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Preface

The world around us is changing quickly, and so is
our understanding of how it works. In the four years
since the manuscript for the first edition of Introducing
Physical Geography was completed, the component sci-
ences of physical geography have moved forward signifi-
cantly. Especially relevant is the progress in achieving a
better understanding of the relationships among the
many components of the global climate system, as well
as a new realization of the importance of human impact
on climate. Moreover, new environmental events, from
earthquakes to hurricanes, have captured the public’s
attention and can now provide an updated context for
demonstrating the principles of physical geography to
beginning students and relating them to their life expe-
riences. Accordingly, the primary goal of our Second
Edition is to incorporate these new developments in sci-
ence as well as appropriate references to recent, news-
worthy environmental events.

The second goal of our revision of Introducing Physical
Geography is to enhance our learning environment by
making the text more effective in communicating the
concepts of physical geography. To accomplish this goal,
we use a visualization strategy. Today's students are
accustomed to learning visually and interactively, and
our text will be more effective if it helps students visual-
ize the concepts that they are learning. Our visualization
strategy is described more fully in a following section.

CONTENT

Introducing Physical Geography has been written for a one-
semester or one-quarter course in which a majority of
students are nonmajors fulfilling a college science
requirement. These students need to learn how to rea-
son logically, to understand the nature of cause and
effect, and to become acquainted with fundamental sci-
entific principles. Physical geography can easily provide
the context for this learning, and it has the added
advantage of being relevant to many aspects of students’
everyday experiences. For this audience, the appropri-
ate focus is on the broad concepts of physical geography
and their application, and this is the focus we have
adopted for this book.

In designing the content of Introducing Physical Geog-
raphy, we have emphasized the standard curriculum for
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physical geography that has evolved over the years. The
sequence of topics is deliberately conventional and emi-
nently teachable. However, as experienced instructors of
physical geography, we know that the conventional cur-
riculum is difficult to cover in a one-semester or one-
quarter course. Every instructor has to come to grips
with this fact. Our approach in this book has been to
provide a balanced level of coverage of the field, so that
when an instructor chooses to emphasize a particular
area of science—climatology or geomorphology, for
example—a firm foundation is there. If a topic is deem-
phasized, the text will provide a basic level of under-
standing that can stand without lecture support.

Physical geography is a broad field that draws from
many component sciences. In developing the topical
coverage for Introducing Physical Geography, we have had to
make difficult decisions about what to include and what
to omit. We have constantly asked, “Is this topic really
necessary? Do other topics depend on it? Is it essential for
understanding the big picture? Will it be useful and
important to a nonscience major a year from now?” In
producing a book of reasonable size and length, we have
not had the luxury of including topics and concepts that
are secondary to the book’s main mission.

Second Edition Changes

In preparing the second edition, faculty and student
reviewers greatly helped us to fine tune our content and
presentation. Some of the more significant changes
made in response to reviewers are:

* Revising and editing chapter opening features
(Putting You in the Picture essays) to be more focused
and consistent from chapter to chapter.

* Moving text coverage of air pollution into a multi-
page Eye on the Environment feature within Chapter 4
and adding a new Eye on the Environment feature on
Hurricane Andrew in Chapter 6.

* Enlarging global maps in Chapters 7, 8, and 9 to
show more detail.

* Broadening Chapter 8 to focus on global ecosystems,
extending our treatment of global vegetation to
include basic concepts of plant and animal ecology.
Biome descriptions now include examples of typical
or characteristic fauna.
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e Revising Chapters 10 and 11 to provide a better flow
of topics in basic geology and plate tectonics.

e Adding new material on hotspots, sea floor spread-
ing, and shield volcanoes to Chapter 12, accompa-
nied by a new global map of volcano locations.

e Improving the treatment of aquifers and salt water
intrusion in Chapter 14.

® Moving karst and cavern material from Chapter 16
to Chapter 14.

e Improving the art program by making changes
throughout the text, including the addition of two
new photos of cloud types to Chapter 4, a new mass
wasting process diagram to Chapter 13, and a new
figure on types of coastlines to Chapter 17. We have
also sharpened block diagrams in Chapters 15
and 16.

In addition to these changes, we have also incorpo-
rated the latest knowledge in a number of rapidly mov-
ing areas of science by

¢ Updating ozone layer status in the Eye on the
Environment feature of Chapter 2.

e Updating global temperatures and projections of
global warming in Chapter 3 and enhancing materi-
al on variability in climate as a result of climate
change.

e Updating sea level rise projections in Chapter 3.

® Adding coverage of thermohaline ocean current cir-
culation with text and a new figure in Chapter 5.

e Carrying over new earthquake material on the
Northridge and Kobe earthquakes in Chapter 12
from the Update edition.

e Updating material on the stability of the Western
Antarctic Ice Sheet in Chapter 18.

e Updating material on environmental issues and
events since the Rio Earth Summit in the Epilogue.

Science News

The Environmental Update Edition of Introducing
Physical Geography, published in 1996, added an appen-
dix of Science News articles selected for relevance to
text topics, and we have retained this popular feature.
However, we have selected an entirely new set of 24 fea-
tures from 1996 and 1997 issues for our Second Edition.
The selections are primarily designed to provide the lat-
est information on global change topics, but include
items from ecology, plate tectonics, and the human
environment as well. They are now specifically keyed to
the running text, using an icon and number in the style
shown here: SCIENCE I
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THE LEARNING ENVIRONMENT

Structure

Students need orientation as they read a textbook.
Where are we in the scheme of this book? What topics
will be covered next? Why are they important? How do
they relate to topics that have already been presented?
Forty years of classroom lecturing have convinced us of
the importance of helping students understand the
structure of a course as they learn, and we have carried
this idea forward in our Second Edition.

We begin the book with a Prologue, in which the stu-
dent becomes an astronaut stationed on the moon and
embarks on a journey home to earth. On this journey,
the student sees the planet at ever-increasing scales, first
as a whole, then as a realm of the four great spheres,
then as regions differentiated by climate, vegetation,
and soils, and finally as a collection of individual land-
forms as the return spacecraft proceeds to a touchdown.
The journey is both a metaphor and model for the
learning to come.

We continue the involvement of the student as we
open each chapter with a feature entitled Putting You in
the Picture. Rather than simply preview the chapter’s
contents, this essay personalizes the chapter with an
experience or topic that directly involves the student.
For example, in Chapter 6 the student reads an account
of experiencing Hurricane Andrew 2s it devastated the
South Florida coast in 1992. In Chapter 15, the student
is introduced to the erosive power of rivers by riding a
raft down the Colorado River through the Grand
Canyon. Most of these essays are written in the second
person to involve the student more directly.

Communicating the connectivity between topics
within and across chapters is essential in guiding the stu-
dent through the subject matter of physical geography.
The first few paragraphs of each chapter are specially
written to provide an orientation to the material to
come, and transitional paragraphs continue within the
text whenever an important new subject begins. To
enhance the forward linkages, we provide a brief final
section, A Look Ahead, that puts the present chapter in
perspective and leads into the next one.

Students enjoy learning that their new knowledge is
important and useful. To help reinforce text material
and provide relevance, we include a short Eye on the
Environment feature within each chapter. These essays
focus the concepts of the chapter on a specific environ-
mental topic. Many are concerned with global climate
and climatic change, which is a frequent concern of
news and documentary coverage on television and
appears often in the popular press.

The book concludes with an Epilogue that raises the
environmental implications of the physical geography
that the student has learned. In an extended script for a



news broadcast from the mid-twenty-first century, stu-
dents picture how life might change in the future as
human impacts continue to reshape our planet. The
news broadcast leads into a discussion of the most seri-
ous environmental issues facing the human species and
the prognosis for the earth’s immediate future.

Learning Tools

To help students master text material, we provide a
number of learning tools. To build the necessary vocab-
ulary, we have identified the dozen or so key terms that
are most important in each chapter with the use of bold-
face. Less important terms are identified in italics. All
terms are defined in our Glossary, which contains over
1000 individual entries and includes many terms that
are part of a basic science vocabulary.

As another aid to learning, we have embedded in the
text a number of brief key statements that focus on
important concepts. They are set apart from the text in
a larger type face and marked by color bars for easy
identification.

Our suite of end-of-chapter materials is also designed
to reinforce key concepts and ideas of the chapter. A
summary, /n Review, covers all the major concepts of the
chapter. The list of Key Terms gathers together the criti-
cal vocabulary of the chapter. Review Questions are
designed as oral or written exercises that require
description or explanation of important ideas and con-
cepts. Visualizing Exercises utilize sketching or graphing
as a way of focusing attention on key illustrations. Also
provided are A Deeper View questions that require more
synthesis or the reorganization of knowledge in a new
context.

VEUALIEATION
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Our visualization strategy focuses on helping students
form lasting visual images of the processes of physical
geography. The strategy involves three components:
illustrations, word pictures, and a CD-ROM.

INustrations and Word Pictures

The art program for Introducing Physical Geography,
entirely new in the first edition, provides scientific accu-
racy with visual appeal. It captures the essence of key
concepts using both accurate and effective graphics and
interesting and attractive photos.

Another important part of the visualization theme is
building word pictures that will stay in students’ minds,
serving as milestones along a journey of discovery.
Clear word pictures must be painted to lay out and con-
nect scientific ideas and images and place them in the
context of their linkages to other processes and con-

cepts. This involves not only accurate descriptions of
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processes within the main body of the text, but also vir-
tual images in which the students experience the
processes directly. These are present throughout the
book, from the astronaut’s journey from moon to earth
in our Prologue, through the Putting You in the Picture
essays that open each chapter, to the future news
broadcast in our Epilogue. Throughout, the idea is to
create striking images that will personalize the process-
es students are studying and connect them to their own
lives.

CD-ROM

A vital part of our visualization strategy is to provide a
CD-ROM as an integral part of the text. Using this
device, we can extend the learning from the textbook
into a multimedia environment, drawing on motion,
color, and sound to illustrate key concepts and process-
es. By publishing this book with an integral CD-ROM,
we ensure that every student has access to the complete
array of learning tools that we have developed for phys-
ical geography. The CD-ROM includes four main types
of information:

® 13 original animations that enable visualization of
key concepts and processes.

* 11 minutes of film and video sequences to show
landscape processes in action.

®  Over 300 captioned photos from the authors’ collec-
tions.

* Over 300 graphic art illustrations taken from the
text.

By viewing the animations, students can visualize
processes that are difficult to describe in words or show
with fixed art. Examples include: the revolution of the
earth around the sun and the seasons; the Coriolis
effect; wave cyclone development; adiabatic heating and
cooling; and margins of tectonic plates. A special ani-
mation provides an overlay tool for students to inspect
and compare patterns of climate, vegetation, and soils
for continental-sized regions.

Film and video sequences illustrate the processes of
physical geography in action. Examples include: water-
falls; wave action and coastal landforms; volcanoes and
their formation; landscapes of plate tectonic margins;
and convectional precipitation.

The photos are color slides from the authors’ per-
sonal collections, each with a caption explaining its con-
tent. For ease of use, the slides are keyed to the chapters
to which they are most directly related. The graphic art
from the text is also presented with captions and figure
numbers.

To link the CD-ROM with the text, small icons like
the one at the end of this paragraph are placed with the
running text and illustration captions in the book.
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The CD comes complete with viewing software for
PCs and Macintoshes and also includes a searchable key-
word index tool to help guide users to the materials
illustrating specific concepts. Besides providing a stu-
dent supplement, the CD-ROM is designed to be used
by the instructor in computer video-equipped class-
rooms as a teaching tool.

SUPPLEMENTS

On-Line Study Guide. Students will be able to interact
over the Internet with a study guide at any time during
the term with the On-Line Study Companion. Each
chapter includes practice quizzes; e-mail functionality
for sending work to instructors, teaching assistants, and
peers; tutorials for selected topics; hot links to current
World Wide Web sites; and other Internet services, all
designed to make the On-Line Student Companion
both a solid study resource and a perfect component of
any distance learning or Web-delivered course. The
address is: http://www.wiley.com/college/strahler.

Exercise Manual. Written by the textbook authors,
Arthur and Alan Strahler, the Exercise Manual builds
on the students’ knowledge of physical geography devel-
oped through class lecture and textbook study and puts
this knowledge to use by solving problems based on
course topics. It provides all data, figures, and maps
needed for the exercises, which are keyed into the par-
ent textbook. An instructor’s version of the Exercise
Manual provides the answers to all the exercises.

Instructor’s Web Resource. Instructors adopting
Introducing Physical Geography will be issued a password
that will provide access to a wide range of instructional
resources on a protected Wiley Web site. These include
test banks, chapter outlines, and a Supplements
Integrator, a guide to using the Web for active learning
in the physical geography course with a chapter-by-chap-
ter list of well-maintained URLs hotlinked to Web sites.
The Supplements Integrator cross references for each
chapter the resources to which the instructor has access
from across our multimedia offerings, including the ani-
mations, movies, photos, and drawings on the
Visualization CD-ROM; the overhead transparency set;
the slide set; and the On-Line Student Companion. The
dynamic nature of this site also allows the publisher to
post current events, maps, and other news and develop-
ments related to physical geography, from Wiley and the
authors. The address is: http://www.wiley.com/col-
lege/strahler.

Full-color Overhead Transparencies. Over 115 full-color
transparencies from the text are provided in a form suit-
able for projection in the classroom. These illustrations
will also be available as slides.

Supplementary Slide Set. Approximately 150 slides of
graphic art and photos, some from the authors’ person-
al collections, are available.

ANOTHER TITLE BY TH

E AUTHORS

Physical Geography: Science and Systems of the Human
Environment (Wiley, 1997) provides a more thorough
overview of physical geography, emphasizing a systems
approach. The organization is slightly different, with
global climate expanded to three chapters and with soils
and two biogeography chapters concluding the text
rather than immediately following global climates.
Systems are threaded throughout, with special systems
boxes providing examples of the systems approach. The
book also includes a sequence of optional quantitative
boxes that supplement important concepts with simple
formulas and calculations.

ACKNOWLEDGMENTS

The preparation of Introducing Physical Geography,
Second Edition was greatly aided by the reviewers who
read and evaluated the various parts of the manuscript.
They include

Tanya Allison, Montgomery College

Joseph M. Ashley, Montana State University

Roger Balm, Rutgers State University

David Bixler, Chaffey Community College

Kenneth L. Bowden, Northern Illinois University

David Butler, University of North Carolina, Chapel
Hill

Les Dean, Riverside Community College

Christopher H. Exline, University of Nevada

Jerry Green, Miami University

Clarence Head, University of Central Florida

Peter W. Knightes, Central Texas College

Christopher S. Larsen, State University of New York,
Buffalo

James F. Petersen, Southwest Texas State University

Clinton Rowe, University of Nebraska-Lincoln

Carol Shears, Ball State University

Carol I. Zinser, State University of New York,
Plattsburgh

We were delighted by the comments we received
from our student reviewers at the University of Central
Florida: Kevin Chibar, Bryan M. Ciervo, Gerrit A.
Lemmen, and Scott Vanderbeck.

We also thank the reviewers who read and evaluated
the manuscript for the first edition:

Ted Alsop, Utah State University

Kevin Anderson, Augustana College

Joseph M. Ashley, Montana State University

George Aspbury, Illinois State

David Castillon, Southwest Missouri State University
Randall Cerveny, Arizona State University

Richard Crooker, Kutztown University

Don Gary, Nicholls State University

Roland L. Grant, Eastern Montana College



Maurice Hackett, Southwest Missouri State University

Richard Hackett, Oklahoma State University

Vance Halliday, University of Wisconsin

Peter Herron, University of Calgary

Julie Laity, California State University, Northridge

Jeffrey Lee, Texas Tech

Richard Mackinnon, Allan Hancock College

Andrew Marcus, Montana State University

Bernard McGonigle, Community College of
Philadelphia

Marilyn Raphael, University of California at Los
Angeles

Vatche Tchakerian, Texas A&M University

John Watkins, University of Kentucky

Jan Westerik, Concord College

Kenneth White, Nicholls State University

Thomas Wikle, Oklahoma State

We thank David McCracken for his creative and
painstaking work on the CD-ROM storyboards, Jerry
Shue of The Pennsylvania State University for helping
us develop the concepts for the animations and movies,
Mary Lee and Sid Nolan of Academic Media Network
for their work on the CD-ROM videos, Ed Burke of

Acknowledgments ® xvii

[-Media for putting our CD-ROM ideas into action, and
Fred Schroyer for his comparative analysis.

It is with particular pleasure that we thank the staff at
Wiley for their long hours of careful work in the prepa-
ration and production of our Second Edition. They
include our editor, Nanette Kauffman; our develop-
mental editors Barbara Heaney and Pui Szeto; our new-
media editor, Fadia Stermasi; our photo editor, Kim
Khatchatourian; our designer, Harry Nolan; our illus-
tration editor, Edward Starr; our marketing manager,
Catherine Beckham; and our supplements editor
Barbara Bredenko. Special thanks go to our production
editor, Sandra Russell, for keeping us all on track during
the complicated job of turning words and sketches into
books and CD-ROMs.

Alan Strahler
Cambridge, Massachusetts

Arthur Strahler
Santa Barbara, California

October 1, 1997



About

ABOUT THE AUTHORS

Alan Strahler (b. 1943) received his B.A. degree in
1964 and his Ph.D degree in 1969 from The Johns
Hopkins University, Department of Geography and
Environmental Engineering. He has held academic
positions at the University of Virginia, the University of
California at Santa Barbara, and Hunter College of the
City University of New York, and is now Professor of
Geography at Boston University. With Arthur Strahler,
he is a coauthor of seven textbook titles with six revised
editions on physical geography and environmental sci-
ence. He has also published over 90 articles in the ref-
ered scientific literature, largely on the theory of
remote sensing of vegetation. He has also contributed
to the fields of plant geography, forest ecology, and
quantitative methods. His work has been supported by
over $4 million in grant and contract funds, primarily
from NASA. In 1993, he was awarded the Association of
American Geographers/Remote Sensing Specialty
Group Medal for Outstanding Contributions to Remote
Sensing.

Arthur Strahler (b. 1918) received his B.A. degree in
1938 from the College of Wooster, Ohio, and his Ph.D.
degree in geology from Columbia University in 1944.
He was appointed to the Columbia University faculty in
1941, serving as Professor of Geomorphology from 1958
to 1967 and as Chair of the Department of Geology

xviii

from 1959 to 1962. He was elected as a Fellow of both
the Geological Society of America and the Association
of American Geographers for his pioneering contribu-
tions to quantitative and dynamic geomorphology, con-
tained in over 30 major papers in leading scientific
journals. He is the author or coauthor with Alan
Strahler of 16 textbook titles with 12 revised editions in

physical geography, environmental science, the earth
sciences, and geology. His most recent new title,
Understanding Science: An Introduction to Concepts
and Issues, published by Prometheus Books in 1992, has
been widely reviewed as an introductory college text on
the philosophy of science.



&0 Eye on the Environment feature

D = 5
Prologue

INTRODUCING EARTH 2

CHAPTER I OUR PLACE IN THE SUN 10
@ Earth-Sun Cycles and Ice Ages

CHAPTER 2 THE EARTH’S GLOBAL ENERGY
BALANCE 28
@ The Ozone Layer—Shield to Life

CHAPTER 3 AIR TEMPERATURE 48
@ Carbon Dioxide—On the Increase

CHAPTER 4 ATMOSPHERIC MOISTURE AND
PRECIPITATION 74
@0 Air Pollution

CHAPTER 5 WINDS AND GLOBAL
CIRCULATION 104
@ El Nifio

CHAPTER 6 WEATHER SYSTEMS 132
@) Hurricane Andrew—XKiller Cyclone

CHAPTER 7 GLOBAL CLIMATES 152
¢ Drought and Land Degradation in the African Sahel

CHAPTER 8 GLOBAL ECOSYSTEMS 194
@ Exploitation of the Low-Latitude Rainforest Ecosystem

CHAPTER 9 GLOBAL SOILS 236
@ Death of a Civilization

CHAPTER 10 EARTH MATERIALS 264
@0 Battling Iceland’s Heimay Volcano

CHAPTER 11 THE LITHOSPHERE AND PLATE
TECTONICS 286
@0 Alfred Wegener and Continental Drift

CHAPTER 12 VOLCANIC AND TECTONIC
LANDFORMS 312
@ The Northridge Earthquake of 1994

CHAPTER 13 WEATHERING AND MASS
WASTING 336
¢ The Great Hegben Lake Disaster

CHAPTER 14 FRESH WATER OF THE CONTI-
NENTS 356
@ Sinking Cities

CHAPTER 15 LANDFORMS MADE BY RUNNING
WATER 380
0 Battling the Mighty Mississippi

CHAPTER 16 LANDFORMS AND ROCK
STRUCTURE 408
©9 Marvelous, Majestic, Monolithic Domes

CHAPTER 17 LANDFORMS MADE BY WAVES
AND WIND 426
@) The Threat of Rising Sea Level from Global Warming

CHAPTER 18 GLACIAL LANDFORMS AND THE
ICE AGE 454
0 Ice Sheets and Global Warming

Epilogue
NEWS FROM THE FUTURE 476

Appendix I More about Maps 482

Appendix II  Remote Sensing for Physical
Geography 488

Appendix III  The Canadian System of Soil
Classification 496



Contents

INTRODUCING EARTH 2

What is Physical Geography All About? 7

The Physical Geography of Our Planet 7
The Four Great Realms 7
The Life Layer 8

Scale 8

Physical Geography and the Human
Habitat 8

Chapter 1 OUR PLACE IN THE SUN 13

The Shape of the Earth 13 Global Time 19
Earth Rotation 14 Standard Time 20
Direction of Rotation 14 World Time Zones 20
Environmental Effects of Earth International Date Line 21
Rotation 14 Daylight Saving Time 21
The Geographic Grid 15 The Earth’s Revolution Around the Sun 22
Parallels and Meridians 15 Tilt of the Earth’s Axis 23
Latitude and Longitude 15 Solstice and Equinox 23
Map Projections 17 Equinox Conditions 23
Polar Projections 17 Solstice Conditions 25
Mercator Projection 17 " Eye on the Environment * Earth-Sun Cycles and
Goode Projection 18 Ice Ages 26

Chapter 2 THE EARTH’S GLOBAL ENERGY BALANCE 31

Electromagnetic Radiation 31 " Eye on the Environment ® The Ozone Layer—
Radiation and Temperature 31 Shield to Life 40
Solar Radiation 32 Sensible Heat and Latent Heat
Characteristics of Solar Energy 33 Transfer 39
Longwave Radiation from the Earth 34 The Global Energy System 39
The Global Radiation Balance 34 Insolation Losses in the Atmosphere 39
Insolation over the Globe 34 Albedo 42
The Path of the Sun in the Sky 35 Counterradiation and the Greenhouse
Insolation Through the Year 36 Lffect 42
Annual Insolation by Latitude 36 Global Energy Budgets of the Atmosphere and
World Latitude Zones 37 Surface 43
Composition of the Atmosphere 38 Net Radiation, Latitude, and the Energy
Ozone in the Upper Atmosphere 38 Balance 44



Chapter 3

AIR TEMPERATURE AND AIR TEMPERATURE CYCLES 51

Measurement of Air Temperature 51
The Daily Cycle of Air Temperature 53

Daily Insolation and Net Radiation 53

Daily Temperature 54

Temperatures Close to the Ground 54

Urban and Rural Temperature

Contrasts 55

The Urban Heat Island 55

Temperature Structure of the
Atmosphere 56

Troposphere 57

Stratosphere 57

High-Mountain Environments 57

Temperature Inversion and Frost 58
The Annual Cycle of Air Temperature 60

Chapter 4

Net Radiation and Temperature 60
Land and Water Contrasts 61
World Patterns of Air Temperature 63
Factors Controlling Air Temperature
Patterns 64
World Air Temperature Patterns for January
and July 64
The Annual Range of Air Temperatures 67
Global Warming and the Greenhouse
Effect 68
@ Eye on the Environment ® Carbon Dioxide—On
the Increase 69
The Temperature Record 70
Future Scenarios 70

ATMOSPHERIC MOISTURE AND PRECIPITATION 77

Water—The Global Perspective 77
The Hydrosphere and the Hydrologic Cycle 77
The Global Water Balance 79
Humidity 79
Specific Humidity 79
Relative Humidity 81
The Adiabatic Process 82
Dry Adiabatic Rate 82
Wet Adiabatic Rate 83

Chapter 5

WINDS AND GLOBAL CIRCULATION

Clouds 83
Cloud Forms 84
Fog &4

Precipitation 86

© Eye on the Environment * Air Pollution 88
Precipitation Processes 95
Orographic Precipitation 95
Convectional Precipitation 96
Thunderstorms 99

107

Atmospheric Pressure 107

Measuring Atmospheric Pressure 107

How Air Pressure Changes with Altitude 108
Winds and Pressure Gradients 109

Sea and Land Breezes 109

The Coriolis Effect and Winds 110

Cyclones and Anticyclones 111

Surface Winds on an Ideal Earth 112
Global Wind and Pressure Patterns 113

Subtropical High-Pressure Belts 116

The ITC and the Monsoon Circulation 116

Wind and Pressure Features of Higher

Latitudes 117

Local Winds 118
Winds Aloft 119
Global Circulation at Upper Levels 119
Rossby Waves 120
Jet Streams 121
Ocean Currents 122
Surface Currents 122
@ Eye on the Environment * El Nitio 124
Deep Currents and Thermohaline
Circulation 127
Poleward Transport of Heat and
Moisture 128



WEATHER SYSTEMS 135

Traveling Cyclones and Anticyclones 135
Air Masses 135
North American Air Masses 137
Cold, Warm, and Occluded Fronts 137
Wave Cyclones 139
Weather Changes Within a Wave

Cyclone 140

Cyclone Tracks and Cyclone Families 142
The Tornado 143

Tropical and Equatorial Weather

Systems 145

GLOBAL CLIMATES 155

Global Precipitation 155
Climate Classification 157
Special Supplement ® The Kippen Climate
System 159
Low-Latitude Climates 163
The Wet Equatorial Climate ® 164
The Monsoon and Trade-Wind Coastal
Climate @ 167
The Wet-Dry Tropical Climate ® 169
The Dry Tropical Climate ® 171
Eye on the Environment * Drought and Land
Degradation in the African Sahel 172

GLOBAL ECOSYSTEMS 197

Energy Flow in Ecosystems 197
The Food Web 197
Biomass, Net Primary Production, and

Climate 199

Organisms and Environment 200
Habitat 200
Organisms and Water Need 201
Organisms and Temperature 203
Other Climatic Factors 204
Ecological Succession 205

Natural Vegetation 206

Easterly Waves and Weak Equatorial
Lows 145
Tropical Cyclones 145
Impacts of Tropical Cyclones 147
Eye on the Environment * Hurricane Andrew—
Killer Cyclone 148

Cloud Cover, Precipitation, and Global
Warming 150

Midlatitude Climates 176
The Dry Subtropical Climate ® 177
The Moust Subtropical Climate ® 179
The Mediterranean Climate @ 180
The Marine West-Coast Climate 183
The Dry Midlatitude Climate @ 184
The Moist Continental Climate 185
High-Latitude Climates 187
The Boreal Forest Climate ® 187
The Tundra Climate ® 189
The Ice Sheet Climate ® 191

Structure and Life-Form of Plants 206

Terrestrial Ecosystems—The Biomes 208
Forest Biome 209

" Eye on the Environment * Exploitation of the

Low-Latitude Rainforest Ecosystem 214
Savanna Biome 223
Grassland Biome 224
Desert Biome 227
Tundra Biome 229
Altitude Zones of Vegetation 230
Climatic Gradients and Vegetation Types 231



GLOBAL SOILS 239

The Nature of the Soil 239 Soil Horizons 244

Soil Color and Texture 240 Soil-Forming Processes 245
Soil Colloids 241 Soil Temperature 246
Soil Acidity and Alkalinity 241 The Global Scope of Soils 247
Soil Structure 242 Soil Orders 249
Minerals of the Soil 242 Eye on the Environment ¢ Death of a
Sozl Moisture 243 Civilization 258

Soil Development 244 Desert and Tundra Soils 259

EARTH MATERIALS 267

The Crust and Its Composition 267 Clastic Sedimentary Rocks 276
Rocks and Minerals 267 Chemically Precipitated Sedimentary
Igneous Rocks 268 Rocks 278
Common Igneous Rocks 270 Hydrocarbon Compounds in Sedimentary
Intrusive and Extrusive Igneous Rocks 271 Rocks 280
Chemical Alteration of Igneous Rocks 273 Metamorphic Rocks 280
Sediments and Sedimentary Rocks 273 The Geologic Time Scale 282
Eye on the Environment * Battling Iceland’s The Cycle of Rock Change 282

Heimaey Volcano 274

THE LITHOSPHERE AND PLATE TECTONICS 289

The Structure of the Earth 289 The Global System of Lithospheric Plates 300

The Earth’s Interior 289 Subduction Tectonics 303
The Lithosphere and Asthenosphere 290 Orogens and Collisions 304

Major Relief Features of the Earth’s Continental Rupture and New Ocean

Surface 291 Basins 305

Relief Features of the Continents 291 The Power Source for Plate Movements 306
Relief Features of the Ocean Basins 294 Continents of the Past 306

Plate Tectonics 298 Eye on the Environment * Alfred Wegener and
Tectonic Processes 298 Continental Drift 308

Plate Motions and Interactions 299

VOLCANIC AND TECTONIC LANDFORMS 315

Landforms 315 The Rift Valley System of East Africa 327

Volcanic Activity 316 Earthquakes 328
Stratovolcanoes 316 Earthquakes and Plate Tectonics 328
Shield Volcanoes 319 Seismic Sea Waves 330
Volcanic Activity over the Globe 322 Earthquakes Along the San Andreas
Landforms of Tectonic Activity 323 Fault 330
Fold Belts 323 0 Eye on the Environment ® The Northridge
Faults and Fault Landforms 324 Earthquake of 1994 332



C:hapﬁe.r 13 WEATHERING AND MASS WASTING 339

Slopes and Regolith 339 Mass Wasting 347

Physical Weathering 340 Soil Creep 348
Frost Action 340 Earthflow 348
Salt-Crystal Growth 343 Mudflow 349
Unloading 344 Landslide 350
Other Physical Weathering Processes 344 Induced Mass Wasting 351

Chemical Weathering and Its Induced Earthflows 351

Landforms 345 & Eye on the Environment * The Great Hebgen

Hydrolysis and Oxidation 345 Lake Disaster 352
Acid Action 345 Scarification of the Land 353

FRESH WATER OF THE CONTINENTS 359

Ground Water 360 Surface Water 368
The Water Table 361 Overland Flow and Stream Flow 368
Aquifers 362 Stream Discharge 369

Limestone Solution by Ground Water 362 Drainage Systems 371
Limestone Caverns 362 River Floods 371
Karst Landscapes 364 Flood Prediction 372

Problems of Ground Water Lakes 373

Management 365 Saline Lakes and Salt Flats 375

Water Table Depletion 365 Desert Irrigation 376

@ Eye on the Environment ¢ Sinking Cities 366 Pollution of Surface Water 376
Contamination of Ground Water 366 Surface Water as a Natural Resource 377

Chapfer 15 LANDFORMS MADE BY RUNNING WATER 383

" Fluvial Processes and Landforms 383 Landscape Evolution of a Graded

Erosional and Depositional Landforms 383 Stream 389

Slope Erosion 384 & Eye on the Environment * Battling the Mighty
Accelerated Erosion 384 Mississippi 390
Sheet Erosion and Rilling 385 Great Walerfalls 393
Colluvium and Alluvium 385 Evolution of a Fluvial Landscape 394
Slope Erosion in Semiarid and Arid Aggradation and Alluvial Terraces 396

Environments 385 Alluvial Rivers and Their Floodplains 397

The Work of Streams 386 Entrenched Meanders 398
Stream Erosion 386 Fluvial Processes in an Arid Climate 398
Stream Transportation 387 Alluvial Fans 400
Capacity of a Stream to Transport Load 387 ~ The Landscape of Mountainous

Stream Gradation 388 Deserts 402



Chapter 16

LANDFORMS AND ROCK STRUCTURE

409

Rock Structure as a Landform Control 409
Strike and Dip 409

Landforms of Horizontal Strata and

Coastal Plains 410

Arid Regions 410
Drainage Patterns 411
Coastal Plains 412

Landforms of Warped Rock Layers 413
Sedimentary Domes 413

Chapter 17

LANDFORMS MADE BY WAVES AND WIND

Fold Belts 415
Landforms Developed on Other Landmass
Types 416
Erosion Forms on Fault Structures 416
Metamorphic Belts 417
Exposed Batholiths and Monadnocks 418
Deeply Eroded Volcanoes 418

Eye on the Environment * Marvelous, Majestic,
Monolithic Domes 420

429

The Work of Waves 429
Marine Cliffs 430
Beaches 430
Littoral Drift 432
Littoral Drift and Shore Protection 434
Tidal Currents 435
Tidal Current Deposits 435
Types of Coastlines 436
Coastlines of Submergence 436
Barrier-Island Coasts 436
Delta and Volcano Coasts 438
Coral-Reef Coasts 439

Chapter 18

GLACIAL LANDFORMS AND THE ICE AGE

Raised Shorelines and Marine Terraces 441
© Eye on the Environment * The Threat of Rising
Sea Level from Global Warming 442
Wind Action 442
Erosion by Wind 443
Dust Storms 444
Sand Dunes 445
Types of Sand Dunes 445
Coastal Foredunes 449
Loess 450
Induced Deflation 452

457

Glaciers 457

Alpine Glaciers 458
Landforms Made by Alpine Glaciers 459
Glacial Troughs and Fiords 461

Ice Sheets of the Present 463

Sea Ice and Icebergs 464

The Ice Age 465
Glaciation During the Ice Age 466

Landforms Made by Ice Sheets 467
Erosion by Ice Sheets 467

NEWS FROM THE FUTURE 476

Deposits Left by Ice Sheets 467
Environmental Aspects of Glacial
Deposits 470
Investigating the Ice Age 470
Possible Causes of the Late Cenozoic
Ice Age 471 ,
Possible Causes of Glaciation Cycles 471
‘0 Eye on the Environment * Ice Sheets and Global
Warming 472
Holocene Environments 472

Perspective on the News 476



I. More About Maps 482
II. Remote Sensing and Geographic
Information Systems 488
III. The Canadian System of Soil
Classification 496

GLOSSARY 502

PHOTO CREDITS 525

INDEX 527

CONVERSION FACTORS 537

RELIEF SURFACE OF THE EARTH 538
TOPOGRAPHIC MAP SYMBOLS 540

SCIENCE NEWS 544

XIENCENI

Numbe: litle Iext Key*

1 CFC Smuggling Threatens Ozone Recovery 544 Chapter 2, p. 39

2 Drop in Ozone Killers Means Global Gain 544 Chapter 2, p. 39

3 Stage Set for Curbing Global Warming Gases 545 Chapter 3, p. 68

4 Warmth in North Pushes Spring Forward 545 Chapter 3, p. 69

5 Tallying Nitrogen’s Increasing Impact 546 Chapter 4 EOE, p. 88

6 Pacific Warmth Augers Weird Weather 546 Chapter 5, p. 127

7 Radar Catches a Tornado in the Act 547 Chapter 6, p. 145

8 Ten Thousand Cloud Makers 548 Chapter 6, p. 150

9 Climate Modelers: Go Talk to the Trees 550 Chapter 6, p. 150
10 Protecting Predators 550 Chapter 8, p. 220
11 Prairie Tales 552 Chapter 8, p. 224
12 Putting a New Spin on Earth’s Core 554 Chapter 11, p. 290
13 Spying on a Deep-Sea Eruption 555 Chapter 11, p. 300
14 Recycled Crust Hails a Glittering Taxi 555 Chapter 11, p. 300
15 Tibet Reveals its Squishy Underbelly 556 Chapter 11, p. 304
16 Hawaii’s Next Island suffers Setback 556 Chapter 12, p. 319
17 Earthquakes: The Deadly Side Geometry 557 Chapter 12, p. 326
18 The Great American Quakes 558 Chapter 12, p. 330
19 Southern California: Dearth of Quakes? 560 Chapter 12, p. 334
20 Healing Waters 561 Chapter 14, p. 373
21 Reining in Estimates of Sea Level Rise 562 Chapter 17, p. 442
22 The Case of the Global Jitters 563 Chapter 18, p. 474
23 Antarctic Warmth Kills Ice Shelves 565 Chapter 18, p. 474
24 The Human Numbers Crunch 565 Epilogue, p. 481

*“EOE” indicates Eye on the Environment feature



