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To all the students and teachers of Earth,
our home planet, and a sustainable future.

And to the late Galen and Barbara Cushman Rowell
for their vision of the world in photographs and words.

The land still provides our genesis, however we
might like to forget that our food comes from dank,
muddy earth, that the oxygen in our lungs was
recently inside a leaf, and that every newspaper or
book we may pick up is made from the hearts of
trees that died for the sake of our imagined lives.
What you hold in your hands right now,

beneath these words,

is consecrated air and time and sunlight. ...

—Barbara Kingsolver



Preface

Welcome to physical geography and the fourth edition of
Elemental Geosystems. This book builds on the previous
three editions and on the five editions of its companion
text Geosystems, An Introduction to Physical Geography. Stu-
dents and teachers alike continue to express appreciation
for the systems organization, readability, scientific accura-
cy, up-to-date coverage and relevancy, clarity of the sum-
mary and review sections, the functional beauty of the
photographs, art, cartography, and the many integrated
figures in the text that combine media.

The world community is responding to global con-
cerns over the condition of Earth’s physical, biological,
and chemical systems. The globalization of the world
economies seems paralleled by a global scientific inquiry
into the state of the environment.

Armed with the spatial analysis tools of geographic
science, physical geographers are well equipped to partic-
ipate in a planetary understanding of environmental con-
ditions. U.N. Secretary General Kofi Annan, recipient of
the 2001 Nobel Peace Prize, spoke to the Association of
American Geographers annual meeting, stating,

As you know only too well the signs of severe envi-
ronmental distress are all around us. ... The idea of
interdependence is old hat to geographers, but for
most people it is a new garment they are only now
trying on for size.... I look forward to working
with you in that all-important journey.

Elemental Geosystems
Communicates the Science of
Physical Geography

The goal of physical geography is to explain the spatial di-
mension of Earth’s dynamic systems—its energy, air,
water, weather, climate, tectonics, landforms, rocks, soils,
plants, ecosystems, and biomes. Understanding human-
Earth relations is part of the challenge of physical geogra-
phy—to create a holistic (or complete) view of the planet
and its inhabitants.

Elemental Geosystems analyzes the worldwide impact
of environmental events, bringing together many physical
factors to create a complete picture of Earth system oper-
ations. A good example is the 1991 eruption of Mount
Pinatubo in the Philippines. The global implications of
this major event (one of the largest eruptions in the 20th
century) are woven through several chapters of the book
(see Figure 1.5 for a summary). Global climate change
and its related potential effects are part of the fabric in six
chapters. These content threads, among many, weave to-

gether diverse topics crucial to an understanding of phys-
ical geography.

This edition of Elemental Geosystems features more
than 450 photographs from across the globe and 90 re-
mote-sensing images from a wide variety of orbital plat-
forms. To assist with spatial analysis and location, more
than 100 maps are utilized, and more than 250 illustra-
tions explain concepts. New compound arts help you see
the concepts you are studying. Here are two examples:
Focus Study 13.1, art and 7 photos look at coastal plan-
ning; Figure 16.19, satellite image, map, and 10 photos ex-
amine succession in the area blasted by Mount St. Helens.

Systems Organization Makes
Elemental Geosystems Flow

Each section of this book is organized around the flow of
energy, materials, and information. Elemental Geosystems
presents subjects in the same sequence in which they
occur in nature. In this way you and your teacher logical-
ly progress through topics that unfold according to the
flow of individual systems, or in accord with time and the
flow of events. See Figure 1.6 for an illustration of this
systems organization.

For flexibility, Elemental Geosystems is divided into
four parts, each containing chapters that link content in
logical groupings. The diagram below, from Figure 1.7 il-
lustrates our part structure. A quick check of the Table of
Contents and this illustration shows you the order of
chapters within these four parts.

The text culminates with Chapter 17, “Earth and the
Human Denominator,” a unique capstone chapter that
summarizes physical geography as an important discipline
to help us understand Earth’s present status and possible
future. Think of the world’s population and the totality of
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Xvi Preface

our impact as the human denominator. Just as the denomi-
nator in a fraction tells how many parts a whole is divided
into, so the growing human population and the increasing
demand for resources and rising planetary impact suggest
how much the whole Earth system must adjust. This
chapter is sure to stimulate further thought and discus-
sion, dealing as it does with the most profound issue of
our time, Earth’s stewardship.

Elemental Geosystems Is a Text
That Teaches

Elemental Geosystems is written to help you in the learning
process. Boldface words are defined where they first ap-
pear in the text. These terms are collected in the Glossary
alphabetically, with a chapter-number reference. Italics are
used in the text to emphasize other words and phrases of
importance. Also, in the introduction to each chapter, a
new feature called “In this chapter” gives you an overview.

An important continuing feature is a list of Key
Learning Concepts that opens each chapter, stating what
you should be able to do upon completing the chapter.
These objectives are keyed to the main headings in the
chapter. At the end of each chapter is a unique Summary
and Review section that corresponds to the Key Learning
Concepts. Grouped under each learning concept are a
narrative review that defines the boldfaced terms, a key
term list with page numbers, and specific review questions
for that concept. You can conveniently review each con-
cept, test your understanding with review questions,
check key terms in the glossary, and then return to the
chapter and the next learning concept.

A Critical Thinking section ends each chapter, chal-
lenging you to take the next step with information from
the chapter. Key learning concepts help you determine what
you want to learn, the text helps you develop information
and more questions, summary and review helps you assess
what you have learned and what more you might want to
know about the subject, and citical thinking provokes ac-
tion and application.

“Career Link” essays feature geographers and other
scientists in a variety of professional fields practicing their
spatial analysis craft. You will read about an astronaut with
over 1200 hours in orbit, a weather forecaster at the Fore-
cast Systems Lab, a park ranger who works at the active
lava flows in Hawai‘i, an environmental scientist, a hy-
drologist with the National Weather Service, a snow ava-
lanche specialist, and an expert on global scale
ecosystems, among others.

Continued coverage of Canadian physical geography
includes text, figures, and maps of periglacial landscapes
and Canadian soils (see Appendix B and color soils map).
Canadian data on a variety of subjects are portrayed on
dozens of different maps in combination with the data for
the United States—physical geography does not stop at
the United States-Canadian border!

“Focus Study” essays, completely revised and
several new to this edition, provide additional
explanation of diverse key topics: the stratos-
pheric ozone predicament, solar energy collec-
tion and wind power, forecasting near-record hurricane
seasons, the El Nifio phenomenon, the status of the High
Plains Aquifer, the record low flows of the Colorado River,
floodplain strategies, an environmental approach to shore-
line planning, the Mount St. Helens eruption, the present
status of the Colorado River, and the loss of biodiversity.

“News Reports” relate topics of special inter-
est. These are some examples: GPS, careers in
GIS, a 34-kilometer sky dive to study the at-
mosphere, jet streams and airline flight times,
how one culture harvests fog, the UV Index, coordination
of global climate change research with many URLs pre-
sented, the new height measurements of Mount Everest,
artificial scouring of the Grand Canyon in an attempt to
restore beaches and habitats, the record glacial meltdown
in Alaska, and the Gaia hypothesis.

We now live on a planet served by the Internet and its
World Wide Web. The fact that we have Internet access
into almost all the compartments aboard Spaceship Earth
is clearly evident in Elemental Geosystems. You will find
more than 180 URLs (Internet addresses) in the body of
the text (printed in blue color and boldface). Given the
fluid nature of the Internet, URLs were rechecked at
press time for accuracy. If some URLs changed since pub-
lication, you can most likely find the new location using
elements of the old address. Our Internet link begins with
a new Table 1.1 presenting the URLs for major geogra-
phy organizations.

",‘
&

The Geosystems Learning/
Teaching Package

The fourth edition provides a complete physical geogra-
phy program for you and your teacher.

For You the Student:

* Elemental Geosystems Student Animations CD,
a CD-ROM by Robert Christopherson is packaged
with each copy of the text. This exciting CD contains
30 new animations illustrating key concepts in the
text, along with support material from the text for
every animation. The CD also contains numerous
satellite loops of various phenomena. Instantly grad-
ed self-tests follow the animations, with pop-up de-
tails to reinforce correct answers and your learning.
See the text's Walkthrough preview for more details.

* Student Study Guide, Fourth Edition (0-13-
101554-0), by Robert Christopherson and Charlie
Thomsen. The study guide includes additional



learning objectives, a complete chapter outline, crit-
ical thinking exercises, problems and short essay
work using actual figures from the text, and a self-
test with answer key in the back.

* Geosystems WWW Site: This site gives you the op-
portunity to further explore topics presented in the
book using the Internet. The site contains numer-
ous review exercises (from which you get immediate
feedback), exercises to expand your understanding
of physical geography, and resources for further ex-
ploration. This Web site provides an excellent op-
portunity from which to start using the Internet for
the study of geography. Please visit the site at
www.prenhall.com/christopherson.

* Science on the Internet: A Student’s Guide (0-13-
028253-7) by Andrew T. Stull and Harry Nickla is a
guide to the Internet and World Wide Web specific
to geography.

* Prentice Hall-New York Times Themes of the
Times supplements, especially Physical Geography
(0-13-142636-2), and also Environmental Science
(0-13-142638-9), reprint significant recent articles
on related topics. These are available at no charge
from your local Prentice Hall representative; ask
your teacher about a copy.

For You the Teacher:

Elemental Geosystems is designed to give you flexibility in
presenting your course. The text is true to each scientific
discipline from which it draws subject matter. This diver-
sity is a strength of physical geography, yet makes it diffi-
cult to cover the entire book in a school term. You should
feel free to customize use of the text based on your spe-
cialty or emphasis. The four-part structure of chapters,
systems organization within each chapter, and focus study
and news report features will all assist you in sampling
some chapters while covering others to greater depth.
The following materials are available to assist you—have a
great class!

o Instructor’s Resource Manual, Fourth Edition
(0-13-101566-4), by Robert Christopherson and
Charlie Thomsen: The Instructor’s Resource Man-
ual, intended as a resource for both new and experi-
enced teachers, includes lecture outlines and key
terms, additional source materials, teaching tips,
complete annotation of chapter review questions,
and a list of overhead transparencies. This is also
available on the IRCD.

o Justructor’s Resource CD-ROM, Fourth Edition
(0-13-101558-3): This edition contains all of the fig-
ures and some of the photographs from the text. Im-
ages are high-resolution, low compression in high
quality digital form. The software makes customizing
your multimedia presentations easy. You can organize
figures in any order you want, add labels, lines, and
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your own artwork to them using an overlay tool, inte-
grate materials from other sources, and edit and anno-
tate lecture notes. New to this edition are the
Geoscience Animations and customizable PowerPoint
lecture presentations, ready for classroom.

o Test Item File (0-13-101559-1): The Test Item File
contains many test questions drawn from the book,
available in printed format. This is also available on
the IRCD.

* Test Manager Geosystems Test Bank (0-13-101557-5),
by Robert Christopherson and Charlie Thomsen:
This collaboration has produced the most extensive
and fully revised test item file available in physical
geography. This test bank employs TestGen-EQ
software. TestGen-EQ is a computerized test gen-
erator that lets you view and edit test bank questions,
transfer questions to tests, and print customized for-
mats. Included is the QuizMaster-EQ program that
lets you administer tests on a computer network,
record student scores, and print diagnostic reports.
Mac and IBM/DOS computer formats are served.

* Overbead Transparencies (0-13-101556-7) in-
cludes more than 300 illustrations from the text on
300 transparencies, all enlarged for excellent class-
room visibility.

» Applied Physical Geography—Geosystems in the
Laboratory, Fifth Edition (0-13-034823-6), by
Robert Christopherson and Gail Hobbs of Pierce
College; Reviewer comments and the feedback from
users were very positive for the third edition. The
new fifth edition is the result of a careful revision.
Twenty lab exercises, divided into logical sections,
allow flexibility in presentation. Each exercise
comes with a list of learning concepts. Our manual
is the only one that comes with its own complete
glossary and stereolenses for viewing photo stere-
opairs and stereomaps in the manual. A complete
Solutions and Answers Manual is available to
teachers (0-13-034815-5).
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HALLMARK FEATURES

Elemental Geosystems, 4e features a strong emphasis on the science of
physical geography, coupled with a focus on the student’s learning process.
To facilitate this approach, the book focuses on four main areas: organization,

currency, writing, and art.

Elemental Geosystems: Our “Sphere of Contents’

| UNIQUE ORGANIZATION AND FLOW OF TOPICS

Elemental Geosystems four-part organization and chapter sequence
treats subjects as process systems, essentially nonmathematical, with
3% text material organized in the same direction as the flow of energy
55 | and matter in the environment. This edition, as in its previous

%% | editions, has served to update the field and bring physical
geography into play as an important Earth systems science.

‘ Soia} energy

%

Heal
energy

PART 3: Chapters 8-14
The Dynamic Planet
Earthquakes and Volcanoes
Weathering, Karst Landscapes, and Mass Movement
River Systems and Landforms
Wind Processes and Desert Landscapes
The Oceans, Coastal Processes, and Landforms
Glacial and Periglacial Landscapes

coLuMBIA

WRITING AND PEDAGOGY

The book features a strong writing and pedagogical program.
The writing program is characterized by numerous interesting
examples for students, by a strong focus on physical geography’s
applicability to understanding current events, and vignettes that
highlight some interesting careers in physical geography. The A
pedagogical program includes extensive study materials at the CURRENCY
beginning and end of every chapter, a study guide written by
Robert W. Christopherson, and a free online study guide
available to all students.

Rate of thickness change (m/year)

This text is the most up-to-date physical geography

text available. Currency has always been a hallmark of
Elemental Geosystems and this edition is no exception. A
few examples of the author’s use of currency include: a new
study about the negative net mass balance in Alaskan
glaciers, the latest weather technology (including ASOS
and AWIPS), cirrus cloud studies following the airline
3-day shutdown after 9/11/01 events, and agenda of the
2002 Earth Summit as it relates to physical geography.

<€ ART AND CARTOGRAPHY

Elemental Geosystems highlights the field of physical geogra-
phy through the extensive use of maps, photographs, satellite
images, and line drawings. The book’s signature technique is
to combine maps with other forms of visual media to give a
clearer and more complete picture of the concept illustrated.

(0 Hurricane Georges




NEW TO THIS EDITION

. THOROUGHLY REVISED
| AND UPDATED THROUGHOUT

Currency has always been a hallmark of Elemental Geosystems,
and this edition has been thoroughly updated. Much of the updat-
ed material draws from events and studies from as recent as 2002.
A few examples include a new study about the negative net mass
balance in Alaskan glaciers, the latest weather technology (includ-
ing ASOS and AWIPS), cirrus cloud studies following the airline
3-day shutdown after 9/11/01 events, and especially low Colorado
Satellite image of River flows, 2000 - 2002 as it relates to physical geography.

jet contrails triggering
cloud development

NEW STUDENT ANIMATION CD-ROM

The new student CD-ROM is packaged automatically with each copy

of the text and features 30 animations of key concepts in physical geogra-
phy. These animations are interactive and will greatly augment classroom
presentation and student studies. The author has taken the Prentice Hall
Geoscience animations and added pedagogy to help students understand
and learn more efficiently about physical processes. This CD-ROM is a
unique product to the market, and referenced throughout the text by CD,

Satellite Loop, and Notebook icons.

REVISED COVERAGE
OF GLOBAL CLIMATE SYSTEMS

Chapter 6 Global Climate

The causes of climate are labeled on each
climograph and the maps are altered to
reflect cause. In this way students can see the
causative factors that produce the conditions
on which the station’s classification is based.
The previous use of the Koéppen classification
systems is diminished, yet retained in an
Appendix for those still using the systems
explicit classification criteria.

ons of Geography

Association of American Ge-
2001, offered this assessment:

1, the signs of severe envi-
around us. Unsustainable
ly into the fabric of mod-
n threatens food security.
htens biodiversity. Water
c health, and fierce com-
hay well become a source
the future....the over-
entific experts have con-

In this chapter: Our study of Elemental Geosystens—
Earth systems—begins in this chapter with a look at the
science of physical geography and the geographic tools we
use. Physical geography is key to studying entire Earth
systems because of its integrative approach.

Physical geographers utilize systems to study the en-
vironment. Therefore, we discuss systems and the feed-
back mechanisms that influence system operations. We
then consider location, a key theme of geographic in-
quiry—the latitude, longitude, and time coordinates that
inscribe Earth’s surface, and the global positioning sys-
tems (GPS) technologies to measure them. The study of

“IN THIS CHAPTER"

After a brief introduction in each chapter, there is a
new heading called “In This Chapter.” This feature
provides solid pedagogic support and provides the
students a way to help summarize chapters when
reviewing for exams.




SUPERIOR GRAPHICS PROGRAM

Elemental Geosystems employs a sophisticated, yet extremely accessible,
system of maps, photographs, line drawings, and satellite images. The fourth
edition features a refinement of this basic philosophy as well as a dramatic
expansion of the remotely-sensed images employed.
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THE MOUNT ST. HELENS
ERUPTION SEQUENCE
AND CORRESPONDING
SCHEMATICS
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STUDENT ANIMATION CD-ROM

In keeping with the text’s emphasis on graphics, the book now features
animations of key concepts. The topics and concepts animated were chosen
by a panel of physical geographers as the most difficult concepts and processes
for students to visualize. These animations have been specifically crafted to

help students learn these concepts and processes more quickly and effectively.

GLACIAL PROCESSES
AND BUDGET

Equilibrium line
) Ablation zone (all parts of the glacier below equilibrium line}

W

E Inset-Movie A; showing
the process of plucking

Inset-MovieB; showing the
. of the

L]

A glacier achi @ positive net bal of mass~-grows larger ~during cold
periods with adequate precipitation. The zone where accumulation gain balances
ablation loss is the equilibrium line. In warmer or drier times. the equilibrium line

; MMM Pl » Midlatitude cyclones

| MIDLATITUDE CYCLONES

ATLANTIC
OCEAN

During this 3-doy sequence we see the open stoge ond occluded stage of o
midlotitude cyclone. Note the interacting air masses brought into conflict in the
system—the continental polor ond maritime tropical air mosses—and their leading




Each animation allows the student to control the action. The user can replay
the animation, control the pace of the animation, and stop and start the ani-
mation anywhere in its sequence. In order to facilitate effective independent

study, Robert W. Christopherson has written accompanying narrations to

each animation.

EIEL - 5o =peoing svbivcion _____2.72] Elemental Geosystems
{ SEAFLOOR
SPREADING
AND PLATE
BOUNDARIES

When mantle convection brings magma up to the crust. the crust fractures. ond
the magma extrudes onto the seafloor and cools to form new seafloor. This
process builds the mid-ocean ridges and spreads the seafloor loterally.

[i{ilii@l » Teton Glacier notebook

Notebook stops TETON GLACIER
fo NOTEBOOK

1 » 2: Terminal moraine
» 3: Laterol moraine
] > i: firéte

IR i e

“knife-edge™ in French. become the sawtooth. serrated ridges in

mountains. Moraine is the name for specific landforms produced by the deposition s
of glacial sediments. fi lateral moraine forms along each side of a glacier. If two
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LECTURE PRESENTATION TOOLS

The Instructor’s Resource CD-ROM (0-13-101558-3) provides high-quality
electronic versions of photos and illustrations from the book, as well as additional
photographs and customizable PowerPoint lecture presentations.

New to this edition are the animations
presented in the Student CD-ROM as
PowerPoint slides, and as original Flash files,
for use in your lecture presentations.

km

S wunGAGe NG

8] file:/fiC: ontent, IES/TLOWSIRR /293, 12,Earth’s Four Spheres b st
e oo\ Q)
features customizable, prepared PowerPoint A
presentations for lectures. These presentations Earth’s Four Sp heres
follow the outline recommended in the - AL i e L
Instructor’s Manual, and have the appropriate 0-‘

graphics already inserted.

©® Atmosphere
@®Hydrosphere
©®Lithosphere ,
wrem e == | @ Biosphere e

SEARCH 'STUDENT WEBSITE START-UP GUIDE
D.piive let hed

g Win onh) Compatability

16491 20 App
SIZE Qabeled) __OUICKSEARCH:  Fno

PART 3: Chaptors 1117

To guarantee classroom projection quality, all
images are 800 x 600 pixel, 16-bit JPEG files,
and are designed for easy import into lecture
presentation software.
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INSTRUCTOR’S MANUAL (0-13-101566-4)

Intended as a resource for both new and experienced instructors,
the Instructor’s Manual includes a variety of lecture outlines,
additional source materials, teaching tips, advice about how to
integrate visual supplements (including Web-based resources),
and various other ideas for the classroom.

TEST GEN EQ (0-13-101557-5)

Computerized test generator that lets you view and edit test bank
questions, transfer questions to tests, and print the test in a vari-
ety of customized formats. Included in each package is the

INSTRUCTOR'S TEACHING PACKAGE

QuizMaster EQ program that lets you administer tests on a com-
puter network, record student scores, and print diagnostic
reports.

TEST ITEM FILE (0-13-101559-1)

The test item file is a printed bank of test item questions, a valu-
able complement to an instructor’s own test/quiz files.

TRANSPARENCIES (0-13-101556-7)

Dramatically expanded transparency set includes over 300 pieces
of art from the text, all enlarged for excellent classroom visibility.

» STUDENT LEARNING PACKAGE

NEW STUDENT CD-ROM

The new Student CD-ROM is packaged automatically with each
copy of the text. Robert has taken the Prentice Hall Geoscience
animations and added pedagogy to help students understand and
learn more efficiently about physical processes.

STUDENT STUDY GUIDE (0-13-101554-0)

The study guide includes additional learning objectives, a com-
plete chapter outline, critical thinking exercises, problems and
short essay work using actual figures from the text, and a self-test
with answer key in the back.

APPLIED PHYSICAL GEOGRAPHY — GEOSYSTEMS IN
THE LABORATORY, 5E (0-13-034823-6)
The new edition is a result of careful revision and contains 20 lab

exercises, divided into logical sections, allowing for flexibility in
their presentation. Each exercise comes with a list of learning

OPTIONAL RESOURCES

RAND MCNALLY ATLAS OF WORLD GEOGRAPHY

The Rand McNally Atlas of World Geography includes more than
65 physical and political maps of the world, continents, regions,
countries and vicinities. Free when packaged with the text.

To order this package use ISBN: 0-13-183751-6

THE GEOGRAPHY COLORING BOOK, 3/E
BY WYNN KAPIT

The Geography Coloring Book is a unique educational tool that
introduces students to the countries of the world and the states
of the United States. Each section begins with a plate containing
a political map, a physical map, and/or a regional map. Through
active participation and coloring the maps, students gain a broad-

concepts. This is the only manual that comes with its own com-
plete glossary and stereo lenses and stereo maps for viewing photo
stereo pairs presented in the manual. A complete Solutions
Manual is available for the instructor (0-13-034815-5).

FREE ONLINE STUDY GUIDE
www.prenhall.com/christopherson

This innovative online resource center is keyed by chapter to the
text. It provides Key Terms, Chapter Exercises, Additional
Internet Resources, and Additional Readings to support and
enhance students’ study of physical geography. The CW also
offers instructors access to Syllabus Manager, Prentice Hall’s
online syllabus creation and management tool.

er understanding of material and retain more information. Free
when packaged with the text.

To order this package use ISBN: 0-13-183752-4

BUILDING GEOGRAPHIC LITERACY:

AN INTERACTIVE APPROACH, 4/E

BY CHARLES A. STANSFIELD

Innovative in its approach, this interactive workbook enables
students to learn place geography and, as they learn it, to rein-
force and apply their knowledge by constructing thematic maps
that convey physical, economic, cultural, or political character-
istics of places. Free when packaged with the text.

To order this package use ISBN: 0-13-183749-4
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