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Welcome to the ninth edition of Elemental Geosystems! 
This edition features updated content, new active learn-
ing activities to engage students, and many new photos 
and illustrations. We continue to build on the success of 
the first eight editions, as well as the companion texts, 
Geosystems, now in its tenth edition; Geosystems, Cana-
dian Edition, fourth edition; and the newest Geosystems 
Core, first edition. Students and teachers appreciate the 
systems organization, integration of figures and text,  
student-friendly language, and overall relevance to what is 
happening to Earth systems in real time.

New to the Ninth Edition
Nearly every page of Elemental Geosystems, Ninth Edi-
tion, presents new content in text and figures and new fea-
tures that help students relate physical geography topics 
to the real world and apply concepts as they learn. New 
features, activities, and learning resources include:

•	 A new Everyday Geosystems feature at the begin-
ning of each chapter invites students to explore the 
“why” and “how” application of physical geography 
concepts to everyday phenomena. Example topics 
are:

•	 How much water is needed to produce the food 
I eat? (Chapter 6)

•	 What kind of damage occurs during a river 
flood? (Chapter 12)

•	 Have you noticed fewer bees in your neighbor-
hood? (Chapter 16)

•	 Mobile Field Trip Videos have students accompany 
acclaimed photographer and pilot Michael Collier 
in the air and on the ground as he explores iconic 
landscapes of North America and beyond. Stu-
dents scan Quick Response (QR) links in the book 
to access the 20 videos as they read. Videos are also 
available in Mastering Geography with assignable 
quizzes.

•	 Project Condor Quadcopter Videos, linked via QR 
codes, take students out into the field through nar-
rated quadcopter footage, exploring the physical 
processes that have helped shape North America’s 
Mountain West landscapes. Readers scan Quick 
Response (QR) links in the book to access the videos 
as they read. Videos are also available in Mastering 
Geography with assignable quizzes.

•	 New Work It Out activities in each chapter give 
students a chance to practice basic conceptual or 
quantitative reasoning. Integrated into appropriate 
sections of each chapter, these activities give stu-
dents the opportunity to demonstrate understanding 
of learned concepts and practice critical thinking as 
they read.

•	 New Apply Concepts features, part of the text’s hall-
mark Focus Studies, are active learning tasks that 
compel students to reflect on the information they 
have learned and perform short activities.

•	 New Questions to Consider within the Human 
Denominator feature in each chapter ask students 
to interpret graphs and maps in the feature and con-
nect information to topics within the chapter.

•	 New Interactive Mapping exercises at the end 
of each chapter direct students to GIS-inspired  
MapMaster 2.0 interactive maps in Mastering Geog-
raphy, where they can access, create, manipu-
late, and analyze maps related to each chapter’s  
topic.

•	 New Earth Systems Connections feature includes 
systems diagrams at the end of each chapter sum-
marize the cascading system operations that are 
the basis for chapter organization. These flow dia-
grams emphasize the inputs, actions, outputs, 
and human–Earth connections relevant to each  
chapter.

•	 New Geospatial Analysis exercises at the end of 
each chapter are mini-lab activities, sending stu-
dents outside the book to access and explore online 
science tools and data sets from sources such as 
NASA, USGS, and NOAA, performing critical geo-
spatial data analysis.

•	 New and revised illustrations and maps improve 
student learning in every chapter with the latest 
visualizations and data from physical geography. 
Hundreds of new photos and images bring real-
world scenes into the classroom.

Content Updates & Hallmark Features
Every chapter has seen significant updates to content. 
Select chapter content changes include:

•	 Chapter 5, Atmospheric Water and Weather: We 
updated, reorganized, and clarified content throughout, 
added a new section on precipitation processes, and 
expanded our discussion of thunderstorms.

•	 Chapter 8, Climate Change: This edition features 
extensive updates to our stand-alone chapter on cli-
mate change, offering an overview of climate change 
science. The chapter explores paleoclimatology, cli-
mate feedbacks, evidence and causes of present cli-
mate change, climate models and projections, and 
steps we can take to moderate Earth’s changing cli-
mate.

•	 Chapter 17, Biogeography and Terrestrial Biomes: 
We expanded our coverage of biogeography, 
including a new Geosystems Now feature on griz-
zly bears and ecological corridors in the Rocky  
Mountains.
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•	 Eighteen Focus Studies, with either updated or new 
content, explore relevant applied topics in greater 
depth and are a popular feature of the Geosystems 
texts. These essays delve deeper into specific sub-
jects related to each chapter. Eleven new Focus 
Study topics for this edition include:

•	 Geographers Monitor Earth’s Forests from Space 
(Chapter 1)

•	 Forms of Energy (Chapter 2)
•	 Human Responses to Wind Chill and Heat Stress 

(Chapter 3)
•	 The 2015 Northern Hemisphere Tropical Cyclone 

Season (Chapter 5)
•	 Melting Permafrost Releases Greenhouse Gases 

in the Arctic (Chapter 8)
•	 Human-caused Earthquakes on the Increase 

(Chapter 10)
•	 Is Summer Heat a Trigger for Yosemite Rock-

falls? (Chapter 11)
•	 Sand Dunes Protect Coastlines during Super-

storm Sandy (Chapter 13)
•	 Greenland and Antarctica: Melting at the Edges 

of the Continental Ice (Chapter 14)
•	 The 1930s Dust Bowl: Regional-Scale Soil Ero-

sion (Chapter 15)
•	 Summer Fog Protects the World’s Tallest Trees 

(Chapter 17)

•	 The chapter-opening Geosystems Now features 
present brief original case studies and current issues 
in geography and Earth systems science. The 20  
new Geosystems Now topics in the ninth edition 
include citizen science in the 21st century (Chapter 1), 
marine debris and ocean circulation (Chapter 4), the 
U.S. Pacific Northwest earthquake hazard (Chap-
ter 10), and coral reefs in decline (Chapter 13).  
Many of these features emphasize linkages across 
Earth systems, exemplifying the Geosystems 
approach. In this edition, these features include 
several questions to help students review, and 
Quick Response links to relevant videos and  
animations.

•	 Geosystems in Action features focus on key topics, 
processes, systems, or human–Earth connections. In 
every chapter, these features offer a one- to two-page 
highly visual presentation of a topic central to the 
chapter, with active learning questions and links to 
media in Mastering Geography, as well as a GeoQuiz 
to aid student learning. The feature is updated and 
streamlined from the past edition.

•	 The Human Denominator feature at the end of 
every chapter links chapter topics to human exam-
ples and applications. The feature includes updated 
maps, photos, graphs, and other diagrams to provide 
visual examples of many human–Earth interactions. 
In this edition, all Human Denominators end with 
new Questions to Consider.

•	 Key Learning Concepts appear at the outset of each 
chapter, helping students prioritize chapter learn-
ing objectives. Each chapter concludes with the Key 
Learning Concepts Review, which summarizes the 
chapter using the opening objectives.

•	 Elemental Geosystems continues to use embedded 
URLs within the text, linking to original science 
sources. More than 60 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, or floods.

•	 The book is supported by Mastering Geography, the 
most widely used and effective online homework, 
tutorial, and assessment system with resources for 
before, during, and after class. Assignable media 
and activities include Geoscience Animations, 
videos, Mobile Field Trip videos, Project Con-
dor Quadcopter videos, Encounter Google Earth™ 
explorations, GIS-inspired MapMaster™ interac-
tive maps, Hazard City context-rich problems, Geo-
Tutor coaching activities on the toughest topics 
in geography, end-of-chapter questions and exer-
cises, reading quizzes, and Test Bank questions. 
Students have access to Dynamic Study Modules 
that provide each student with a customized learn-
ing experience. Students also have access to a text-
specific Study Area with study resources, including 
a Pearson eText version of Geosystems—all at  
www.masteringgeography.com.

•	 Learning Catalytics, a “bring your own device” 
student engagement, assessment, and classroom 
intelligence system, is integrated with Mastering 
Geography.

Author Acknowledgments
After all these years, the strength of a publishing team 
remains ever essential. We offer continuing thanks to 
President Paul Corey for his leadership since 1990 and to 
Beth Wilbur, Senior Vice-President and Editorial Director 
for Geosciences, for her vision. Thanks to Executive Edi-
tor of Geosciences Courseware Christian Botting for his 
guidance and attention to the Geosystems texts, and to his 
newest edition, a son, Lucas Lockwood Botting. Thanks 
to Content Producer Lauren Bakker for her organization 
and ability to keep all the wheels turning, and to Editorial 
Assistant Sherry Wang for her careful attention to every 
detail. We offer special thanks to development editor Bar-
bara Price for her keen eye and excellent suggestions that 
improved many aspects of this edition.

Thanks also to designer Mark Ong for skill in com-
plex book design. In addition, we thank Executive Field 
Marketing Manager Mary Salzman, Product Marketing 
Manager Alysun Burns, and the many publisher repre-
sentatives who spend months in the field communicat-
ing the Elemental Geosystems approach. We extend our 
gratitude to the entire “Geosystems Team” for allowing 
us to participate in the publishing process.
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Our sincere appreciation for production coordi-
nation goes to Editorial Director for Higher Education 
Cindy Miller of Cenveo LLC for our friendship through 
eight books, and to Jeanine Furino, our Cenveo produc-
tion manager, for her ability to oversee manuscript, copy 
editing, complex compositing, and page proofs. To photo 
researcher Ilakkiya Jayagopi, copy editor Jane Loftus, 
proofreader Denne Wesolowski, and indexer Rebecca 
McCorkle we give thanks for quality work. Thanks also to 
all the colleagues who served as reviewers on one or more 
editions of each book or who offered helpful suggestions 
in conversations at our national and regional geography 
meetings. We are grateful for the generosity of ideas and 
sacrifice of time. Thanks to all reviewers who have pro-
vided valuable feedback on the Geosystems texts over  
the years:

Jason Allard, Valdosta State University
Michael Allen, Kent State University
Philip P. Allen, Frostburg State University
Ted J. Alsop, Utah State University
Nathaniel Amador, Ohio Wesleyan University
Ward Barrett, University of Minnesota
Steve Bass, Mesa Community College
Stefan Becker, University of Wisconsin–Oshkosh
Daniel Bedford, Weber State University
Bradley Bereitschaft, University of Nebraska–Omaha
David Berner, Normandale Community College
Trent Biggs, San Diego State University
Franco Biondi, University of Nevada, Reno
Peter D. Blanken, University of Colorado, Boulder
Patricia Boudinot, George Mason University
Mark Bowen, University of Wisconsin–Oshkosh
Anthony Brazel, Arizona State University
David R. Butler, Southwest Texas State University
Mary-Louise Byrne, Wilfred Laurier University
Janet Cakir, Rappahannock Community College
Ian A. Campbell, University of Alberta–Edmonton
Randall S. Cerveny, Arizona State University
Fred Chambers, University of Colorado, Boulder
Philip Chaney, Auburn University
Muncel Chang, Butte College, Emeritus
Jordan Clayton, Georgia State University
Philip Clinton, Ventura College
Andrew Comrie, University of Arizona
C. Mark Cowell, Indiana State University
Richard A. Crooker, Kutztown University
Stephen Cunha, Humboldt State University
Armando M. da Silva, Towson State University
Dennis Dahms, University of Northern Iowa
J. Michael Daniels, University of Denver
Shawna Dark, California State University, Northridge
Andrew Day, University of Louisville
Stephanie Day, University of Kansas
Dirk H. de Boer, University of Saskatchewan
Lisa DeChano-Cook, Western Michigan University
Mario P. Delisio, Boise State University
Joseph R. Desloges, University of Toronto

Lee R. Dexter, Northern Arizona University
Vicki Drake, Santa Monica College
Don W. Duckson, Jr., Frostburg State University
Daniel Dugas, New Mexico State University
Anthony Dzik, Shawnee State University
Kathryn Early, Metropolitan State College
Lisa Emili, Penn State–Altoona
Christopher H. Exline, University of Nevada–Reno
Todd Fagin, Oklahoma University
Michael M. Folsom, Eastern Washington University
Mark Francek, Central Michigan University
Glen Fredlund, University of Wisconsin–Milwaukee
Dorothy Friedel, Sonoma State University
William Garcia, University of North Carolina–Charlotte
Doug Goodin, Kansas State University
Mark Goodman, Grossmont College
David E. Greenland, University of North Carolina– 

Chapel Hill
Duane Griffin, Bucknell University
Barry N. Haack, George Mason University
Roy Haggerty, Oregon State University
John W. Hall, Louisiana State University–Shreveport
Vern Harnapp, University of Akron
John Harrington, Kansas State University
Blake Harrison, Southern Connecticut University
Jason “Jake” Haugland, University of Colorado, Boulder
James Hayes, California State University, Northridge
Gail Hobbs, Pierce College
Thomas W. Holder, University of Georgia
David H. Holt, University of Southern Mississippi
Robert Hordon, Rutgers University
David A. Howarth, University of Louisville
Patricia G. Humbertson, Youngstown State University
David W. Icenogle, Auburn University
Philip L. Jackson, Oregon State University
J. Peter Johnson, Jr., Carleton University
Gabriel Judkins, University of Nevada, Las Vegas
Wilbert Karigomba, Northwest Arkansas Community 

College
Gabrielle Katz, Appalachian State University
John Keyantash, California State University,  

Dominguez Hills
Guy King, California State University–Chico
Ronald G. Knapp, SUNY–The College at New Paltz
Peter W. Knightes, Central Texas College
Jean Kowal, University of Wisconsin, Whitewater
Thomas Krabacher, California State University– 

Sacramento
Hsiang-te Kung, University of Memphis
Richard Kurzhals, Grand Rapids Junior College
Kara Kuvakas, Hartnell College
Steve Ladochy, California State University, Los Angeles
Charles W. Lafon, Texas A & M University
Paul R. Larson, Southern Utah University
Robert D. Larson, Southwest Texas State University
Derek Law, University of Kentucky
Elena Lioubimtseva, Grand Valley State University
Joyce Lundberg, Carleton University
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Taylor E. Mack, Louisiana Tech University
Scott Mandia, Suffolk County Community College,  

Long Island
W. Andrew Marcus, Montana State University
Giraldo Mario, California State University, Northridge
Brian Mark, Ohio State University
Nadine Martin, University of Arizona
Elliot G. McIntire, California State University,  

Northridge
Norman Meek, California State University,  

San Bernardino
Leigh W. Mintz, California State University–Hayward, 

Emeritus
Sherry Morea-Oaks, Boulder, CO
Debra Morimoto, Merced College
Patrick Moss, University of Wisconsin, Madison
Steven Namikas, Louisiana State University
Lawrence C. Nkemdirim, University of Calgary
Peter R. Nkhoma, University of South Florida
Ricardo Nogueira, Georgia State University
Sherry Oaks, Front Range Community College– 

Westminster
Andrew Oliphant, San Francisco State University
John E. Oliver, Indiana State University
Bradley M. Opdyke, Michigan State University
Richard L. Orndorff, University of Nevada, Las Vegas
FeiFei Pan, University of North Texas
Patrick Pease, East Carolina University
James Penn, Southeastern Louisiana University
Rachel Pinker, University of Maryland, College Park
Greg Pope, Montclair State University
Robin J. Rapai, University of North Dakota
Philip Reeder, University of South Florida
Philip D. Renner, American River College
William C. Rense, Shippensburg University
Leslie Rigg, Northern Illinois University
Dar Roberts, University of California–Santa Barbara
Wolf Roder, University of Cincinnati
Robert Rohli, Louisiana State University
Bill Russell, L.A. Pierce College
Ruth Ruud, Cleveland State University
Dorothy Sack, Ohio University
Erinanne Saffell, Arizona State University
Randall Schaetzl, Michigan State University
Glenn R. Sebastian, University of South Alabama
Daniel A. Selwa, Coastal Carolina University
Debra Sharkey, Cosumnes River College
Marshall Shepherd, University of Georgia
Robert Sirk, Austin Peay State University
Peter Siska, Austin Peay State University
Lee Slater, Rutgers University
Thomas W. Small, Frostburg State University
Daniel J. Smith, University of Victoria
Richard W. Smith, Hartford Community College
Stephen J. Stadler, Oklahoma State University
Michael Talbot, Pima Community College
Paul E. Todhunter, University of North Dakota
Susanna T.Y. Tong, University of Cincinnati

Liem Tran, Florida Atlantic University
Suzanne Traub-Metlay, Front Range Community College
Jill Trepanier, Louisiana State University
Alice V. Turkington, The University of Kentucky
Jon Van de Grift, Metropolitan State College
David Weide, University of Nevada–Las Vegas
Forrest Wilkerson, Minnesota State University,  

Mankato
Thomas B. Williams, Western Illinois University
Catherine H. Yansa, Michigan State University
Brenton M. Yarnal, Pennsylvania State University
Keith Yearwood, University of Maryland
Stephen R. Yool, University of Arizona
Kenneth Young, University of Texas—Austin
Don Yow, Eastern Kentucky University
Susie Zeigler-Svatek, University of Minnesota
Matthew Zorn, Carthage College

From Robert: The year 2017 marked the 25th anniversary 
of the first Geosystems edition in 1992. In that edition, I 
covered the First Assessment Report of the IPCC; the geo-
spatial sciences are essential in explaining dynamic Earth 
systems and the changes underway. I thank my family for 
believing in this work, especially the next generation: Cha-
von, Bryce, Payton, Brock, Trevor, Blake, Chase, Téyenna, 
and Cade. When I see our grandchildren’s faces, I see why 
we work toward a sustainable future.

I give special gratitude to all the students during my 
30 years teaching at American River College, for provid-
ing me with a classroom crucible to forge my understand-
ing. Continued special thanks to Charlie Thomsen for 
his creative work and collaboration on our new modular 
approach Geosystems Core, coauthored with Stephen 
Cunha; Encounter Geosystems; the Applied Physical 
Geography lab manual, now in its tenth edition; Mas-
tering Geography media and assessments; and other  
ancillaries.

I continue my special thanks to Ginger Birkeland, 
Ph.D., my coauthor on the Geosystems texts, for her 
essential work, attention to detail, and original think-
ing. Ginger understands the Geosystems approach as a 
different way to teach physical geography. From our pre-
planning conferences, through the research, writing, and 
production, she knows this pathway. She has worked as 
a river guide operating boats on the Colorado River, and I 
feel her at the helm of Geosystems! I see the future of the 
Geosystems franchise as bright.

I thank my wife through all these editions, nature 
photographer Bobbé Christopherson, for her contribu-
tion to the success of the Geosystems texts. Bobbé is my 
expedition partner, colleague, and best friend.

From Ginger: Many thanks to my husband, Karl Birke-
land, and my daughters, Erika and Kelsey, for their ongo-
ing patience, support, and inspiration. Special thanks to 
Robert Christopherson for inviting and supporting me on 
this Geosystems journey. I hope our raft runs smoothly 
and stays upright on the voyage ahead!
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From us both: We thank the many authors and scientists 
who published research that enriches this work. Thanks for  
all the dialogue received from students and teachers 
shared through e-mails from across the globe.

Physical geography teaches us a holistic view of the 
intricate supporting web that is Earth’s environment and 
our place in it. Dramatic global change is under way in 
human–Earth relations as we alter physical, chemical, 
and biological systems. Our attention to climate change 
science and applied topics is in response to the impacts 
we are experiencing and the future we are shaping.  

All things considered, this is a critical time for you to be 
enrolled in a physical geography course! The best to you 
in your studies—and carpe diem!

Robert W. Christopherson
Roseville, California 95747
E-mail: bobobbe@aol.com

Ginger H. Birkeland
Bozeman, Montana
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