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Foreword

This book is being published at the height of a new public awareness of climate as a factor
in the world economy. Since 1971 we have witnessed dramatic anomalies of weather that
have starved people and animals in Africa, upset prices of cereals on the world market, and
reduced such well-watered countries as the United Kingdom to considering freshwater imports
from overseas. It is not, in fact, obvious that these strange events have been in any way
unique, or that this signals a lasting, hostile change in the Earth’s climate. What they have
done, however, is to sharpen public interest and scrutiny, and they have led to the inevitable
question: will they continue?

At present such questions have to be ducked by the meteorologist, because of the
difficulty of predicting variation of climate, or adequately explaining the past. The
meteorologist is in the strange position of knowing the laws that govern the atmosphere’s
behaviour, yet being unable to use those laws in long-range prediction. In part this arises
from a lack of observation, now being rapidly improved by new satellite techniques of the
formidable World Weather Watch Programme organised by the World Meteorological
Organisation in most national states. But for the most part it arises from ignorance of just
how the atmosphere functions within the broad constraints of these governing laws.

It is easy to dismiss this failure as being due to poor thinking and inadequate research.
Scientists who work on easier problems (and most problems are easier!) are especially apt to
take this line. Such strictures are not justified. The atmosphere is an extremely complex
system that interacts in vital ways with oceans, living organisms and the continental surfaces.
[t is notoriously difficult to study such interactive systems and climate is no exception.

It is now quite clear that fundamental progress towards prediction will require a closer
understanding of how surface exchange processes influence the properties and circulation of
the atmosphere. This will involve marrying the outlooks of those who study surface
processes— physical climatologists, agricultural meteorologists, hydrologists, soil physicists.
oceanographers and others—with those who try to model the world’s wind systems in the
language of applied mathematics. And it will be necessary to train generations of students
to whom such a marriage comes easily.

The authors of this volume have addressed these problems with vigour and imagination.
not to mention clarity. They have themselves contributed extensively to the research
background, and have well-deserved reputations as teachers. Moreover they have worked in
that long-neglected half of the world called the southern hemisphere. The literature of world
climate is still to a large extent based on northern hemisphere experience and techniques.
Often it is assumed that the two hemispheres are so coupled together that this doesn’t matter.
Recent evidence refutes that view so it is necessary to rescue Australian, New Zealand, South
American and South African students from the clutches of northern authors, like myself!

Linacre and Hobbs have done this admirably. Their primary focus is on Australian
climates, but the rest of the hemisphere is not ignored. The basic physics, chemistry and
biology of the atmosphere are, of course, universal, and they are so treated in the book, even
if weather maps differ so much between the hemispheres because of the reversal of the
Coriolis effect.

The book goes all the way from the basic universal science to the impact of climate on
the human economy and health. The text is reinforced by quantitative problems (of which
there is never any lack in professional practice) and a comprehensive bibliography. It should
go far to create the awareness of proper scope that we must demand of future climatologists.

F. Kenneth Hare, Ph.D. (Montreal), D.Sc. (Adelaide)
Professor of the University of Toronto,
Director of the Institute of Environmental Studies, Toronto



Preface

This introductory text is meant to be useful to school teachers, tertiary students who are
taking geography or meteorology courses, and to the intelligent layman. It is intended that
the book can be understood without previous training and that it should provide a broad
foundation for further reading in geography, meteorology, ecology, natural resources, or
environmental studies. Emphasis is placed on the explanation and relevance of climates in
the southern hemisphere, especially Australia.

The main text of the book is non-mathematical so that the concepts and processes can
be understood by anyone. It can be used for self-tuition. Each major concept is put in
italics when first mentioned and explained. The student will find the self-assessment tests
helpful. Numerical exercises are followed by solutions that demonstrate various techniques
of problem solving. Numerous references are given to further readings.

Teachers will find the index useful, and also the suggestions for essay questions. SI units
are defined and their interrelationships listed. Tabulated data are provided on climates of
Australia and other southern hemisphere regions. The measurements quoted include several
resulting from the work of students; teachers may car to arrange similar measurements in
their own town.

One feature of the book is the number of cross references within it, which emphasise the
coherence of the subject. Where further details are to be found in a later chapter, only the
chapter number is mentioned. When more information has been given previously, reference
is made to the relevant section.

The references for most of the papers and books used as sources are given in Chapters
26 and 27. The references for those illustrations and tables that are not original are given
in terms of the original source and, in many cases, of a more recent and more accessible
secondary source, for the convenience of those wanting to study a point in more detail.
We hope that this introductory survey will induce readers to explore further the intriguing
ramifications of climatology.

Edward Linacre
John Hobbs

The Metric Conversion Board has checked that the correct metric
units have been used throughout the book. However, some of the
diagrams do not have approved metric units because they have
been taken from other publications.
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MAP A: Some places within Australia mentioned in the book
Place Location No. Place Location No. Location No. Place Location No. Place
Adelaide 28 Maryborough 46 Western 28 Adelaide
Albany 13 Meekatharra 7 Australia 29 Mt Gambier
Alice Springs 22 Mt Gambier 29 1 Shark Bay Queensland
Atherton 35 Mt Wellington 57 2 Carnarvon 30 Birdsville
Birdsville 30 Normanton 32 3 Onslow 31 Cloncurry
Brisbane 49 Narrogin 12 4 Geraldton 32 Normanton
Broome 16 Onslow 3 5 Whim Creek 33 Cooktown
Bunbury 10 Oodnadatta 24 6 Port Hedland 34 Cairns
Bundaberg 45 Perth 8 7 Meekatharra 35 Atherton
Burnie 55 Port Augusta 26 8 Perth 36 Townsville
Cairns 34 Port Hedland 6 9 Fremantle 37 Charters Towers
Carnarvon 2 Port Lincoln 25 10 Bunbury 38 Longreach
Ceduna 23 Port Pirie 27 11 Cunderdin 39 Hayman Island
Charters Towers 37 Rockhampton 42 12 Narrogin 40 Mackay
Cloncurry 31 Roma 44 13 Albany 41 Emerald
Cooktown 33 Shark Bay 1 14 Kalgoorlie 42 Rockhampton
Crohamhurst 51 Springbrook 52 15 Esperance 43 Gladstone
Cunderdin 11 Tennant Creek 21 16 Broome 44 Roma
Darwin 20 Tewantin 53 17 Kimberley 45 Bundaberg
Emerald 41 Texas 50 18 Wyndham 46 Maryborough
Esperance 15 Toowoomba 47 19 Giles 47 Toowoomba
Fremantlé 9 Townsville 36 Northern 48 Ipswich
Geraldton 4 Whim Creek 5 Territory 49 Brisbane
Giles 19 Wyndham 18 20 Darwin 50 Texas
Gladstone 43 Zeehan 54 21 Tennant Creek 51 Crohamhurst
Hayman Island 39 22 Alice Springs 52 Springbrook
Hobart 58 South 53 Tewantin
Ipswich 48 Australia Tasmania
Kalgoorlie 14 23 Ceduna 54 Zeehan
Kimberley 17 24 Oodnadatta 55 Burnie
Launceston 56 25 Port Lincoln 56 Launceston
Longreach 38 26 Port Augusta 57 Mt Wellington
Mackay 40 27 Port Pirie 58 Hobart
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MAP B: Regions in Eastern Australia mentioned in the book

Region Location No. Location No. Region
Atherton Tableland 4 Arnhem Land

1
Arnhem Land 1 2 Gulf of Carpentaria
Blue Mountains 10 3 Cape York Peninsula
Cape York Peninsula 3 4 Atherton Tableland
Dandenong Ranges 13 5 Gt Dividing Range
Derwent River 14 6 Richmond River
Gt Dividing Range 5 7 Gwydir River
Gwydir River 7 8 Hawkesbury River
Gulf of Carpentaria 2 9 Parramatta River
Hawkesbury River 8 10 Blue Mountains
Lake Eyre 17 11 Riverina Area
Mt Lofty Ranges 16 12 Murrumbidgee River
Murray River 15 13 Dandenong Ranges
Murrumbidgee River 12 14 Derwent River
Nullabor Plain 18 15 Murray River
Parramatta River 9 16 Mt Lofty Ranges
Richmond River 6 17 Lake Eyre

Riverina Area 11 18 Nullabor Plain

140°E

145°E

I150°E




Contents

Foreword  viii Part II: The Cycle of Water
Preface ix Movement 51
Acknowledgments x

) Chapter 6: Humidity . 53
Part I: Energy Flows in the apler s uminity

6.1 The hydrologic cycle 53

Atmosphere : 6.2 Vapour-pressure 53
. . 6.3 The dewpoint temperature (7)) 55
Chapter 1: The Atmospherg 3 6.4 Relative humidity and sa[urat(ilon deficit S5
1.1 Introduction 3 6.5 The absolute humidity and the mixing ratio 56
1.2 Origin of the atmosphere 3 6.6 Measuring atmospheric humidity 56
1.3 Composition of the Earth’s atmosphere 5 6.7 Values of the atmospheric humidity 57
1.4 Atmospheric pressure 7 6.8 Dew 60
1.5 Measuring atmospheric pressure 8
1.6 Atmospheric temperatures 9 Chapter 7: Atmospheric Stability and Instability 61
1.7 Atmospheric electricity 11 R
1.8 Structure of the atmosphere 11 7.1 Stability 61

7.2 Lapse rates 61
. . o 7.3 Instability 62
Chapter 2; Radistion 13 7.4 Instances of instability 64
2.1 The radiation spectrum 13 7.5 Tornadoes 66
2.2 Solar radiation 13 7.6 Temperature inversions 67
2.3 Insolation 15 7.7 The aerological diagram 71
2.4 Global shortwave radiation 17 ’
2.5 Albedo 19 Chapter 8: Clouds 72
2.6 Longwave radiation 20 .
o 8.1 Condensation 72

2.7 Net radiation 22 8.2 Cloud droplets 73
. : 8.3 Types of clouds 74
Chapter 3: Temperature 24 8.4 Fog 76
3.1 Temperature measurement 24 8.5 Stratus clouds 77
3.2 Temperatures of air near the ground 26 8.6 Cumulus clouds 78
3.3 Daily changes of temperature 28 8.7 High clouds 78
3.4 Annual temperature variations 30 8.8 Cloud observations 78
3.5 Frost 32
3.6 Urban temperatures 33 Chapter 9: Cloud Processes 82

9.1 Conditions for rain 82

Chapter 4: E tion 36
PR FApOTRE 9.2 Raindrop nucleation 82

4.1 Changes of state 36 9.3 Raindrop growth 83
4.2 Vapour pressure and evaporation 36 9.4 Cloud seeding 85
4.3 Features of the evaporation process 38 9.5 Cloud electricity 86
4.4 Various evaporation rates 39 9.6 Global electricity 88
4.5 Measuring evaporation rates 40

4.6 Values of the evaporation rate 40 Chapter 10: Rainfall 90

10.1 Measurement 90

10.2 Rainfall intensity 91

5.1 Energy fluxes 43 10.3 Variability 92

5.2 The energy-balance equation 44 10.4 Spatial variations 94

5.3 Energy balances of large scale 45 10.5 The water balance of land surfaces 97
5.4 Local energy balances at ground surfaces 47  10.6 Flooding 99

5.5 Altering the energy balance 49 10.7 Drought 100

Chapter 5: Energy Balances 43



Chapter 11: Oceans 101

11.1 Oceans and climates 101

11.2 Ocean temperatures 102

11.3 Ocean currents 103

11.4 Salinity 106

11.5 The Coriolis effect 106

11.6 The Coriolis effect and the oceans 107

Part II1: Winds and Weather 109

Chapter 12: The General Circulation 110

12.1 Patterns of surface pressures 110
12.2 Patterns of surface winds 112

12.3 Winds in the upper troposphere 114
12.4 The Walker circulation 115

12.5 Jet streams 116

12.6 Models of the general circulation 117

Chapter 13: Meteorological Concepts 119

13.1 Forces controlling the winds 119
13.2 Convergence and divergence 121
13.3 Thickness 122

13.4 Thermal wind 123

13.5 Vorticity 125

Chapter 14: Secondary Circulations 127

14.1 Features of secondary circulations 127
14.2 Airmasses 127

14.3 Fronts 129

14.4 Lows 133

14.5 Tropical cyclones 134

14.6 Highs 138

14.7 Monsoons 139

Chapter 15: Local Winds 141

15.1 Surface winds 141
15.2 Seabreezes 143

15.3 Slope winds 146
15.4 The foehn effect 146
15.5 Turbulence 147

Chapter 16: Forecasting 149

16.1 Background to forecasting 149

16.2 Weather regularities 150

16.3 Data collection for synoptic forecasting 151
16.4 Analysis of data 153

16.5 Prognosis and forecast 154

16.6 Numerical forecasting 154

16.7 Medium and longrange forecasts 155

16.8 Accuracy in forecasting 156

vi

Part IV: Climates 159

Chapter 17: Various Climates 161

17.1 Climates in general 161

17.2 Categorisation of climates 161
17.3 Antarctic climates 165

17.4 High elevation climates 167
17.5 Deserts 167

Chapter 18: Mid and Low-Latitude Climates in the
Southern Hemisphere 169

18.1 Mid-latitude climates (30°-55°S) 169

18.2 New Zealand climates (34°S-47°S) 169

18.3 Southern Africa 172

18.4 Climates of South America (12°N-55°S) 173

18.5 Low-latitude climates in general (0°-30°) 174

18.6 Equatorial climates of Indonesia and Papua
New Guinea 175

18.7 Oceanic climates 176

Chapter 19: Australian Climates 177

19.1 The Australian setting 177
19.2 Heat and drought in Australia 178
19.3 Rainfall in Australia 179
19.4 Adelaide 181

19.5 Brisbane 181

19.6 Canberra 182

19.7 Darwin 183

19.8 Hobart 183

19.9 Melbourne 183

19.10 Perth 184

19.11 Sydney 185

Chapter 20: Climate Change 187

20.1 Evidence on past climates 187

20.2 Pre-Quaternary changes (4500 million-2
million BP) 189

20.3 Pleistocene times (2 000 000-10 000 BP) 190

20.4 The period 10 000-2000 BP 190

20.5 Climates during 0-1900 AD 191

20.6 Climates in the twentieth century 192

20.7 Possible explanations of climatic change 193

20.8 The future 195

Part V: Applied Climatology 197

Chapter 21: Air Pollution 199

21.1 Air pollution in general 199
21.2 Chimney pollution 200
21.3 Automobile fumes 202
21.4 Turbidity 203



21.5 Effect of meteorology on pollution
concentrations 204

21.6 Effects of pollution 205

21.7 Urban planning 206

21.8 Global pollution 207

Chapter 22: Climate and Life 208

22.1 The growth of plants 208

22.2 Effects of radiation on net
photosynthesis 209

22.3 Effects of temperature on plants 209

22.4 Effects of climate on vegetation 210

22.5 Distribution of types of vegetation 213

22.6 Bushfires 214

22.7 Climate and fauna 216

Chapter 23: Climate and Agriculture 218

23.1 Climate.and yield 218
23.2 Radiation and potential yield 218
23.3 Temperature and agriculture 219
23.4 Degree-days 220
23.5 Rainfall and agriculture 221
23.6 The microclimates of intensive
agriculture 222

.7 Climate and particular crops 222

3.8 Climate and animal husbandry 224

[N
w

Chapter 24: Climate and People 226

24.1 Climate and history 226

24.2 Climate and culture 227

24.3 Weather and economic activity 228
24.4 Urban climates 228

24.5 Climate and comfort 229

24.6 Climate and physiological stress 233
24.7 Climate and illness 233

24.8 The scope of climatology 234

Part VI: Additional Information 235

Chapter 25: Units and Data 237

25.1 SI metric units 237

25.2 Conversion between Celsius and Fahrenheit
temperatures 237

25.3 Gas volume-ratios and densities 240

25.4 Saturation water-vapour pressure 240

25.5 Radiation data 241

25.6 Climatic data 242

25.7 Koeppen classification 247

25.8 Cloud descriptions 247

25.9 Meteorological symbols 249

Chapter 26: Further Reading 251

Chapter 27: Bibliography: 261

Part VII: Tests 287

Chapter 28: Self-assessment Tests 289
Chapter 29: Numerical Exercises 311
Chapter 30: Essay Questions 325
Chapter 31: Answers 328

31.1 Answers to self-assessment tests 328
31.2 Answers to numerical exercises 329

Index 341

Vil



Part |

- Energy Flows in the
Atmosphere






1 The Atmosphere

11

Our lives depend on the atmosphere, because
we need air to breathe and rain to drink and to
moisten the soil which provides our food.
We live at the bottom of an ocean of air and
depend on the atmosphere in the way that
a fish depends on water. The vagaries of the
atmospheric conditions which make up “‘the
weather™ affect our feelings of well-being, our
safety, power supplies, transport networks
and many other aspects of existence. The
skies are a topic for everyday small talk and
provide inspiration for poets. The history of
mankind has been influenced by storms, crop
failures and plagues due to bad weather, and
man’s future depends upon maintaining a
favourable climate.

In view of this, the study of the atmospheric
environment characteristic of a place, its
climate, 1s a relevant topic. The study of
climate is closely connected with practical
problems of urban air-pollution, agriculture
and the problems of populating northern
Australia, for instance. The scientific study
of climate, climatology, is a subject which is
also intellectually challenging. Why are clim-
ates what they are? How are they changing?
How do they affect reservoir construction,
building regulations, automobile-emission
limits and so on? What were climates like in
times past? These are important but difficult
questions and seeking the answers is a fascina-
ting pursuit.

In beginning our consideration of the
climatic environment, we note firstly that
climate is an abstraction, a generalisation, as
unreal as the average family with two-and-a-
half children. Secondly, climate does not
consist simply of mean conditions. These are
important but the frequency of extreme events
may be even more significant in agriculture,
for example. Floods and droughts do not
cancel each other out; they compound the
rigour of a climate. Extreme frost or heat-
wave conditions may be especially important
to health.

Introduction

Climatology is closely linked with meteor-
ology, the science of atmospheric processes.
The distinction is customarily expressed in
terms of the length of time involved. Relatively
brief single events, like flooding rains, are
regarded as meteorological: meteorology is
taken to be the study of events lasting seconds,
weeks or a few months at most. In short,
meteorological processes underlie the weather,
whose aggregate is the climate, though the
distinction between meteorology and clima-
tology becomes increasingly blurred. On the
one hand, climatology ceases to be simply
descriptive and is nowadays concerned with
explanation, while on the other, meteorolo-
gists now study gradual changes of climate
and the processes involved. A satisfactory
understanding either of climate or of the long-
term implications of meteorological events
requires consideration of both. For example,
wet climates in particular regions can be
explained only in terms of the meteorology of
rain formation.

In the following chapters we shall deal with
basic meteorology and the resulting climates.
We begin with a look at the atmosphere
itself.

1.2 Origin of the Atmosphere

The planet Mercury and our moon are airless;
Mars has extremes of temperature, high winds
and dust storms; Venus has acid clouds; so
their atmospheres differ greatly from our
congenial environment. However, the gaseous
envelope around the Earth has changed
considerably since the early part of this
planet’s history.

Current thinking suggests that the Earth
was formed about 4500 million years ago,
and that its primary atmosphere was com-
posed mainly of hydrogen expelled from the
rock by the bombardment of solar rays. A
secondary atmosphere then began to form
from gases emitted by the molten materials of
the Earth’s interior. Initially this atmosphere
was mostly water vapour, methane, ammonia



. THE ATMOSPHERE

and hydrogen, as on other planets today.
About 3000 million years ago,! the cooling
of rocks gave off the kinds of gases now
emitted by volcanoes— water vapour, nitrogen
and carbon dioxide. None of these gases
contains free oxygen. The absence of oxygen
in the early atmosphere is demonstrated by
the oxygen-deficient composition of rocks
formed at that time.

It remains uncertain how free oxygen came
into the atmosphere, but there are several
theories. One involves the splitting of mole-
cules of water vapour by solar radiation,
thus forming separate hydrogen and oxygen
atoms. Hydrogen is light and relatively
mobile and would tend to escape from the
Earth’s gravitational field into space. The
oxygen remaining is thought to have absorbed
the radiation responsible for the splitting,
thus blocking the splitting of more water
vapour and limiting oxygen production to
about one thousandth of present amounts.
This automatic regulation of oxygen formation
from water vapour is called the Urey effect.

Further creation of oxygen depended on
the process of photosynthesis, which occurs
in some bacteria and in the leaves of plants.
Photosynthesis, the basic process of plant
life, involves the combination of carbon
dioxide, water and sunlight energy to form
oxygen and carbohydrates, the building-block
of plant tissue.? This affected the amount of
oxygen in the atmosphere from about 2000
million BP: before that, life in simpler forms
had evolved without oxygen. Photosynthesis
gradually increased the oxygen content of
the atmosphere until about one hundredth
of the present oxygen concentration was
reached at 1000 million BP. At this stage,
the evolution of life went into higher gear
with the development of respiration, the
reverse of photosynthesis, which involves
the combination of carbohydrates with atmos-
pheric oxygen and results in the release of
carbon dioxide and energy. Thus, photo-
synthesis in the leaves, and respiration else-

! This is written as 3 x 10° BP, where BP stands for **before
the present™, taken to be 1950.
2 An equation which roughly expresses the photosynthetic
reaction is as follows:
sunlight + 6CO, + 6H,0 — C4H,,0, + 60,

where in a plant, effectively carry solar energy
throughout the plant for use in various
physiological processes such as water intake
and hormone transport. Much more com-
plicated plants became possible, permitting
their extension into a wider range of environ-
ments. The increased vegetation then made
further oxygen by photosynthesis.

Before there was much oxygen in the atmos-
phere, sterilising radiation from the Sun
could reach to ground level and so prevent
the development of any life in exposed
situations. Living material could only exist
under water at depths of at least 10 metres.
Life in shallower water became possible as
the atmospheric oxygen concentration in-
creased, with the consequent advantage of
better access to the atmospheric carbon di-
oxide needed for photosynthesis. By about
400 million BP the atmosphere contained
sufficient oxygen to allow life to exist on land
and, as a result, another rapid acceleration
of the evolutionary process took place, with
an increase of oxygen to present levels by
about 300 million BP.

That account of the history of our atmos-
phere is based on current literature. The
subject is controversial and many aspects
still are disputed and require clarification.
However, it is clear that an important com-
ponent of the atmosphere derives from plants.
The atmosphere is also controlled by plants
now: for example, forest fires would burn
more fiercely if the oxygen content of the
atmosphere were to increase, reducing the
amount of vegetation and resulting in de-
creased oxygen production which would re-
store the status quo. Moreover, an increase in
the normal oxygen content of the atmosphere
would subtract from the amount existing in
carbon dioxide, so the latter’s concentration
in the atmosphere would fall, allowing extra
heat loss from the earth (Chapter 2). Global
temperatures would then decrease so that
photosynthesis rates would decrease, which
again would restore lower oxygen levels.
In other words, the oxygen concentration
appears to be automatically held steady by
the vegetation. However, the plant-atmos-
phere relationship acts both ways. Not only
do plants affect the air’s composition but



also they themselves evolve to suit the Earth’s
atmospheric conditions (Chapter 22).

1.3 Composition of the
Earth’s Atmosphere

The atmosphere is a mixture of various gases
achieved by simple addition, without chemical
reaction. It also contains water vapour, dust,
and liquid or solid particles in quantities
which vary with time, location and altitude.
Nevertheless, gases such as nitrogen and
oxygen are found in the same constant
proportions, mixed to uniformity up to roughly
80 km altitude. Over 989 of the total mass
of air is due to nitrogen and oxygen. If the
components of a litre of air were separated,
then 0.7809 litres (written as 780.9 millilitres
or 780.9 ml)® would be occupied by nitrogen.
In other words, 78.1°%, of the atmosphere’s
volume is nitrogen. The proportion would be
slightly different if masses were considered
instead of volumes, because the densities of
nitrogen and air are not the same. The pro-
portion of unit mass of air accounted for by the
mass of the nitrogen would be 75.59,. For
oxygen the figures are 21.0%, by volume and
23.1%, by mass, for argon 0.93% by volume and
1.289%, by mass, for carbon dioxide approx-
imately 0.039, by volume and 0.045%; by mass.
There are also traces of other gases such as
neon, helium, krypton, hydrogen and xenon.
In addition, air near the ground at the equator
may contain 2.6%, by volume of water vapour,
while the colder air at latitude 70° might have
as little as 0.2%,. Above, at levels up to about
1000 kilometres, there are greater proportions
of oxygen. Higher still there is relatively more
helium, then relatively more hydrogen, because
gravitational sorting leads to greater pro-
portions of these lighter gases.

The amounts of carbon dioxide near ground
level are affected by the gas being dissolved in
the oceans, by plant uptake and by man’s
activities. There are 2.4 million million tonnes
of carbon dioxide in the atmosphere but

3 The definitions and inter-relationships of various metric
units of measurement are given in Table 25.1 in Chapter
25.

1.3 COMPOSITION OF THE EARTH’S ATMOSPHERE

many times more in the oceans, which readily
dissolve it, especially where the water is cold
near the poles. The growth of plants in the
northern hemisphere summer lowers the at-
mospheric concentration from 310 ml to
305 ml in each cubic metre of air (written as
310-305 ml/m3). However, during the rest
of the year respiration is the dominant plant
process and it restores carbon dioxide to the
atmosphere. Variations in carbon-dioxide
levels are less in the southern hemisphere,
where the land area is only half that in the
north and the vegetation is correspondingly
less. The industrial nations are also mostly
in the northern hemisphere; man’s contribu-
tion to atmospheric carbon dioxide in 1960
was about 11 thousand million tonnes annually
from the combustion of the carbon in oil,
coal, natural gas, peat and wood.

It is important to realise the dynamic
character of the atmosphere’s components.
Each molecule of carbon dioxide is continu-
ally undergoing a slow cycle of change: from
a gas it becomes part of plant tissue, with
subsequent respiration by plants or animals,
maybe solution in ocean water and then
escape back into the atmosphere (Fig. 1.1).

atmosphere
(carbon dioxide)
2:4 x 10®
o
biosphere o‘?é' Q >
(carbohydrates) S Z\2.
10 v
=
P
2\ solutiop,

015

sedimentary rocks ocean
(organic carbon) | (carbohydrates) (bicarbonate ions)
6 x 1022 1 3x102 13 x 10%°

W
10

Fig. 1.1 Carbon is continually exchanged between
the atmosphere, the oceans, the biosphere and
sedimentary rocks. The diagram shows the amounts
(in grams of carbon dioxide) at each stage in the cycle,
and the annual rates of transfer of carbon dioxide
between stages. (After Goody and Walker, 1972,p. 127.
Reprinted by permission of Prentice-Hall, Inc.,
Englewood Cliffs, New Jersey, USA.)



