between atmospheric pressure
and the movement of air across the earth’s surface.

3 Describe the processes that lead to the development of a
Hadley cell.

4 Describe the impact that the Coriolis effect has on air

circulation in both the Southern and Northern Hemispheres.

7

working geographically

1 Writing task Write an explanation outlining why the
temperature of the atmosphere declines with increasing
altitude.

2 Interpreting diagrams Study figure 1.2.9 (p. 22). Write
a paragraph describing the pattern of air movement
associated with high and low air pressure systems in the
Northern and Southern Hemispheres.

3 Interpreting text and diagrams Study the Geofocus box
‘Cyclone Larry’ (p. 24).
a Outline the impact of Cyclone Larry on the

communities of North Queensland.

5 Describe both high and low pressure systems and the
weather conditions normally associated with them.

6 Distinguish between a cyclone and an anticyclone.

7 Outline the nature of tropical cyclones.

8 Define the term air mass. Name two types of air masses.
9

Explain the difference between a warm front and a cold
front.

b Examine figure 1.2.11. Write a short report describing
the route taken by the cyclone.

4 Writing task Using the information in figure 1.2.16 (p. 25),
write an explanation outlining how air masses can affect
weather conditions in different parts of North America and
Australia.

5 Research task Collect a series of Australian synoptic
charts covering at least five consecutive days. Trace the
passage of high and low pressure systems across the
continent. Note the weather conditions associated with
the passage of these pressure systems and write two or
three paragraphs explaining what has occurred.
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Storms

. 2000000000

Each year thousands of thunderstorms occur in New South
Wales. Of these, about 100 are classified as ‘severe’ or
likely to cause damage. Severe thunderstorms are those that
produce any of the following:
®m hailstones with a diameter equal to or greater than 2 cm
m wind gusts of 90 km/h or more
m flash flooding.

While severe thunderstorms can occur at any time during
the year, they are more likely to occur during the months
of September through to March. (See figure 1.2.18.) The
incidence of severe storms during this period is primarily
due to the increase in energy provided by the sun during the

307
251
20

15 1

Percentage of total

10 A

0.
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Year

Monthly distribution of storm events in Sydney, 10-year average.
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FIGURE 1.2.18

warmer spring and summer months, together with weather
patterns that are favourable for storm development.

In addition to these seasonal variations there is a marked
pattern of storm activity on a daily basis. Storm activity
peaks between 2 p.m. and 6 p.m. (See figure 1.2.19.)

Conditions under which storms develop

The three conditions required for the development of
thunderstorms are 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.
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Time distribution of storm events in Sydney.




This makes the rising air more buoyant and promotes
further cloud growth. Unstable atmospheric conditions
allow developing clouds to rise to great heights in the
atmosphere. The mechanisms that initiate thunderstorms
are fronts, troughs and regions of low pressure. Landform
features, such as mountain ranges, may also promote storm
development.

The severity of a storm depends largely on the rate at
which air rises. Severe storms occur when the atmosphere
is very unstable and the upward movement of air 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 the possibility of 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 whose structure, behaviour, intensity
and longevity are quite different from those of ordinary
thunderstorms. These storms are associated with very large
hail, extraordinary wind gusts and heavy rainfall. Figure
1.2.20 shows how hail develops within a storm.

Lightning and thunder

Lightning occurs when electrical energy is discharged during
thunderstorms. Sometimes the lightning flash is between the
cloud and earth. This is called forked lightning. At other times
it occurs within the cloud and is known as sheet lightning.
Thunder is the sound caused by the electrical discharge.
Usually we hear the thunder after we see the flash of light.
This is because sound travels more slowly than light.

Within thunderstorms there is a fast upward movement of
air and moisture. This separates the positively and negatively
charged particles. The top of the storm clouds usually has a
positive charge, while the middle and bottom layers may have a

negative charge. The ground below usually has a positive charge.

Direction of storm |::>

1 The nucleus of a hailstone
is a small ice crystal or
one coated with a layer
of tiny frozen cloud
droplets

2 As the nucleus falls to
warmer parts of the
thunderstorm, it
collects cloud droplets
which freeze slowly,
forming a coating of
clear ice, or glaze

3 Asitis swept up to
cooler parts of the cloud
it collides with droplets,
which freeze on impact,
forming a milky layer
of rim ice

4 The number of ice
layers, up to 15-20,
indicates the number
of times the hailstone
was swept up and
down in the cloud

Cumulo-nimbus
(thundercloud)

3 B , s,
s, P . IR
~. " Rain -

. , i
FIGURE 1.2.20

The formation of hail within a storm.

- - - - Freezing level

5 Once the hailstones
become too heavy
to be supported by
the storm they fall
to the ground

- - - Condensation
level (dew point)

When the difference is great enough, an enormous electrical
spark jumps between the two charges; this is the flash of
lightning. Some lightning flashes contain up to 30 million volts.

Hailstorms

One of the most damaging types of storms is a hailstorm. Hail
is nothing more than frozen water that forms into chunks of
ice due to very cold conditions in the upper atmosphere. Most
hail melts before it reaches the ground. However, in hailstorms
the hail reaches the ground while still in large chunks.

Hail has the potential to do great damage to buildings and
cars and can even cause serious injury to people caught out
in the storm. One of the most damaging hailstorms to ever
strike Australia took place in April 1999. A massive hailstorm
struck the Eastern Suburbs of Sydney on 14 April and caused
more than $1 billion worth of damage, making it one of the
most costly natural disasters in Australian history. More than
20000 properties sustained roof and window damage in the
storm and around 60000 cars were also damaged, some so
badly they were wrecked. (See figure 1.2.22, p. 28.)

On 21 December 2006 another massive hailstorm hit
New South Wales. This one struck the town of Armidale
in the New England region of the state. The storm left ice
some 50 cm thick across much of the town and the short
but violent storm led to flash flooding as gutters overflowed.
More than 170 homes were damaged in the storm and the
State Government created a natural disaster zone around
Armidale. One of the most dramatic storm-related events
occurred at the Armidale Exhibition Centre. The large roof
area of the centre captured so much hail that the weight of
the ice on the roof caused it to collapse. This left the whole
building a wreck and caused more than $500000 damage.

It is common for people to take shelter in the centre during
large storms, but fortunately the building was empty when it
collapsed and so no-one was hurt.

Positive charge

— 6km

Lightning inside
cloud (appears as
sheet lightning)

— 4km

Lightning from
cloud to earth

(forked lightning)

F'G”RE 1221/

The differences in electrical charge between the
top and bottom of storm clouds creates lightning.
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Distinguish between a ‘severe’ thunderstorm
and other storms.

2 Outline the conditions under which
thunderstorms develop.

3 Describe the conditions under which severe
thunderstorms develop.

4 Distinguish between ‘multicellular storms’ and
‘supercells’.

1 Interpreting diagrams, writing task and

using ICT Study the Geofocus box ‘Storms’

(pp. 26-7).

a Study figures 1.2.18 and 1.2.19. Write a
paragraph describing the monthly and daily
occurrence of thunderstorms in Sydney.

b Study figure 1.2.20. Write an explanation
outlining how hail develops within a storm
system.

¢ With the aid of an annotated sketch,
write an explanation of how lightning and
thunder occur.

d Write a report detailing the impact of
recent hailstorms in Sydney and Armidale.

e Using digital newspaper databases and the
Internet, research a recent severe storm.
Outline the effects of the storm on the
affected community and environment.

Variations in solar insolation resulting

from latitude

Latitude Insolation percentage

0° 100.0
10° 98.6
20° 94.5
30° 88.0
40° 79.2
50° 68.5
60° 57.0
70° 47.4
80° 43.0
90° 41.6
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7\ FIGURE 1.2.22

-
Hail-damaged roofs in Sydney.

The world pattern of climate

Major factors affecting the world pattern of climate

Five main factors determine the world pattern of climate (shown in

figure 1.2.23). These are:

® variations in the amount of incoming solar radiation (insolation)
reaching different parts of the earth’s surface

m the revolution of the earth around the sun and its daily rotation on
its axis

m the composition of the atmosphere

m the distribution of the continents and oceans

m topography.

Insolation variations

The amount of incoming solar radiation reaching the earth’s surface
varies with latitude. (See table 1.2.2.) Near the Equator the sun’s rays
are almost vertical and are concentrated on a small area of the earth’s
surface. Closer to the poles the sun'’s rays strike the earth’s surface at an
angle. This spreads the sun’s rays over a larger area and results in less
solar energy per unit area. (See figure 1.2.5, p. 19.)

The relatively large input of heat near the Equator warms the air,
which then rises due to heated air having a lower density than cold air.
As the warmer air rises, it moves northwards and southwards, carrying
heat away from the Equator towards the poles. As it does, it cools and
begins to descend. These cool masses of air then flow back towards
the Equator as surface winds, to fill the void left by the rising air. This
pattern of air movement moderates global air temperatures.

The earth’s revolution and rotation

Other than at the Equator, where temperatures remain fairly constant
throughout the year, average temperature patterns vary with the seasons.
Seasonal variations occur because of the earth’s annual revolution
around the sun on an axis tilted at 23.5°. When the earth’s South Pole tilts
towards the sun, the sun’s rays strike the Southern Hemisphere more
directly and intensely than in winter when the South Pole is tilted away
from the sun. This means that the Southern Hemisphere experiences
summer while winter conditions prevail in the Northern Hemisphere.
(See figure 1.2.25, p. 30.)
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The world’s major climatic zones and climate graphs for selected locations.
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Solar energy is essential for plant growth. The revolution of the earth around the sun and its impact on climate.

The forces generated by the earth’s rotation on its axis 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 of the Equator.

The revolution of the earth around the sun and the angle of the
earth’s axis also result in a variation in the length of night and day. The
longer the day, the greater the amount of incoming solar radiation that
can reach the earth’s surface and therefore the more solar energy there
is available for plant production.

The composition of the atmosphere
The composition of the atmosphere plays a major role in determining
the earth’s temperature and, therefore, its climate. In the troposphere,
for example, CO, and water vapour are important in regulating
temperatures. They let in the radiant energy of the sun but prevent some
of it from escaping back into space. This creates what is often referred to
as a ‘natural greenhouse effect’.

If this natural greenhouse effect did not exist, the earth would be a
cold and lifeless planet, with an average atmospheric temperature of
just =18°C.

The distribution of the continents and oceans

Ocean currents also influence climate, especially in coastal areas. As
warm ocean currents experience relatively high rates of evaporation,
the coastal areas adjacent to them are likely to experience relatively
high levels of precipitation, especially where the prevailing wind blows
onshore.

Cold ocean currents are accompanied by relatively low levels of
evaporation, and the air above them tends to contain little moisture.
The earth’s largest deserts adjoin coastal areas that are influenced by
cold ocean currents.

did you know? _=

,' Topography

The snows that have covered the peak of Bef:ause of their altltude{ mountainous areas tend.t‘o be‘cooler ’Fha/n
Mt Kilimanjaro for centuries are beginning adjacent areas at lower altitudes. The summit of Mt Kilimanjaro, Africa’s
to melt as climate changes associated with highest mountain, is permanently covered with snow, even though it is
human activity begin to take place. located just to the south of the Equator.
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' Mountain ranges interrupt air currents, causing
Location of the world’s deserts and the role played by ocean currents in their formation. variations in climate.

Mountain ranges, such as those in figure 1.2.28, also interrupt the
movement of prevailing winds and the movement of moisture-laden
air. When moist air is forced to rise it cools and expands. This causes it to
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
what is known as the rain-shadow effect or orographic rainfall. (See figure
1.2.27)

As the 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. Products of the rain-shadow effect include the Mojave Desert,
to the east of the Sierra Nevada Mountains in the United States, and the
semi-arid regions adjacent to the Himalayas in Asia and the Andes in
South America.

ir cools and condenses Orographic rainfall* . Descending air warms as it
: : is compressed by increasing
atmospheric pressure
As the air cools it
releases latent heat

Pre<:|p|tat|on )

R oL YA R, .y
P 85 T

Orographic uplift

Cool dry air;
warms as it descends

\ Warm dry air
(fohn wind)

————

Warm moist air;

cools as it rises/V

—

Desert

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

FIGURE 1.2.27

The impact of topography on climate.
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Up-valley and upslope winds create ideal
conditions for hang-gliding.

The heating of cool air over mountaintops
results in convection and upslope breezes

& Heated air

Updra
in the devel
of clouds

Night (katabatic flow)

%

with temp
inversions

FIGURE 1.2.29

Formation of anabatic and katabatic winds.

understanding the text

Local climatic variations

Local conditions affect the climatic conditions prevailing in an area.
Here are some examples.

Land and sea breezes

Land and sea breezes result from the differential heating of the sea
and the adjacent land surface. The resulting differences in atmospheric
pressure, although small, are significant enough to initiate a movement
of air. As illustrated in figure 1.2.30, the sea breeze builds up in the late
morning and dies off in the evening. At night, the sea retains heat longer
than the adjacent land surface. Therefore, the atmospheric pressure over
the sea drops slightly as thermal currents create uplift. The land breeze
begins soon after sunset and dies off at sunrise.

denser and sinks

Cooling may provide

The descending air a ‘cloud curtain’
creates an area of
higher pressure ' | longer than land, and
relatively warm air ]
Air in contact with rises to give an area Ing air
land is heated, rises of lower pressure creates an area
and forms an érea of higher pressure
A sea breeze_ of low pressure A land breeze
blows from high blows from high

High

tw Low to low pressure
High Low <—/_

FIGURE 1.2.30

Formation of land and sea breezes.

Anabatic and katabatic winds

When valley sides are heated by the sun, the surrounding airis heated and
expands. As the air rises, it creates a zone of relatively low atmospheric
pressure. By mid-afternoon a strong uphill, or anabatic, wind develops.
(See figure 1.2.29.)

At night, the valley sides and floor lose heat through radiation. The
surrounding air becomes cooler and increases in density. As it does so,
it begins to flow down the valley sides as a mountain, or katabatic, wind.
This process often gives rise to temperature inversion. If the air contains
enough moisture, a fog may develop in the valley.

1 Explain how variations in the amount of incoming solar 4 Explain the relationship between the temperature of
radiation reaching the earth’s surface affect climate. ocean currents and the climate experienced by nearby
2 Outline how the revolution of the earth around the sun land surfaces.

and its daily rotation on its axis affect climate.

3 Describe the natural greenhouse effect.

(]

Outline how topography affects climate.
Explain the cause of land and sea breezes.

7 Describe the differences between anabatic and katabatic
winds.

()]
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working geographically

1 Interpreting diagrams Study the climate graphs in figure
1.2.23 (p. 29).
a Locate each of the climatic stations on the world map
and name the climate type experienced by each.
b Name the station that has the:
i lowest annual rainfall

¢ Describe the distribution of those places that
experience hot dry summers and mild wet winters.
d State the climate experienced by the following
geographical locations:
m Northern Australia m Northern India
m Sub-Saharan Africa = United Kingdom
ii highest annual rainfall m Tasmania m Papua New Guinea
iii highest average monthly rainfall recording m Alaska Northern Russia.
iv highest average monthly temperature 3 Interpreting diagrams Study figure 1.2.26 (p. 31).
v lowest average monthly temperature Write a report describing the pattern of the earth’s ocean
vi greatest seasonal variation in temperature currents and the relationship between cold currents and
vii smallest seasonal variation in temperature the earth’s deserts.
viii greatest seasonal variation in rainfall 4 Interpreting diagrams Study figure 1.2.27 (p. 31).
ix smallest seasonal variation in rainfall. Explain the:
¢ List those stations that experience a climate a formation of orographic rainfall and the fohn wind
characterised by summer rainfall and winter drought. AN T e i e Mo e e o
d List those stations that experience high rainfall the leeward side of large mountain ranges.

throug.hout.the el Al 5 Interpreting diagrams Study figure 1.2.29. Write an
2 Interpreting diagrams Study the map in figure 1.2.23 explanation outlining the processes associated with the
(p- 29). formation of anabatic and katabatic winds.

a Comment on the longitudinal spread of those climates 6 Interpreting diagrams Study figure 1.2.30. Write an
that are hot and wet for most of the year. explanation outlining the occurrence of land and
b Describe the distribution of hot and dry climates. sea breezes.

The development of microclimates

Significant climatic differences often occur over relatively small areas.
The study of these climatic differences is known as microclimatology.
The most widely studied microclimates are those associated with large
urban centres. Other microclimates occur naturally and result from
differences in factors such as aspect and type of land surface.

Urban microclimates

Large urban centres experience climatic conditions that are significantly
different from those of surrounding rural areas. Cities generate more
dust and other particles on which droplets of moisture form. Cities also
create heat, alter the pattern of radiation, change the composition and
moisture content of the air, and affect the pattern of air flow.

Sunlight

Despite having higher average temperatures, large urban centres often
receive less sunshine and have more cloud cover than surrounding rural
areas. Atmospheric particulates may absorb and reflect as much as 50%
of insolation, especially in winter when the sun is lower in the sky.

Humidity
The relative humidity of urban air is often lower than that of the
surrounding areas because warmer air can hold more moisture. The

lack of vegetation limits evapotranspiration.

Cloud formation and precipitation

Large urban centres experience an increased rate of cloud formation and
higher precipitation. This is a result of the larger number of condensation
nuclei present in the atmosphere, combined with the convection currents
generated by higher urban temperatures. Cloud cover may be as much
as 10% heavier over large urban areas, and strong thermal currents can
increase the likelihood of thunder by 25% and hail by as much as 400%.

e The Atmosphere @ A

H
evapotranspiration the transfer of moisture
from the earth to the atmosphere by

evaporation of water and transpiration
from plants.




Urban heat islands

Large urban centres alter the local (and sometimes regional) The dome of heat traps atmospheric pollutants
climate. They are generally warmer, rainier, foggier and (especially tiny solid particles). This contributes to higher
cloudier than surrounding rural areas. Urban building urban temperatures. Dust and other particulates act like
materials and roads tend to be non-reflective and have a high  a blanket, reducing the amount of radiation, and creating
capacity to absorb and retain heat. They absorb and store a dust dome above urban areas. If wind speeds increase,
heat during the day and release it slowly at night. Additional the dust dome spreads out to form a dust plume, which can

heat is generated by factories, power stations, motor vehicles  spread the city’s pollutants for hundreds of kilometres.
and people themselves. Rainfall runs off surfaces so fast

that little surface water is available to cool the air through
evaporation. This combination of effects creates an urban
heat island. (See figure 1.2.31.) Dust dome

In summer, cities can be up to 5°C warmer than
surrounding suburbs and rural areas. In winter, urban
temperaratures can be up to 1°-2°C higher. One indicator
of warmer urban temperatures is the lower incidence of
winter frosts experienced by urban centres compared with
surrounding rural areas.

Under calm conditions, temperatures are highest in the
centre of the urban area and decrease towards the outer
suburbs and rural areas. The added heat can destabilise the
atmosphere and change the way air circulates around cities.
Mostly during the warmer months, the added heat creates
wind circulations and rising air that can produce or enhance
existing clouds. Under the right conditions, these clouds can
evolve into rain-producers or storms.

Air-circulation
pattern

Warm air k

FIGURE 1.2.31

An urban heat island.

Wind
Wind velocities within urban areas are generally lower than those
experienced in surrounding districts; on average, as much as 30% lower.
Buildings and other urban structures create surface friction and form
windbreaks.

Large buildings also form ‘canyons’ through which winds are chan-
nelled at higher velocities. Buildings also cause small-scale disturbances,
such as eddies.

Aspect-induced microclimates

Aspect refers to the direction in which a slope faces. Slopes that face
the Equator have a northerly aspect in the Southern Hemisphere and
a southerly aspect in the Northern Hemisphere. These slopes receive
more direct sunlight than slopes that face towards the poles. Slopes with
an easterly aspect receive their direct sunlight during the morning when
temperatures are usually lower. Western-facing slopes receive their
direct sunlight during the hottest part of the day. Slopes not exposed to
direct sunlight have a cooler, moister microclimate than those exposed
to longer periods of direct sunlight. (See figure 1.2.33.)

In mountainous regions, agricultural landuses and settlements
are usually found on the sides of the valleys that receive most direct
sunlight. Vegetation patterns also respond to the differences in exposure

=2 i\t N to sunlight. Along Australia’s eastern seaboard, for example, it is not

FIGURE 1.2.32 unusual to find pockets of rainforest or wet sclerophyll forest on slopes

—— that have a southerly or easterly aspect. In Australia’s Snowy Mountains,

Iv?r? dtaljlﬂt:}télllgmgs oo llfzs e dresie ALkl ski slopes are those that face either east or south. On these slopes, snow
' conditions are better for longer periods of time.
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Impact of aspect on climate.

Microclimates resulting from differences in land
surfaces

Different land surfaces often produce quite distinctive microclimates.
Forested areas, for example, absorb and trap larger amounts of
incoming radiation compared with more exposed surfaces. The canopy
of leaves acts as a blanket. As a result, forests have a small diurnal
range of temperature (the difference between the daily maximum
and minimum). Forests have a higher level of relative humidity due
to evapotranspiration. Precipitation is also higher due to the moisture
pumped into the air by trees. Wind velocities are reduced in forests
because trees act as a windbreak.

e The At"‘“”he'e»' )

Studying
microclimates in your
local community

1 Using thermometers, measure and
record the air temperature at various
locations within the school grounds.
Examine the nature of the areas in which
your individual recordings were made
and then try to account for the different
temperatures recorded. Compare your
results, and plot the locations of the
recording sites on a map of the school.

2 Investigate the impact of large buildings
in the school on wind flow by using light
strips of cloth pinned to the top of sticks
hammered into the ground.

3 As aclass, measure and record
variations in temperature and rainfall
within your local community. All
take thermometers home with you
and at a prearranged time measure
the temperature of the air in your
backyards. All construct simple rain
gauges to record the amount of rainfall
experienced in your backyards within a
predetermined period of time. Record
your findings on a map of the local
community. Examine the findings and
note any variation in the temperature and
rainfall patterns.

4 Locate a small valley with slopes that
have a southerly and northerly aspect.
Measure the air temperature on each
slope and compare your results. Note
any differences in the vegetation types
found on each slope.

5 If you live in a rural-based urban
centre compare the number of frosts
experienced in the town with the number
experienced in the surrounding district.
You may have classmates who live in the
surrounding district who could provide
you with this information. If you live in a
city, contact the Bureau of Meteorology
to find out how many days of frost were
experienced in the previous 12 months.

/

G FIGURE 1.2.34

Vegetation impacts on local climate by increasing
humidity levels and absorbing greater solar radiation.




1 Define the term microclimatology.

3 Explain how aspect can produce a microclimate.

2 Explain how urban areas create their own microclimates. 4 Explain how a specific type of land surface can produce
In your answer make specific reference to temperature, its own distinctive microclimate.
sunlight, humidity, precipitation and wind velocity.

FIGURE 1.2.35
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Industry is one of the major sources of air pollution.
Many industrial processes create sulfur and
nitrogen oxides, which pose risks to both humans
and plant life.

acid rain precipitation that has been made
acidic by airborne pollutants.

£
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Meteorologist
Meteorologists forecast the weather and study
the atmosphere to improve our understanding
of weather and climate. They use their
knowledge and skills to:
m prepare forecasts for the public and for
specific user groups, such as farmers
m issue warnings for cyclones, storms, floods
and frosts
m study climate and climatic changes
B analyse and interpret satellite images
and other remote sensing data about
atmospheric conditions.
Sydney’s Macquarie University offers a
Bachelor of Science (Atmospheric Science).
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Consequences of human
interactions with the atmosphere

The earth’s atmosphere exists in a state of dynamic equilibrium. Any
disturbance to this equilibrium impacts on the atmospheric balance
and the balance of the biosphere as a whole. In relatively recent times
the atmosphere has been adversely affected by the activities of the
human population. The release of gases into the atmosphere disturbs
the existing atmospheric balance either directly, as in the case of CO,
emissions, or indirectly, as in the case of manufactured gases, such as
chlorofluorocarbons (CFECs).

There have been decades of warnings and efforts to control atmos-
pheric pollutants and their effects. Despite this, urban dwellers are still
exposed to unacceptably high levels of toxic pollutants, forests and
waterways continue to be degraded by acid deposition, the earth’s
protective ozone layer has been damaged by human-produced chemical
gases, and global warming is set to induce global climatic change.

Issues that transcend international boundaries

One of the major issues associated with atmospheric pollution is the
disparity between the source of pollutants and their atmospheric and
terrestrial impacts. Once a pollutant is released into the atmosphere its
distribution is a function of the prevailing winds and weather patterns.
Pollutants are thereby dispersed over thousands of kilometres, making
their emission relevant to countries throughout a region. Acid rain is
one example of a ‘transboundary” pollutant.

The explosion in one of the four reactors of the Chernobyl nuclear
power plant in the Ukraine is another example. The disaster resulted
in nuclear fallout throughout Europe and even in parts of the United
States and Japan, increasing the risk of cancer and damaging plant and
animal life.

The effects of CFCs also extend well beyond the points of production
and consumption. CFCs used in North America and Europe may
damage the atmosphere over Antarctica. Use of aerosol sprays in Italy
may cause a reduction in crop yields and an increase in the incidence of
skin cancer in Australia and New Zealand.

Air pollution

Air pollution can cause breathing difficulties and other health problems
in humans, aggravating diseases such as asthma and pneumonia
and contributing to the development of cancer and emphysema. Air
pollution also harms plants and animals.

Two of the most serious causes of air pollution are the oxides of
sulfur and nitrogen. A major source of these compounds is the burning
of fossil fuels (coal, oil and natural gas) in industry and transportation.
These pollutants are often associated with high levels of toxins (such as
lead, zinc and ground-level ozone, a component of smog).



Urban air quality

Smog

Photochemical smog is a complex mixture of air pollutants that are
produced in the atmosphere by the reaction of hydrocarbons and nitrogen
oxides under the influence of sunlight. Car exhaust fumes are the main
source of smog in urban areas. The action of sunlight on the mixture
of hydrocarbons and nitrogen oxides results in a range of secondary
pollutants, the main one being ozone. Ozone is a colourless gas, which
in high concentrations causes eye irritation and can induce allergic
reactions (such as asthma and hay fever) or chronic disorders (such
as bronchitis and cardiac conditions). Smog can also cause extensive
damage to urban trees, and to forests adjacent to urban centres.

Smog is a major environmental issue in most large urban centres.
It is particularly severe in those cities where prevailing meteorological
conditions and topography restrict the movement of air. Those cities
include Athens, Bangkok, Los Angeles, Mexico City and Tokyo.
Atmospheric pollution, including smog, is a major problem in those
cities. In many cities, government authorities have been forced to
institute measures to address the problem. Vehicle-free days and strict
emission controls are among the strategies used.

Smog becomes a critical issue in areas that are subject to frequent
temperature inversions. In the city of London, a special tax known as the
congestion tax has dramatically reduced the number of cars in the city.
This has had the added benefit of significantly improving air quality.

Temperature inversions occur when weather conditions trap a layer
of dense, cool air beneath a layer of less dense, warm air in an urban
basin or valley. In figure 1.2.36, a layer of warm air covers the region,
preventing pollutants from escaping in upward-flowing air currents.
If the temperature inversion were to last for several days, the amount
of ground-level pollution could build up to harmful, and even lethal,
levels.

Warm air

FIGURE 1.2.36

Temperature inversions trap pollutants below a layer of warm air.

Los Angeles is another city that is notorious for its smog. The city’s
geographical features create conditions that are ideal for the formation
of a temperature inversion. These features are its prevailing wind
pattern and surrounding mountains. Controls on vehicle emissions
have achieved some success in reducing the level of air pollution.

Sydney’s relatively high levels of atmospheric pollution are closely
linked to its high traffic density, meteorological conditions and

Acid rain has killed vast areas of forest in North
America and Europe.
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P topography. Peak levels of ozone are recorded in the calmer weather
conditions that prevail in summer and autumn. Sydney’s topographical
features exacerbate the problem. The elevated topography to the west

and north often acts as a barrier to the dispersal of pollutants. Figure
1.2.38 shows the daily inputs and outputs of matter and energy of a city
of 1 million people.

Water 568 million kg

Acid rain

One of the most serious outcomes of air pollution is acid rain. Industrial
and vehicle-exhaust emissions of sulfur and nitrogen oxides combine
with moisture in the atmosphere to form sulfuric and nitric acids.
Pollutants are distributed into the atmosphere according to the prevailing
weather patterns and can be dispersed thousands of kilometres from
their original source. Eventually the acidic compounds fall back to earth
as ‘acid’ rain or snow. Figure 1.2.39 shows how acid rain is formed.
Figure 1.2.40 shows the areas of the world affected by acid rain.

Food 1.8 million kg

Daily inputs

Oxides combine with water ~ Acid s
Oxides of sulfur to become acid rain at high
and nitrogen are emitted

cid snow
Snow melts,

Acid

Pure water
) evaporates

City of 1 million people

Daily outputs

m

v 8 - : <= Ground water seeps through rock
— s 74

e Fish die in lake Pollutants Some mosses thrive in high acidity,
L - left behind sealing lake floor

= FIGURE 1.2.39

Sewage 454 million kg

The creation and effects of acid rain.

. >

L

Air pollutants 864 000 kg

Refuse 8.6 million kg

— FIGURE 1.2.38 4

Daily inputs and outputs of matter and energy of a
city of 1 million people.

Areas of air pollution: emissions leading to acid deposition
I Present problem areas (including lakes and rivers)

did you know?

FIGURE 1.2.40

In Sweden it is estimated that up to 18000 Areas affected by acid rain.
lakes have been poisoned by acid rain.
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1 a List the main environmental issues associated with
human interactions with the atmosphere.

b Explain why these issues ‘transcend international
boundaries’.

2 Outline the main sources of atmospheric pollutants.

3 Describe the nature of photochemical smog and how it
impacts on the well-being of humans.

Working geographically
. —————————————~

1 Writing task and Internet research Study the Geofocus

box ‘Urban heat islands’ (p. 34).

a Write an explanation outlining how the phenomenon of
the urban heat island occurs. Explain how it affects air
quality in large urban centres.

b Undertake Internet research. Find more information
about urban heat islands and their effects. Use it to
supplement your explanation in activity la.

Global climate change

Rising global temperatures and sea levels, melting glaciers
and shrinking areas of sea ice are part of the mounting
evidence that the earth’s climate is changing. The vast
majority of scientists are convinced that people are to blame
for these changes. Burning fossil fuels and farming are just
two of the various activities that release heat-trapping gases
into the atmosphere. In the atmosphere, these greenhouse
gases absorb the heat that comes from the earth and radiate
it back to the planet’s surface. This enhances earth’s natural
greenhouse effect. (See figure 1.2.41.)

Between 1906 and 2006, the average surface temperature
of the earth rose by 0.6-0.9°C. By 2006, greenhouse gas

—@

4 Define the term temperature inversion.

5 Explain the link between temperature inversions and high
levels of atmospheric pollution.

6 Describe the processes that lead to the formation of
acid rain.

7 Describe the effects of acid rain.

2 Writing task Study figure 1.2.36 (p. 37) and the text.
Write an explanation outlining the formation of a
temperature inversion and its relationship to atmospheric
pollution.

3 Writing task Study figures 1.2.39 and 1.2.40. Write an
explanation outlining the processes culminating in acid
precipitation. Identify the areas affected by acid rain.

focus

——————

concentrations had reached their highest levels in at least the
past 650000 years. (See figures 1.2.42 and 1.2.43, p. 40.)
Scientists believe that if these trends continue, temperatures
are likely to rise by 2-6°C by the end of the twenty-first
century. This change may seem small, but it will probably
lead to major environmental changes.

Scientists argue that global climate change will lead to
more frequent heat waves, bigger storms (including more
intense tropical cyclones, or hurricanes) and more widespread
drought. Even minor increases in average temperatures
can threaten entire ecosystems. The world’s coral reefs and
animal species such as the polar bear are... (cont. on p. 41)

Sunlight penetrating
the atmosphere
warms the

earth’s surface

o

some infra-red wavelengths
and radiate part of them

The earth’s surface radiates
heat (infra-red wave lengths)
to the atmosphere and some
escapes into space

use gases and When greenhouse gases build up
in the atmosphere, more heat is

the earth’s surface.

Ocean surfa
more water enters {l
and the earth’s surface tem
increases

towards the earth

(3 [ ~== g

FIGURE 1.2.41

The greenhouse effect.
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1951 and 1980) from 1900 to 2005. exceeded 380 parts per million and, if no steps are taken to slow
this trend, scientists predict it will increase to 700 parts per million
by 2100.
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CO, emissions per capita, 2006.
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Non-energy emissions  Waste (3%)
Agriculture | Power
{14%] (24%)
Landuse
(18%)
Industry
(14%)
Other energy-
related o Transport
emissions Buildings (14%)

(5%) (8%)

Total emissions: 42 Gt CO, Energy emissions

FIGURE 1.2.45 »

Sources of greenhouse gas emissions, 2000.

(cont. from p. 39) ...threatened with extinction. Higher sea
levels will result from melting of glaciers and the polar

ice caps and will increase coastal erosion. Up to 10% of
the world’s population lives in coastal regions that have
an elevation less than 10 m above sea level, making them
vulnerable to a rise in sea level.

The greenhouse effect

As we have already discovered, the earth is protected by
radiation-absorbing gases, such as CO, and water vapour.
These retain some of the earth’s warmth in what is often
referred to as the greenhouse effect. (See figure 1.2.41, p 39.)
Without these gases the surface temperature of the earth
would be too cold to support life.

Atmospheric concentrations of CO, began to increase
with the onset of the Industrial Revolution. In 1750, CO,
concentrations were about 280 parts per million by volume
(ppmv). Today, they exceed 360 ppmy, and are expected to grow
to 450 ppmv by 2025. Experts now predict a global increase
in average temperatures of 1.5°C to 4.5°C, with a ‘best guess’
mean increase of about 3°C (1°C at the Equator and up to
7°C at the poles) by 2100. Between 1940 and 2005, global
temperatures increased by 0.6°C. Until recent times, global
temperatures did not vary by more than 2°C over 100000 years.

2

Choropleth maps

Choropleth maps use shading and colour to show the
quantity or density of features, such as population, rainfall
and temperature. Different ranges of values are selected for
the feature and a colour or shade allocated to each range of
values. When drawing choropleth maps, each area that falls
within a particular range is allocated the appropriate colour
or shade until the overall pattern is revealed. Shadings should

Top 10 CO, emitting countries and Australia
m CO, emissions (000 metric tonnes)

1 United States 6049435
2 China 5010170
3 Russia 1524993
4 India 1342962
5 Japan 1257963
6 Germany 808767
7 Canada 639403
8 United Kingdom 587261
9  South Korea 465643
10 ltaly 449948
19 Australia 326757

World total CO, emissions: 27 245758 thousand metric tonnes

Source: Data collected in 2004 by the CDIAC for the United
Nations (CDIAC is the Carbon Dioxide Information Analysis

Center, an organisation within the US Department of Energy)

The consumption of fossil fuels in the industrialised
developed countries has contributed disproportionately to the
threat of global climatic change. The main CO, producers are
the developed countries that are dependent on fossil fuels.
The United States alone accounts for 25% of greenhouse
gas emissions, followed by Western Europe and the countries
of Eastern Europe and Russia. While the earth does have a
capacity to absorb greenhouse gases, many of the developing
countries are questioning how this capacity can be shared
in a more equitable way. The sources of CO, emissions are
shown in figure 1.2.45.

Other human-influenced greenhouse gases include
methane, which accounts for 15% of global warming,

CFCs (22%) and nitrous oxides (6%). Methane emissions

are difficult to control because they come from cattle, rice
paddies and other wetlands, and leaks associated with the
gas and coal industries. CFCs are manufactured by humans
and are used in refrigeration equipment and fire-retardant
products and as aerosol propellants. Nitrous oxides, as we
have seen, are produced by the chemical reaction of sunlight
with aerial pollutants produced by car exhausts and industry.

grade from the deepest colour/highest density downwards.

When interpreting choropleth maps it is important to
remember that considerable differences can exist within an
area, even though areas may have the same colour or type of
shading. World maps, for example, usually present data for
particular nation-states. National borders often become the
boundaries between different ranges of values, resulting in
generalisations and the neglect of localised variations in the
feature being mapped.

v
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Possible impacts of human-induced climate change

Scientists fear that global climate change will result in widespread
environmental, social and economic dislocation. Many argue that it
has the potential to cause large-scale disruption to the planet’s biota,
agriculture and sea levels.

biota the animal and plant life of a
given area.

1 Writing task Study figure 1.2.41 (p. 39). Write

an explanation outlining the process of global

warming.

Interpreting diagrams Study figure 1.2.42

(p. 40).

a Describe the trend in global temperatures.

b In 2005, how much hotter was it than
the average temperature between 1951
and 19807

¢ In what year did the sustained upwards
trend in global temperatures become
established?

Interpreting diagrams Study figure 1.2.43

(p. 40).

a By how much did atmospheric CO,
concentrations increase between 1960
and 20057

b In what year did atmospheric
concentrations of CO, first exceed
360 parts per million?

Interpreting diagrams Study figure 1.2.44

(p. 40).

a With the aid of an atlas, identify five
countries with CO, emissions per capita
greater than 15 metric tonnes.

b Describe the distribution of countries with
levels of CO, emissions per capita less
than 3 metric tonnes.

Interpreting diagrams Study figure 1.2.45

(p. 41).

a What is the largest single source of CO,
emissions?

b What percentage of total emissions is
energy related?

¢ What percentage of CO, emissions came
from industry?

d What is the total amount of CO, produced
by agriculture?

e What is the total amount of CO, emitted by
power generation?

Constructing diagrams Study table 1.2.3

(p. 41). Construct a column graph showing

the 10 largest CO, emitting countries. Add

Australia to this graph.

The following are among the anticipated results of global climate

change:

agl

Sea levels are expected to rise by as much as 1 m by 2100 as a result of
the partial melting of the polar ice caps and the thermal expansion of
water. Warm water expands and hence sea levels rise. This will affect
densely settled, low-lying coastal areas and may, in time, result in the
inundation of some low-lying island countries, such as those in the
South Pacific Ocean.

Climatic zones could shift several hundred kilometres towards the
poles.

A larger global expanse of water will result in higher levels of
evaporation and increases in global rainfall.

Patterns of agricultural production will undergo change. Because
average temperatures are expected to increase at higher latitudes than
those near the Equator, the more northerly and southerly agricultural
land is likely to become more productive.

Fragile ecosystems that are sensitive to climatic changes, such as
coral reefs, are likely to collapse.

Changes in temperature and humidity could affect the global
distribution of disease-carrying insects and parasites.

More people are likely to become vulnerable to the effects of drought,
flooding and famine. This could increase the number of refugees.
The occurrence of extreme weather conditions is likely to increase.
(See figure 1.2.52, p. 45.)

The science is in. The facts are there that we have created...a selfinflicted
wound... through global warming.

Arnold Schwarzenegger, Governor of California
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7\ FIGURE 1.2.46

Sea level change, 1993-2005.

((42) Global Interactions 1: Second Edition | —



AT I BNl EEE B Bl OO BN Bl W focus

Glaciers slowly disappearing P
There are an estimated 160000 glaciers across the earth’s The melting of glaciers and ice caps, combined with the
polar regions and high mountain environments. Appearing thermal expansion of ocean water, has caused the sea level

to be huge rivers of ice, these glaciers have carved out great to rise by 10 to 25 cm over the past century.

valleys and shaped mountains. Since 1980, the rate of glacial
retreat has become more rapid and widespread. (See figure
1.2.47.) This process has increased markedly since 1995.

In the last 30 years, the surface area of Peru’s glaciers, for
example, has diminished by almost 25%.

In Glacier National Park in the United States, over 110
glaciers have disappeared over the past 150 years. Only 37
glaciers remain in the park, and scientists estimate that
these may be gone in another 25 years. In the European
Alps, glaciers are also retreating and disappearing every year.
(See figure 1.2.48.) Mountain climbers, tourist agencies and
environmental researchers are alarmed by these changes.

! Change in volume,
~ worldwide glaciers (km3)

1990 2000

"’- Tlfx Glac:al Ium ’thea

"FIGURE 1.2.47 ' -
A —_ The retreat of the Viedma Glacier, Argentina: 1930 (top) and

Change in glacial volume (km3), 1960 to 2005. 2006 (bottom).
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The Stern Review

~ L

Sir Nicholas Stern, a highly respected British economist, an important finding because one of the main barriers to
examined the economic impact of climate change on the successfully dealing with the impacts of climate change is
global economy and drew some interesting findings. His the perceived costs to the community.

research was carried out at the request of the British The Stern Review found that if left unaddressed climate
Government. The findings, known as the Stern Review, were change could result in the global economy shrinking by as
published in October 2006. much as 20%. Stern estimates that the cost of dealing with

Stern found that the economic cost of taking no action to  climate change would be around 1% of the total production
deal with climate change would be greater than the economic  of the global economy.
cost of taking steps to reduce climate change. This was

e The Atmosphere @ )



The shrinking Arctic ice sheet

Average temperatures in the Arctic region are rising twice continues, by the end of the century there may be no ice in
as quickly as anywhere else on earth. This is causing the the Arctic during summer. (See figures 1.2.49 to 1.2.51.)
Arctic ice sheet to shrink and become thinner. NASA satellite Such a dramatic change will impact on sea levels and
images reveal that the area of permanent ice cover at global climate.

the Arctic is contracting by 9% each decade. If this trend

Ice thickness (m)
N
1

7.00

Beaufort ~ Canada  Chukchi North Nansen  Eastern

Sea Basin Cap Pole Basin Arctic 6.75

ea-ice extent (millions of km2)
~ ~
N (&)
($)] o
1, 1

Sample points

& 6.501 = September average

Thickness of the ice Thickness of the ice 6.25 | =~ Trend
during the period during the period . T T T T T )
1958-1976 1993-1997 1980 1985 1990 1995 2000 2005
©) ©,
&) Fiaure 1.2.4 2\ FIGREL250 /
The thinning of the Arctic sea-ice, 1958-76 and 1993-97. The extent of the Arctic sea-ice.

The sampling points are centred on the North Pole.

FIGURE 1.2.51

Arctic sea-ice extent. A 1979. B 2005. Taken during summer, the images show the minimum sea-ice concentration at the North Pole.
Successive images enable scientists to monitor the rate and extent of sea-ice retreat.
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The Intergovernmental Panel on Climate Change

——/‘

The Intergovernmental Panel on Climate Change (IPCC) was
established in 1988 by the World Meteorological Organisation
(WMO) and the United Nations Environmental Programme
(UNEP), both of which are United Nations organisations.

The IPCC came to worldwide attention in February 2007
when it released a report called Climate Change 2007: Fourth
Assessment Report. In this report the IPCC stated that climate
change was actually occurring and that there was no doubt

The IPCC is made up of around 1000 scientists drawn

from more than 100 countries. The IPCC has the task of
collecting and analysing data relating to climate change and
its social, economic and political impacts. The IPCC does
not conduct its own research but examines the research of
other scientists.

that these changes were due to human activity. This was an
important development because until that time the IPCC had
said that it could not be 100% certain that climate change was
human induced. The 2007 report placed added pressure on
the world’s governments to take immediate action to address
the devastating impacts associated with climate change.

o

Proportional graphs

Proportional graphs are an effective way of presenting data.
They provide the observer with a quick and visual impression 2
of the information and can be analysed to obtain a more
detailed understanding.
A pie graph is a circle divided into segments by lines

Constructing pie graphs

1 Draw a circle and then rule a line from its centre to the

12 o’clock mark.

Convert the percentage value of each component

to degrees by multiplying it by 3.6. Example: If the
percentage was 25%, this would represent 90° on the pie
graph, 25% x 3.6 = 90°.

radiating out from its centre. Each segment of the graph is 3 List your converted values from the largest to the smallest.
proportional to the value the segment represents. Pie graphs Place categories such as ‘others’ at the end of your list.
are sometimes referred to as sector graphs. 4 Starting at 12 o’clock, mark in each segment using a

A complete pie graph (360°) represents 100%. Therefore,
each percentage point equals 3.6°. Knowing this statistic will
enable you to construct and interpret pie graphs. 5

protractor. Work in a clockwise direction, starting with the
largest segment.

Shade in and label each segment. It may be necessary to
provide a key.

Strategies to contain human-induced climate change

Attempts to address the issue of global warming have generally focused
on the need to institute a staged reduction in the production and
consumption of greenhouse gases. By reducing the emissions of these
gases it is expected that we will not only delay the onset of significant
global warming, but also slow its advance and reduce its ultimate impact.
Attempts to curb the production and consumption of greenhouse gases
to date, however, have met with only limited success. If real advances are
to be made, there will need to be a degree of international cooperation
never before achieved.
Any policy designed to achieve a sustained reduction in greenhouse
gas emissions would need to incorporate five key elements:
B an increase in the efficiency of energy production and use
® a change from carbon-intensive fuels, such as coal, to nitrogen-
intensive fuels, such as natural gas, wherever possible
m encouragement of the development and use of solar energy and other
carbon-free sources of energy
m elimination of CFC production, and the development of the tech-
nology required to ‘recapture’ those CFCs now in use
m reduction in the rate of deforestation.

There are two reasons why sea levels are rising.
First, water that had previously been held in
glaciers and ice sheets enters the oceans when
it melts. Scientists predict that an increase in
global temperatures of 1.5-4.5°C will result in

a sea level rise of 15-95 cm by the end of the
century. Second, as average global temperatures
increase, the volume of water in the earth’s
oceans expands. This occurs because the
molecules that make up the body of water move
Ozone depletion more rapidly and collide more frequently.
One of the most alarming outcomes of the interaction between humans

and the atmosphere is the damage being caused to the earth’s protective
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Low-lying island countries are already suffering
the consequences of sea level rise. Two of
these, Kiribati and Tuvalu, have requested that

Australia and New Zealand consider assisting Carbon (or emissions) trading is an administrative process used to control
in the relocation of the entire populations of and, over time, reduce carbon emissions by providing an economic
these islands. incentive to do so. The cap, or limit, on emissions is usually lowered

over time, with the aim being to reach a national emissions reduction
target. In other systems a portion of all traded credits must be retired,
or surrendered, with each transaction, resulting in a net reduction in
emissions over time.

In a carbon trading regime, a central authority (usually a government
agency) determines a cap on the amount of a specific pollutant that can
be emitted. Corporations or utilities (such as power stations) emitting
the pollutant are given credits, which represent a right to emit a specific
amount. The total amount of credits cannot exceed the cap, which limits
total emissions to that level. Corporations that pollute beyond their cap
must buy credits from those who pollute less than their capped allowance.
If they do not, they will incur substantial penalties. This transfer is referred
to as a trade. In practice, the buyer is being fined for polluting, while the
seller is being rewarded for having reduced emissions. Thus, corporations
that can readily reduce their emissions will do so and those that find this
harder will buy credits. This process reduces greenhouse gases at the
lowest possible cost to society.

layer of ozone. Located in the stratosphere, approximately 30 km above
- the earth’s surface, the ozone layer acts as a shield, protecting the earth
FIGURE 1.2.52 from the harmful effects of the sun’s radiation. It does this by partially
filtering UV radiation, particularly the harmful UV-B radiation, before
of damage in the southern United States in 2005. it is a‘ple to reach the eart}’1 s surface. Only 10-30% of incoming UV-B
Such massive storms are likely to become more radiation reaches the earth’s surface.

frequent as a result of global warming. Ozone is the product of the reaction between oxygen and the sun’s
UV radiation; three atoms of oxygen combine chemically to form a
molecule of ozone. The thickness of the ozone layer varies with latitude
and the season of the year.

While ground-level ozone is regarded as a harmful pollutant, ozone
in the stratosphere is seen as critical to life on earth because it protects
living things from a biologically damaging form of energy. UV radiation
causes skin cancer and other health problems; increases the risk of
cataracts, which cloud the lens of the eye and can result in blindness; and
may also weaken the human body’s disease-fighting immune system.

Hurricane Katrina caused billions of dollars worth

okl 1)) w—

If a qualitative climate change were to occur suddenly in the coming century—uwithin
less than 10 years—as has happened many times before in geological history, we
may already have written our epitaph.

Jeremy Rifkin, The Guardian, 1 March 2002

aghf 1)) u—

The ultimate concern is that if runaway global warming occurred, temperatures could
spiral out of control and make our planet uninhabitable... this is the first time that a
species has been at risk of generating its own demise... The dinosaurs dominated
the earth for 160 million years. We are in danger of putting our future at risk after a
mere quarter of a million years.

Use of renewable energy sources, such as solar
power, is one strategy that can be employed to
reduce global warming. Michael Meacher, UK Minister for the Environment, 1997-2003,

The Guardian, 14 February 2003
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Increased levels of UV radiation may also interfere with plant
photosynthesis, causing ecological damage and reduced agricultural
production. In the world’s oceans, increased levels of UV radiation
could damage marine life by killing phytoplankton, the unicellular A 1% decrease in ozone concentration would
plants that form the basis of the ocean’s food chain. The krill, which feed ~ result in a 4% increase in the cases of skin
on phytoplankton, are, in turn, a major source of food for a range of sea ~ ©a"°®¢" worldwide.
animals, including penguins, seals and whales. As phytoplankton also
play an important role in absorbing excess CO,, their loss would add to
global warming.

Global warming, ozone depletion and global climatic change are
chemically connected. All are truly global in extent. The main cause of
ozone depletion is the use of chlorofluorocarbons (CFCs). CFCs were
once widely used in refrigeration and as propellants in aerosol cans. In
the upper atmosphere the CFCs react with ozone and destroy it.

Protecting the ozone layer

In 1987, 24 countries signed the Montreal Protocol, agreeing to cut the
production of CFCs by 50% by 1999. Since then some countries have
gone further; most European countries and the United States stopped
producing CFCs in 1995.

CFCs can remain in the atmosphere for at least 75 years before
natural processes break them down. Thus, even if all CFC production
ceased today, a depleted ozone layer will continue for almost a century.
CFCs used in industry are not easily replaced; there is, however, a

growing list of substitutes for most CFC uses, including refrigeration.
7/
g i

understanding the text 3 @
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1 List the key indicators of global climate change. 5 Describe the function of the ozone layer. J
2 Explain the impact of CO, emissions on the atmosphere. 6 Outline the likely impacts of any reduction in the level of
3 Outline the anticipated impacts of global climate change. atmospheric ozone.
4 List the strategies that need to be implemented to slow 7 Describe what actions have been taken to protect the
the rate of human-induced climate change. ozone layer.

— working geographically

" '
1 Interpreting diagrams Study figure 1.2.47 (p. 43). b In what year did sea-ice extent reach its lowest extent?
a By how much has the volume of glacial ice changed ¢ In what year did sea-ice extent last exceed 8 million km??
between 1960 and 20057 6 Interpreting satellite images Study figure 1.2.51 (p. 44).
b Has the decline in glacial volume accelerated or slowed Describe the change evident in the extent of the Arctic
since 19927 Explain how you arrived at this answer. ice-sheet between 1979 and 2005.
2 Interpreting photographs Study figure 1.2.48 (p. 43). 7 Interpreting diagrams Study figure 1.2.46 (p. 42). By how
a Construct two photosketches Comparing the Viedma much did mean sea level Change between 1993 and 2005?
Glacier in 1930 and 2006. 8 Internet research Use the Internet to conduct research
b Working in groups, suggest the possib|e causes of into the Stern Review. Outline some of the Strategies that
the changes shown in the photographs. Share your Stern put forward for dealing with the problems of
suggestions with the rest of the class. climate change.
3 Internet research Undertake Internet-based research. 9 Interpreting text Study the Geofocus box ‘The
Investigate what is happening to glaciers in different parts Intergovernmental Panel on Climate Change’ (p. 45).
of the world. What explanations are given for the changes a Describe the role and structure of the IPCC.
taking place? b Explain why the work of the IPCC is so important.
4 Interpreting diagrams Study figure 1.2.49 (p. 44). 10 Writing task Study the Geofocus box ‘Carbon trading’.
a By how much did the thickness of sea-ice at the North Write an explanation of this initiative using your own
Pole change between 1958-76 and 1993-977? words.
b Which sampling point experienced the greatest 11 Internet research Using the Internet, source the data
reduction in sea-ice between 1958-76 and 1993-977? required to construct a pie chart showing the proportion
5 Interpreting diagrams Study figure 1.2.50 (p. 44). that each greenhouse gas contributes to the greenhouse

a By how much did the trend extent of sea-ice change effect.

between 1980 and 2000?




Writing extended responses

The skills of writing and speaking are essential to the
acquisition and communication of geographical knowledge.
Developing these skills is just as important as learning the
subject matter of geography. Language is much more than the
means by which we communicate our geographical knowledge
and understanding. We also use language to construct
knowledge; for example, write up our Senior Geography
Project. For this reason it is important that we don’t view the
development of these skills as being separate from the subject
matter of geography.

In this text we focus on:

writing extended responses and using text types

writing stimulus-based responses (Unit 1.3, p. 74)
presenting an oral report (Unit 1.4, p. 106)

constructing mindmaps (Unit 2.1, p. 259).

Writing extended responses

Listen to any group of teachers and you will often hear them
say, ‘These students can’t write essays’ or ‘They haven’t
answered the question.” Many students will also admit that
writing an extended response or essay is a skill that they have
never mastered.

Being able to write a good extended response is not only
an important examination technique but also a skill of broader

Do’s and don’ts when writing an extended response

1 Always plan your extended response.

2 Always stick to the question. Be selective; don’t just write
down everything you know about the topic. Irrelevant
information only detracts from your response.

3 Answer all parts of the question. The failure to answer
even one part of a structured question could affect the
quality of your response and lose you marks.

4 Use diagrams, models and sketch maps where appropriate.

5 Don’t include references to yourself in your written
responses; for example, ‘Il will now answer the question’,
‘As | have shown...” or ‘| think...".

6 Don't ask rhetorical questions in your response; for
example, ‘So! What is eutrophication?’

7 Avoid value judgements (for example, ‘All conservationists
are hippies’) or make sure you support such judgements
with evidence or argument.

8 Use only commonly accepted abbreviations for names
of organisations, for example. The first time the name or
term is used, write it out in full and place the abbreviation
in brackets after it.

9 Always read over your completed response to check for
errors in punctuation, spelling, syntax and the labelling of
diagrams, for example.

educational importance. It is one of the most common ways

in which we are required to communicate our knowledge and

understanding of what we have learnt. Writing an effective

extended response requires clear thinking and careful

expression, which are in themselves valuable attributes.
Successful writing depends on:

® an understanding of the question being asked

B an understanding of the information on which the question
is based

m a knowledge of how to structure an effective extended
response.

Getting started

Read and dissect the rubric and question carefully; that is,
make sure you understand what you are required to do. All
extended response questions include directive terms that
indicate how you should go about answering the question.
They also include key words that give an indication of the
subject matter you are required to address in your response.
It is always useful to underline the key words and directive
terms in the question. (See table 1.2.5.)

Some questions have a number of parts. These types of
questions are usually referred to as structured questions.

To achieve the best result you must answer each part of the
question.

Warning! Some students believe that if they write all they
know on a topic they will cover the question. Others use prepared
answers that may not relate to the question being asked. These
students rarely gain good marks. The best essays are written by
those students who adapt their knowledge and understanding of
the subject matter to answer a particular question. They are able
to select and develop appropriate arguments and use them to
address the particular focus of the question.

Doing the research

The information on which your written response is to be
based can be obtained from a number of sources. These
could include texts and reference books, the Internet, videos,
computer databases, DVDs and your own notes.

To ensure that your information is up to date, it is often
useful to refer to recent events or examples. Sources of up-to-
date information include the Internet, newspapers, magazines,
journals and government publications.

Skim read the resources you have collected to ensure
the material is relevant to the topic. Then make your own
summary notes as you reread the material you have identified
as being relevant. Your notes could be organised under a
series of subheadings derived from the extended-response
question.

Once you have collected your information it will need to
be organised. Decide what should be included, what should
be left out and in what order the information should be
presented. You may find it useful to write each of the main
points to be made in the body of the response on individual
strips of paper. These strips can be moved around and
grouped, with the groups forming the basis of paragraphs.
The groups can then be reordered to give the essay a logical
sequence and structure.

O



Planning the extended response

Taking just a few minutes to plan your extended response,
even under exam conditions, is never wasted. In fact, it will
actually save you time during the writing of the response.

A plan, which may be no more than a list of key words or
pieces of information, helps you to recall information and
avoid repetition. It also assists you by giving your written
response structure, and by ensuring that your arguments are
logically sequenced and well written.

Your plan should also include a list of the points you wish
to discuss in your response. These can then be developed into
paragraphs.

Your plan should reflect your interpretation of the question
and take account of the directive terms. These terms often
give you an indication of the amount of detail required.

Common directive terms* used in questions

Term Meaning

Terms such as briefly, list and outline, for example, imply
conciseness. Your plan will also help you to avoid aspects of
the topic that are not relevant.

As you write your extended response, constantly refer back
to the plan and cross off each of the points as you proceed.
This process can often stimulate the recall of ideas that you
may have forgotten. These can now be included if appropriate.

As you complete each paragraph, quickly read over it
before proceeding onto the next point in your plan. This may
seem time-consuming, but it will ensure that you only include
relevant information and that you answer the set question.
While writing you should be constantly asking yourself ‘Am |
answering the question?’ Reading over the paragraph will also
enable you to quickly correct any obvious errors that might
otherwise detract from the quality of your response.

Meaning

Account Account for: state reasons for; report on
Give an account of: narrate a series of events or
transactions

Analyse |dentify components and the relationship
between them; draw out and relate implications

Apply Use; utilise; employ in a particular situation

Appreciate  Make a judgement about the value of

Assess Make a judgement of value, quantity, outcomes,
results or size

Calculate Ascertain/determine from given facts, figures
or information

Clarify Make clear or plain

Classify Arrange or include in classes/categories

Compare Show how things are similar or different

Construct Make; build; put together items or arguments

Contrast Show how things are different or opposite

Critically Add a level of accuracy, depth, knowledge and

(analyse/ understanding, logic, questioning, reflection

evaluate) and quality

Deduce Draw conclusions

Define State meaning and identify essential qualities

Demonstrate Show by example

Describe Provide characteristics and features

Discuss Identify issues and provide points for and/or

against

Distinguish ~ Recognise or indicate as being distinct or
different from; note differences between

Evaluate Make a judgement based on criteria; determine
the value of

Examine Inquire into

Explain Relate cause and effect; make the relationships
between things evident; provide the why
and/or how

Extract Choose relevant and/or appropriate details

Extrapolate Infer from what is known

|dentify Recognise and name

Interpret Draw meaning from

Investigate  Plan, inquire into and draw conclusions about

Justify Support an argument or conclusion

Outline Sketch in general terms; indicate the main
features of

Predict Suggest what may happen based on available
information

Propose Put forward (for example, a point of view, idea,
argument or suggestion) for consideration or
action

Recall Present remembered ideas, facts or experiences

Recommend Provide reasons in favour

Recount Retell a series of events

Summarise Express, concisely, the relevant details

Synthesise  Put together various elements to make a whole

*As defined by the NSW Board of Studies.
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the introduction the key words used in the question. It is also
important to clearly and concisely define the key geographical
terms and concepts being addressed by the question.

Warning! In exams it is very important to write a good
introduction. The examiner will very quickly determine whether
or not you are on the right track. Your introduction should not
be too long; it should merely repeat the question and it should
avoid narrative, such as ‘In this essay | will...".

Writing the extended response

An extended response has three parts: an introduction, a body,
and a conclusion.

Introduction

The introduction should ‘set the scene’ for the reader by
introducing the main ideas and significant points on which your
arguments are to be developed. It is often useful to include in

 / TABLE 1.2.6

Text types

Report A report is The three parts of a report are: m Technical language related to the
used to classify 1 A general introductory statement introducing geographical feature or process; for
and describe the subject of the report. It can be a short example, ‘annual rainfall’ instead of
a geographical description or a definition. ‘the amount of rain received each
feature or process. A series of paragraphs about the feature year’

It usually contains or process. Each new paragraph usually m Generalised terms

facts about the describes just one aspect of the feature or m Use of the timeless present tense

feature or process. process and begins with a topic (or preview) m Linking verbs, especially when
sentence. defining the topic
A conclusion that summarises the information m Words or phrases that allow for
presented. comparisons (see table 1.2.7).

Explanation An explanation is The three parts of an explanation are: m Technical language (geographical
used to explain how 1 A general statement about the geographical terms)
or why something feature or process being written about. The m Words that show cause and effect
occurs. general statement serves as an introduction. (see table 1.2.7)

A series of paragraphs that tell us how or why.  m Use of the timeless present tense.
These should be in sequence so that the

reader builds up an understanding of the

feature or process.

A concluding paragraph. This signals to the

audience that the explanation is finished.

Discussion A discussion is The three parts of a discussion are: m Generic terms related to the topic
used to present the 1 An introductory paragraph that introduces the m Words that show a comparison or
different opinions issue or topic being discussed. It can contain a contrast (see table 1.2.7)
on a particular question or it can state the view of the writer. m Words that link arguments (see table
issue or topic; that A series of paragraphs that outline the arguments 1.2.7)
is, the arguments for and against the issue or topic. m Words that qualify, such as ‘usually’
for and against. A conclusion that sums up the issue and and ‘probably’

outlines the writer’s own point of view or m Words that show the writer’s opinions
recommendation. m Use of the timeless present tense

Exposition  An exposition The three parts of an exposition are: m Generalised noun or noun groups;

argues only one
side of an issue.
Itis used to
persuade the reader
by presenting a
particular point of
view.

1 An introductory statement that gives the writer’s

point of view and previews the arguments that
will be presented to support their position.

A question or emotive statement is sometimes
used to gain the reader’s attention.

A series of arguments that aim to persuade the
reader. A new paragraph is used for each new
argument, and each new paragraph begins
with a topic sentence that introduces a new
argument.

A conclusion that sums up the arguments
presented and reinforces the writer’s point of
view.

that is, classes of things rather than
specific individuals

Words that show the writer’s attitude
and point of view

Words that express feelings (emotive
words)

Use of the timeless present tense
Conjunctions/connectives that
structure the argument (see table
1.2.7)

Words that qualify or express
tentativeness, such as ‘usually’ and
‘probably’.

|
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Body

The body provides the detail of your argument or information.
Each paragraph should include one main point or idea that
contributes to the development of your argument. This main
point or idea is usually summarised in the opening sentence.
The rest of the paragraph should expand on the main point
by way of explanation or example. Each paragraph should be
placed in an order that best develops your answer.
In geography it is acceptable to use subheadings and
list points where appropriate. Each set of points must be
introduced by a formal sentence. Each individual point should
stand as a formal sentence where required. For example:
A range of strategies can be used to better manage
water resources. These include:
m the introduction of the ‘user pays’ system
m restricting and regulating consumption
m the construction of more storage facilities.
Including maps, diagrams and models can be a
very effective means of developing your argument and
demonstrating your knowledge and understanding of the
topic. If a map is included it should have some indication
of scale and include a north arrow. This illustrative material
should be clear, of a reasonable size and neatly presented.
It should be included within the extended response, not at the
end, and reference to it made in the text of the response.
References to fieldwork and case studies should be included
where appropriate. These enable you to apply your experiences
and knowledge to the explanation of geographical phenomena.

Conclusion
The conclusion draws together your arguments and ideas.
It should focus on the point of view that is expressed in the

introduction to the response. Be careful to avoid contradicting
what was written earlier.

Writers’ word bank

Extended-response checklist

If you have written your extended response at home and are
about to submit it for marking, go through the following steps to
ensure that you gain the best possible result for your efforts:

1 Read through your draft to ensure it is coherent.

2 Cross out those parts that seem irrelevant or repetitive.

3 Read your essay out aloud and ensure the sentence
structure and punctuation are correct.

4 Check the spelling and take out words and phrases that
are not needed. Simplify and clarify by breaking lengthy
sentences into shorter, better focused ones.

5 Ask these final questions about your draft

Are the ideas linked?

m |s there any waffle?

m Have | been repetitive?

m Have | answered all parts of the question?
m Have | defined the major terms?

6 Rewrite the essay in neat, legible handwriting if presenting
it in a handwritten form.

7 Consider using word-processing because it facilitates the
editing process and makes it easier to correct spelling and
grammatical errors.

Using text types
Increasingly, students are being examined on their ability
to construct particular types of text. The text types most
commonly used in geography include reports, explanations,
expositions and discussions. Each text type has its own
grammatical and structural features.

The word lists in table 1.2.7 will help you improve your
writing.

Words that compare also as
similar to

Words that contrast alternatively although
however instead
rather whereas

an outcome of
brought about

an effect of
brings about

Words that show cause
and effect

creates culminated in
gives rise to hence
results in SO
Words that show time after a while afterwards
and sequence first (second, third, etc.)
meanwhile next
shortly soon
Words for presenting  also as well as
another argument likewise moreover
Words for introducing as shown by for example

examples these include

as do like the same as

but by contrast differs from
nevertheless on the contrary on the other hand
yet

as a consequence of  as a result of because

caused by consequently contributed to
despite this due to even though
leads to otherwise produced by
stems from therefore

at this point before finally

here in the end lastly

next time now previously
then when

besides furthermore in addition to
not only

for instance including such as

L The Atmosphere @



We never know the worth of water till
the well is dry.
Thomas Fuller, eighteenth-century British authorx

Water is life’s mater and matrix, mother and
medium. There is no life without water.
Albert Szent-Gyorgyi, Nobel Prize winning
biochemist

Don’t throw your old bucket away till you
know whether the new one holds water.
Swedish proverb

The Hydrosphere

Although water covers almost 709 of the earth’s surface, it is not
a limitless resource. Every drop of water that exists on the planet
today was here in one form or another on the day our planet came
into being.

Water comes in many forms. The salty oceans contain more
than 979% of all the water on earth and play an important role in
diluting and degrading the pollutants that may flow into them.
Polar ice caps and ice floes are the next largest component of the
earth’s surface water (2.7%). They are an important influence on
the world’s climate and provide essential habitat to many unique
life forms.

The rest of the fresh water on earth (0.3%) is what we see
every day. Rivers, streams and creeks transport the runoff
flowing from snow and ice melt, storms or floods. This runoff,
together with groundwater, also provides an important source
of water for fresh water for domestic, industrial and agricultural
purposes. Wetlands and marshes are of exceptional ecological
value, from cleansing the water we drink (removing sediments
and contaminants), to long-term storage for slow uptake of
groundwater (recharge), to protecting us from floods and
droughts.

In this section of the text we examine the nature and
functioning of the hydrosphere, with a special focus on the water
cycle and the ways people interact with it.



extended responses

m Assess the impact of human activities on the hydrosphere.

A B

exam-style questions

Explain the operation of the water cycle and assess its
importance to global ecosystem functioning.

Account for the spatial distribution of the global water
budget.

Analyse the effect of human activity on the operation of
river systems.

Explain the influences that the hydrosphere has on human
activities around the world.

The plimsoll line

If you were to visit any port in the
world and look at the ships tied up
at the docks you would notice that
they all have a series of markings on
the side of the hull towards the bow
(front) of the ship. These markings
are known as the plimsoll line and
are used to ensure that a ship does
not become overloaded.

The plimsoll line was first
introduced in Britain in 1876. The
plimsoll line is shown by a circle
with a horizontal line through it.
The line represents the point at
which it is still safe to load a ship:
if the water rises beyond the line
the ship is overloaded and may sink
in heavy seas. However, not all sea
water is equally buoyant. In some
waters the ship will sit further out of
the water than in other waters. As a
general rule the more salty the water
is the more buoyancy it has. The
season is also important as in winter
months rougher seas are more likely,
meaning smaller loads should be
carried.

To take into account this varying
buoyancy and weather conditions
additional marks are used in
conjunction with the plimsoll line.
These marks are:

TF—tropical fresh water
F—fresh water

T—tropical sea water
S—summer sea water
W—winter sea water
WNA—winter North Atlantic.

A plimsoll line is found on large sea-going ships.

The Hydrosphere @ )
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m aquifer a water-bearing layer of the earth’s crust. m impervious matter through which water cannot
m catchment an area from which a river system or lake pass; also known as impermeable.

derives its water. m infiltration the downward movement of water into
m condensation the process by which water changes the soil or rock.

from a gaseous state to a liquid state. m irrigation the supply of water to arable farming land
= drought a prolonged period of below-average rainfall by artificial means.

that inhibits plant growth. m precipitation the forms in which water passes from
m evaporation the process by which water changes the atmosphere to the earth’s surface. It includes

from a ||qu|d to a gaseous state. rain, Sleet, SNOw, hail, dew and ng
m evapotranspiration the processes of evaporation and M riparian relating to the river bank.

transpiration. m runoff water that flows over the surface of the land.
= flood the over-bank flow resulting from prolonged or m franspiration the discharge of water vapour from

heavy rainfall. plants into the atmosphere.
m groundwater water that has seeped into the ground m turbidity the muddiness of water.

and is contained within the soil or rock layer. m water budget the total amount of water available in
m hydrosphere the interconnected system of water an area; its inflows and outflows.

storage in the atmosphere and lithosphere, m water table the upper surface of the zone of

including the oceans, ice caps, rivers and saturation in permeable rock, sand or soil.
groundwater.

did you know? The water cycle

The same water has been circulating since the early days of the planet,
Water is always moving. Its state and driven by the energy of the sun. At a global level, the water (hydrological)
geographical location are always changing. cycle is a closed system. No water is added and none is taken away. What
This has been the case since its formation. changes is the distribution of the water, its geographical location and

Let’s consider the 4.6-billion-year history of the  gometimes its form. (See figure 1.3.2.)
earth as a 2d-hour clock. Approximately 430000 cubic kilometres (km3) are evaporated

At2.00 a.m. the planet was still being annually from the surface of the oceans. Another 70000 km3 are evap-
born. Heat from atomic decay in the planet’s

pressurised core, combined with the heat orated from the land. This gives a total of approximately 500000 km?.
generated by continual meteorite impacts,
fused the earth into a ball of magma, rich Inflow of water vapour: 40 000 km3
in iron. The heat in the interior of the planet

drove oxygen and hydrogen atoms from the -
materials in which they were contained, and the Condensation

newly formed molecules came to the surface bty VA

in upwellings of magma. Steam rose from the By g g g
crust as lava emerged through the fractures VoV \

in the surface. The water vapour rose and VoV \
cooled and soon clouds enveloped the planet. Lo 000 \

Condensation

R vy vy
vy \\\ \

Yy I\_and precﬁpltatlon
vy 11\0000 km i

vy

Ocean precipitation:
390000 km?

Violent electrical storms churned through the WV g . v

atmosphere. \\‘ \\\‘\‘ \ \‘\\ Land evaporation: R
When the surface had cooled sufficiently, \\\ . \\\ v 70000 km?

the rains came. The first droplets fell at about \ b bbb

2.30 a.m. The storms continued until around LT I T
3.05 a.m., having lasted for about 112 million W
years. The result was a planet mostly covered Ocean evaporat3ion:‘\ \
by a shallow sea, muddy with sediment washed 430000 km

from _the land—a land with no plants and " i e R
no soil. cean

(surface and underground): 40 000 km?
©A FIGURE 1.3.1

‘ The quantities of water transferred within the hydrological cycle.
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FIGURE 1.3.2

Water exists in various forms. A Dew (liquid). B Liquid. C Snow. D Ice.

Since the amount of water vapour in the atmosphere remains relatively
constant, an equivalent amount is precipitated back to the earth’s -
surface. However, its distribution varies. Precipitation over the oceans is
approximately 390000 km3; precipitation over the land is approximately
110000 km3, compared with its evaporation of 70000 km?. This gives a
net transfer from the oceans to the land of 40000 km? a year. This transfer
sustains all the terrestrial life within the biosphere.

However, far more water exists than is transferred annually. Water is
stored in a number of forms and for varying periods of time. Just 2.65% Plants: : 0.001%
of the earth’s water is fresh water; that is, free of salt. Table 1.3.1 shows
the sources of fresh water. Atmosphere: < 0.01%

M

The global distribution of water in its various states and storages

N e e
fresh water of total
Groundwater: \

One cubic kilometre is equal to 1 billion cubic
metres.

[@
Rivers, lakes and marshes: 0.02%

Ice caps and glaciers Solid 28200000 76.5 2.14 0.61%
Groundwater:
= 800 m deep Liquid 3740000 10.1 0.27
= 800-4000 m deep Liquid 4710000 12.8 0.34 \
Lakes Liquid 125000 0.34 0.00091 Ice caps and glaciers: 2.14%
Soil moisture Liquid 69000 0.19 0.005
Atmospheric vapour  Gas 13500 0.037 0.01
Rivers and marshes  Liquid 1500 0.004 0.0091
Total sources 36859000 99.981 2.665
Proportional circles
Ocean water: 97.2%
Proportional circles, such as those in figure 1.3.3, show the relative size of
the units being measured by the area of each circle. The size of each circle Total supply of water: 1385000000 km?
must be drawn in proportion to the total value it represents.
Proportional shapes are sometimes used instead of circles. They may FIGURE 1.3.3
be squares, rectangles, cubes, triangles, symbols or the shape of nation- S e
states, for example. / Where water is stored.
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Condensation. Condensation is the process by which
water changes from a gaseous state back into a liquid
state. This process can only take place when there are
solid objects on which moisture can be deposited. In
the atmosphere, dust particles act as condensation
nuclei; without them there would be no condensation.
Condensed water may be visible as cloud, dew and mist.
The rate at which condensation takes place depends
on the original air temperature (which influences the
capacity of the air 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 during evaporation is returned to
the atmosphere. Air, therefore, is capable of moving not
only moisture from one place to another, but also heat.
The larger the amount of moisture in the atmosphere, the
greater the amount of energy it can store and transfer.

The temperature to which the air needs to be cooled
before it becomes saturated (100% humidity) is known
as its dew point. When the dew point is below freezing,
water vapour changes directly to ice or frost. This
process is known as sublimation.

Evapotranspiration. There are two components of evapotranspiration:
evaporation and transpiration. Both involve the transformation of water from a
liquid state to a gaseous state.

Evaporation. This is the physical process by which moisture is lost directly to
the atmosphere from a body of water due to the sun’s heat or the effects of air
movements. The rate of evaporation 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. This is a biological process in which water is lost from the pores
of the leaves of plants. The rate of transpiration depends on the time of year,
the type and amount of vegetation and the length of the growing season. The
amount of water vapour in the air is known as humidity.

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 that
the atmosphere can no longer support them and they precipitate. Types of
precipitation include rain, sleet, snow and hail.

Condensation

/\ v_,&w clouds
e o e W

Transpiration
from plants

——

Evaporationv

Evaporation
from land

———— -w -
Transpiration

Precipitation;
to land Precipitation

Infiltration and
percolation

e B
Groundwater movement (slow)

Groundwater movement (slow)

Infiltration. When precipitation occurs, the soil becomes moist and at which water passes through a soil is called its infiltration capacity.
absorbent. Water enters the soil and passes through successive layers of Infiltrating water eventually collects above an impermeable layer of
the soil profile. The rate at which this occurs depends on the amount of  rock or fills all pore spaces, forming a zone of saturation. The upper
water already in the soil. It is also determined by the soil's porosity level of the saturated material is known as the water table. Water may

and structure, and the amount and type of vegetation cover. The speed  gradually be transferred horizontally as groundwater flow or base flow.

T
Key processes in the hydrological cycle.

understanding the text

Y

3 Explain what the water, or hydrological, cycle is.
4 Explain how water is moved around the hydrological cycle.

1 Explain what is meant by the statement ‘Water is an
integrating element in the biophysical environment.’

2 Outline the main states in which water can be found.
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Biospheric water | 1 week

Atmospheric water | 1.5 weeks
River channels | 2 weeks
Swamps | 1-10 years
Lakes and reservoirs | 10 years
Soil moisture | 2 weeks to 1 year

1000 years

Water resources

Ice caps and glaciers

2 weeks to
10000 years

Oceans and seas 4000 years

Groundwater

0 2000 4000 6000 8000 10000

Years

FIGURE 1.3.5
B FICURE 135

Estimated storage times of the world’s water resources.

The global water budget

The earth’s water budget is the summation of the hydrosphere’s inputs,
outputs and net changes over a particular period of time. Figure 1.3.3
(p. 55) shows that the amount of water within the global water cycle
is a staggering 1385 million km?, of which less than 3% is fresh water.
This may sound a small amount, but the total quantity of fresh water on
earth is far greater than that required by the earth’s human population.

The main sources of water used by humans make up less than 1%
of the freshwater total. Yet this is still more than enough water for
everybody. It is estimated that the annual renewable supply of water
available for use is around 3000 m3 per person. Compare this with a
worldwide average water use of 750 m3 per person.

The location, quantity and quality of water resources are largely
determined by the relationship between climate (precipitation and
evaporation) and biophysical features, such as geology.

Table 1.3.2 (p. 58) shows that a continent such as South America, which
has high rainfall in equatorial areas, has high runoff. This accounts for
the vast river systems and plentiful water supplies found in much of the
continent, particularly on the eastern coast where the mighty Amazon
Basin is found.

— working geographically

biospheric to do with or located in the
biosphere.

Several places claim to be the wettest city
in the world. However, the Guinness Book of
Records states that Cherrapunji, India, is the
wettest.

The Atacama Desert in Chile is the driest
place on earth.

Although very little of the world’s water is drinkable,
there is more than enough fresh water for the world'’s
population. However, the fresh water is not evenly
distributed around the world, creating shortages in

some places.

1 Writing task Write a report outlining how water was 3 Writing task Study figure 1.3.1 (p. 54). Explain how

originally formed on the earth.
2 Interpreting diagrams Study figures 1.3.1 (p. 54)

evaporation and condensation result in the transfer of
heat energy.

and 1.3.4. 4 Writing task Study figure 1.3.4. Write a report outlining

a List all the storages that are part of the:
i atmosphere 5
ii lithosphere
iii biosphere.
b Outline the processes by which water reaches the
atmospheric store.
¢ Explain why some parts of the lithosphere contain 6
water while others do not.
d Outline the ways in which water reaches the ocean
from the lithosphere.

e Explain how water reaches the biosphere.

the operation of the water cycle.

Interpreting diagrams Study figure 1.3.3 (p. 55) and
table 1.3.1 (p. 55).

a In which form is water most commonly found?
b In which form is fresh water most commonly found?
¢ Where is water found as a gas?

Interpreting diagrams Study figure 1.3.5. Write a report
outlining the estimated time water is stored in various
parts of the water cycle. What are the implications of this
for the availability of water for human use?
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Oceanographer (marine scientist)

Oceanographers study the oceans: their
movements, physical properties, and plant
and animal life. They provide advice on the
exploitation of fish and mineral resources,
the protection of seas from pollution and the
protection of coasts from damage by waves
and tides.

Relevant degree courses are offered by
Southern Cross University and the Universities
of New England, New South Wales (Marine
and Coastal Studies) and Sydney. The
Australian National University offers a
Bachelor of Global and Ocean Science and a
Bachelor of Science (Marine Science).

RN FIGURE 1.3.7

Global patterns of vegetation are strongly influenced
by the availability of water.
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With mid-latitude continents it is a different story. Australia not only
has the lowest rainfall and runoff proportional to area of all the continents,
but also has the lowest percentage of runoff proportional to rainfall
incidence. In other words, in Australia evaporation and transpiration are
so high that the amount of rain that ends up as streamflow is meagre.
This leaves the continent with few major river systems and is one of the
reasons why the centre of Australia is so dry and uninhabitable.

Global and continental variations in water budgets

The total amount of water within the water cycle is fixed. (See figure 1.3.1,
p. 54, and table 1.3.1, p. 55.) Despite this, water is unevenly distributed
both in terms of place and seasonal pattern. Continental water budgets
vary as a result. (See table 1.3.2.) The size and location of the continents
produce particular interactions between the lithosphere and the general
atmospheric circulation. These specific interactions affect the climate of the
world in general, and the climate at any particular continental location.
Among the characteristics of climate are the amount of rainfall and its
seasonal distribution. These characteristics influence the biosphere through
the limits that water availability places on plant growth. The world patterns
of climate and vegetation, therefore, are the result of specific interactions
between the atmosphere, lithosphere and hydrosphere.

These interactions not only vary between locations, they also vary
over time. Different patterns of continental crust produce different
patterns of atmospheric circulation, and therefore different patterns of
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