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Essentials of the Earth’s Climate System

This concise, full-color introduction to modern climatology covers all the key
topics of climate science for undergraduate/graduate students on one-semester
courses. The book progresses from climate processes to world climate types, past
climate change and projected future climates, ending with climate applications.
The treatment of topics is non-mathematical wherever possible, allowing students
to understand the physical processes more easily.

® Clear, full-color illustrations support the topics introduced in the text.

e Boxes are used to provide supplementary topics, enabling students to increase
their knowledge and awareness.

e Each chapter concludes with a summary of the main points and a mixture of
review and discussion questions that encourage students to check their under-
standing and think critically.
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“Absoltitely the ultimate word on the physical, synoptic, and geographic underpinnings of
modern climatology and its historic antecedents. This delightful and readable textbook covers
all the topics - and then some - likely to comprise an introductory or intermediate-level college
course . .. Discussions of the forcing, form, and function of the climate system — on scales ranging
from local to global - will be essential reading for university undergraduate and graduate
students alike, and a helpful review for seasoned researchers in the climate ami almosphenc
sciences. The easy-on-the-eye text style is complemented by the many inci
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Preface

This textbook seeks to provide a modern global overview of the world’s climates
on all space and time scales. It addresses microclimates to global scale processes
and phenomena. It spans climate changes over geologic time and the future
climates of the late twenty-first century. It is designed to serve as an introductory
course in climatology, suitable for students in environmental sciences, geogra-
phy, meteorology, and related disciplines. The purpose of the book is first to
provide a firm foundation of the physical principles that underpin climatology;
second, to describe the spatial climatic characteristics over the globe including
local and microclimatic scales; third, to detail the past and projected future
climates of the Earth; and fourth, to introduce some applications of climatic
information.

The book is organized into 11 parts following a brief introduction on defini-
tions, statistics, and the history of climatology. These are: a global view of
the major climatic elements of energy and moisture followed by pressure,
wind and storms, local and microclimates, the general circulation, circulation
modes, synoptic climatology, the regional effects of land and sea, climatic types
on land, past climates, future climate and its impacts, and different examples
of applied climatology. Chapters 2, 3, 5, 6, and 7 are more meteorological
in content. Chapters 8 and 9 provide detailed accounts of oceanic and land
climates.

My meteorological experience began in the early 1950s, when I worked as a
scientific assistant in the British Meteorological Office for two years at Royal Air
Force (RAF) station Worksop in Nottinghamshire and then, following an under-
graduate degree at the University of Liverpool, in 1957-1958 1 was a graduate
student weather observer at the McGill Subarctic Research Station at Schefferville
in northern Quebec-Labrador.

I have carried out meteorological fieldwork in the Canadian Arctic, Papua
New Guinea, the Colorado Rocky Mountains, and the Venezuelan Andes.
Among the climatologists featured in text boxes, I have personally known
Hubert Lamb, Jerry Namias, Murray Mitchell, Herman Flohn, and Herbert
Riehl.

The text builds on over 50 years’ experience in teaching climatology to geog-
raphy students at the University of Southampton, UK (1960-1968) and the
University of Colorado, Boulder, Colorado, USA (1968-2010).



PREFACE

This textbook contains many pedagogical features:

e The treatment is non-mathematical, but physical processes are explained.
Where simple equations are introduced, their meaning is fully explained.

e Clear illustrations in full colour support the topics introduced in the text.

e Two types of boxes are used: ‘A’ boxes for elaborations of points made in the
text; and ‘B’ boxes for wider topics that can be used by teachers and students to
expand their information and awareness.

e The main points of each chapter are recapped in a summary section at the end of
chapters.

e A mixture of review and discussion questions encourage students to check their
understanding and think critically.

e Students are further supported by a glossary, a list of useful websites, and an
appendix on units.

The book is supported by a number of online resources, to be found at
www.cambridge.org/climatesystem:

e Web links to data and other key resources.

e Solutions and hints to answers to the student questions (password-protected for
access by course instructors).

e PowerPoint slides and JPEGS of all the figures in the book for the use of course
instructors.

Roger G. Barry

Distinguished Professor of Geography Emeritus
Director, NSIDC/WDC for Glaciology, 1976-2008,
Director, International CLIVAR Project Office,
National Oceanography Centre, NERC, Southampton
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Automatic weather station in the Apennine Hills near Madigliana, Romagna, Italy.

W E BEGIN by defining climate and weather and then explaining their significance in everyday life.
This helps clarify the scope and importance of climatology and its place in environmental
sciences. Following a brief introduction to climatic data and frequently used statistics, we review the
history of world climatology over the last two centuries. Finally, we examine the contribution of weather
satellites to the study of weather and climate beginning in the 1960s.



INTRODUCTION

1.1 Climate and weather

The word climate is derived from the Greek word “klima,” meaning slope, and was
linked to temperature gradients from Equator to Pole. It entered the English
language from French in the thirteenth century. Its modern meaning evolved in
the sixteenth century.

Climate is the sum total (or composite) of the weather conditions that generally
prevail at a place or over a region. It encompasses the statistics (means, variability,
and extremes) of temperature, humidity, atmospheric pressure, wind velocity,
cloud cover, precipitation, and other meteorological variables over a long period of
time. In contrast, weather is the condition of these same elements and their
variations over time intervals of a few days. Conventionally, weather extends
out to about 10-15 days - the limit of numerical weather prediction — while longer
intervals, typically a month, are considered as part of climate. The “standard”
interval used to define climatic characteristics by the World Meteorological
Organization (WMO) is 30 years, and these data are called “normals.” This term
was first used for 1901-1930; the current normal is 1961-1990 or 1981-2010,
depending on data availability. However, world weather records were earlier
published for 1881-1920. The 30 years must be consecutive and the averages are
unweighted. The normals are updated by national climate organizations and the
WMO each decade.

Another, much broader definition, that recognizes the complexity of climate,
was proposed by the US Committee for the Global Atmospheric Research
Program in 1975. It refers to the climatic state as “the average (together with
the variability and other statistics) of the complete set of atmospheric, hydro-
spheric, and cryospheric variables over a specified period of time (monthly,
seasonal, annual, decadal) in a specified domain of the earth-atmosphere sys-
tem.” Hydrospheric variables refer to all components of the global water cycle,
while cryospheric variables refer to all forms of snow and ice. An updated
version of this would also include the biospheric variables on land and in the
ocean that affect transfers of energy, water, momentum, and gases between the
surface and the atmosphere. The complexity of the climate system is illustrated
in Figure 1.1, showing the atmosphere, oceans, hydrosphere, biosphere, and
cryosphere. These components, their changes, and their interactions are the
subject of this book. Hence, climate is a key element of the global and local
environments that has enormous influence on most aspects of our daily lives,
whether we live in rural or urban areas. It determines what crops can be grown,
how much water is available for drinking and irrigation, and what kinds of
shelter and clothing we need.



WHY CLIMATE MATTERS
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Figure 1.1 The climate system (from Solomon et al. 2007, p. 767, Fig. 10.9).

1.2 Why climate matters

Weather affects our day-to-day life and decisions - whether we need an overcoat,
umbrella, snow boots, or sunscreen and, in the case of severe weather like
thunderstorms or tornadoes, when and where to take shelter. Weather also has
major effects on all forms of transportation on land, at sea, and in the air. Climate
influences what kind of house we build or buy, whether it has air conditioning or
double-glazed windows, and whether it has a flat or sloping roof. It also deter-
mines the nature of the local vegetation and agriculture, whether irrigation is
needed or not, and the character of the water supply.

Until the mid twentieth century it was considered that climate was essentially
constant, but in the 1950s it became widely recognized that as well as ice age
events in the distant past, there were important fluctuations on decadal to cen-
tennial time scales. We examine changes on these various time scales in
Chapter 10. It is also now known that human activities are largely responsible
for global warming that began in the late nineteenth or early twentieth centuries
and has accelerated over the last few decades. There has been an increasing
incidence of heat waves and droughts, as well as floods in other areas. The use
of refrigerants (chlorofluorocarbons, or CFCs) led to the formation of the ozone
hole in the Antarctic stratosphere, above 15 km, that allows dangerous levels of
ultraviolet radiation from the sun to reach the surface in southern South America
and Antarctica. While the Montreal Protocol, adopted by most nations of the world



