


Norm Christensen      Lissa Leege

THE

and

second edition

A01_CHRI7894_02_SE_FM.indd   1 11/21/14   7:10 PM



Acquisitions Editor: Alison Rodal
Project Managers: Laura Murray and Mae Lum
Program Manager: Anna Amato
Development Editor: Mary Hill
Editorial Assistants: Alison Cagle and Libby Reiser
Text Permissions Project Manager: William Opaluch
Development Director: Ginnie Simione Jutson
Program Management Team Lead: Michael Early
Project Management Team Lead: David Zielonka
Production Management: Lumina Datamatics
Copyeditor: Lumina Datamatics

Compositor: Lumina Datamatics
Design Manager: Mark Ong
Interior Designer: Tani Hasegawa, TTEye
Cover Designer: Tani Hasegawa, TTEye
Illustrator: International Mapping
Rights & Permissions Project Manager: Donna Kalal
Rights & Permissions Management: Lumina Datamatics
Photo Researcher: Lumina Datamatics
Manufacturing Buyer: Maura Zaldivar-Garcia
Executive Marketing Manager: Lauren Harp

Cover Photo Credit: Volunteers: © Hero Images/Corbis RF (42-46458524); Crop fields: © Ben Bloom/Getty RF 
(83758293); Solar panels: © Henglein and Steets/Getty RF (127544072); Magoito beach: © CResende/Getty RF 
(450422919); Namib-Naukluft National Park: © Lucyna Koch/Getty RF (157522186)

Copyright ©2016, 2013 Pearson Education, Inc. All Rights Reserved.  Printed in the United States of America. 
This publication is protected by copyright, and permission should be obtained from the publisher prior to any 
prohibited reproduction, storage in a retrieval system, or transmission in any form or by any means, electronic, 
mechanical, photocopying, recording, or otherwise. For information regarding permissions, request forms and 
the appropriate contacts within the Pearson Education Global Rights & Permissions department, please visit 
www.pearsoned.com/permissions/.

Acknowledgements of third party content appear on page C-1, which constitutes an extension of this copyright 
page.

PEARSON, ALWAYS LEARNING, and MasteringBiology are exclusive trademarks in the U.S. and/or other 
countries owned by Pearson Education, Inc. or its affiliates.

Unless otherwise indicated herein, any third-party trademarks that may appear in this work are the property 
of their respective owners and any references to third-party trademarks, logos or other trade dress are for 
demonstrative or descriptive purposes only. Such references are not intended to imply any sponsorship, 
endorsement, authorization, or promotion of Pearson’s products by the owners of such marks, or any 
relationship between the owner and Pearson Education, Inc. or its affiliates, authors, licensees or distributors.

Library of Congress Cataloging-in-Publication Data
Christensen, Norman L., 1946-  
 � The environment and you / Norm Christensen, Lissa Leege. — Second edition.
      pages cm
  ISBN 978-0-321-95789-4
  1.  Environmentalism.  2.  Environmental policy.  3.  Environmental protection.  I.  Leege, Lissa.  II.  Title.
  GE195.C575 2015
  304.2’8—dc23
	 2014043393

1  2  3  4  5  6  7  8  9  10—V311—18  17  16  15  14

ISBN 10: 0-321-95789-X; ISBN 13: 978-0-321-95789-4 (Student edition)
	 ISBN 10: 0-134-01439-1; ISBN 13: 978-0-134-01439-5 (A La Carte)www.pearsonhighered.com

A01_CHRI7894_02_SE_FM.indd   2 11/22/14   1:07 AM



iii

About the Authors

Dedication
To Nicholas, Natalie, 
Noelle, Nicole, Riley, and 
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today that ensure the 
future beauty, diversity, and 
health of the environment 
on which they will depend.
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To Micah and Emory, 
my constant joy and 
inspiration. I owe you the 
beautiful world I inherited, 
and it is my hope that 
education will motivate all 
kinds of students to take 
leadership and action in 
bringing about a bright 
and sustainable future.

A01_CHRI7894_02_SE_FM.indd   3 11/21/14   7:10 PM



iv

Preface
It has been said that change is the only constant. For billions of years, Earth’s environment and the 
organisms that inhabit it have been constantly changing. Over tens of millennia we, our species, 
have constantly changed; each generation’s technologies, values, and understanding of its 
environment have differed from those that preceded it. As a consequence of those technologies 
and our growing numbers, we have changed Earth’s environment more than any other species living 
now or in the past.

You and the world around you are the current manifestation of this process of inexorable 
change. The health and well-being of most of Earth’s people have markedly improved over the 
past century but our impacts on Earth’s environment have increased significantly. A century ago, 
our global population was fewer than 2 billion; today there are well over 7 billion of us. What’s 
more, each of us today uses several times more resources and generates several times more waste 
than our century-ago ancestors. The effects on our environment are alarming. Resources such as 
water and petroleum are dwindling. Air pollution and water pollution have become commonplace. 
Rates of extinction among Earth’s species are more than 10 times higher than in pre-industrial 
times, and Earth’s climate is warming because of human-caused changes in the chemistry of its 
atmosphere.

These changes threaten the health of Earth’s ecosystems and the well-being of many of its 
people; they directly affect you. These changes are unsustainable, but they are not inevitable. 
Sustainability and ecosystems are important themes throughout this book. Sustainable action and 
change require knowledge and understanding of the ecosystems upon which we depend. Yes, they 
are complex, but the key elements of ecosystem function and sustainability are beautifully simple. 
In an increasingly urban and technology-driven world, the connections between Earth’s ecosystems 
and our well-being may seem distant, even irrelevant. But they are at all times immediate and 
compelling.

We have not downplayed the significant challenges presented by the variety of environmental 
issues that affect our lives because a balanced view of the challenges is needed. Naïve optimism is 
not likely to motivate substantial change in our actions and impacts, but neither is pessimism. We 
can all change the world in directions that are truly sustainable. We are convinced you will be part 
of that process of change. That confidence and conviction were the motivation for writing this book; 
hope was the inspiration. 

Hallmark Features and New Innovations
A New Author
We welcome Lissa Leege to the author team of The 
Environment and You. Lissa teaches biology and 
environmental biology at Georgia Southern University 
and is the director of the university’s Center for 
Sustainability. Lissa’s passion for the environment and 
teaching, as well as her spirit of hope, have added new 
energy to the second edition.

A Focus on You
A hallmark of the first edition and further reinforced 
in the second is the importance of humans as agents of 
environmental change. The effects of those changes on 

human well-being continue to be a central theme in the 
second edition. The Environment and You emphasizes 
problem-solving and solutions that will enable you to 
make more informed choices on actions to support the 
well-being of humans and the health of the planet.

•	 Where You Live  New to the second edition, this 
feature invites you to use primary data sources 
to explore environmental principles, issues, and 
sustainable solutions within the context of your local 
community. By answering the questions posed, you’ll 
see how concepts and examples from your textbook 
can be applied to where you live and learn. This 
will not only satisfy your curiosity but also help you 
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connect local discoveries to central themes of the 
chapters. Do you know, for example, what biome you 
live in (Chapter 7) or whether you share your local 
environment with an endangered species (Chapter 8)?  
Do you ever think about just how much water you use 
everyday (Chapter 11)? How about the size of your 
waste footprint (Chapter 17)? These are just a few of 
the questions you will explore.

•	 Seeing Solutions  Problems need solutions and 
this feature highlights how individuals and groups 
around the world are using new approaches to 
solve environmental problems. Topics include a city 
that is investing in green space to solve problems 
associated with transportation, the local economy, 
and the health of its citizens (Chapter 16); a business 
that lessens its impact while improving profit and 
employee–community relations with a focus on the 
triple bottom line (Chapter 1); a group that supports 
increased educational opportunity for young women 
as a means to improve the health and well-being of 
their communities (Chapter 5); and efforts designed to 
support underdeveloped countries in dealing with the 
economic pressures of a changing world (Chapter 8).

•	 Agents of Change  This feature showcases the efforts 
of college students and recent graduates who have 
taken action to produce sustainable environments and 
improve human well-being. It is intended to provide 
guidance and encouragement for any student with 
a similar drive to make the world a better place. The 
second edition features seven new inspiring Agents 
of Change, including Sol Weiner and Tom Clement, 
Guildford College (Chapter 2); Liz Brajevich, Michigan 
State University (Chapter 6); and Alex Freid, University 
of New Hampshire (Chapter 17).

•	 Real Questions  We asked students around 
the country what they wanted to know and they 
responded with questions such as “Is climate change 
the reason for increased storms?” Their questions and 
our answers appear in the margins of every chapter.

Solid Coverage of Environmental Science
Our current understanding of environmental issues is 
built on a foundation of decades of careful research 
by generations of scientists. The second edition not 
only continues to provide many examples to help you 
understand the role science and scientific data can play in 
reducing uncertainty surrounding environmental issues but 
also engages you in the spirit of inquiry scientists use to ask 
questions and gather evidence to support predictions.

•	 Currency  New discoveries are constantly occurring, 
and our understanding is quickly evolving in all areas 
of environmental science. Among the many updates to 
the second edition are recently revised United Nations 
forecasts for the growth of human populations, the 
latest information on changes in Earth’s climate from 
the Intergovernmental Panel on Climate Change, and 
recent innovations in agriculture, energy conservation, 

and green building practices. This edition provides 
the most current synthesis of such changes in every 
environmental field.

•	 Motivation  Each chapter opens with an essay about 
humans and their interaction with or understanding of 
the environment. From the long-abandoned statues of 
Easter Island (Chapter 1) to the present-day concerns of 
the Arctic Inuit (Chapter 9) or the principled attempt 
by some San Franciscans to return Hetch Hetchy Valley 
to its original state (Chapter 2), environmental science 
is full of interesting stories. These stories will help you 
connect to the scientific concepts introduced in each 
chapter.

•	 Applications and Examples  The Environment and 
You provides numerous explanations of how scientists 
have found innovative ways to gather the evidence that 
supports current conclusions and enables informed 
predictions.

•	 Focus on Science  This feature encourages you to 
think about the process of scientific inquiry and the 
different methods scientists use to gather evidence 
by highlighting the work of individual scientists and 
the contributions they have made. In the second 
edition, we have emphasized the strategies scientists 
use to conduct scientific research and added critical 
thinking questions that will spark class discussion and 
encourage you to think like a scientist.

•	 New Frontiers  New to the second edition, this 
feature highlights interesting areas of environmental 
research as well as unique approaches to problem-
solving. New Frontier features emphasize the complex 
interactions between new scientific discovery, ethics, 
and policy and ask you to consider the implications of 
the power science has to change the way we live and 
interact with the environment.

Organized for Learning
The Environment and You is organized to help students 
understand environmental science.

•	 Each lesson begins with a big idea so students always 
have a way to see the forest as well as the trees.

•	 Manageable amounts of information are organized 
by key concepts within modules, giving students 
complete lessons before moving on to the next topic.

•	 Important concepts are illustrated with clear, purposeful 
charts and graphs and supported with photographs that 
capture the essence of the concept being presented.

A new overall chapter organization in the second 
edition improves the continuity and connectivity between 
chapters and integrates complex key concepts with 
relevant environmental issues. Our new organization 
features the following:

•	 An integrated approach to ecosystem ecology, where 
complex biogeochemical cycles appear in context

•	 A single chapter on the geography of life that includes 
marine, aquatic, and terrestrial biomes
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•	 A single chapter on water that offers a more cohesive 
approach, uniting coverage of the physical attributes 
of water with the discussion of issues related to water 
quality, conservation, and wastewater management

Supporting All Levels of Students
Students in introductory environmental science classes 
have vastly different levels of science background. The 
Environment and You is designed and written to serve that 
diversity.

•	 Self-assessment: Questions at the end of every 
module allow students to assess whether or not 
they have truly grasped a topic before they move on. 
Questions at the end of each chapter are designed to 
encourage synthesis of concepts and application to 
real situations. 

•	 MasteringEnvironmentalScienceTM: Used by over 
a million science students, the Mastering platform is 
the most effective and widely used online tutorial, 
homework, and assessment system for the sciences. It 
motivates students to come to class prepared; provides 
students with personalized coaching and feedback; 
quickly monitors and displays student results; easily 
captures data to demonstrate assessment outcomes; 
and automatically grades assignments, including 
concept review activities, 3-D BioFlix® animation 
activities and quizzes, Graphit! activities, and chapter 
reading quizzes.

New to the second edition of Environmental Science 
and You, Mastering has an expanded suite of activities 
designed to help your students practice concepts and 
develop scientific inquiry skills:

•	 Process of Science activities encourage your students 
to put scientific inquiry skills into action. These 
interactive activities guide them through current 
environmental research and help them understand 
concepts such as developing a hypothesis, making a 
prediction, understanding variables and independent 
variables, and more.

•	 Global Connection activities demonstrate the global 
relevance of local environmental issues and 
chapter themes. Your students will be able to draw 
comparisons between environmental issues in the 
United States and other countries such as water usage, 
air pollution, or species habitat loss.

•	 Expanded Interpreting Graphs and Data activities allow 
students to practice quantitative skills related to graph 
interpretation and analysis.

Additional Video Field Trips have been added to 
MasteringEnvironmentalScience. Assign these videos for use 
outside of class or use them in class to bring real issues 
to life. New to the second edition are a visit to a water 
desalination plant to see how one community is coping 
with water resource issues and an in-depth look at bee 
colony decline in the United States.
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The Environment and You strives to make navigating, 
focusing, and learning easier for students.

Stay Focused on the Big Ideas

NEW! Improved chapter 
organization  strengthens 
the connections between 
chapters and integrates 
key concepts with relevant 
environmental issues. 
Highlights include a more 
cohesive approach to water-
related issues, an integrated 
discussion of ecosystem 
ecology, and a revised 
chapter on the geography 
of life. 

IMPROVED!  
Big Idea Summaries 

start each lesson so you 
can easily keep sight of the 

big picture as well as the 
supporting details for each 

module and topic.

Big Idea Statements 
clearly summarize the 
learning objective for 

each topic.
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module  11.6WasteWater treatment
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purpose of primary treatment is to produce a relatively 
homogeneous liquid that can be treated biologically 
and a sludge that can be processed separately. In many 
developing countries, municipalities return wastes to the 
environment after primary treatment.

In secondary treatment, bacteria and other 
microorganisms are used to break down the organic 
material dissolved in the wastewater. In most treatment 
plants, secondary treatment takes place in aerated 
tanks and basins. Some facilities use membranes or 
gravel filters to further separate solid and liquid wastes 
(Figure 11.43).

Some treatment plants also use tertiary treatment 
to remove inorganic nutrients from wastewater. In this 
stage of treatment, wastewater is passed through sand and 
charcoal filters to remove residual solids and toxins. Next, 
the water is stored in human-made ponds or lagoons 
where microorganisms remove significant amounts of 
dissolved nitrogen and phosphorus. Finally, the water is 
disinfected with chlorine, ozone, or ultraviolet radiation 
to reduce the number of microorganisms.

Solid wastes, or sludge, accumulate at each step in 
this treatment process. Most often, sludge is subjected 
to digestion by microorganisms, which reduce the 
volume of organic matter and the number of disease-
causing microbes. Sludge is then dried so that it can be 
transported and disposed of off-site. Usually, it is dumped 
into landfills or spread onto open land. However, a 
growing number of treatment plants convert sludge into 

pellets that can be used as fertilizers; these pellets are 
often sold to local gardeners and farmers.

In place of traditional MSTPs, some communities are 
beginning to use natural or constructed wetlands to purify 
wastewater that has had primary treatment. Wetlands are 
very effective at purifying water (see Module 7.7). As water 
slowly percolates through wetland soils, solid materials 
are filtered out and microbes decompose the organic 
matter. Nutrients, such as nitrogen and phosphorus, and 
contaminants, such as heavy metals, are adsorbed by soil 
particles or taken up by plants and stored in their tissues.

on-Site Wastewater Treatment
 ■ If properly maintained, septic systems can  

isolate waste and protect water supplies.

In less densely populated areas, households often rely 
on septic systems to treat their wastewater and sewage. 
In these systems, sewage and household wastewater flow 
to an underground septic tank outside the home. Solids 
settle to the bottom of the tank where microorganisms 
begin to break down the waste. Wastewater flows to a 
series of perforated, underground pipes through which 
it is released into a leach field, where microorganisms 
in the soil finish breaking down the waste materials 
(Figure 11.44). Periodically, the solids that settle in the 
septic tank need to be pumped out and disposed of in  
a landfill.

Nearly 25% of the households in the United States 
rely on septic systems to treat their wastewater. When 
properly maintained, septic systems are an effective 
means of isolating wastes and protecting water supplies. 
Maintenance includes monitoring leach fields and 
occasional pumping of septic tanks. However, about 
10% of these systems are not functioning properly. In 
communities where soil conditions prevent effective 
leaching, failure rates may exceed 70%. The U.S. EPA 
reports that failed septic systems are the third most 
common cause of groundwater contamination.

◀ Figure 11.43 Your  
Neighborhood MSTP
Communities use different 
components of wastewater 
treatment depending on their 
needs. this aerial view of a 
wastewater treatment plant in 
Portland, maine shows primary 
and secondary treatment.

 ▲ Figure 11.44 Household Septic System
rural wastewater is often treated in on-site septic systems. 
Wastewater flows into the septic tank, where solid materials 
are decomposed. Liquid wastes flow out of the tank and into a 
system of perforated pipes in the leach field, where dissolved 
organic chemicals are broken down by microbes.

Nonperforated
pipe

Household wastewater

Septic tank

Gravel or
crushed stone

Vent pipe

Distribution box
(optional)

Perforated
pipe

Drain field

 For additional review, go to  
MasteringEnvironmentalScience

QuESTioNS 11.6
1. Describe what happens 

in primary, secondary, 
and tertiary treatment of 
wastewater.

2. explain how an on-site 
septic system operates.

Manageable-sized lessons
are organized by modules  
to give you a brief yet complete 
understanding before moving 
on to the next topic.

End-of-module questions
prompt you to check your 
understanding at the  
end of each module.

xxi
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NEW! Where You Live
activities invite you to use 
primary data sources to explore 
environmental principles, issues, 
and sustainable solutions in your 
local community. 

Co-authors Norm Christensen and Lissa Leege offer a fresh 
approach by emphasizing problem solving and scalable 
solutions that inspire students to make more informed choices  
to support the well-being of humans and the planet.

Find Inspiration in Seeking Solutions to Problems

UPDATED! 
Seeing Solutions  
demonstrates how an 
organization or community has 
come together to tackle an 
environmental problem. 

xxii
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Our current understanding of environmental issues is built on 
a foundation of decades of careful research by generations 
of scientists. This important work is discussed throughout the 
Second Edition.

UPDATED! 
Focus on Science

essays highlight 
the research 
of individual 

scientists and show 
how scientific 

research increases 
understanding 

of environmental 
issues.

NEW! Critical thinking questions
can spark class discussion  

and help you develop inquiry  
skills and an understanding  

of scientific discovery.

Easily Access Current, Accurate Science Information

xxiv

Rising sea level and increased storm activity and flooding pose ever-increasing 
threats to coastal communities around the world. These threats are compounded 
by rapid population growth and sprawling development in coastal cities. The 
traditional approach to protect coastal towns has been construction of sea walls and 
other “hardened” structures. More recently, greater emphasis has been placed on 
the conservation and restoration of natural habitats such as coral and oyster reefs, 
sea grass beds, and coastal forests and wetlands that buffer coastlines from waves 
and storm surges. We know these conservation strategies are effective at particular 
locations. Katie Arkema and her colleagues at Stanford University Natural Capital 
Project were interested in determining the value of such conservation practice 
applied on a large scale, across the entire coast of the United States (Figure 9.45).

Arkema and her team used a combination of data synthesis and ecological models to address this question. They began 
by calculating a hazard index for each square kilometer of the U.S. coastline based on the physical features that influence 
water movement, the types of natural coastal habitats at current sea levels, and the likelihood of coastal storms. They then 
calculated hazard indices based on five sea level scenarios, and for coastlines with or without natural coastal habitat. 

Scenario 1 represented current conditions and scenario 2 approximated sea level change 
expected in a Sustainable World future. Scenarios 3, 4, and 5 represented sea level rise with 
successively greater warming, with 5 corresponding to changes expected under the Business as 
Usual trajectory for global warming. They also mapped data on human populations and property 
values for each square kilometer of coastline. By overlaying these maps, Arkema was able to 
convert hazard indices to more direct measures of imperiled human life and property damage.

As expected, the number of people and the amount of property at risk increased with increasing 
rates of sea level rise (Figure 9.46). The presence of natural coastal habitat diminished those 
risks by at least 40% in each scenario on a national scale. At least as important, Arkema and her 
colleagues have produced the first national map indicating where conservation and restoration of 
reefs, wetlands, and coastal forests have the greatest potential to protect human life and property in 
coastal communities (Figure 9.47).

Source: Arkema K.K. 2013. Coastal habitats shield people and property from sea-level rise and storms. 
 Nature: Climate Change 3: 913–918.

Adapting to Rising Seas
How effective is the conservation of natural habitat as  
an adaptation strategy to sea level rise and increased 
storm severity?

Focus on science 

▲ Figure 9.45 ecosystem services
Katie Arkema is interested in finding 
ways to quantify nature’s benefits to 
people and applying that information 
to the management of coastal and 
marine ecosystems.

▲ Figure 9.46 With and Without 
Habitat
Bar graphs indicate the number of people 
and property value at risk nationally. 
Across all five sea level change scenarios, 
natural coastal habitats such as reefs, 
wetlands, and coastal forests substantially 
diminish risks to life and property in 
coastal communities.

Less than $9 million
$9 million to $899 million
$900 million to $32 billion

◀ Figure 9.47 Where it Matters Most
The color for each coastal county indicates 
the total property value for which coastal 
habitats reduce exposure to storms and 
sea level rise under sea level rise scenario 
4. Coastal habitats protect the greatest 
value and number of people in New York, 
Florida, and California.

1. What physical features of 
a coastline might increase 
risks associated with sea 
level rise?

2. Was the effect of habitat 
protection consistent 
among the sea level rise 
scenarios? Explain your 
conclusion.

3. How might coastal 
counties use this 
information to plan future 
land use?
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New Frontiers 
discussions 
emphasizes 
the complex 
interactions 
between new 
scientific discovery, 
ethics, and policy.

The most current, accurate 
data and research is presented 
throughout the text, and citations 
are provided so you can locate the 
sources of scientific information.

Questions from 
real students 
appear throughout 
the text, along with 
brief, scientifically 
accurate responses 
from authors Norm 
Christensen and 
Lissa Leege.

xxv
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 is an online homework, tutorial, and 
assessment system that helps you quickly master concepts both in and 
outside the classroom. This book and MasteringEnvironmentalScience 
work together to create a classroom experience that makes teaching 
and learning more efficient and enjoyable. 

Learn and Practice with New Online Activities

EXPANDED! 
Interpreting 
Graphs and Data 
questions help 
you practice 
basic quantitative 
analysis skills.

NEW! 
Process of 

 Science 
activities 

show you how 
to put scientific 

inquiry skills  
into action. 

xxvi
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NEW! 
Global Connection activities 
demonstrate the relationship between 
global and local environmental issues 
and chapter themes.

NEW!
Everyday Environmental  
Science videos, produced 
by the BBC, introduce you 
to connections between 
environmental science topics 
and real world issues. Instructors 
can show film footage in 
class, during class lectures, 
or assign as homework in 
MasteringEnvironmentalScience 
to engage students in  
learning about environmental 
science topics.

xxvii
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Access Study Tools Whenever You Need Them

NEW! Pearson eText 2.0 can be accessed from any web-
enabled device, including your computer, tablet, or smartphone.  

• 	 Now available on smartphones and 
tablets.

• 	 Seamlessly integrated videos and other 
rich media.

• 	 Fully accessible (screen-reader ready).
• 	 Configurable reading settings, including 

resizable type and night-reading mode.
• 	 Instructor and student note-taking, 

highlighting, bookmarking, and search.

Using eText 2.0, 
you can view 
related videos  
and animations 
within the same 
screen view,  
reset the type to 
a larger or smaller 
size, and read 
pages in a more 
comfortable night 
reading mode. 

xxviii
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NEW! 
Dynamic Study Modules 
provide an assignable and 

mobile friendly way to 
familiarize students with 

basic concepts before 
class. Each adaptive quiz 
modules helps students 

study on their own and be 
better prepared for class.

NEW! 
Learning Catalytics 
questions expand the 
possibilities for student 
engagement. The bring-
your-own device classroom 
intelligence system allows 
instructors deliver a wide 
range of auto-gradable or 
open-ended questions that 
test content knowledge and 
build critical thinking skills. 

xxix
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chapter 1

Sometime between a.d. 700 and 1100, people of 
Polynesian descent colonized a remote island in the 
southern Pacific Ocean, 3,500 km (2,180 mi) west of Chile. 
With its diverse forests and productive coastal waters, Rapa 
Nui or, as it is popularly known, Easter Island must have 
seemed like paradise to these first inhabitants. In just a few 

of centuries, these people, also called Rapa 
Nui, developed an advanced culture with 
writing and religion, and their population 
grew to 15,000 to 20,000 (Figure 1.1). 
But by the time of Dutch explorer Jacob 
Roggeveen’s arrival in 1722, Rapa Nui had 
been deforested, 21 tree species were 
extinct, and no tree taller than 10 feet 
remained. Unable to build seaworthy  
boats and having decimated the island’s 
land and seabird populations, only 2,000 
to 3,000 Rapa Nui remained, eking out 
a meager living by farming the island’s 
infertile soils.

The Rapa Nui saga is seen by many historians and 
ecologists as a classic example of the tragedy of the 
commons. The tragedy, first described in 1968 by 
philosopher Garret Hardin, is the decline and destruction 
of the natural resources—forests, wildlife, water, and 
so on—that are shared in common by members of a 
community. Cooperation, planning, and regulation among 
community members could avert this tragedy and sustain 

such resources indefinitely. But, Hardin argued, cooperative 
behavior diminishes the net benefit that individual 
members of the community can obtain by uncontrolled 
exploitation. In the end, individual greed wins out over 
community cooperation, and commonly shared resources 
are overexploited.

We, too, live on an island (Figure 1.2), and possible 
parallels to the Rapa Nui story are compelling. We share 
a great many natural resources in common with 7.3 billion 
other individuals. Supplies of many of those resources 
are diminishing. Each year, for example, 0.2% of Earth’s 
forests are permanently lost and more than 1% are severely 
degraded. Nearly a third of marine fish stocks are in decline. 
The species extinction rate is thought to be 1,000 times 
greater than in pre-human times. We are polluting critical 
common resources such as the air we breathe and water 
we drink. Earth’s ecosystems can renew most of these 
resources, but this would require cooperation, planning, 
and action among community members.

Are we, too, doomed to the tragedy of the commons? 
Many environmental scientists believe strongly that 
we are not. Economist Elinor Ostrom was certainly a 
vocal champion for this view (Figure 1.3). Although 
she acknowledged that common resources are often 
overexploited, she also saw numerous cases where they 
had been and continue to be sustainably managed. 
The tragedy of the commons, she argued, is an 
oversimplification, and community members are not 

necessarily trapped by their 
greed. Nor are they unwilling 
to invest time and energy to 
agree on sustainable resource 
management strategies.

Ostrom and her colleagues 
chronicled numerous examples 
of community success, including 
sustainable management of 
fisheries by the Seri people of 
northwest Mexico and long-
term stewardship of forests by 

It Takes a Community
Can we collaborate, plan, and act for a sustainable future?

◀ Figure 1.2 Home Sweet 
Home
It is obvious from this photo of Earth 
rising over the lifeless surface of our 
moon that we, too, live on an island. 
Earth is, so far as we know, the only 
inhabited and inhabitable place in 
our solar system. Its resources are 
finite, but most are renewable if 
they are used at sustainable rates.

4

▲ Figure 1.1 Easter Island
Hundreds of iconic moai, massive religious 
statues, testify to a once-robust Rapa Nui 
community and culture. It is thought that, in the 
1600s, the island’s few remaining trees were used 
to transport the moai to the island’s perimeter.
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communities in Nepal (Figure 1.4). 
She also pointed to successful 
community collaboration on much 
larger scales such as the Montreal 
Protocol, an international program 
that has successfully limited 
emissions of chemicals that degrade 
Earth’s protective ozone layer.

Ostrom compared these 
situations to ones where the 
tragedy of the commons 
prevailed, and she identified 
key characteristics of resources, 
governance, and communities that 
lead to sustainable management 
of common resources.

The condition of the resource 
is very important. When resources 
become severely exhausted, there 
are few incentives to manage them 
sustainably. Therefore, early action 
is important. Community action is 
more likely the more important a 
resource is to the community.

Choice and voice were 
important governance characteristics shared by sustainable 
communities. The more options for management, the 
better, and community members should have equal say in 
deciding which options to pursue.

Sustainable communities share 
three important characteristics. 
The first is knowledge; the 
more communities know and 
understand about essential 
resources, the more likely it is that 
they will collaborate to conserve 
them. The second is leadership; 
individuals committed to the 
future of the community and 
its resources are essential. The 
third is what Ostrom called social 
capital; sustainable communities 
share a vision for the future, and 
they share values that shape the 
means of reaching that future.

Ostrom’s key community 
characteristics appear throughout 
The Environment and You. 
This includes knowledge and 
understanding of Earth’s ecosystems 
and our impacts on them. It also 
includes abundant examples of 
sustainable actions to reduce or 
eliminate those impacts. Most 

important, we demonstrate ways that you as individuals can 
put these actions into practice. We are certain that you will 
find many reasons to share Ostrom’s belief in the potential for 
sustainable communities at local, regional, and global levels.

▲ Figure 1.3 A Sustainability Optimist
Elinor Ostrom was convinced that individuals 
in communities can sustainably manage their 
resources through collaborative, collective 
action. Her innovative studies earned her the 
2009 Nobel Prize in Economics.

■	 What is sustainability?

■	 What are the 
characteristics of 
sustainable systems?

■	 What is an ecosystem?

■	 What key 
characteristics do 
Earth’s ecosystems 
share?

■	 Why are uncertainty 
and science important 
to the sustainable 
management of 
systems?

■	 What important 
questions remain for  
a sustainable future?

A

B

◀ Figure 1.4 Sustainable Communities
Ⓐ The Seri people have sustainably fished and farmed along the coast of the Sea of Cortez for 
over 2,000 years. Community members share a commitment to the well-being of their community 
and the resources that support it. Ⓑ For tens of generations, Nepali farmers have sustainably 
managed their agricultural fields alongside forest ecosystems. These communities understand 
that intact diverse forests provide fuelwood, timber, and wildlife, and they also control erosion 
and support pollinators for their crops.

5
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chapter 1

1.1 Environment and Sustainability
In Earth’s long history, no organism has had a greater effect on the environment than have 
humans. Our ability to appropriate Earth’s resources has been a major factor in the rapid 

growth in our numbers. Over the past century, we have come to understand that our actions have 
significant consequences for the well-being of the community of all living things and for ourselves  
in particular. This understanding is the basis for human actions and behaviors that are mindful of 
essential environmental processes, economically feasible, and fair to all people now and in the 
future. These are the key prerequisites for a sustainable future.

The Environment and You
■ Environmental science and ecology explore the interactions of humans with the natural 
environment.

You may use the word environment to describe where 
you are and everything around you. Scientists have a 
more specific definition: the environment is all of the 
physical, chemical, and biological factors and processes 
that determine the growth and survival of an organism 
or a community of organisms. The long list of all the 
factors that make up your environment would include 
the gases in the air you breathe and the many life forms 
that nourish and are nourished by you. Environmental 
science studies all aspects of the environment.

Ecology is the branch of environmental science 
that focuses on the abundance and distribution of 
organisms in relation to their environment. Earth’s 
environments have sustained living organisms for at 
least 3.8 billion years; they have sustained members 
of our own species for well over 100,000 years. 
Throughout this time, Earth’s environments and the 
communities of organisms that depend on them have 
been constantly changing.

BIG
IDEA

6

▲ Figure 1.5 The Frontier
This painting by Albert Bierstadt of seemingly unending wilderness is typical of many 19th-century depictions of American 
landscapes.
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module 1.1

Defining Sustainable Actions
■ Our understanding of sustainable behavior has changed through time.

The concept of sustainability is central to environmental 
science. But what does it mean to be sustainable? Over 
the last 150 years, we have viewed this concept in 
different ways.

A century and a half ago, the human use of resources, 
such as wildlife and fisheries, was determined largely 
by our needs or perceived needs. Earth’s forest resources 
appeared to be inexhaustible, and wildlife was abundant 
(Figure 1.5). Rivers, lakes, and coastal waters were 
teeming with fish. We were fully confident of the 
environment’s capacity to produce an abundance of 
resources and to absorb and process our wastes. And why 
not? The world’s population was only about 1 billion 
people, and the population of the United States was less 
than 75 million. (Today, over 7 billion people inhabit this 
planet; more than 300 million live in the United States.)

As human populations and their demand for resources 
grew, supplies of resources began to dwindle. Between 
1920 and 1940, the number of scientific studies of the 
environment increased greatly. With new knowledge, 
resource managers began to appreciate the need to align 
the demand for resources with their supply. In forestry, 

this included strategies to plant and regrow trees after 
harvest and to protect them from the threats of pests 
and fire. In fisheries, this meant establishing catch limits 
and artificially stocking lakes and streams. These actions 
helped to sustain the supply of resources.

By 1950, there were 2.5 billion people in the world 
and 152 million in the United States. As the demand for 
resources increased, conflicts skyrocketed. In the United 
States, for example, growth in housing increased the 
demand for wood from national forests. At the same time, 
there was increased public interest in using those forests for 
recreation, for supporting wildlife, and for protecting water 
supplies. People argued over which use of forest resources 
should be given priority. To be sustainable, management 
policies had to recognize the different demands on the 
environment and its resources. Policies also had to address 
the conflicts among humans who valued those resources 
differently. For example, in the management of U.S. 
national forests there are strongly held values associated 
with commercial timber management, the provision of 
clean water, and the conservation of species that have often 
been in conflict (Figure 1.6).

◀ Figure 1.6 Too Many Uses?
Rapid population growth in the United States 
following World War II placed increasing  
demands on public lands for timber 
resources and for other ecosystem services 
such as grazing, recreation, and the 
protection of water supplies.
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What resources 
does your 
national  

forest provide?
Find the nearest national forest 
to your home by searching 
the web for “U.S. national 
forest” and the name of your 
state. What important natural 
resources and public benefits 
does your forest provide? 
What potential conflicts might 
there be among these uses?

Where 
You
Li  v e
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In its 1987 report, Our Common Future, the United 
Nations Commission on Sustainability declared, “At 
its most basic level, sustainability means meeting the 
needs of the present without compromising the ability of 
future generations to meet their own needs” (Figure 1.7). 
This declaration added a critical element of time to our 
concept of sustainability—sustainable management has 
its eye on the needs of the future.

The UN Commission on Sustainability was concerned 
with maintaining human well-being, a multifaceted 
concept that includes life’s basic necessities, such as food 
and shelter, as well as good health, social stability, and 
personal freedom. Their report noted that the factors 
necessary to ensure human well-being may change from 
one generation to the next. Thus, sustainability is not 
a process of maintaining the status quo. Instead, the 
commission argued that sustainability is maintaining 
the ability to accommodate three important sources of 
change.

1. The world is changing.  Earth’s environments 
undergo constant change, sometimes in regular daily 
and seasonal cycles and sometimes in more complicated 
patterns. Environmental change is both inevitable and 
essential.

2. We are changing.  Successive generations of 
humans have developed and used ever-changing 
technologies to extract and use resources. Humans 
also pass their knowledge about their environment 
and its resources from one generation to the next. As a 
consequence, our needs for ecosystem goods and services 
are constantly changing. The value we place on these 
goods and services changes, too.

3. We are changing the world.  No other organism 
has ever shaped its environment to the extent that 
we have. Our use of technologies, such as fire and 
agriculture, has allowed our numbers to increase and 
has changed the world. Our increasing numbers have 
extended our influence (Figure 1.8). Our increasing use 
of technology has had even greater consequences.

Today we are at a unique moment in history. At no 
previous time has Earth supported so many humans. 
At no previous time has overall human well-being been 
better. We can point with gratitude to actions by previous 
generations that have helped us meet our current needs, 
such as the development of agricultural technologies 
and the establishment of national forests and parks. 
But we can also identify actions by our ancestors that 
have impoverished our world. In many regions, poor 
agricultural practices have permanently diminished soil 
fertility. Overexploitation has left us with mere snippets 
of the once vast ancient forests.

Although average well-being among humans is high, 
variation in well-being is high as well. In developed 
countries such as the United States, clean water is taken 
for granted and obesity is all too common. Yet more 
than one-fifth of Earth’s people lack access to clean water 
and suffer from malnutrition. This disparity has led the 
United Nations and other world leaders to broaden the 
definition of sustainability to include the concept of 
equity. In this context, sustainability means meeting 
the needs of the present in an equitable and fair fashion 
without compromising the ability of future generations  
to meet their own needs. This is the definition that 
we will use throughout this text. (It should be noted, 
however, that scholars and decision makers are not in 
agreement on what constitutes “equitable and fair.”)

▲ Figure 1.7 Sustainability 
as a Commitment to the 
Future
The 1987 UN Commission on 
Sustainability was chaired by 
Norwegian prime minister  
Gro Brundtland.

▼ Figure 1.8 A World of 
Change
This is a composite satellite 
image of Earth at night. 
Imagine how it might have 
looked a century ago. How 
will it change over the next 
century? The changes in these 
lights represent changes in 
Earth’s ecosystems, in human 
values and technologies, and 
in our environmental impacts.
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Does this definition of sustainability seem too  
focused on humans? If so, remember that Earth’s 
environments were self-sustaining for billions of years 
before our time. If we were to disappear tomorrow,  
they would eventually recover from our impacts.  

Our present and future well-being depends heavily  
on how we treat all of Earth’s life and environments.  
But it also depends on actions that are economically 
feasible and fair to all people, now and in the  
future.

Planet, People, and Profit: The Triple Bottom Line
■ Sustainability lies at the intersection of environmental, social, and economic success.

For years, the environmentally minded have insisted 
on the importance of including the environment in 
the measurement of profit in business but struggled 
to develop an accounting system to include these 
external costs. In 1994, John Elkington, the founder 
of a British consultancy, SustainAbility, developed the 
concept of the triple bottom line (TBL). TBL is an 
accounting framework by which corporations, nonprofit 
organizations, and even governments can measure three 
dimensions of performance: environmental, social, and 
economic. According to TBL thinking, the intersection  
of these three dimensions is the only sustainable  
path for the future (Figure 1.9). Also referred to as the  
“3 P’s”—planet, people, and profit—TBL incorporates 
the dimension of “planet” or environment, as measured 
by output of pollutants, conservation of endangered 
species, waste production, energy use, and so on. The 
social dimension, or “people,” includes such measures 
as human health and well-being, equity (including 
the difference in salary between top executives and the 
lowest-paid workers), access to social resources, and 
benefit to the community. The economic dimension, or 
“profit,” is the only measure that has been traditionally 
evaluated.

Reporting the TBL presents a challenge for any 
organization, in that each dimension is measured in 
different units. How can the value of pollution that was 
never emitted be measured in dollars? What is the value 
of a healthy and happy workforce and a community 
supported by the businesses therein? Despite the 
challenges of measurement, TBL is gaining popularity 
among corporations, nonprofits, and governments, so 
much so that many have shifted their business models to 
evaluate and improve all three areas. What is motivating 
this shift? According to MIT/Sloan Management Review’s 
2011 Sustainability & Innovation Global Executive  
Study and Research Project, consumer preferences, 
legislative pressure, and resource scarcity are the 
most important drivers of this change toward a new 
business model. In addition, investors are looking more 
carefully at sustainability practices before supporting 
corporations.

Of nearly 3,000 global corporations surveyed in 2011, 
31% reported that conserving environmental capital 
for the future and placing value in their communities 
and workforce has actually increased their profits. For 
example, Campbell Soup Company invested significantly 

in water efficiency measures, resulting in a savings of 
1 billion gallons of water during 2008–2013 and a 
15–20% return on investment (money saved due to the 
improvements). The bottom line is that corporations that 
incorporate the TBL into their business model also stand 
to increase their economic profit.

There is much we can learn from the past to help us 
ensure a sustainable world for the next generation. Yet in 
many important respects, that generation will be quite 
different from all earlier generations. By all indications, it 
will include over 9 billion people. Those people will use 
technologies and have expectations that we can hardly 
imagine. If the management of our resources today is 
to be truly sustainable, we must be very generous in 
our projection of future needs. The ecosystem concept 
described next provides a foundation for defining 
sustainable behavior and actions.

▲ Figure 1.9 The Triple Bottom Line
The intersection of these three dimensions is the path to sustainability. Profit without 
people or planet is short sighted, with no future human or environmental capital to 
draw from. Environment without people or profit does not support human well-being 
or allow for economic growth. A focus on the social dimension without accounting for 
the dimensions of planet or profit does not allow for the preservation of long-term 
environmental capital or sustaining incomes.

 For additional review, go to  
MasteringEnvironmentalScience

Questions1.1
1.	Describe how human 

understanding of 
sustainable actions has 
changed over the past 
century.

2.	What kinds of change 
must be included in 
our understanding of 
sustainability?

3.	Describe the three 
dimensions of the TBL. 
How is each important to 
sustainability?

Profit

Equitable

Viable

Bearable

SUSTAINABILITY

Planet

People
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