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Western Hemisphere

Multiple images from satellites Terra, Aqua, Radarsat, and
Defense Meteorological Satellite, and from Space Shuttle
Endeavor’s radar data of topography, all merge in a dramatic
composite to show the Western Hemisphere and Eastern
Hemisphere of Earth. What indications do you see on these
images that tell you the time of year? These are part of
NASA’s Blue Marble Next Generation image collection.

[NASA images by Reto Stockli, based on data from NASA and NOAA.]



Eastern Hemisphere







Super Typhoon Haiyan made landfall in the central Philippines on the morning of November 7, 2013, with sustained
winds over 306 kmph (190 mph), the strongest ever recorded for a tropical cyclone at landfall using satellite measure-
ments. In Geosystems, we discuss tropical cyclones and other severe weather events on Earth, including the effects
of Superstorm Sandy on the U.S. East Coast in 2012 (see Focus Study 8.1 in Chapter 8). [NOAA]
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dedication

To the students and teachers of Earth, and
to all the children and grandchildren, for it
is their future and home planet.

The land still provides our genesis, how-
ever 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 imag-
ined lives. What you hold in your hands
right now, beneath these words, is conse-
crated air and time and sunlight.

—Barbara Kingsolver
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preface

Welcome to the Ninth Edition of Geosystems. This edition
marks the addition of Dr. Ginger Birkeland as a coauthor
to Robert Christopherson. This Ninth Edition features sig-
nificant revision, with a new chapter on climate change,
new features, updated content, and many new photos
and illustrations. We continue to build on the success of
the first eight editions, as well as the companion texts,
Elemental Geosystems, now in its Seventh Edition, and
Geosystems, Canadian Edition, Third Edition. Students
and teachers appreciate the systems organization, scien-
tific accuracy, integration of figures and text, clarity of
the summary and review sections, and overall relevancy
to what is happening to Earth systems in real time. Geo-
systems continues to tell Earth’s story in student-friendly
language.

The goal of physical geography is to explain the spa-
tial dimension 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 physical geography as it seeks to
understand and link the planet and its inhabitants. Wel-
come to physical geography!

New to the Ninth Edition

Nearly every page of Geosystems, Ninth Edition, presents
updated material, new content in text and figures, and
new features. A sampling of new features includes:

¢ A new chapter on climate change. Although climate
change science affects all systems and is discussed to
some extent in every chapter of Geosystems, we now
present a stand-alone chapter covering this topic—
Chapter 11, Climate Change. This chapter covers
paleoclimatology and mechanisms for past climatic
change (expanding on topics covered in Chapter 17 in
previous editions), climate feedbacks and the global
carbon budget, the evidence and causes of present
climate change, climate models and projections, and
actions that we can take to moderate Earth’s changing
climate. This new Chapter 11 expands on the climate
change discussion that was formerly part of Chapter
10, Climate Systems and Climate Change, in previous
editions.

e A new Geosystems in Action feature focusing on
key topics, processes, systems, or human-Earth
connections. In every chapter, Geosystems in Action
is a one- to two-page highly visual presentation of
a topic central to the chapter, with active learning
questions as well as a GeoQuiz to aid student
learning. Throughout each part of the Geosystems
in Action figure, students are asked to analyze,
explain, infer, or predict based on the information
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presented. Topics include Earth—-Sun Relations
(Chapter 2), Air Pollution (Chapter 3), Earth-—
Atmosphere Energy Balance (Chapter 4), The Global
Carbon Budget (Chapter 11), Glaciers as Dynamic
Systems (Chapter 17), and Biological Activity in
Soils (Chapter 18).

e A new feature, The Human Denominator, that links
chapter topics to human examples and applications.
At the end of Chapters 2 through 20, this new feature
includes maps, photos, graphs, and other diagrams
to provide visual examples of many human—Earth in-
teractions. This feature replaces and expands on the
former Chapter 21 in previous Geosystems editions,
called Earth and the Human Denominator.

e New and revised illustrations and maps to improve stu-
dent learning. More than 250 new photos and images
bring real-world scenes into the classroom. Our photo
and remote sensing program, updated for this edition,
exceeds 500 items, integrated throughout the text.

e New images and photos for the 20 chapter openers,
and redesigned schematics and photos for the 4 part
openers.

Continuing in the Ninth Edition

e Twenty Focus Studies, with either updated or new
content, explore relevant applied topics in greater
depth and are a popular feature of the Geosystems
texts. In the Ninth Edition, these features are grouped
by topic into five categories: Pollution, Climate
Change, Natural Hazards, Sustainable Resources,
and Environmental Restoration.

Nine new Focus Study topics include:

Heat Waves (Chapter 5)

Hurricanes Katrina and Sandy: Storm Development
and Links to Climate Change (Chapter 8)

Thawing Methane Hydrates—Another Arctic Meth-
ane Concern (Chapter 11)

Earthquakes in Haiti, Chile, and Japan: A Compara-
tive Analysis (Chapter 13)

Stream Restoration: Merging Science and Practice
(Chapter 15)

The 2011 Japan Tsunami (Chapter 16)

Snow Avalanches (Chapter 17)

Wildfire and Fire Ecology (Chapter 19)

Global Conservation Strategies (Chapter 20)

e The chapter-opening Geosystems Now case study fea-
ture presents current issues in geography and Earth
systems science. These original, unique essays, up-
dated for the Ninth Edition, immediately engage read-
ers into the chapter with relevant, real-world examples



of physical geography. New Geosystems Now topics
in the Ninth Edition include shale gas as an energy
resource in the United States (Chapter 1), coastal red-
wood trees and declining summer moisture in Califor-
nia (Chapter 7), the effects of proposed dams on rivers
in China (Chapter 15), and coastal erosion caused by
Hurricane Sandy (Chapter 16). Many of these features
emphasize linkages across chapters and Earth sys-
tems, exemplifying the Geosystems approach.

Geo Reports continue to describe timely and rele-
vant events or facts related to the discussion in the
chapter, provide student action items, and offer new
sources of information. The 75 Geo Reports in the
Ninth Edition, placed along the bottom of pages, are
updated, with many new to this edition. Example
topics include:

Did light refraction sink the Titanic? (Chapter 4)

The hottest temperature on Earth (Chapter 5)

Storm causes Hawai’i hailstorm and tornado
(Chapter 8)

Satellite GRACE enables groundwater measurements
(Chapter 9)

Tropical climate zones advance to higher latitudes
(Chapter 10)

Surprise waves flood a cruise ship (Chapter 16)
Greenland ice sheet melting (Chapter 17)
Overgrazing effects on Argentina’s grasslands (Chap-
ter 18)

Critical Thinking exercises are integrated through-
out the chapters. These carefully crafted action items
bridge students to the next level of learning, placing
students in charge of further inquiry. Example topics
include:

Applying Energy-Balance Principles to a Solar Cooker
What Causes the North Australian Monsoon?
Identify Two Kinds of Fog

Analyzing a Weather Map

Allocating Responsibility and Cost for Coastal Hazards
Tropical Forests: A Global or Local Resource?

The Geosystems Connection feature at the end of
each chapter provides a preview “bridge” between
chapters, reinforcing connections between chapter
topics.

Key Learning Concepts appear at the outset of each
chapter, many rewritten for clarity. Each chapter
concludes with Key Learning Concepts Review,
which summarizes the chapter using the opening
objectives.

Geosystems continues to embed Internet URLs within
the text. More than 200 appear in this edition. These
allow students to pursue topics of interest to greater
depth, or to obtain the latest information about
weather and climate, tectonic events, floods, and the
myriad other subjects covered in the book.
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digital and print resources

For Students and Teachers

Television for the Environment Earth Report Geography
Videos on DVD (0321662989). This three-DVD set helps
students visualize how human decisions and behavior
have affected the environment and how individuals are
taking steps toward recovery. With topics ranging from
the poor land management promoting the devastation of
river systems in Central America to the struggles for elec-
tricity in China and Africa, these 13 videos from Tele-
vision for the Environment’s global Earth Report series
recognize the efforts of individuals around the world to
unite and protect the planet.

Geoscience Animation Library 5th edition DVD-
ROM (0321716841). Created through a unique collabo-
ration among Pearson’s leading geoscience authors, this
resource offers over 100 animations covering the most
difficult-to-visualize topics in physical geology, physical
geography, oceanography, meteorology, and earth science.
The animations are provided as Flash files and preloaded
into PowerPoint(R) slides for both Windows and Mac.

Practicing Geography: Careers for Enhancing So-
ciety and the Environment by Association of American
Geographers (0321811151). This book examines career
opportunities for geographers and geospatial profes-
sionals in the business, government, nonprofit, and
education sectors. A diverse group of academic and
industry professionals shares insights on career plan-
ning, networking, transitioning between employment
sectors, and balancing work and home life. The book
illustrates the value of geographic expertise and tech-
nologies through engaging profiles and case studies of
geographers at work.

Teaching College Geography: A Practical Guide
for Graduate Students and Early Career Faculty by As-
sociation of American Geographers (0136054471). This
two-part resource provides a starting point for becom-
ing an effective geography teacher from the very first day
of class. Part One addresses “nuts-and-bolts” teaching
issues. Part Two explores being an effective teacher in
the field, supporting critical thinking with GIS and map-
ping technologies, engaging learners in large geography
classes, and promoting awareness of international per-
spectives and geographic issues.
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Aspiring Academics: A Resource Book for Gradu-
ate Students and Early Career Faculty by Association
of American Geographers (0136048919). Drawing on
several years of research, this set of essays is designed
to help graduate students and early career faculty start
their careers in geography and related social and envi-
ronmental sciences. Aspiring Academics stresses the in-
terdependence of teaching, research, and service—and
the importance of achieving a healthy balance of profes-
sional and personal life—while doing faculty work. Each
chapter provides accessible, forward-looking advice on
topics that often cause the most stress in the first years of
a college or university appointment.

For Students

Applied Physical Geography—Geosystems in the Lab-
oratory, Ninth Edition (0321987284) by Charlie Thom-
sen and Robert Christopherson. A variety of exercises
provides flexibility in lab assignments. Each exercise
includes key terms and learning concepts linked to Geo-
systems. The ninth edition includes new exercises on
climate change, a fully updated exercise on basic GIS us-
ing ArcGIS online, and more integrated media, including
Google Earth and Quick Response (QR) codes. Supported
by a website with media resources needed for exercises,
as well as a downloadable Solutions Manual for teachers.

Companion website for Applied Physical Geogra-
phy: Geosystems in the Laboratory. The website for lab
manual provides online worksheets as well as KMZ files
for all of the Google Earth” exercises found in the lab
manual. www.mygeoscienceplace.com

Goode’s World Atlas, 22nd Edition (0321652002).
Goode’s World Atlas has been the world’s premiere educa-
tional atlas since 1923—and for good reason. It features over
250 pages of maps, from definitive physical and political maps
to important thematic maps that illustrate the spatial aspects of
many important topics. The 22nd Edition includes 160 pages
of digitally produced reference maps, as well as thematic maps
on global climate change, sea-level rise, CO, emissions, polar
ice fluctuations, deforestation, extreme weather events, infec-
tious diseases, water resources, and energy production.

Pearson’s Encounter Series provides rich, interactive
explorations of geoscience concepts through Google Earth”
activities, covering a range of topics in regional, human, and
physical geography. All chapter explorations are available
in print workbooks, as well as in online quizzes at www.
mygeoscienceplace.com, accommodating different classroom
needs. Each exploration consists of a worksheet, online quiz-
zes whose results can be emailed to teachers, and a corre-
sponding Google Earth” KMZ file.



