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It’s very, very easy to use.
Your book is right there
and has easy tabs to go
through. There are lots
of extra functions on the
side such as highlighting
... note taking ... it even
reads to you!”

Chris Baggett
Student, Arkansas Tech University
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ABOUT THE COVER PHOTO

The cheetah is the world's fastest land
mammal. Within a few seconds, it can run

at speeds of as high as 105 kilometers per
hour (65 miles per hour) for short periods of
time. It uses this ability to chase down and
kill gazelles, impalas, wildebeests, zebras, and
hares on the open plains of southern Africa
and parts of southwestern Asia where it lives.

The cheetah is built for the chase. It has large
nostrils to maximize its air intake along with
an enlarged heart and lungs. Its large tail
acts as a sort of rudder to help it make quick,
sharp turns in pursuit of fast prey. It typically
kills a prey animal by tripping it and then
biting the underside of its throat as it falls.
Cheetahs hunt mostly during the middle of
the day to avoid competing with other large
predators like hyenas and lions that hunt
mostly at night. They hide behind shrubs or
rock outcroppings to get as close as possible
to their prey and then chase them down in a
burst of speed.

As many as three of every four cheetah cubs
are killed during the first few weeks of their
lives, mostly by leopards, lions, wild dogs,
hyenas, and eagles. When the cubs are about
6 months old, their mothers capture live prey
for them to practice killing. Cubs leave their
mother after about 18 months. In the wild,
adult cheetahs typically live for 8 to 10 years.

Now protected as a threatened species,
cheetahs were once hunted for their spotted
coats, and farmers killed them to try to
protect their livestock. About 7,000 to 10,000
cheetahs now remain in the wild, in small
isolated populations found mostly in 25
African countries. Because they thrive on
large expanses of open land with abundant
prey, they are threatened by the spread of
ranches, farms, and other human settlements
that have reduced their habitat by more

than 90% since 1900. Also, poachers are still
killing them for their coats. And according

to scientists, because their population has
dwindled, many cheetahs suffer from genetic
defects due to inbreeding, which has lowered
their resistance to disease, caused infertility,
raised cub mortality rates, and made them
more vulnerable to extinction.
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PREFACE

For Instructors

We wrote this book to help instructors achieve three
important goals: first, to explain to their students the
basics of environmental science; second, to help their stu-
dents in using this scientific foundation to understand the
environmental problems that we face and to evaluate pos-
sible solutions to them; and tkird, to inspire their students
to make a difference in how we treat the earth on which
our lives and economies depend, and thus in how we
treat ourselves and our descendants.

We view environmental problems and possible solu-
tions to them through the lens of sustainability—the inte-
grating theme of this book. We believe that most people
can live comfortable and fulfilling lives and that socie-
ties will be more prosperous and peaceful when sustain-
ability becomes one of the chief measures by which per-
sonal choices and public policies are made. We introduce
this book with a vision of such a more sustainable future
in the Core Case Study of Chapter 1. Our belief in such
a future is foundational to this textbook, and we consis-
tently challenge students to work toward attaining it.

For this reason, we are happy to announce our new
partnership with The National Geographic Society, which
shares our goals, as reflected in its statement of purpose:
Inspiring people to care about the planet. One result of this
new collaboration is the addition of many stunning and
informative photographs, numerous maps, and several
new stories of National Geographic Explorers—people
who are making a positive difference in the world. With
these new tools, we continue to tell of the good news
from various fields of environmental science, hoping to
inspire young people to commit themselves to making our
world a more sustainable place to live for their own and
future generations.

What's New in This Edition?

m  Our new partnership with National Geographic has given
us access to hundreds of amazing photographs, numer-
ous maps, and inspiring stories of National Geographic
Explorers—people who are leading the way in envi-
ronmental science, education, or entrepreneurial
enterprises.

m A stunning new design with a National Geographic look
that enhances visual learning.

m  Campus Sustainability boxes: short descriptions about
what selected U.S. colleges and universities are doing
to make their institutions more sustainable. These sto-
ries are complemented by a new Core Case Study in
Chapter 24 that summarizes several other such efforts.

m  Three social science principles of sustainability. These com-
plement the three scientific principles of sustainability
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that we have long used to explain how life on Earth
has sustained itself for billions of years, and they act as
guidelines for making a possible transition to more sus-
tainable economies and societies.

New Core Case Studies for 18 of the book’s 25 chapters
that serve as an integrating theme throughout each
chapter. They bring important real-world stories to the
forefront for use in applying those chapters’ concepts
and principles.

Two new end-of-chapter exercises: Doing Environmental
Science and Global Environment Watch research proj-
ects give students challenging new ways to apply the
material.

Sustainability Is the Integrating Theme of This Book

Sustainability, a watchword of the 21st century for those
concerned about the environment, is the overarching
theme of this textbook. You can see the sustainability
emphasis by looking at the Brief Contents (p. v).

Six principles of sustainability play a major role in car-

rying out this book’s sustainability theme. These principles
are introduced in Chapter 1. They are depicted in Figure
1-2 (p. 6), in Figure 1-5 (p. 9), and on the back cover of the

student edition and are used throughout the book, w4
with each reference marked in the margin by &
(see pp. 62 and 218). ”
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We use the following five major subthemes to inte-

A

grate material throughout this book (see diagram on back
cover of the student edition).

Natural Capital. Sustainability depends on the natural
resources and ecosystem services that support all life
and economies. See Figures 1-3, p. 7, and 10-4, p. 220.

Natural Capital Degradation. We describe how
human activities can degrade natural capital. See Fig-
ures 1-7, p. 11, and 7-17, p. 160.

Solutions. We present existing and proposed solutions
to environmental problems in a balanced manner and
challenge students to use critical thinking to evaluate
them. See Figures 10-16, p. 227, and 18-26, p. 496.

Trade-offs. The search for solutions involves trade-
offs, because any solution requires weighing advan-
tages against disadvantages. Our Trade-offs diagrams
located in several chapters present the benefits and
drawbacks of various environmental technologies
and solutions to environmental problems. See Figures
12-19, p. 293, and 15-11, p. 383.

Individuals Matter. Throughout the book, Individu-
als Matter boxes and some of the Case Studies describe
what various scientists and concerned citizens (includ-
ing several National Geographic Explorers) have done
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to help us work toward sustainability (see pp. 82,
240, and 303). Also, a number of What Can You Do?
diagrams describe how readers can deal with the prob-
lems we face (see Figures 9-12, p. 202, and 13-28, p.
341). Eight especially important things individuals can
do are summarized in Figure 25-14 (p. 696).

Other Key Features of This Textbook

Up-to-Date Coverage. Our textbooks have been
widely praised for keeping users up to date in the rap-
idly changing field of environmental science. We have
used thousands of articles and reports published in
2010-2013 to update the information and concepts in
this book. Major new or updated topics include plan-
etary boundaries that indicate ecological tipping points
(Science Focus 3.3, p. 72); hydraulic fracturing (frack-
ing) in oil and natural gas production and its harm-
ful effects (pp. 379-380 and 383-385); and the rising
threat of ocean acidification (Science Focus 11.2,

p. 252), along with dozens of other important topics.

Concept-Centered Approach. To help students focus
on the main ideas, we built each major chapter section
around a key question and one or two key concepts,
which state the section’s most important take-away
messages. In each chapter, all key questions are listed
at the front of the chapter, and each chapter section
begins with its key question and concepts (see pp. 29
and 31). Also, the concept applications are highlighted
and referenced throughout each chapter.

Science-Based Coverage. Chapters 2—-8 cover scien-
tific principles important to the course and discuss how
scientists work (see Brief Contents, p. v). Important
environmental science topics are explored in depth in
Science Focus boxes distributed among the chapters
throughout the book (see pp. 94 and 203) and inte-
grated throughout the book in various Case Studies
(see pp. 238 and 256) and in numerous figures.

Global Perspective. This book also provides a global
perspective, first on the ecological level, revealing how
all the world’s life is connected and sustained within
the biosphere, and second, through the use of informa-
tion and images from around the world. This includes
more than 80 maps in the basic text and in Supple-
ment 6. Half of these maps are new and more than
half of the new maps are from National Geographic.
At the end of each chapter is a Global Environment
Watch exercise that applies this global perspective

(see p. 245).

Core Case Studies. Each chapter opens with a Core
Case Study (see pp. 190 and 278), which is applied
throughout the chapter. These applications are indicated

by the notation (Core Case Study) wherever they occur
(see pp. 202, 281, and 301). Each chapter ends with a
Tying It All Together box (see pp. 213 and 312), which

connects the Core Case Study and other material in the
chapter to some or all of the principles of sustainability.

Case Studies. In addition to the 25 Core Case Studies,
more than 70 additional Case Studies (see pp. 92, 200,
and 331) appear throughout the book (and are listed

in the Detailed Contents, pp. vi-xv). Each of these pro-
vides an in-depth look at specific environmental prob-
lems and their possible solutions. We also have included
very brief descriptions of efforts on several college cam-
puses to study or apply principles of sustainability in our
new Campus Sustainability stories that appear in several
of the book’s chapters (see pp. 210 and 270).

Critical Thinking. The Preface for Students (p. xxiii)
describes critical thinking skills, and specific critical
thinking exercises are used throughout the book in
several ways:

= As more than 100 Thinking About exercises that ask
students to analyze material immediately after it is
presented (see pp. 35 and 264).

m In all Science Focus boxes.

m In dozens of Connections boxes that stimulate critical
thinking by exploring the often surprising connec-
tions related to environmental problems (see
pp. 18 and 195).

m In the captions of many of the book’s figures (see
Figures 3-15, p. 63, and 9-8, p. 198).

m In end-of-chapter questions (see pp. 214 and 314).

Visual Learning. With a new design heavily influ-
enced by material from National Geographic and more
than 400 photographs—two-thirds of them new and
20% of them from the archives of National
Geographic—this is the most visually appealing envi-
ronmental science textbook available (see Figures
3-21, p. 71; 7-16, p. 159; and 10-18, p. 229). Also
new to this edition is the inclusion of more than 200
additional small photos as insets in various diagrams.
Add in the more than 130 diagrams—34 of them new
or improved in this edition—each designed to present
complex ideas in understandable ways relating to the
real world (see Figures 3-3, p. 54; 3-17, p. 66; and 4-2,
p- 79), and you have one of the most visually informa-
tive textbooks available.

Flexibility. To meet the diverse needs of hundreds
of widely varying environmental science courses,
we have designed a highly flexible book that allows
instructors to vary the order of chapters and sec-
tions within chapters without exposing students to



terms and concepts that could confuse them. We
recommend that instructors start with Chapter 1,
which defines basic terms and gives an overview of
sustainability, population, pollution, resources, and
economic development issues that are discussed
throughout the book. This provides a springboard for
instructors to use other chapters in almost any order.
One often-used strategy is to follow Chapter 1 with
Chapters 2-8, which introduce basic science and eco-
logical concepts. Instructors can then use the remain-
ing chapters in any order desired. Some instructors
follow Chapter 1 with any or all of Chapters 23, 24,
and 25 on environmental economics, politics, and
worldviews, respectively, before proceeding to the
chapters on basic science and ecological concepts. We
provide a second level of flexibility in seven Supple-
ments (see p. xv in the Detailed Contents and

p- S1), which instructors can assign as desired to
meet the needs of their specific courses. Examples
include environmental history of the United States
(Supplement 3), basic chemistry (Supplement 4),
weather basics (Supplement 5), maps (Supplement 6,
see Figure 5, p. S30, and Figure 6, p. S32), and basic
environmental data and data analysis (Supplement 7,
see Figure 7, p. S67, and Figure 10, p. S68).

m In-Text Study Aids. Each chapter begins with a list
of Key Questions showing how the chapter is organized
(see p. 401). When a new key term is introduced and
defined, it is printed in boldface type, and all such
terms are summarized in the glossary at the end of
the book. More than 100 Thinking About exercises
reinforce learning by asking students to think criti-
cally about the implications of various environmental
issues and solutions immediately after they are dis-
cussed in the text (see p. 409). The captions of many
figures contain similar questions that get students to
think about the figure content (see Figure 16-16,

p- 416). In their reading, students also encounter
Connections boxes, which briefly describe connections
between human activities and environmental conse-
quences, environmental and social issues, and envi-
ronmental issues and solutions (see p. 423). Finally,
the text of each chapter wraps up with three Big Ideas
(see p. 435), which summarize and reinforce three
of the major take-away messages from each chapter,
and a Tying It All Together section that relates the Core
Case Study and other chapter content to the prin-
ciples of sustainability (see p. 436). Again, this rein-
forces the main messages of the chapter along with
the themes of sustainability to give students a stron-
ger understanding of how it all ties together.
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Each chapter ends with a Chapter Review section contain-
ing a detailed set of review questions that include all the
chapter’s key terms in bold type; Critical Thinking questions
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that encourage students to think about and apply what they
have learned to their lives; Doing Environmental Science—an
exercise that will help students to experience the work of
various environmental scientists; a Global Environment Watch
exercise taking students to Cengage’s GREENR site, where
they can use this tool for interesting research related to chap-
ter content; and a Data Analysis or Ecological Footprint Analysis
problem built around ecological footprint data or some other
environmental data set. (See pp. 436-439.) And at the end
of the book, we have included a comprehensive glossary that
includes definitions of all key terms as well as many other
terms that are important to environmental science.

Supplements for Instructors

m Environmental Science MindTap. MindTap is a new
personal learning experience that combines all your
digital assets—readings, multimedia, activities, and
assessments—into a singular learning path to improve
student outcomes.

m Instructor Companion Site. Everything you need
for your course in one place! This collection of book-
specific lecture and class tools is available online
via www.cengage.com/login. Access and download
PowerPoint presentations, images, instructor’s manual,
videos, and more.

m Cognero. Cengage Learning Testing Powered by Cog-
nero is a flexible, online system that allows you to do
the following:

m author, edit, and manage test bank content from
multiple Cengage Learning solutions

m create multiple test versions in an instant

m deliver tests from your LMS, your classroom, or
wherever you want

m Transparencies. Online Transparency Correlation
Guide. This guide correlates the transparency set cre-
ated for Living in the Environment 17e, Environmental
Science 13e, Sustaining the Earth 10e, and Essentials of Ecol-
ogy 6e to the new editions of these texts: Living in the
Environment 18e, Environmental Science 14e, Sustaining
the Earth 11e, and Essentials of Ecology 7e. To acquire the
set of 250 printed transparencies and 250 electronic
masters, please ask your local Cengage Learning Sales
Representative or call 1-800-423-0563.

m  Aplia. Aplia™ is a Cengage Learning online home-
work system dedicated to improving learning by
increasing student effort and engagement. Aplia
makes it easy for instructors to assign frequent online
homework assignments. Aplia provides students with
prompt and detailed feedback to help them learn
as they work through the questions, and features
interactive tutorials to fully engage them in learning
course concepts. Automatic grading and powerful



assessment tools give instructors real-time reports
of student progress, participation, and performance,
and Aplia’s easy-to-use course management features
let instructors flexibly administer course announce-
ments and materials online. With Aplia, students will
show up to class fully engaged and prepared, and
instructors will have more time to do what they do
best. . . teach.

m  BBC Videos for Environmental Science. This large
library of BBC clips are informative, short clips of
current news stories on environmental issues from
around the world. These clips are a great way to start
a lecture or spark a discussion. Available on DVD
with a workbook, on the PowerLecture DVD, and
within MindTap.

m  Global Environment Watch. Updated several times a
day, the Global Environment Watch is a focused portal
into GREENR—the Global Reference on the Environ-
ment, Energy, and Natural Resources—an ideal one-
stop site for classroom discussion and research projects.
This resource center keeps courses up to date with
the most current news on the environment. Users get
access to information from trusted academic journals,
news outlets, and magazines, as well as statistics, an
interactive world map, videos, primary sources, case
studies, podcasts, and much more.

m Virtual Field Trips in Environmental Issues. This
supplement brings the field to you, with dynamic pan-
oramas, videos, photographs, maps, and quizzes cov-
ering important topics within environmental science.
A case study approach covers the issues of keystone
species, the role of climate change in extinctions,
invasive species, the evolution of a species in relation
to its environment, and an ecosystem approach to sus-
taining biodiversity. Students are engaged, interacting
with real issues to help them think critically about the
world around them.

Help Us Improve This Book or Its Supplements

Let us know how you think this book can be improved.
If you find any errors, bias, or confusing explanations,
please e-mail us about them at:

m  mtg89@hotmail.com

®m  spoolman@tds.net

Most errors can be corrected in subsequent printings
of this edition, as well as in future editions.
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PREFACE

For Students

Students who can begin early in their lives to think

of things as connected, even if they revise their

views every yeatr, have begun the life of learning.
Mark Van Doren

Why Is It Important to Study Environmental Science?

Welcome to environmental science—an interdisciplinary
study of how the earth works, how we interact with the
earth, and how we can deal with the environmental prob-
lems we face. Because environmental issues affect every
part of your life, the concepts, information, and issues dis-
cussed in this book and the course you are taking will be
useful to you now and throughout your life.

Understandably, we are biased, but we strongly believe
that environmental science is the single most important course that
you could take. What could be more important than learn-
ing about the earth’s life-support system, how our choices
and activities affect it, and how we can reduce our growing
environmental impact? Evidence indicates strongly that
we will have to learn to live more sustainably by reduc-
ing our degradation of the planet’s life-support system. We
hope this book and the learning opportunities available
to you online will inspire you to become involved in this
change in the way we view and treat the earth, which sus-
tains us, our economies, and all other living things.

You Can Improve Your Study and Learning Skills

Maximizing your ability to learn involves trying to improve
your study and learning skills. Here are some suggestions for
doing so:

m Develop a passion for learning.

m Get organized.

m  Make daily to-do lists. Put items in order of impor-
tance, focus on the most important tasks, and assign
a time to work on these items. Shift your schedule as
needed to accomplish the most important items.

Set up a study routine in a distraction-free envi-
ronment. Study in a quiet, well-lit space. Take breaks
every hour or so. During each break, take several deep
breaths and move around; this will help you to stay
more alert and focused.

Avoid procrastination. Do not fall behind on your
reading and other assignments. Set aside a particular
time for studying each day and make it a part of your
daily routine.

Make hills out of mountains. 1t is psychologi-
cally difficult to read an entire book, read a chapter
in a book, write a paper, or cram to study for a test.
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Instead, break these large tasks (mountains) down

into a series of small tasks (hills). Each day, read a few
pages of a book or chapter, write a few paragraphs of a
paper, and review what you have studied and learned.

Ask and answer questions as you read. For example,
“What is the main point of a particular subsection or
paragraph?” “How does it relate to the key question and
key concepts addressed in each major chapter section?”

Focus on key terms. Use the glossary in your text-
book to look up the meaning of terms or words you do
not understand. This book shows all key terms in bold
type and lesser, but still important, terms in italicized
type. The MindTap online edition of this text provides
direct links to definitions for all bold-type terms. The
Chapter Review questions at the end of each chapter
also include the chapter’s key terms in bold. Flash
cards for testing your mastery of key terms for each
chapter are available on the website for this book, or
you can make your own.

Interact with what you read. You could highlight
key sentences and paragraphs and make notes in the
margins. You might also mark important pages that
you want to return to. The MindTap edition supports
extensive note-taking features.

Review to reinforce learning. Before each class ses-
sion, review the material you learned in the previous
session and read the assigned material.

Become a good note taker. Learn to write down
the main points and key information from any lecture
using your own shorthand system. Review, fill in, and
organize your notes as soon as possible after each class.

Check what you have learned. At the end of each
chapter, you will find review questions that cover all
of the key material in each chapter section. We suggest
that you try to answer each of these questions after
studying each chapter section.

Write out answers to questions to focus and
reinforce learning. Write down your answers to the
critical thinking questions found in the Thinking About
boxes throughout the chapters, in many figure cap-
tions, and at the end of each chapter. These questions
are designed to inspire you to think critically about
key ideas and connect them to other ideas and to your
own life. Also, write down your answers to all chapter-
ending review questions. Additional quizzes can be
found online as well. Save your answers for review
and test preparation.

Use the buddy system. Study with a friend or
become a member of a study group to compare notes,
review material, and prepare for tests. Explaining
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something to someone else is a great way to focus
your thoughts and reinforce your learning. Attend
any review sessions offered by instructors or teaching
assistants.

m Learn your instructor’s test style. Does your
instructor emphasize multiple-choice, fill-in-the-blank,
true-or-false, factual, or essay questions? How much
of the test will come from the textbook and how much
from lecture material? Adapt your learning and study-
ing methods to this style.

m Become a good test taker. Avoid cramming. Eat
well and get plenty of sleep before a test. Arrive
on time or early. Calm yourself and increase your
oxygen intake by taking several deep breaths. (Do
this also about every 10-15 minutes while taking
the test.) Look over the test and answer the ques-
tions you know well first. Then work on the harder
ones. Use the process of elimination to narrow down
the choices for multiple-choice questions. For essay
questions, organize your thoughts before you start
writing. If you have no idea what a question means,
make an educated guess. You might earn some par-
tial credit and avoid getting a zero. Another strategy
for getting some credit is to show your knowledge
and reasoning by writing something like this: “If
this question means so and so, then my answer is

”

m Take time to enjoy life. Every day, take time to
laugh and enjoy nature, beauty, and friendship.

You Can Improve Your Critical Thinking Skills

Critical thinking involves developing skills to analyze infor-
mation and ideas, judge their validity, and make deci-
sions. Critical thinking helps you to distinguish between
facts and opinions, evaluate evidence and arguments,
and take and defend informed positions on issues. It also
helps you to integrate information and see relationships
and to apply your knowledge to dealing with new and dif-
ferent problems, as well as to your own lifestyle choices.
Here are some basic skills for learning how to think more
critically.

m Question everything and everybody. Be skeptical,
as any good scientist is. Do not believe everything you
hear and read, including the content of this textbook,
without evaluating the information you receive. Seek
other sources and opinions.

m Identify and evaluate your personal biases and

beliefs. Each of us has biases and beliefs taught to us
by our parents, teachers, friends, role models, and our
own experience. What are your basic beliefs, values,
and biases? Where did they come from? What assump-
tions are they based on? How sure are you that your
beliefs, values, and assumptions are right and why?
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According to the American psychologist and philoso-
pher William James, “A great many people think they
are thinking when they are merely rearranging their
prejudices.”

Be open-minded and flexible. Be open to consider-
ing different points of view. Suspend judgment until
you gather more evidence, and be willing to change
your mind. Recognize that there may be a number of
useful and acceptable solutions to a problem and that
very few issues are either black or white. Try to take
the viewpoints of those you disagree with. Understand
that there are trade-offs involved in dealing with any

environmental issue, as you will learn in reading this
book.

Be humble about what you know. Some people are
so confident in what they know that they stop think-
ing and questioning. To paraphrase American writer
Mark Twain, “It’s what we know is true, but just ain’t
so, that hurts us.”

Find out how the information related to an issue
was obtained. Are the statements you heard or read
based on firsthand knowledge and research or on hear-
say? Are unnamed sources used? Is the information
based on reproducible and widely accepted scientific
studies or on preliminary scientific results that may be
valid but need further testing? Is the information based
on a few isolated stories or experiences or on carefully
controlled studies that have been reviewed by experts
in the field involved? Is it based on unsubstantiated
and dubious scientific information or beliefs?

Question the evidence and conclusions pre-
sented. What are the conclusions or claims based on
the information you’re considering? What evidence

is presented to support them? Does the evidence sup-
port them? Is there a need to gather more evidence to
test the conclusions? Are there other, more reasonable
conclusions?

Try to uncover differences in basic beliefs and
assumptions. On the surface, most arguments or
disagreements involve differences of opinion about

the validity or meaning of certain facts or conclusions.
Scratch a little deeper and you will find that many
disagreements are based on different (and often hid-
den) basic assumptions concerning how we look at and
interpret the world around us. Uncovering these basic
differences can allow the parties involved to under-
stand one another’s viewpoints and to agree to disagree
about their basic assumptions, beliefs, or principles.

Try to identify and assess any motives on the
part of those presenting evidence and drawing
conclusions. What is their expertise in this area? Do
they have any unstated assumptions, beliefs, biases,
or values? Do they have a personal agenda? Can they




benefit financially or politically from acceptance of
their evidence and conclusions? Would investigators
with different basic assumptions or beliefs take the
same data and come to different conclusions?

Expect and tolerate uncertainty. Recognize that
scientists cannot establish absolute proof or certainty
about anything. However, the reliable results of sci-
ence have a high degree of certainty.

Check the arguments you hear and read for logical
fallacies and debating tricks. Here are six of many
examples of such debating tricks: First, attack the pre-
senter of an argument rather than the argument itself.
Second, appeal to emotion rather than facts and logic.
Third, claim that if one piece of evidence or one conclu-
sion is false, then all other related pieces of evidence
and conclusions are false. Fourth, say that a conclusion is
false because it has not been scientifically proven (scien-
tists never prove anything absolutely, but they can often
establish high degrees of certainty). Fifth, inject irrel-
evant or misleading information to divert attention from
important points. Sixth, present only either/or alterna-
tives when there may be a number of options.

Do not believe everything you read on the Inter-
net. The Internet is a wonderful and easily accessible
source of information that includes alternative expla-
nations and opinions on almost any subject or issue—
much of it not available in the mainstream media

and scholarly articles. Blogs of all sorts have become

a major source of information, even more important
than standard news media for some people. However,
because the Internet is so open, anyone can post any-
thing they want to some blogs and other websites with
no editorial control or review by experts. As a result,
evaluating information on the Internet is one of the
best ways to put into practice the principles of critical
thinking discussed here. Use and enjoy the Internet,
but think critically and proceed with caution.

Develop principles or rules for evaluating evi-
dence. Develop a written list of principles to serve as
guidelines for evaluating evidence and claims. Con-
tinually evaluate and modify this list on the basis of
your experience.

Become a seeker of wisdom, not a vessel of
information. Many people believe that the main goal
of their education is to learn as much as they can by
gathering more and more information. We believe that
the primary goal is to learn how to sift through moun-
tains of facts and ideas to find the few nuggets of wisdom
that are especially useful for understanding the world
and for making decisions. This book is full of facts and
numbers, but they are useful only to the extent that
they lead to an understanding of key ideas, scientific
laws, theories, concepts, and connections. The major

goals of the study of environmental science are to find
out how nature works and sustains itself (environmental
wisdom) and to use principles of environmental wisdom

to help make human societies and economies more
sustainable, more just, and more beneficial and enjoy-
able for all. As writer Sandra Carey observed, “Never
mistake knowledge for wisdom. One helps you make a
living; the other helps you make a life.”

To help you practice critical thinking, we have sup-
plied questions throughout this book, found within each
chapter in brief boxes labeled Thinking About, in the cap-
tions of many figures, and at the end of each chapter.
There are no right or wrong answers to many of these
questions. A good way to improve your critical thinking
skills is to compare your answers with those of your class-
mates and to discuss how you arrived at your answers.

Use the Learning Tools We Offer in This Book

We have included a number of tools throughout this text-
book that are intended to help you improve your learn-
ing skills and apply them. First, consider the Key Questions
list at the beginning of each chapter section. You can use
these to preview a chapter and to review the material
after you've read it.

Next, note that we use three different special nota-
tions throughout the text. Each chapter opens with a
Core Case Study, and each time we tie material within the
chapter back to this core case, we note it in bold, colored
type as we did in this sentence. You will also see two icons
appearing regularly in the text margins. When you see
the sustainability icon, you will know that you have %4,
just read something that relates directly to the
overarching theme of this text, summarized by our
six principles of sustainability, which are introduced in
Figures 1-2, p. 6, and 1-5, p. 9, and which appear on the
back cover of the student edition. The Good News oo
icon appears near each of many examples of suc- "
cesses that people have had in dealing with the environ-
mental challenges we face.

We also include several brief Connections boxes to show
you some of the often surprising connections between
environmental problems or processes and some of the
products and services we use every day or some of the
activities we partake in. These, along with the Thinking
About boxes scattered throughout the text (both designated
by the Consider This. . . heading), are intended to get you
to think carefully about activities and choices we take for
granted and how they might be affecting the environment.

At the end of each chapter, we list what we consider
to be the three big ideas that you should take away from
the chapter. Following that list in each chapter is a Tying
It All Together box. This feature quickly reviews the Core
Case Study and how chapter material relates to it, and
it explains how the principles of sustainability can be
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applied to deal with challenges discussed in the Core Case
Study and throughout the chapter.

We have also included a Chapter Review section at the end
of each chapter with questions listed for each chapter sec-
tion. These questions cover all of the key material and key
terms in each chapter. A variety of other exercises and proj-
ects follow this review section at the end of each chapter.

Finally, at the back of the book, we have included a
comprehensive glossary. It includes definitions of all the
book’s key terms, as well as definitions of many other
important terms.

Know Your Own Learning Style

People have different ways of learning and it can be help-
ful to know your own learning style. Visual learners learn
best from reading and viewing illustrations and diagrams.
Auditory learners learn best by listening and discussing. They
might benefit from reading aloud while studying and using
a tape recorder in lectures for study and review. Logical learn-
ers learn best by using concepts and logic to uncover and
understand a subject rather than relying mostly on memory.

This book and its supporting website material contain
plenty of tools for all types of learners. Visual learners can
benefit from using flash cards (available online) to memorize
key terms and ideas. This is a highly visual book with many
carefully selected photographs and diagrams designed to
illustrate important ideas, concepts, and processes. Auditory
learners can make use of our ReadSpeaker app in MindTap,
which can read the chapter aloud in different speeds and
voices. For logical learners, the book is organized by key con-
cepts that are revisited throughout any chapter and related
carefully to other concepts, major principles, and case studies
and other examples. We urge you to become aware of your
own learning style and make the most of these various tools.

This Book Presents a Positive, Realistic
Environmental Vision of the Future

Our goal is to present a positive vision of our environ-
mental future based on realistic optimism. To do so, we
strive not only to present the facts about environmental
issues, but also to give a balanced presentation of differ-
ent viewpoints. We consider the advantages and disad-
vantages of various technologies and proposed solutions
to environmental problems. We argue that environmen-
tal solutions usually require trade-offs among opposing
parties, and that the best solutions are win-win solutions.
Such solutions are achieved when people with different
viewpoints work together to come up with a solution that
both sides can live with. And we present the good news as
well as the bad news about efforts to deal with environ-
mental problems.
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One cannot study a subject as important and complex
as environmental science without forming conclusions,
opinions, and beliefs. However, we argue that any such
results should be based on use of critical thinking to eval-
uate conflicting positions and to understand the trade-offs
involved in most environmental solutions. To that end,
we emphasize critical thinking throughout this textbook,
and we encourage you to develop a practice of applying
critical thinking to everything you read and hear, both in
school and throughout your life.

Help Us Improve This Book

Researching and writing a book that covers and connects
the numerous major concepts from the wide variety of
environmental science disciplines is a challenging and
exciting task. Almost every day, we learn about some new
connection in nature. However, in a book this complex,
there are bound to be some errors—some typographical
mistakes that slip through and some statements that you
might question, based on your knowledge and research.
We invite you to contact us to correct any errors you find,
point out any bias you see, and suggest ways to improve
this book. Please e-mail your suggestions to Tyler Miller
at mtg89@hotmail.com or Scott Spoolman at spoolman@
tds.net.

Now start your journey into this fascinating and
important study of how the earth’s life-support system
works and how we can leave our planet in a condition at
least as good as what we now enjoy. Have fun.

Supplements for Students

You have a large variety of electronic and other supple-
mental materials available to you to help you take your
learning experience beyond this textbook:

m Environmental Science MindTap. MindTap is a
new approach to highly personalized online learn-
ing. Beyond an eBook, homework solution, digital
supplement, or premium website, MindTap is a digital
learning platform that works alongside your campus
LMS to deliver course curriculum across the range of
electronic devices in your life. MindTap is built on an
“app” model, allowing enhanced digital collaboration
and delivery of engaging content across a spectrum of
Cengage and non-Cengage resources.

m  Global Environment Watch. Updated several times a

day, the Global Environment Watch is a focused portal
into GREENR—the Global Reference on the Envi-
ronment, Energy, and Natural Resources—an ideal
one-stop site for classroom discussion and research
projects. This resource center keeps courses up-to-
date with the most current news on the environment.




Users get access to information from trusted academic
journals, news outlets, and magazines, as well as
statistics, an interactive world map, videos, primary
sources, case studies, podcasts, and much more. Log in
or purchase access at www.cengagebrain.com/shop/
isbn/9781423929444 to complete the exercises found
at the end of each chapter.

m  New! Virtual Field Trips in Environmental Issues.
Virtual Field Trips in Environmental Issues brings the field
to you, with dynamic panoramas, videos, photographs,
maps, and quizzes covering important topics within
environmental science. A case study approach cov-
ers the issues of keystone species, climate change’s role in
extinctions, invasive species, the evolution of a species due to
its environment, and an ecosystem approach to sustaining
biodiversity. Students are engaged, interacting with real
issues to help them think critically about the world
around them.

Visit www.cengagebrain.com for additional materials,
including free resources, at www.cengagebrain.com/shop/
isbn/9781133940135.

Other student learning tools include the following:

Essential Study Skills for Science Students by Daniel D.
Chiras. This book includes chapters on developing
good study habits, sharpening memory, getting the
most out of lectures, labs, and reading assignments,
improving test-taking abilities, and becoming a criti-
cal thinker. Available for students on instructor’s
request.

Lab Manual. Edited by Edward Wells, this lab manual
includes both hands-on and data analysis labs to help
your students develop a range of skills. Create a cus-
tom version of this Lab Manual by adding labs you .
have written or ones from our collection with Cengage

Custom Publishing. An Instructor’s Manual for the labs

will be available to adopters.

What Can You Do? This guide presents students with a P
variety of ways that they can affect the environment, ‘?\
and shows them how to track the effect their actions '
have on their carbon footprint. Available for students

on instructor’s request.
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ABOUT THE AUTHORS

R MILLER

G. TYLE

G. Tyler Miller has written 62 textbooks for introductory
courses in environmental science, basic ecology, energy,
and environmental chemistry. Since 1975, Miller’s books
have been the most widely used textbooks for environ-
mental science in the United States and throughout the
world. They have been used by almost 3 million students
and have been translated into eight languages.

Miller has a professional background in chemistry,
physics, and ecology. He has PhD from the University of
Virginia and has received two honorary doctoral degrees
for his contributions to environmental education. He
taught college for 20 years, developed one of the nation’s
first environmental studies programs, and developed an
innovative interdisciplinary undergraduate science pro-
gram before deciding to write environmental science text-
books full time in 1975. Currently, he is the president of
Earth Education and Research, devoted to improving envi-
ronmental education.

Scott Spoolman is a writer and textbook editor with more
than 30 years of experience in educational publishing.
He has worked with Tyler Miller since 2003 as a contrib-
uting editor on earlier editions of Living in the Environ-
ment, Environmental Science, and Sustaining the Earth. With
Norman Myers, he also coauthored Environmental Issues
and Solutions: A Modular Approach.

Spoolman holds a master’s degree in science journal-
ism from the University of Minnesota. He has authored
numerous articles in the fields of science, environmen-
tal engineering, politics, and business. He worked as an
acquisitions editor on a series of college forestry text-
books. He has also worked as a consulting editor in the
development of over 70 college and high school textbooks
in fields of the natural and social sciences.

In his free time, he enjoys exploring the forests and
waters of his native Wisconsin along with his family—
his wife, environmental educator Gail Martinelli, and his
children, Will and Katie.

He describes his hopes for the future as follows:

If I had to pick a time to be alive, it would be the next 75 years.
Why? First, there is overwhelming scientific evidence that we are in
the process of seriously degrading our own life-support system. In
other words, we are living unsustainably. Second, within your life-
time we have the opportunity to learn how to live more sustainably
by working with the rest of nature, as described in this book.

I am fortunate to have three smart, talented, and wonderful
sons—Greg, David, and Bill. I am especially privileged to have
Kathleen as my wife, best friend, and research associate. It is inspir-
ing to have a brilliant, beautiful (inside and out), and strong
woman who cares deeply about nature as a lifemate. She is my hero.
I dedicate this book to her and to the earth.

Spoolman has the following to say about his collabora-
tion with Tyler Miller.

I am honored to be working with Tyler Miller as a coauthor to con-
tinue the Miller tradition of thorough, clear, and engaging writing
about the vast and complex field of environmental science. I share
Tyler Miller’s passion for ensuring that these textbooks and their
multimedia supplements will be valuable tools for students and
instructors. To that end, we strive to introduce this interdisciplinary
field in ways that will be informative and sobering, but also tanta-
lizing and motivational.

If the flip side of any problem is indeed an opportunity, then this
truly is one of the most exciting times in history for students to start
an environmental career. Environmental problems are numerous,
serious, and daunting, but their possible solutions generate excit-
ing new career opportunities. We place high priorities on inspiring
students with these possibilities, challenging them to maintain a sci-
entific focus, pointing them toward rewarding and fulfilling careers,
and in doing so, working to help sustain life on the earth.




FROM THE AUTHORS

My Environmental Journey

My environmental journey began in 1966 when I heard
a lecture on population and pollution problems by Dean
Cowie, a biophysicist with the U.S. Geological Survey. It
changed my life. I told him that if even half of what he
said was valid, T would feel ethically obligated to spend
the rest of my career teaching and writing to help stu-
dents learn about the basics of environmental science.
After spending six months studying the environmental lit-
erature, I concluded that he had greatly underestimated
the seriousness of these problems.

I developed an undergraduate environmental stud-
ies program and in 1971 published my first introductory
environmental science book, an interdisciplinary study of
the connections between energy laws (thermodynamics),
chemistry, and ecology. In 1975, I published the first edi-
tion of Living in the Environment. Since then, I have com-
pleted multiple editions of this textbook, and of three oth-
ers derived from it, along with other books.

Beginning in 1985, I spent ten years in the deep woods
living in an adapted school bus that I used as an environ-
mental science laboratory and writing environmental sci-
ence textbooks. I evaluated the use of passive solar energy
design to heat the structure; buried earth tubes to bring in
air cooled by the earth (geothermal cooling) at a cost of
about $1 per summer; set up active and passive systems to
provide hot water; installed an energy-efficient instant hot
water heater powered by LPG; installed energy-efficient
windows and appliances and a composting (waterless)

— G. Tyler Miller

toilet; employed biological pest control; composted food
wastes; used natural planting (no grass or lawnmowers);
gardened organically; and experimented with a host of
other potential solutions to major environmental problems
that we face.

I also used this time to learn and think about how
nature works by studying the plants and animals around
me. My experience from living in nature is reflected in
much of the material in this book. It also helped me to
develop the six simple principles of sustainability that
serve as the integrating theme for this textbook and to
apply these principles to living my life more sustainably.

I came out of the woods in 1995 to learn about how
to live more sustainably in an urban setting where most
people live. Since then, I have lived in two urban villages,
one in a small town and one within a large metropolitan
area.

Since 1970, my goal has been to use a car as little
as possible. Since I work at home, I have a “low-pollute
commute” from my bedroom to a chair and a laptop com-
puter. I usually take one airplane trip a year to visit my
sister and my publisher.

As you will learn in this book, life involves a series of
environmental trade-offs. Like most people, I still have a
large environmental impact, but I continue to struggle to
reduce it. I hope you will join me in striving to live more
sustainably and sharing what you learn with others. It is
not always easy, but it sure is fun.

Cengage Learning’s Commitment to Sustainable Practices

We the authors of this textbook and Cengage Learning,
the publisher, are committed to making the publishing
process as sustainable as possible. This involves four basic
strategies:

m  Using sustainably produced paper. The book publishing
industry is committed to increasing the use of recycled
fibers, and Cengage Learning is always looking for
ways to increase this content. Cengage Learning works
with paper suppliers to maximize the use of paper that
contains only wood fibers that are certified as sustain-
ably produced, from the growing and cutting of trees
all the way through paper production.

Reducing resources used per book. The publisher has an
ongoing program to reduce the amount of wood pulp,
virgin fibers, and other materials that go into each

sheet of paper used. New, specially designed printing
presses also reduce the amount of scrap paper pro-
duced per book.

Recycling. Printers recycle the scrap paper that is pro-
duced as part of the printing process. Cengage Learning
also recycles waste cardboard from shipping cartons,
along with other materials used in the publishing
process.

Process improvements. In years past, publishing has
involved using a great deal of paper and ink for the
writing and editing of manuscripts, copyediting, review-
ing page proofs, and creating illustrations. Almost all of
these materials are now saved through use of electronic
files. Very little paper and ink were used in the prepara-
tion of this textbook.
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Forests help sustain all life and economies.
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Michael Rodriguez and Emily Briggs gradu-
ated from college in 2018. Michael earned
a master’s degree in environmental educa-
tion, became a high-school teacher, and
loved teaching environmental science.
Emily established a thriving practice as an
environmental lawyer.

Michael and Emily met while doing
volunteer work for an environmental orga-
nization, got married, and had a child.
They taught her about some of the world’s
environmental problems (Figure 1-1, left)
and about the joys of nature that they had
experienced as children (Figure 1-1, right).
This led their daughter to become involved
in working toward a more sustainable
world.

When Michael and Emily were grow-
ing up, there had been increasing signs of
stress on the land, air, water, and wildlife
from the harmful environmental impacts
of a growing population consuming more
resources. However, by 2018, a small but
growing number of people had begun
shifting to more environmentally sustain-
able lifestyles.

4 @RARIERN

Figure 1-1 These parents—like Emily and Michael in our fictional vision

of a possible world in 2065—are teaching their children about some of the
world’s environmental problems (left) and helping them to enjoy the wonders

of nature (right).

In 2065, Emily and Michael celebrated
the birth of their grandchild. He was born
into a world where the loss of species
and the degradation of land had slowed
to a trickle. The atmosphere, oceans,
lakes, and rivers were cleaner, 80% of the
solid wastes were reused or recycled, and
energy waste had been cut in half.

By 2050, significant atmospheric
warming and the resulting climate change
had occurred as many climate scientists
had projected in the 1990s. However, the
threat of further climate change and air
and water pollution had begun to decrease
because of greatly reduced energy waste
and the gradual shift in human use of
energy resources from oil and coal to
cleaner energy from the sun, wind, flowing
water, and other renewable resources.

By 2065, farmers producing most
of the world’s food had shifted to more
sustainable farming practices that helped
to conserve water and protect and renew

©JOEL SARTORE/National Geographic Creative

much of the planet’s vital topsoil. In addi-
tion, the human population had peaked
at about 8 billion in 2050 and then had
begun a slow decline, lessening human
pressure on the earth’s life-support sys-
tems. In 2065, Emily and Michael felt a
great sense of pride, knowing that they
and their child and countless others had
helped to bring about these improvements
so that current and future generations
could live more sustainably on this marvel-
ous planet that is our only home.
Sustainability is the capacity of the
earth’s natural systems and human cultural
systems to survive, flourish, and adapt to
changing environmental conditions into
the very long-term future. It is the over-
arching theme of this textbook, as well
as a focal point for understanding the
environmental problems we face and for
exploring possible solutions. Our goal is to
present to you a realistic and hopeful vision
of what could be.
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1-1 What Are Some Principles of Sustainability?

CONCEPT 1-1A
Nature has been sustained for billions of years by relying
on solar energy, biodiversity, and chemical cycling.

CONCEPT 1-1B

Our lives and economies depend on energy from the sun
and on natural resources and ecosystem services (natural
capital) provided by the earth.

CONCEPT 1-1C

We could shift toward living more sustainably by
applying full-cost pricing, searching for win-win
solutions, and committing to preserving the earth’s life-
support system for future generations.

Environmental Science Is a Study
of Connections in Nature

The environment is everything around us. It includes
the living and the nonliving things (air, water, and
energy) with which we interact in a complex web of rela-
tionships that connect us to one another and to the world
we live in. Despite our many scientific and technological
advances, we are utterly dependent on the earth for clean
air and water, food, shelter, energy, fertile soil, and every-
thing else in the planet’s life-support system.

This textbook is an introduction to environmental
science, an interdisciplinary study of how humans interact
with the living and nonliving parts of their environment.
It integrates information and ideas from the natural sciences
such as biology, chemistry, and geology; the social sciences
such as geography, economics, and political science; and
the humanities such as ethics. The three goals of environ-
mental science are (1) to learn how life on the earth has
survived and thrived, (2) to understand how we interact
with the environment, and (3) to find ways to deal with
environmental problems and live more sustainably.

A key component of environmental science is ecol-
ogy, the biological science that studies how living things
interact with one another and with their environment.
These living things are called organisms. Each organ-
ism belongs to a species, a group of organisms that has a
unique set of characteristics that distinguish it from other
groups of organisms.

A major focus of ecology is the study of ecosystems.
An ecosystem is a set of organisms within a defined area
or volume that interact with one another and with their
environment of nonliving matter and energy. For exam-
ple, a forest ecosystem consists of plants (especially trees;
see chapter-opening photo), animals, and various other
organisms that decompose organic materials, all inter-
acting with one another, with solar energy, and with the
chemicals in the forest’s air, water, and soil.

We should not confuse environmental science and
ecology with environmentalism, a social movement

dedicated to trying to protect the earth’s life-support sys-
tems for all forms of life. Environmentalism is practiced
more in the political and ethical arenas than in the realm
of science.

Three Scientific Principles of Sustainability

How has an incredible variety of life on the earth been
sustained for at least 3.5 billion years in the face of cat-
astrophic changes in environmental conditions? Such
changes included gigantic meteorites impacting the earth,
ice ages lasting for hundreds of millions of years, and long
warming periods during which melting ice raised sea lev-
els by hundreds of feet.

The latest version of our species has been around for
only about 200,000 years—less than the blink of an eye
relative to the 3.5 billion years that life has existed on the
earth. Yet, there is mounting scientific evidence that, as we
have expanded into and dominated almost all of the earth’s
ecosystems during that short time, we have seriously
degraded these natural systems that support our species
and all other life forms, as well as our economies. Thus, the
newest challenge for the human species is to learn how to
live more sustainably (Core Case Study), and some scientists
argue that we have no time to waste in doing so.

Many scientists contend that the earth is the only
real example of a sustainable system. Our science-based
research leads us to believe that three major natural fac-
tors have played the key roles in the long-term sustain-
ability of life on this planet, as summarized below and
in Figure 1-2 (Concept 1-1A). We use these three scien-
tific principles of sustainability, or lessons from
nature, throughout the book to suggest how we 5\‘
might move toward a more sustainable future. ” §

A
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¢ Dependence on solar energy: The sun warms the
planet and provides energy that plants use to produce
nutrients, or the chemicals necessary for their own
life processes along with those of most other animals,
including humans. The sun also powers indirect forms
of solar energy such as wind and flowing water,
which we use to produce electricity.

e Biodiversity (short for biological diversity): Biodiver-
sity is the variety of genes, organisms, species, and
ecosystems in which organisms exist and interact.

The interactions among species, especially the feed-
ing relationships, provide vital ecosystem services and
keep any population from growing too large. Biodi-
versity also provides countless ways for life to adapt to
changing environmental conditions, even catastrophic
changes that wipe out large numbers of species.

¢ Chemical cycling: Chemical cycling, or nutri-
ent cycling, is the circulation of chemicals necessary
for life from the environment (mostly from soil and

Section 1-1
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Figure 1-2 Three scientific princi-
ples of sustainability based on how
nature has sustained a huge variety
of life on the earth for 3.5 billion
years, despite drastic changes in envi-
ronmental conditions (Concept 1-1A).

Chemical Cycling

water) through organisms and back to the environ-
ment. Because the earth receives no new supplies of
these chemicals, organisms must recycle them con-
tinuously in order to survive. This means that there is
little waste in nature, other than in the human world,
because the wastes of any organism become nutrients
or raw materials for other organisms.

Sustainability Has Certain Key Components

Sustainability, the central integrating theme of this book,
has several critical components that we use as subthemes.
One such component is natural capital—the natural
resources and natural services that keep us and other spe-
cies alive and support human economies (Figure 1-3).
Natural resources are materials and energy in nature
that are essential or useful to humans. They are often
classified as inexhaustible resources (such as energy from
the sun and wind), renewable resources (such as air, water,

CHAPTER 1

Solar Energy

© Cengage Learning

Biodiversity

topsoil, plants, and animals), or nonrenewable or deplet-
able resources (such as copper, oil, and coal). Natural ser-
vices, or ecosystem services, are processes provided by
healthy ecosystems. Examples include purification of air
and water, renewal of topsoil, and pollination, which sup-
port life and human economies at no monetary cost to us.
For example, forests help to purify air and water, regulate
climate, reduce soil erosion, and provide countless species
with a place to live.

One vital natural service is chemical, or nutri- %4,
ent, cycling—one of the three scientific principles §$’
of sustainability. An important component of /
nutrient cycling is fopsoil—a vital natural resource that
provides us and most other land-dwelling species with
food. Without nutrient cycling in topsoil, life as we know
it could not exist on the earth’s land.

Natural capital is also supported by energy from the

sun—another of the scientific principles of sustainability
(Figure 1-2). Thus, our lives and economies depend on
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Figure 1-3 Natural capital consists of natural resources (blue) and natural or ecosystem services
(orange) that support and sustain the earth’s life and human economies (Concept 1-1A).

energy from the sun, and on natural resources and natu-
ral services (natural capital) provided by the earth (Concept
1-1B).

A second component of sustainability—and another
subtheme of this text—is to recognize that many human
activities can degrade natural capital by using normally
renewable resources such as trees and topsoil faster than
nature can restore them and by overloading the earth’s
normally renewable air and water systems with pollu-
tion and wastes. For example, in some parts of the world,
we are replacing diverse and naturally sustainable forests
(Figure 1-4) with crop plantations that can be sustained
only with large inputs of water, fertilizer, and pesticides.
We are also adding harmful chemicals and wastes to some
rivers, lakes, and oceans faster than these bodies of water
can cleanse themselves through natural processes.

This leads us to a third component of sustainability:
solutions. While environmental scientists search for scien-
tific solutions to problems such as the unsustainable degra-

dation of forests and other forms of natural capital, social
scientists are looking for economic and political solutions.
For example, a scientific solution to the problems of deple-
tion of forests is to stop burning or cutting down biologi-
cally diverse, mature forests (Figure 1-4). A scientific solu-
tion to the problem of pollution of rivers is to prevent the
excessive dumping of harmful chemicals and wastes into
streams and to allow them to recover naturally. However,
to implement such solutions, governments might have to
enact and enforce environmental laws and regulations.
The search for solutions often involves conflicts. For
example, when a scientist argues for protecting a natu-
ral forest on government-owned land to help preserve its
important diversity of plants and animals, the timber com-
pany that had planned to harvest the trees in that forest
might protest. Dealing with such conflicts often involves
making trade-offs, or compromises—another component of
sustainability. For example, the timber company might be
persuaded to plant and harvest trees in an area that it had
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Other Principles of Sustainability
Come from the Social Sciences

Our search for solutions and trade-offs to
environmental problems has led us to pro-
pose three social science principles of
sustainability (Figure 1-5), derived from
studies of economics, political science, and
ethics. We believe that these, along with our
three scientific principles of sustainabil-
ity (Figure 1-2), can serve as general & §
guidelines for living more sustainably. ~ \

The social science principles of sustain-
ability are

e Full-cost pricing (from economics):
Many economists urge us to find ways to
include the harmful environmental and
health costs of producing and using goods
and services in their market prices—a
practice called full-cost pricing. This
would give consumers better informa-
tion about the environmental impacts of
their lifestyles, and it would allow them
to make more informed choices about the
goods and services they use.

e Win-win solutions (from political sci-
ence): We can learn to work together in
dealing with environmental problems by
focusing on solutions that will benefit the
largest possible number of people, as well
as the environment. This means shifting
from an I win, you lose approach to a we
both win approach (win-win solutions),
and to an [ win, you win, and the earth wins
approach (win-win-win solutions).

¢ A responsibility to future
generations (from ethics): We should
accept our responsibility to leave the
planet’s life-support systems in at least
as good a shape as what we now enjoy,
for future generations.

John Lee/Aurora Photos

Figure 1-4 Small remaining area of once diverse Amazon rain forest sur-

rounded by vast simplified soybean fields in the Brazilian state of Motto We will explore these principles further in this chapter
Grosso. and apply them throughout this textbook. For quick refer-
ence, you can find all six principles of sustainability on the

already cleared or degraded, instead of clearing the trees back cover of this book.

in an undisturbed diverse natural forest. In return, the
government might give the company a subsidy, or financial Some Resources Are Renewable
support, tq meet SF)me of the cost.s for. Plantlng tl'le '[1'6(?5. and Some Are Not

In making a shift toward sustainability, the daily actions

of each and every individual are important. In other From a human standpoint, a resource is anything that
words, individuals matter—another subtheme of this book. we can obtain from the environment to meet our needs
History shows that almost all of the significant changes in and wants. Some resources, such as solar energy, wind,
human systems have come from the bottom up, through surface water, and edible wild plants, are directly avail-
the collective actions of individuals and from individuals able for use. Other resources, such as petroleum, miner-
inventing more sustainable ways of doing things. Thus, als, underground water, and cultivated plants, become
sustainability begins with actions at personal and local levels. usetful to us only with some effort and technological inge-
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nuity. For example, petroleum was merely a mysterious,
oily fluid until we learned how to convert it into gasoline,
heating oil, and other products.

Solar energy is called an inexhaustible resource
because its continuous supply is expected to last for at least
6 billion years, until the sun dies. A renewable resource
is one that can be replenished by natural processes within
hours to centuries, as long as we do not use it up faster than
natural processes can renew it. Examples include forests,
grasslands, fishes, fertile topsoil, clean air, and freshwater.

The highest rate at which we can use a renewable
resource indefinitely without reducing its available supply
is called its sustainable yield. During most of the 10,000
years since we invented agriculture, civilization has lived
on the sustainable yield of the earth’s natural systems. But
in recent decades we have been living unsustainably by
degrading and depleting the earth’s natural capital at an
accelerating rate to fuel a growing population and ever-
increasing resource consumption. As a result, in parts
of the world, we are overharvesting forests, overgrazing
grasslands, overfishing oceans, overdrawing underground
water deposits (aquifers), and overloading the air and
water with harmful wastes and pollutants.

Nonrenewable or exhaustible resources exist in
a fixed quantity, or stock, in the earth’s crust. On a time
scale of millions to billions of years, geologic processes

Figure 1-5 Three social science
principles of sustainability can
help us make a transition to a
more environmentally and eco-
nomically sustainable future.

Figure 1-6 It would take more than a million years for natural
processes to replace the coal that was removed within a couple of
decades from this strip mine in Wyoming (USA).

can renew such resources. However, on the much shorter
human time scale of hundreds to thousands of years,
we can deplete these resources much faster than nature
can form them. Such exhaustible stocks include energy
resources such as oil and coal (Figure 1-6), metallic
mineral resources such as copper and aluminum,
and nonmetallic mineral resources such as salt and
sand.

As we deplete such resources, human
ingenuity can often find substitutes. How-
ever, sometimes there is no acceptable or

affordable substitute for a resource.

From an environmental and sus-
tainability viewpoint, the priorities for
more sustainable use of nonrenew-
able resources should be, in order:
Refuse (don’t use), Reduce (use
less), Reuse, and Recycle. Each
of these steps helps to extend
supplies and to reduce the
environmental impacts of using

these resources. According to a
number of environmental sci-
entists, we already know how to
reuse or recycle at least 80% 4
of the metal, glass, and other M
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