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Dedication

To Nicholas, Natalie,
Noelle, Nicole, Riley, and
all other of Earth’s children.
May we make decisions
today that ensure the
future beauty, diversity, and
health of the environment
on which they will depend.

To Micah and Emory,

my constant joy and
inspiration. | owe you the
beautiful world | 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.



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. Naive 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.

e 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



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.

e 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).

e 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.

e 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.

e 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.

e 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.

e 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.

e 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.

e 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:

e 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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e 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.

e 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.

e MasteringEnvironmentalScience™: 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.
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Stay Focused on the Big Ideas

The Environment and You strives to make navigating,
focusing, and learning easier for students.

CHAPTER 1 1

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.

11.6 Wastewater Treatment

Wastewater includes sewage, water from sinks and other household uses, stormwater runoff,
1217y and water used by manufacturing facilities and other industries. In the past, wastewater was
simply dumped into nearby waterways. Today, in most developed countries, wastewater is treated to
protect the environment and prevent the spread of disease before it is returned to streams and rivers
to flow back into the natural hydrologic cycle. Unfortunately, in some poor countries, wastewater still
goes untreated. The most common methods of managing wastewater are municipal sewage
treatment plants and septic systems. Recently, some municipalities have become interested in
treating wastewater with methods that mimic the biogeochemical processes of natural ecosystems.

Municipal Wastewater Treatment

aw.

Big Idea Statements *

treatment varies widely among developing and developed countries.

clearly summarize the

Until recently, sewage and other forms of wastewater
were simply dumped into nearby waterways. Over

some manner. The lack of adequate water treatment s
# major cause of the !ugh rates of wnlerbomc iiluew:?q.

|earning objective for time, dilution and natural processes would eventually such as cholera and typhoid fever, in d g
. demmpou themge and purify I.hg water. In areas with  countries.
each topic. human, pulati r, this approach In the Linited States, most cities and towns manage
natuml cannot their wastewater and sewage in municipal sewage
bmkdo\mlargeamounuofminaﬁhmmiodof treatment plants (MSTPs). These plants use a stepwise
v time. U d sewage and harm natural process to remove wastes and chemicals from the
Figure 11.42 Wast t human health, and contaminate water (Figure 11.42), When water first enters a sewage
w . surface water, the source of drinking water for the vast plant, itis 4 to remove large solids,
Tk i wak plat o majority of Farlh 5 penple. such as rags, feminine hygiene products, sand, and gravel.
pretreated 1o remove solids. In most d i is now. Insoluble chemicals, such as grease and oils, may also be
Primary treatment removes treated befom it h mumcd 10 the envi In d
adclitional salids and produces  less d d the nt of wastewater Pretreated wastewater then flows into large settling
;'h?‘ﬂ'ﬂ'!l'!m liquid Ihr:'h is more varlahlr Many poor countries have virtually tanks, where it undergoes primary
Gh T ooganic comthou no wastewater treatment. In Latin America, only about  Particles in the wastewater settle 1o the bottom of the
NEW! Im proved Chapter rd:mzm"" 15% af the wastewater that is collected is treated in tank, forming a sediment called sludge. The main
organization strengthens thase organic compounds.

the connections between

chapters and integrates PRETREATMENT PRIMARY SECONDARY TERTIARY

key concepts with relevant bl ottt R e i
Y p solids; fats, oils to Temove organics to remove pollutants, various

environmental issues. o b

Highlights include a more aon. S Settling Tank .

cohesive approach to water- 2 . SIEoE @ B <

related issues, an integrated ; : |

discussion of ecosystem : 1 el

ecology, and a revised . Cuve Leaching Pond

chapter on the geography
of life.
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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

WASTEWATER TREATMENT

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.

Household wastewater

Perforated Vent pipe Gravel or

A 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.

MODULE 116

< 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.

auesTions 171.6

o—

pipe crushed stone

1. Describe what happens
in primary, secondary,
and tertiary treatment of
wastewater.
2. Explain how an on-site
septic system operates.
@ For additional review, go to
MasteringEnvironmentalScience

363

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.
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Find Inspiration in Seeking Solutions to Problems

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.

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

Where does
your water
come from?

Your home has both a street

address and a watershed

address. Using EPA data,
determine in which watershed
your home is located.

o What is your watershed
called? Where does the wa-
ter that runs off your street
ultimately end up? What
upstream rivers lead into
your watershed, and what
downstream rivers take its
water to the ocean?

e Using EPA data for your
watershed (impaired water),
characterize the water qual-
ity in a stream or river near
your home.

o What are the most impor-
tant factors influencing that

quality?

XXii

UPDATED!

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

SEEING SOLUTIONS

Atlanta’s Beltline: Abandoned Railway
to Transformative Park Network

How can a blighted railroad corridor dotted with abandoned industrial sites
transform into a solution for many common urban problems?

The city of Atlanta, Georgia, holds the ausgicious title for
tho U.S. eity with the greatest growth n urban area from
2000 to 2010, Long ago, the city burst through its onginal
boundaries and spreard in svery direction to ocoupy §
metro area now the sire of New Jersey. Atlanta originated
a5 a railroad sottlemant in the 18308 and was evantually
cirched by 22 miles of roilroad tracks that brought goods to
wnd from the industrial sites located slong the sutskins of
tha city As the city grew up and its focus shifted to a ks
incustrial economy, the ralway waned in iImpartance, lﬂd
¥Figure 16.26 AManwith oy iyl s the inichustrial sites it servec were ab

et six ywars, the plan gained the support of the mayors office
and funding thicugh public-private parnerships.

The fiest trail opened in 2008. As of January 2014,
the BeltLine had four developed trail segments rurning
through 11 miles of new green space. Ultimataly, the
BultLine will include 22 miles of pedestrian riendly rail
transit, 33 miles of multiuse trarks, 1,300 acres of parks,
5,600 units of afferdable housing, 1,100 scres of emedisted
brownfinlds (industrial wasteland spacs), public ar,
and histonc preservation (Figure 16.27). The project is
dto be leted over the next twa decades.

;:-:;--I.nh- S Like many urksan xystams, Atlanta struggles with sprawl,
:m‘mmumu;i Atlantay  inadequate pubslic tensportation, limited green space, and
, stands in niighborhaods fragmanted by major physical barriars.
mi‘:::m' Atlarta's sward-winning BeltLine began as o thesis project
N n.:‘,..m,n:... daveloped by Ryan Gravel in 1999 as he graduatud with a
mastar's degree in Archtecture and City Planming hrom the
F Geongn Institute of Techrology. Ryan's vision was to tramsform
ground in 2008, with mich th blighted 22:mile ralbway comidor ringing Atlinta’s inner city
Into a continuous multhuse traill system. Tha Bahline would
raconnect 45 neighborhoods, revitalize
and expand 40 parks, and provide
much- needed public transportation
via & strepicar systemn. As an added
benafit, Ryan snticipated sconomic
raceveloprment of the central city
surrounding the BeliLine [Figure 16.26)
Thegh Ryan’ inifial vision recerved
mooolackes, it wold take many years,
aignificant and parsistent political will,
millians of dollars, and a mobilized
community 1o transform if into reality
Several years after grachusting Ryan jsined
i thasis project with collsagues. They
Ut Together some concept maps
and a letter 1o sand 1o the mayor, the
governcr, reggonal planners, and anyone
slse who might be able to help. City
Councibwornan Cathy Woolard, chair
of the transportation committes, gave
the project har full support. Toguther,
Gravel and Woclard held mestings
Inneighborhoocds scross the city, and
Frimndk of the BaitLine was borm. Cver the

The economic convequances of the BeliLine are already
wvident, Property values surrounding the BeltLine were up
as much as 30% by 2005, bafore any part of tha project was.
even complete. in adedition. the BeltLines management
group estimates almost $1 billion has been invested in new
development surrounding the Beliline since 2005 Atlanta’s
BaltLine s now hailed as *the country’s best smart growth
project”—an engine for new economic development and
revitalization of what was once an urban blight. The success
of Atianta’s BeltLine shows yet again that what benelits the

often also banwfits the

AFigure 16,27 Mapping a Vision
Al!m\pmpm-d&thtmmmm1Mmdpuh.
33 miles of trails, and 22 miles of public transpartation The
profect is enpected to be completed in 20 years.




AGENTS OF CHANGE

Water Conservation Competition
Martin Fugueroa is majoring in biclogy with an emphasis on Human

Biology and a minor in
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University of California, Merced, Martin Figueroa created the Water
Conservation Competition—a month-long water battle between the

14 dorms on campus, which challenges students to reduce their water use.
Students can view their daily usage throughout the competition on an
online, real-time dashbozrd that Martin developed with a local technology
compuny, Martin continues to host this competition, which congerves over
a million of gallons of water each year

ity, During his sop} year at
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Rachel Barge,
University of
California—
Berkeley, Green

Initiative Fund

NEW! Martin Figueroa,
University of California—
Merced, Water Battle

ALSO FEATURED:

Robin Bryan,

University of Winnipeg,
Campaign Against Logging

Marisol Becerra, DePaul
University, Mapping
Pollutants in Little Village

STOGROW

and Around the World

AGENTS OF CHANGE

NEW! Andrew Sartain,
University of Oklahoma,
Earth Rebirth

NEW! Jen Kelso and Amber

UPDATED!

Agents of Change
showcase inspiring
college students and
recent graduates who are
taking action to develop
sustainable environments
and improve human well-
being. Seven Agents of
Change stories are new to
the second edition.

NEW! Hillary King,
St. Olaf College,

NEW! Eliza Barjbich,
Michigan State University,
Vericomposting

NEW! Alex Fried,
University of New
Hamphsire,

Trash 2 Treasure

Will Perez, Brown

" University, Taking Public

Health to Rural Haiti

Jessica Franzini, Stockton College,
Greening Urban Spaces

e ——

NEW! Sol Weiner and Tom
Clement, Guildford College,
The Making of Swine Country

Varsha Vijay, Duke University,
Protecting a Unique
Biodiversity Hotspot

Jacob Perritt-Cravey,
University of Florida, Carbon-

White, Loyola University of
Chicago, Biodiesel Project

Neutral Football Games
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Easily Access Current, Accurate Science Information

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 e

. can spark class discussion
Second Edition. and help you develop inquiry

skills and an understanding
of scientific discovery.

UPDATED! —
Focus on Science

H H . 11 1. What physical features of
essays hlghllght Adaptlng to R]'S]'ng Seas a coastline might increase
: . - : risks associated with sea
the research How effective is the conservation of natural habitat as level river
of individual an adaptation ?strategy to sea level rise and increased 2. Was the effect of habital
. . storm severlty. protection consistent
SClent|Sts and ShOW among the sea level rise
h . tf Rising sea level and increased storm activity and flooding pose ever-increasing scenarios? Explain your
ow scientific threats to coastal communities around the world. These threats are compounded conclusion.
research increases by rapid population growth and sprawling development in coastal cities. The 3. How might coastal
. traditional approach to protect coastal towns has been construction of sea walls and counties use this
u nderstandlng other "hardened” structures. More recently, greater emphasis has been placed on information to plan future
. . . land use?
. the conservation and restoration of natural habitats such as coral and oyster reefs,
Of environ mental sea grass beds, and coastal forests and wetlands that buffer coastlines from waves A F}|gure 9'4$ Ems)'stem Sgrv,ces
. d'st We k th tion strategi ffective at particul Katie Arkema is interested in finding
Issues. and storm surges. We know these conservation strategies are effective at particular .o o quantify nature’s benefits to
locations. Katie Arkema and her colleagues at Stanford University Natural Capital people and applying that information
Project were interested in determining the value of such conservation practice to the management of coastal and
. . - . marine ecosystems.
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 B
successively greater warming, with 5 corresponding to changes expected under the Business as ® ih habitat f o0
Usual trajectory for global warming. They also mapped data on human populations and property © Without habiat
values for each square kilometer of coastline. By overlaying these maps, Arkema was able to ‘g 5] F 800
convert hazard indices to more direct measures of imperiled human life and property damage. E B
As expected, the number of people and the amount of property at risk increased with increasing ] 0o ]
k z
rates of sea level rise (Figure 9.46). The presence of natural coastal habitat diminished those = =
) ; . . . 2 24 =
risks by at least 40% in each scenario on a national scale. At least as important, Arkema and her S =
& =
colleagues have produced the first national map indicating where conservation and restoration of 5 ra0 2
reefs, wetlands, and coastal forests have the greatest potential to protect human life and property in % i
coastal communities (Figure 9.47). 2 i L 200
Source: Arkema K.K. 2013. Coastal habitats shield people and property from sea-level rise and storms.
Nature: Climate Change 3: 913-918.
0 Lo
1 2 3 4 5
SEA LEVEL RISE SCENARIOS
A 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.
< Figure 9.47 Where It Matters Most
Less than $9 million The color for each coastal county indicates
® $9 million to $899 million the total property value for which coastal
@ 5900 million to $32 billion 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.
3 297
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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.

9.4 Consequences of Global Warming

The changes caused by global warming vary from regien te region: In some places,

=10 increasing temperatures have been accompanied by higher rainfall amounts. In others, they
have brought drought. Winters have become milder and sharter in Earth's middle latitudes, and dry
seasons have grown longer in some parts of the tropics, Glaciers and ice sheets are melting
worldwide. Warming is causing sea levels to nise. Taken together, these changes are having a

significant impact on the flora and fauna of many

Drier and Wetter

ecosystems.

® Global warming is producing wetter conditions in some places and drought in others.

The effects of rsing temperatures on precipitation vary
geographically, Rainfall has increased significantly in eastern
North and South America, as well as in most parts of Europe
and Asia. In contrast, sub-Saharan Africa, the Mediterranean
region, and westemn North Ametica have been drier Since
1970, longer and more intense droughts—as measured by

depends an the length of wet seasons, Based on current
wends and climate modely, growing seasons are expected
10 become shorter over most of sub-Saharan Africa, with
the exception of lands very near the equator,

There is evidence that global warming is influencing
drought cycles. For example, the El Nifio/La Nina/

decreased precipitation and higher ) i—have
affected wide areas of the tropics and subtropics. At the
same time; there has been a worldwide increase in the
frequency of rainstorms that result in flooding, even in
areas where total annual rainfall has declined (Figure 9.24).
Warm air halds more moisture (see Module 3.6).

In regions in which rain is highly seasonal, such
as sub-Saharan Africa, global warming appears 1o be
changing the length of wet and dry periods. This is a
matter of special concern because food production

A Figure 9.24 Deluges and
Droughts

(8) In 2013, torrential rains impactad
crop preduction across much of
upstare Mew York, (B! In 2014,
extreme drought in California
meant farmers could not grow
crope on hundreds of thousands of
acres. Global warming may have
contributad to both situations.

Southermn Oscillation is caused by changes in the
temperature of surface waters in the equatorial Pacific
Ocean. When waters off the west coast of South and
Central America are cold, drought is much mere common
in the southwestern Linited States, Some climatologists
thinlk that since 1970 the length and intensity of EIl

Nifio and La Nifa events have been outside the range of
natural varability. Although climate models predict that
such changes will occur, most scientists feel that it is not
clear that they are actually underway.

-,

Rewving up Severe Weather?
Oraan temperaturs is an impartznt factor n the
development of tropical storms and hurricanes, and ocean

ADOPTION OF GENETICALLY ENGINEERED CROPS IN THE UNITED STATES, 1996-2013

PERCENT OF PLANTED ACRES
885 88 38

L]

haerbicides.
MODULE 9.4 Soumca: Chata fronm USO8, Exxnarie: Research Servicn sl Nartional Ageiciiliursl Statritics Service

1996 1997 1998 1999 3000 2001 J002 2005 004 1005 2006 2007 2000 009 2010 2011 2002 013

YEAR

\. A Figure 12.40 Genetically Modified Crops Crowd the Fields
GMO carn, cotton, and soybeans have crowded out all othar vanieties in the United States.
Mare than 90% of these plants are now genetically modified, mostly for resistance to pests and

@Is climate change the ~®——
reasan for increasad storms
and global disturbances?

Ciara Tyce,

Georgia Southarn University

Fro

Norm: 5= Climate sontists
ara generally carsful not ta
attribute o particular weather
wvant 1o olobal warming
However, Increased lrequency
and mtensity of storms and
heat waves is consistent with
climate model pradictions

New FRONTIERS [

0.25"Cand05°C

appear to be

(0.4..':;—0.9 *F) over the past century, Warmer sea surface

d Nith lhE ks d

increasa in the number and strength of ropical starms in the
Pacific Ocean. For example, Typhoon Haiyan, which hit the
Philipgines in 2013, was one of the strongest tropical starme
aver recarded. But trends in the Atlantic Ocean are far less
clear The very significant damage from Hurricane Sandy in
2012 was largely a consequence of a combination of ses
Imvel rise (sea the next saction) and peorly maraged coastal
develcpment (ses Meduls 18.2).

Debate continues regarding the effects of global werming

s, buttherz s c

on past and curent storm p

among scientists that continued sea surface warming will
very likely incraaza the fraquency and sevarity of tropical
storms In the future. How much svidance do you believe we
need in order to take strong action to mitigate the affects

of future strong storms? How much of the risk associated in
living in coastal areas should be the responsibility of property
owners varsus the governmsnt?

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

New Frontiers
discussions
emphasizes

the complex
interactions
between new
scientific discovery,
ethics, and policy.

XXV



Learn and Practice with New Online Activities

MasteringEnvironmentalScience® 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.

Chagte § Clmaw Changs Interpreting Graphs and Data Projechions. of Globad Warmng Resowrien *
oo Typa: Cooching Actvibes | Difficulny: 1 | Tine 3m | Leaoming Cutcores + | Contact the Putdsher Manage this heem:  Standard View L4
Interprating Graphs and Data: Projections of Global Warming
Pana
?ﬁ;ﬁ;ﬂ:ﬁfﬂﬁiﬂ““"msw Vhat infoermation s pradienied on S j-aws of the gragh? EXPANDED!
- . n Va0uyear intarvais q
o s ety e e shedrg B e | o Interpreting
plobal surface Wmgersiuee 0 “Calsus
P S it o Y Graphs and Data
60 | @ mtwsbie Wk 3 ) .
B oo | onesmn iy [ [T ——— questions help
g s Incomect; Try Again you practice
1 ey ekl q . .
2 e T ot e 4 0o basic quantitative
=) el how . .
2 a4 analysis skills.
g 104 X Pans
o M YWhat dous i yelcw lins represant?
0
o Today's World: The amaunt of gichal sameg

r ot Byt cccur of CO2 eminsons cease
1500 2000 2100 enmachately and COZ concentrabors conmus Bt
DATE e cisrent bl
@ St Mo, B Buminess an Ussiak: The amount of gichal
warmng that i Ky 1o ocour i governments and
R L - T ) Indhasianly toks o 2chen 1o Sour e intaes in
===
‘Sustainable World: The amount of global
warTTEng Bat & by 10 Bccur If gowerTmets 300
e oehaaiy take agnileant actions 1 sow the
mermase in COT srmaions

m My Answrs  Giiva U T Enwronmants Paucy Maang Dea Process of Scence. Does Fraciong Contaminate Drinlong Wale? (The Soence Be Aesoury
e Typs: Coaching Acteties | Dificubty: — | Time: — | Leaming Oulcomes = | Contact the Publisher Manage this em: | Standad View
Osbarm's taam proposed thres scenarios by which tharmogenic methane could have reached the aquiter during fhe drilling procass:

= Posibility A: Gas-rich solutions rom deep underground were displaced by fracking and traveled upward through existing fractures to
the shallow aquiter.

y B: Fracking ity cremted o enlarged fractures in shallow areas far above the shals lormations, allowing gas to

eurface and infiltrate shallow aquifers,
Use the diagram below 1o identily where sach possible problem would have originated.

p

NEW!

Process of
Science
activities
show you how
to put scientific
inquiry skills
into action.
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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.

PartB

Now you will ook af some mons daka 1o sea Iif the condlusion you drow fram the graphs is
Map and lollow these insTuctions:

Launch )
Instructinns for Map Sehap
1. Select Politheal and. Contingnts and Country Borders.

choose
2 Select Economic and choose Gross National income Por Capits
2 Select Population and choose Poputation Growtn Rates.

A at right.)

* There |s & positive correlation - higher incom i correlsted with rapid populstion growth,

There is ne corelation betwoen these two variables.

| Susmit [T

There s & negative comiation — highty incomis is comelatnd with slow population growth.

Launch the

Locate thase thres countries on the map — United States, Brazil, and Niger, (Il you nead help finding these couniries, refer 1o the workd

‘What relstionship do you see batwean these twe variables - populstion growth and grosa national incoma?

oo Mastergd
»
analyse et patimim
L COrARCN Rt 150 Global Cannacsion: Human Population - Varsion B . Pl
o Conmtinants and Country
[
Rem Type: Conching AcSvilies | Difficulty: - | Time: - | Contact the Pubésher iy OiiaMinghionch
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Ageicultuesl Damasty
Arithewiis Density
Crurbe Birth Rate
Crudde Dwatlh Nt
HIVIAIDS Provalence
Wikt Mg adry Rave
Litn Expactancy
Liseacy Ratw
Wusteenal Mortality Eale
Peogle witha
Calleg/University Degres
Pescamtage of Popelation
Urvsher Ager 14
Phpriological Desity
Progwilation Density

W Paguilation Groseh Baw

PRATLIAL BT CF WA
Veymgid D L wmne
et £ 250w
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e ) e L
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WNTANETICA

i Try Again; 5 P 9

‘ SBtudy the map mon cansfully. Does Niger have high or low income'? 1n s populafion growth rate rapid or siow? What about Braril and the Unlisd States? is tha comalabion batween
these variables positive or negative?

poma s

NEW!

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

MasteringEnvironmentalScience®

Using eText 2.0,
you can view
related videos

- mam o -

. o —
and animations Sources of Greenhouise
e Gas Emissi
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A 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.

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

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

< 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. lts resources are
finite, but most are renewable if
they are used at sustainable rates.



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.

A 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.

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 1.4 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. (B) 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.

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?



CHAPTER 1

1.1 Environment and Sustainability

In Earth’s long history, no organism has had a greater effect on the environment than have
121728 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

B Environmental science and ecology explore the interactions of humans with the natural
environment.

You may use the word environment to describe where Ecology is the branch of environmental science
you are and everything around you. Scientists have a that focuses on the abundance and distribution of
more specific definition: the environment is all of the organisms in relation to their environment. Earth’s
physical, chemical, and biological factors and processes environments have sustained living organisms for at
that determine the growth and survival of an organism least 3.8 billion years; they have sustained members
or a community of organisms. The long list of all the of our own species for well over 100,000 years.

factors that make up your environment would include Throughout this time, Earth’s environments and the
the gases in the air you breathe and the many life forms communities of organisms that depend on them have
that nourish and are nourished by you. Environmental been constantly changing.

science studies all aspects of the environment.

——— = '_.—‘ By
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A Figure 1.5 The Frontier
This painting by Albert Bierstadt of seemingly unending wilderness is typical of many 19th-century depictions of American
landscapes.



IRONMENT AND SUSTAINABILITY

MANY IN®
VEDICINE BOW

Defining Sustainable Actions

B 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 Il placed increasing
demands on public lands for timber
resources and for other ecosystem services
such as grazing, recreation, and the
protection of water supplies.

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?



A Figure 1.7 Sustainability
as a Commitment to the
Future

The 1987 UN Commission on
Sustainability was chaired by

Norwegian prime minister
Gro Brundtland.

V 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.

ENVIRONMENT, SUSTAINABILITY, AND SCIENCE

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.”)




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.

ENVIRONMENT AND SUSTAINABILITY

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

B 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

Bearable

Viable

A Figure 1.9 The Triple Bottom Line

Equitable

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.

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.

QuesTions | . 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?

@ For additional review, go to
MasteringEnvironmentalScience

9





