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constantly attempted to accomplish each of the following 
objectives:

•	 To write in a style that makes learning about environmen-
tal science both interesting to read and easy to understand, 
without overwhelming students with details;

•	 To present well-established scientific principles and con-
cepts that form the knowledge base for an understanding 
of our interactions with the natural environment;

•	 To organize the text in a way that promotes sequential 
learning yet allows individual chapters to stand on their 
own;

•	 To address all of the major environmental issues that 
confront our society and help to define the subject matter 
of environmental science;

•	 To present the latest information available by making 
full use of resources such as the Internet, books, and 
journals, every possible statistic has been brought up  
to date;

•	 To assess options or progress made in solving environ-
mental problems; and

•	 To support the text with excellent supplements for 
teachers and students that strongly enhance the teaching 
and learning processes.

Because we believe that learning how to live in the 
environment is one of the most important subjects in every 
student’s educational experience, we have made every effort 
to put in their hands a book that will help the study of envi-
ronmental science come alive.

New to This Edition
Building on its core values, Environmental Science has several 
new features that help make the content more approachable 
to students.

•	 Concept Check questions appear at the end of sections 
to help students check their understanding. Each con-
cept check aligns with the learning objectives at the start 
of the chapter.

•	 Understanding the Data questions appear alongside 
figures, such as graphs or maps, to help students further 
engage with the data and build data analysis skills.

•	 Content has been thoroughly updated throughout; envi-
ronmental science and the related issues are complex and 
constantly evolving. The thirteenth edition features the 
most current research presented in a balanced manner.

We are now well into the 21st century and are at critical 
junctures in the relationship between humans and the rest of 
the environment. Globally, major changes are taking place 
in the atmosphere and climate, the human population and 
its well-being, and the Earth’s natural resources. We are still 
recovering from a major global economic recession, the scien-
tific evidence for climate change continues to accumulate, ter-
rorism and conflict continue to grip the Middle East, and an 
extended drought in the western half of the United States and 
elsewhere is affecting food production and water availability.

In contrast to these trends, there are some changes 
that point to a brighter future. Renewable energy is ramp-
ing up swiftly in its share of the world’s energy portfolio; 
many of the UN Millennium Development Goals (MDGs) 
were achieved by their target date of 2015; the Sustainable 
Development Goals that follow them have been crafted and 
are close to launching.

Even though international accord on climate change is 
slow in coming, many countries are achieving major reduc-
tions in greenhouse gas emissions; death by tobacco use is 
being addressed in a global campaign; AIDS, tuberculosis, 
and malaria are on the defensive as public-health agencies 
expand treatment options and research; and population 
growth rates in many regions are continuing to decline.

The most profound change that must happen, and soon, 
is the transition to a sustainable civilization—one in which 
a stable human population recognizes the finite limits of 
Earth’s systems to produce resources and absorb wastes, and 
acts accordingly. This is hard to picture at present, but it is 
the only future that makes any sense. If we fail to achieve it 
by our deliberate actions, the natural world will impose it on 
us in highly undesirable ways.

Core Values
Environmental science stands at the interface between hu-
mans and Earth and explores the interactions and relations 
between them. This relationship will need to be considered in 
virtually all future decision making. This text considers a full 
spectrum of views and information in an effort to establish a 
solid base of understanding and a sustainable formula for the 
future. What you have in your hands is a readable guide and 
up-to-date source of information that will help you to explore 
the issues in more depth. It will also help you to connect them 
to a framework of ideas and values that will equip you to 
become part of the solution to many of the environmental 
problems confronting us.

In this new edition, we hope to continue to reflect accu-
rately the field of environmental science; in so doing, we have 
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is followed as an illustration throughout the chapter. The 
chapter covers the science of ecology, needs of organisms, 
matter and energy, respiration and photosynthesis, and 
four material cycles. The carbon cycle has been updated 
to include the impact of volcanoes.

•	 Chapter 4 (Populations and Communities) opens with 
a new chapter opener (savanna elephants controlling 
a non-native plant by their herbivory). The examples 
of population growth have been simplified somewhat. 
While mathematical equations are not included, descrip-
tions of the meanings of those equations are. A new 
Sustainability box (“Elephants in Kruger National Park: 
How Many Is Too Many?”) illustrates concepts covered 
in sections on growth and limits of populations.

•	 Chapter 5 (Ecosystems: Energy, Patterns, and Distur-
bance) includes a new Sound Science essay (“What 
Are the Effects of Reintroducing a Predator?”) and a 
new Stewardship essay (“Local Control Helps Restore 
Woodlands”). There is more information on the oceans, 
including the importance of picophytoplankton. New  
biomes or ecosystems (chaparral, tropical dry forest, coral 
reefs, and deep sea vents) are described and a new biome 
map is included. A new figure depicts ecosystem services. 
The concept of Human Appropriation of Net Primary 
Production (HANPP) has been added in the discussion of 
human effects on ecosystems.

•	 Chapter 6 (Wild Species and Biodiversity) features ex-
panded discussion on the Aichi Biodiversity Targets. 
The section on the Endangered Species Act has been 
rewritten and a new table (6–4, Important U.S. Federal 
and International Conservation Regulations) streamlines 
discussion on regulation. The newest Global Biodiversity 
Outlook 4 report is also included.

•	 Chapter 7 (The Value, Use, and Restoration of 
Ecosystems) has been reorganized. A central section on 
ecosystems under pressure has been divided into two 
sections—one on forests and grasslands and another on 
oceans—with restoration and conservation moved to the 
end of the chapter. A section on maximum sustainable 
yield is explained more thoroughly. Land protection has 
been expanded to include international protection as 
well. The chapter has an even greater focus on ecosys-
tem goods and services and a completely rewritten final 
section on restoration, with examples of restoration 
from a number of biomes.

Part Three—The Human Population  
and Essential Resources

•	 Part 3 begins with a new part opener about community- 
supported agriculture and the resources we need to support 
7.2 billion people.

•	 Chapter 8 (The Human Population) still covers popula-
tion growth, the various revolutions that have increased 

•	 Transitioning beyond the Millennium Development 
Goals of 2000–2015, discussions of environmental is-
sues and solutions have been reframed to reflect the new 
Sustainable Development Goals.

•	 New Everyday Environmental Science videos and coach-
ing activities in MasteringEnvironmentalScience accom-
pany the thirteenth edition and will help students to see 
the application of the key concepts presented throughout 
the text to the real world.

Content Updates to the 
Thirteenth Edition of 
Environmental Science
Part One—Framework  
for a Sustainable Future

•	 The Part One opener focuses on the vision of sustain-
ability and the challenges facing us that are inconsistent 
with that vision.

•	 Chapter 1 (Science and the Environment) The chapter 
has been restructured so that each of our three unifying 
themes (sustainability, sound science, and stewardship) 
now has its own major section. A new essay (Stewardship: 
“Protecting Forests”) introduces the concept of steward-
ship. Hypothesis formation is illustrated with a revised 
essay, “Oysters Sound the Alarm,” while a new graphic 
better explains the scientific method, which now includes 
more emphasis on the community of science. A new table 
(1–2) lists previous and ongoing ecosystem and biodiver-
sity assessments.

•	 Chapter 2 (Economics, Politics, and Public Policy) A new  
chapter opener shows the impact of China’s rapid eco-
nomic growth on air pollution there. The chapter was 
reorganized into six sections rather than five. A figure 
illustrating the global environmental footprint and hu-
man development index shows the narrowing safe space 
for humanity. The chapter’s end was significantly re-
written. It includes new information on international 
politics that informs discussion on global issues in later 
chapters. It also has a stronger tie between ethics and 
indigenous rights.

Part Two—Ecology: The Science  
of Organisms and Their Environment

•	 Part two begins with a part opener about the importance 
of science in understanding the ecosystems around us. 
Chapters 3–5 include topics that flow from basic to 
more complex, small to large, and species to ecosystems 
and humans.

•	 Chapter 3 (Basic Needs of Living Things) has a new chap-
ter opener on the ecology of the Emperor penguin, which 
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proposal is presented and illustrated. Discussions of natural 
gas, coal, and hydraulic fracturing (fracking) are expanded, 
with a new figure illustrating fracking. Policy is better de-
scribed with two new tables dealing with demand-side and 
supply-side policy actions to lower U.S. dependence on for-
eign oil. More analysis of three major laws makes it clear 
they have both positive and negative aspects. The chapter 
also includes two new rules by the EPA, one about power 
plants and emissions and the other about coal ash.

•	 Chapter 15 (Nuclear Power) opens with a shortened 
and updated chapter opener about the earthquake and 
tsunami that rocked northern Japan in 2011, leading 
to the nuclear disaster at the Fukushima Daiichi power 
plant. New information is presented on the recent ecol-
ogy of the area around Chernobyl, the current status of 
U.S. nuclear waste disposal, and on issues with extend-
ing power plant life spans.

•	 Chapter 16 (Renewable Energy) opens with a new 
opener about Germany’s extraordinary effort to change 
its energy economy. An initial section (“Strategic Issues”) 
examines the issues surrounding calls for great changes 
in renewable energy. A new figure (16-4) shows relative 
amounts of energy availability from different sources. 
The chapter has been changed to better reflect the pros 
and cons of each type of renewable energy and updates 
to their levels of use. Sections on dams and on energy 
laws have been shortened, as these concepts are covered 
in other chapters. A Sustainability box (“Transfer of 
Energy Technology to the Developing World”) has been 
rewritten to reflect new dilemmas in that transfer.

Part Five—Pollution and Prevention

•	 Part Five begins with a part opener that describes the 
problems of pollution and lays out the coming chapters.

•	 Chapter 17 (Environmental Hazards and Human Health) 
opens with a new opener on Ebola covering the 2014–
2015 international outbreak. The chapter has been re-
structured to begin with definitions of environmental 
health, focusing more on environmental harms and less 
on cultural hazards. Pollution is moved later and set in the 
context of other hazards. A new figure on malaria simpli-
fies the discussion on that disease. A new Stewardship 
box (“A Cultural Hazard Worsens Other Risks”) con-
nects tobacco use to a range of other public health issues. 
New information on heavy metal, mining and industry 
as a pathway to risk, unintended poisonings, urban air 
pollution, radiation, climate change and public health, 
and exposure to animals as a pathway to infectious risk 
broadens the discussion on risks and pathways. A new 
Sound Science box (“Water Pollution Drives Malnutrition 
in India”) describes cutting-edge research on the connec-
tion between water-borne disease and childhood stunting.

•	 Chapter 18 (Global Climate Change) is significantly 
revised. The chapter has been reframed around the 
newest (2013–2014) IPCC report (AR5) and includes 
information from the AAAS report What We Know 

growth, and concepts such as the IPAT and ImPACT 
equations and the Gini index of inequality. Sections 8.1 
and 8.3 have been streamlined substantially to place 
more emphasis on humans as populations.

•	 Chapter 9 (Population and Development) has a new 
Sustainability box (“Dealing with Graying Populations”), 
which covers the needs of increasingly elderly popula-
tions, using Japan as an example. The examples of 
China and India have been made into case studies of 
population growth. Later in the chapter, the Millennium 
Development Goals are discussed with a new table (9–2) 
that describes their levels of success. The new Sustainable 
Development Goals are rolled out in a new table (9–3).

•	 Chapter 10 (Water: Hydrologic Cycle and Human Use) 
has a new chapter opener on drought in California. 
More has been added on climate change and the con-
cept of peak water. The section on dams has been made 
clearer and shortened. There is an added figure on the 
over-pumping of ground water. Additional information 
on water loss from aging infrastructure, water in agri-
culture and fracking, and on the UN’s efforts to promote 
water planning is included.

•	 Chapter 11 (Soil: Foundation for Land Ecosystems) be-
gins with a new picture of a dust storm in Arizona and 
a story about the Dust Bowl. A new story of land cre-
ation in China illustrates a different type of mountain-
top removal. Throughout the chapter, there is more on 
mining, soil pollution, and reclamation. A new concept 
(the land-degradation neutral world) is introduced. 
And a new section on international efforts to protect 
soil is added. Soil is connected to the new Sustainable 
Development Goals as the chapter wraps up.

•	 Chapter 12 (The Production and Distribution of Food) has 
been altered significantly. The chapter is organized around 
three ideas—production, environmental sustainability, and 
effective distribution. The section on GMO crops has 
been substantially rewritten and updated. The last section, 
“Feeding the World as We Approach 2030–2050,” has 
been rewritten and broken into four subsections: increasing 
food production, using current production more efficiently, 
sustainable agriculture, and policy changes. The term food 
justice is introduced and described.

•	 Chapter 13 (Pests and Pest Control) maintains many of the 
changes made in the twelfth edition, including a chapter 
opener on bedbugs and the updated essays. Throughout 
the chapter, as in all chapters, data and graphics have been 
updated. A new example of APHIS stopping a coconut rhi-
noceros beetle infestation in Hawaii is included.

Part Four—Harnessing Energy  
for Human Societies

•	 Part Four begins with an updated part opener with bad 
news and good news about energy.

•	 Chapter 14 (Energy from Fossil Fuels) includes an ex-
panded discussion on oil sands, and the Keystone pipeline 
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and soil from the mining of rare earth minerals in Inner 
Mongolia. Information on Bisphenol A, an endocrine 
disruptor, has been moved to a new box feature (Sound 
Science: “Disrupting Hormones with Pollution”). The 
historic protests in Warren County, North Carolina, in 
1982 are used to introduce the environmental justice 
movement, a new topic in the final section.

Part Six—Stewardship for  
a Sustainable Future
•	 Chapter 23 (Sustainable Communities and Lifestyles) 

has been significantly reorganized to begin with a sec-
tion on definitions and megatrends in communities 
(urbanization and the collapse of rural communities), 
followed by trends in U.S. communities. The urban heat-
island effect and new art illustrating it have been added. 
The development of sustainable communities follows.  
A new box feature (Sustainability: “Curitiba, Brazil—
City Planning Meets Growth”) describes some of the 
successes and struggles of one of the most sustainable 
cities in Latin America. Discussions of urban homestead-
ing, the revitalization of Detroit, city climate adaptation, 
smart growth (planning to avoid sprawl), smart cities 
(using big data), green buildings, and networks of big 
cities have been added. A new feature (Stewardship: 
“Living in Tiny Houses”) highlights decisions some are 
making to lower their resource footprint.
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(2014) and National Climate Assessment 3 (2014). 
The sections are reorganized so that the physical sci-
ence basis of the atmosphere and how climate change 
occurs is in the first section, followed by evidence that 
climate change is occurring. The third section covers the 
effects of climate change, including new information 
on effects on glaciers. The term “risk multiplier” is in-
troduced. Adaptation, mitigation, and geo-engineering 
are expanded. The major international climate confer-
ences are rewritten and summarized in a new table. 
Information on talks between the United States and 
India, and the United States and China climate talks 
in 2014, is included, and the idea of “contract and  
converge” is added.

•	 Chapter 19 (Atmospheric Pollution) begins with an 
updated chapter opener on air pollution in Donora, 
Pennsylvania. The chapter now more clearly emphasizes 
two trends: global air quality is declining, while U.S. 
air quality is improving. There is a great deal more on 
international air pollution. A new Sound Science feature 
(“Complex Clouds and Co-Benefits of Solutions”) ex-
plores the complexity of the environmental and health 
effects of atmospheric brown clouds and the positive 
benefits of solving multiple problems at the same time.

•	 Chapter 20 (Water Pollution and Its Prevention) begins 
with an updated chapter opener. A new Sound Science 
box (“Can Salt Marshes Absorb Our Nutrients?”) ex-
plores new long-term research on the effects of nutrient 
pollution on salt marshes. International water issues are 
emphasized more, particularly in sections on sewage 
treatment and on policy. A new graphic makes the work-
ings of composting toilets more clear. Water pollution 
is connected to themes from other chapters on global 
N and P cycles and planetary boundaries, as well as to 
both Millennium Development Goals and Sustainable 
Development Goals.

•	 Chapter 21 (Municipal Solid Waste: Disposal and 
Recovery) has a new chapter opener on positive waste 
management examples in both the country of Sweden 
and in Lagos, Nigeria. The chapter is revised to intro-
duce waste disposal globally first, followed by waste 
disposal solutions in the United States such as recycling, 
and public policy. There is more on the ocean and new 
art depicting garbage gyres and the effects of trash on 
wildlife. More types of recycling are showcased, espe-
cially the recycling of tires, batteries, and e-waste. The 
chapter is more international, with more about informal 
recycling and reuse, people who live as waste pickers, 
and international regulations. There are more examples 
of positive change such as Big Belly Solar trash compac-
tors, new materials replacing plastics, bag laws, and 
student volunteerism. New box features (Stewardship: 
“Citizen Power,” and Sustainability: “Taking the Waste 
Out of Take-Out”) highlight positive stories.

•	 Chapter 22 (Hazardous Chemicals: Pollution and Pre-
vention) has a new opener on the contamination of water 
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The thirteenth edition builds on its student friendly approach 
with new built-in study tools, and retains its focus on science, 
sustainability and stewardship, equipping students with a current 
understanding of environmental science issues and research.

Numbered Learning Objectives 
open each chapter and introduce  
you to key concepts that you will un-
derstand at the conclusion of  
the chapter.

new! Concept Check Questions  
align with each learning objective and 
appear at the end of each chapter section 
to provide you with opportunities to check 
and deepen understanding as you read 
each chapter. You can quickly check your 
knowledge by consulting the answer key at 
the back of the text. 

BE EQUIPPED TO  
UNDERSTAND THE ROlES OF  
SCieNCe, SuStaiNabiLity, AND StewardShip 

73

Learning Objectives

4.1 Dynamics of 
Natural Populations:  
Describe three models of 
the way populations grow 
and the graph that would 
illustrate each.

4.2 Limits on 
Populations: Identify 
factors that limit popula-
tions, including those that 
increase as populations 
become more dense (such 
as predation and resource 
limitation) and factors that 
are unrelated to popula-
tion density.

4.3 Community 
Interactions: Define the 
types of interactions that 
can occur between species 
in a community and the 
effect of those interactions 
on each species.

4.4 Evolution as a 
Force for Change:  
Describe the major ideas 
in the theory of evolution, 
such as inheritance and 
natural selection, and list 
examples of adaptations 
that allow organisms to 
survive. Explain how major 
changes in the Earth facili-
tate evolutionary change.

4.5 Implications  
for Management by 
Humans: Describe at 
least three ways in which 
human actions alter popu-
lations and communities.

Populations and 
Communities

Chapter 
4

Savanna
elephant
range

 Kenya

▲ African savanna elephants can eat plants that are unpalatable to sheep and cattle.

African savanna elephants (Loxodonta africana africana) saunter through the 
glaring sun of the East African savanna. Trunks swaying side to side, they seek out 
shrubs and grasses. Nearby, the indigenous people graze their herds of rangy cattle 
on the sparse, tough grasses. These pastoralists view the elephants as competi-
tors that reduce the amount of food available to their cattle. The herders resent the 
elephants’ use of the land, while the villagers fear that the elephants will trample 
their crops.

Current Threats. Like many large, slow-growing animals, these elephants 
are increasingly rare. Numbering from 3 to 5 million at the start of the 20th 
century, today there are only 450,000 to 700,000. Loss of habitat is one reason 
for their decline. In addition, poachers kill them for their ivory, even though 
the ivory trade is illegal. A s climate change increases drought, elephants have 
to migrate farther and face more conflicts with humans than before. In 2014, a 
team of researchers from Elephants Without Borders began using light aircraft to 
document every group of elephants in the 13 sub-Saharan countries where 90% 
of savanna elephants live. Their initial findings documented the heavy poaching 
of elephants in numerous places.

While the number of elephants is declining, another native species, the 
aggressive Sodom apple (Solanum campylacanthum), is increasing. Unfortunately 
for the herders, this weedy shrub is toxic to grazing animals such as cattle, sheep, 
and zebras. In Kenya, the eradication of the noxious Sodom apple is costing the 
government millions.

A Win-Win Solution? In spite of the problems caused by the ongoing 
changes in East Africa, there is a small amount of good news. Unlike grazing 
animals, browsers such as elephants and impalas can eat the Sodom apple. In 
fact, elephants have a voracious appetite for the shrub, which may provide a 
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UPDATeD! engaging stories open each chapter and 
draw students into reading the chapter topic at hand.  
New topics include the drought in the western United 
States, the recent Ebola outbreak, and more.

new! understanding the data 
questions prompt you to practice 
data interpretation skills and build 
understanding of environmental 
issues presented in select graphs, 
maps and tables in each chapter. 
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three unifying themes of 
science, sustainability, and 
stewardship help students 
conceptualize the task of forging 
a sustainable future. Essays 
appear at appropriate points 
within chapters and provide a 
current perspective on the topic.
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▲ These California almond trees are being removed because there is not enough water to irrigate them.

Intensity:

U.S. Drought Monitor September 2, 2014

Abnormally Dry
Moderate Drought
Severe Drought

Extreme Drought
Exceptional Drought

Drought in the American Southwest. It’s a tough time in America’s almond-
growing region—a section of California’s Central Valley that produces more than 
80% of the world’s almonds. For several years this region has languished in deep 
drought, threatening the survival of the almond orchards. Almonds are a water-
needy crop—it takes about 1.1 gallons of water to produce each nut. Indeed, 
almond trees require a great investment of water during all the years they are 
growing, including the first five years when they produce no nuts. The millions of 
gallons of water used to grow almonds cannot simply be turned off in a drought 
year. If farmers do not irrigate the almond trees, they will die, and the farmer will 
lose an investment of years.

California contains one sixth of the irrigated land in the country. Much of 
the water used for this irrigation has been diverted from far-away rivers. Those 
diversions endanger the salmon in the rivers, which require more water than is 
left for them. Some of the water used for irrigation is pumped from new wells 
that tap into ancient reserves of water that percolated underground millions 
of years ago. That groundwater is being withdrawn faster than any rain could 
replace it, depleting an underground resource owned by all.

Mega-Drought. California is not the only state in drought—the drought 
encompasses much of the Southwest. The drought, which has been going on 
since 2000, is now being called a “mega-drought.” It is estimated to be the fifth 
most severe drought in that region since AD 1000. Stressed by the lack of water, 
trees in the forests are dying. The dry forests sit like tinder, waiting for a spark to 
set off a wildfire. The risk of wildfire is increased by the heavy load of unburned 
brush lying on the forest floor, the product of years of fire suppression. Large, 

Learning Objectives 

10.1 Water, a Vital 
Resource: Describe the 
unique properties that 
make water so vital, the 
differences in water avail-
ability in different societ-
ies, and conflicts over 
availability of clean water.

10.2 Hydrologic 
Cycle and Human 
Impacts: Explain the 
movement of water 
through the hydrologic 
cycle and human impacts 
on the cycle.

10.3 Water: Getting 
Enough, Controlling 
Excess: Describe the 
ways humans try to pro-
vide clean freshwater and 
some of their outcomes.

10.4 Water Stew-
ardship, Economics, 
and Policy: Describe 
options for meeting rising 
demands for water, new 
innovations in water sci-
ence and technology, and 
public policies for water in 
a water-scarce world.

Water:  
Hydrologic Cycle 
and Human Use

Chapter 
10



PERSONAlIzE lEARNING WITH 

exPAnDeD! interpreting Graphs and 
data coaching activities help students 
practice basic quantitative analysis 
skills. Each assignable activity includes 
personalized feedback for wrong answers. 

new! everyday environmental 
Science videos connect concepts 
with current stories in the news. 
Produced by the BBC, these high-
quality videos can be assigned for 
pre- and post-lecture homework, 
or can be shown in class to engage 
students in the topic at hand.

new! dynamic Study Modules help 
students study effectively on their 
own by continuously assessing their 
activity and performance in real time. 

These are available as graded 
assignments prior to class, and 
accessible on smartphones, tablets, 
and computers. 

The text and MasteringEnvironmentalScience work together to 
help you understand the science behind environmental issues.
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Part
One

Nights spent pouring over blueprints, days looking at budgets, 
time spent deciding what parts need to be purchased and who will main
tain a structure after it is built: you might imagine these activities being 
performed by professionals building a road or school, but they aren’t. 
This is the work of a team of dedicated engineering undergraduates 
from Purdue University and their advisors. They are designing a small 
hydropower facility in Banyang, Cameroon, which will provide water  
and irrigation for a village.

The project is designed to promote sustainability—the ongoing 
thriving of people in a context of the natural world, living in a way that  
doesn’t use up resources, harm other creatures, or degrade our environ
ment in the long term. Right now, there is evidence that we are not 
liv  ing sustainably: Our global economy relies on the use of fossil fuels 
and nuclear power, but continued emissions of carbon dioxide into the 
atmosphere and oceans are bringing major changes in the climate as 
Earth warms up and the oceans acidify. The human population will likely 
exceed 9 billion by 2050, but the populations of many wild plant and 
animal species are declining. For the poorest people, the availability of 
food, clean water, and basic health care remains low. Natural disasters  
such as the Japanese tsunami of 2011 can interact with the built environ
ment to cause radiation leaks and other problems. Human activities such  
as coal mining can interact with the natural environment to cause events 
like the 2014 spill of thousands of gallons of an industrial chemical used  
to clean coal; when the chemical leaked into the Elk River in West Virginia,  
thousands were without drinkable water for weeks. We are all bound 
together: humanity, the other creatures, and the world around us.

We begin our framework for a sustainable future in Chapter 1, where 
we introduce environmental science and what it might mean for you. 
In Chapter 2, we look at three features of human societies that interact 
with science—economics, politics, and public policy—as we come to 
understand the environment and address the challenges we face.

Chapter 1 
Science and the 
Environment

Chapter 2
Economics, Politics, 
and Public Policy

FRamEWORk 
FOR a 
SUSTaINaBlE 
FUTURE

1



Learning Objectives

1.1 The State of the 
Planet: Explain the main 
reasons for concern about 
the health of our planet 
today. Describe what the 
environmental movement 
has achieved in recent 
years, and explain how 
environmental science has 
greatly contributed to the 
environmental movement.

1.2 Sustainability:  
Define sustainability and 
explain ways in which our 
relationship with the envi-
ronment needs to be more 
sustainable.

1.3 Sound Science:  
Explain the process of sci-
ence, how the scientific 
community tests new 
ideas, and contrast sound 
science with junk science, 
with examples.

1.4 Stewardship:  
Define the principle of 
stewardship and give 
examples.

1.5 Moving Toward 
a Sustainable  
Future: Identify trends 
that must be overcome in 
order to pursue a sustain-
able future and trends that 
promote sustainability.

Science and  
the Environment

Chapter
1

“There was once a town in the heart of America where all life seemed 
to live in harmony with its surroundings. The town lay in the midst of 
a checkerboard of prosperous farms, with fields of grain and hillsides 
of orchards where, in spring, white clouds of blossom drifted above 
the green fields. . . . The countryside was, in fact, famous for the abun
dance and variety of its bird life, and when the flood of migrants was  
pouring through in spring and fall people traveled from great dis
tances to observe them. . . . So it had been from the days many years 
ago when the first settlers raised their houses, sank their wells, and 
built their barns.1”

These are words from the classic Silent Spring, written by biologist Rachel 
Carson to open her first chapter, titled “a Fable for Tomorrow.” after painting 
this idyllic picture, the chapter goes on to describe “a strange blight” that began 
to afflict the town and its surrounding area. Fish died in streams, farm animals 
sickened and died, families were plagued with illnesses and occasional deaths. 
The birds had disappeared, their songs no longer heard—it was a “silent spring.” 
and on the roofs and lawns and fields remnants of a white powder could still be 
seen, having fallen from the skies a few weeks before.

Rachel Carson explained that no such town existed, but that all of the prob
lems she described had already happened somewhere, and that there was the very 
real danger that “. . . this imagined tragedy may easily become a stark reality we all 
shall know.”2 She published her book in 1962, during an era when pesticides and 
herbicides were sprayed widely on the landscape to control pests in agricultural 
crops, forests, towns, and cities. In Silent Spring, Carson was particularly critical 

▲ Rachel Carson, the author of Silent Spring.
2

2Ibid., 3.

1Rachel Carson, Silent Spring (Boston: Houghton Mifflin Company, 1962), 1, 2.
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3. Human technology, such as irrigation and synthetic fertil-
izers, makes us less dependent on ecosystem services.

4. There is a time lag between ecosystem decline and human 
well-being; the worst is yet to come.

We will take a brief look at four important global trends and 
keep in mind these hypotheses (the scientific method and hy-
potheses are explained later in the chapter) as we engage in 
our initial examination of the state of our planet: (1) human 
population and well-being, (2) the status of vital ecosystem 
services, (3) global climate change, and (4) the loss of biodi-
versity. Each of these topics is explored in greater depth in 
later chapters.

Population Growth and Human 
Well-Being
The world’s human population, more than 7.3 billion in 2014, 
has grown by 2 billion in just the past 25 years. It is continu-
ing to grow, at the rate of about 80 million persons per year. 
Even though the growth rate (now 1.1%/year) is gradually 
slowing, the world population in 2050 is likely to exceed  
9.3 billion, according to the most recent projections from  

1.1  A Paradox: What Is the Real 
State of the Planet?

Paradox (n.): A statement exhibiting contradictory or inexpli-
cable aspects or qualities.3 A group of scientists from McGill 
University recently published a paper in which they identified 
a so-called environmentalist’s paradox.4 The paradox, they 
said, is this: over the past 40 years, human well-being has been 
steadily improving, while natural ecosystems (from which we 
derive many goods and services) have been declining.

To explain this paradox, the authors advanced four 
hypotheses:

1. The measurements of human well-being are flawed; it is 
actually declining.

2. Food production, a crucial ecosystem service that has 
been enhanced, outweighs the effects of declines in other 
ecosystem services.

not only with pesticides, but also with air and water pollution 
and more protection for wild areas. Finally, in 1969, Congress 
passed a bill known as the Environmental Policy act, the first 
legislation to recognize the interconnectedness of ecological 
systems and human enterprises. Shortly after that, a commission 
appointed by President Richard Nixon to study environmental 
policy rec ommended the creation of a new agency that would 
be re sponsible for dealing with air, water, solid waste, the use of 
pesticides, and radiation standards. The new agency, called the 
Environmental Protection agency (EPa), was given a mandate 
to protect the environment, on behalf of the public, against 
pressures from other governmental agencies and from industry. 
The year was 1970, the same year that 20 million americans 
celebrated the first Earth Day.

In what must be seen as a triumph of Rachel Carson’s 
work, DDT was banned in the United States and most other 
industrialized countries in the early 1970s. (The DDT story is 
more fully documented in Chapter 13.) Unfortunately, Rachel 
Carson did not live long after her worldshaking book was 
published; she died of breast cancer in 1964. Her legacy, 
however, is a lasting one: she is credited with initiating major  
reforms in pesticide policy as well as an environmental 
aware ness that eventually led to the modern environmental 
movement and the creation of the EPa.

Moving On. This is a story of science and the environment, 
but it is more than that; it is a story of a courageous woman 
who changed the course of history. In this chapter, we briefly 
explore the current condition of our planet and then introduce 
three themes that provide structure to the primary goal of this 
text: to promote a sustainable future.

of the widespread spraying of DDT. This pesticide was used 
to control Dutch elm disease, a fungus that invades trees and 
eventually kills them. The fungus is spread by elm bark beetles 
and DDT was used to kill the beetles. In towns that employed 
DDT spraying, birds began dying off, until in some areas people 
reported their yards were empty of birds. Thousands of dead 
songbirds were recovered and analyzed in laboratories for 
DDT content; all had toxic levels in their tissues. DDT was also 
employed in spraying salt marshes for mosquito control, and 
the result was a drastic reduction in the fisheating bald eagle 
and osprey.

Fallout. Rachel Carson brought two important qualities to 
her work: she was very careful to document every finding 
reported in the book, and she had a high degree of personal 
courage. She was sure of her scientific claims, and she was 
willing to take on the establishment and defend her work. In 
spite of the fact that her work was thoroughly documented, 
her book ignited a firestorm of criticism from the chemical 
and agricultural estab lishment. Even respected institutions 
such as the american medical association joined in the attack 
against her.

Despite this criticism, Silent Spring caught the public’s 
eye, and it quickly made its way to the President’s Science 
advisory Committee when John F. kennedy read a serialized 
version of it in the New Yorker. kennedy charged the commit
tee with studying the pesticide problem and recommending 
changes in public policy. In 1963, kennedy’s committee made 
recommendations that fully supported Carson’s thesis. Congress 
began holding hearings, public debate followed, and Carson’s 
voice was joined by others who called for new policies to deal 

4Ciara Raudsepp-Hearne et al., “Untangling the Environmentalist’s Paradox: Why 
Is Human Well-Being Increasing as Ecosystem Services Degrade?” Bioscience 60 
(September 2010): 576–589.

3Webster’s II New College Dictionary (Boston: Houghton Mifflin Company, 
1995), s.v. “paradox.”
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the people living in developing countries, remain undernour-
ished. Some 6.9 million children per year do not live to see 
their fifth birthday. 

Addressing these tragic outcomes of severe poverty has 
been a major concern of the UNDP, and in 2000, all UN 
member countries adopted a set of goals—the Millennium 
Development Goals (MDGs)—to reduce extreme poverty and 
its effects on human well-being by 2015 (see Table 9–2 for a 
list of the eight goals). Several of the MDGs were met ahead 
of schedule, while others were not met. The world has now 
moved to a post-2015 development agenda, driven by a set of 
seventeen Sustainable Development Goals (SDGs) discussed 
at length later (Chapter 9). The SDGs are a set of goals for 
world development and poverty alleviation, described by the 
UN, for 2015–2030.

Ecosystem Goods and Services
Natural and managed ecosystems support human life and 
economies with a range of goods and services. As crucial as 
they are, there is evidence that these vital resources are not 
being managed well. Around the world, human societies are 
depleting groundwater supplies, degrading agricultural soils, 
overfishing the oceans, and cutting forests faster than they 
can regrow. The world economy depends heavily on many 
renewable resources, as we exploit these systems for goods—
water, all of our food, much of our fuel, wood for lumber 
and paper, leather, furs, raw materials for fabrics, oils and 
alcohols, and much more.

These same ecosystems also provide a flow of services 
that support human life and economic well-being, such as the 
breakdown of waste, regulation of the climate, erosion control, 
pest management, and maintenance of crucial nutrient cycles. 
In a very real sense, these goods and services can be thought 
of as capital—ecosystem capital. Human well-being and eco-
nomic development are absolutely dependent on the products 
of this capital—its income, so to speak. As a result, the stock 
of ecosystem capital in a nation and its income-generating ca-
pacity represent a major form of the wealth of the nation (see 
Chapter 2). These goods and services are provided year after 
year, as long as the ecosystems producing them are protected.

the United Nations (UN) Population Division (Figure 1–1). 
The 2.2 billion persons added to the human population by 
2050 will all have to be fed, clothed, housed, and, hopefully, 
supported by gainful employment. Virtually all of the increase 
will be in developing countries.

Human Development Index. Each year since 1990, the 
United Nations Development Program (UNDP) has pub-
lished a Human Development Report.5 A key part of the 
report is the Human Development Index (HDI), a compre-
hensive assessment of human well-being in most countries of 
the world. With this index, well-being is measured in health, 
education, and basic living standards. The 2014 report high-
lighted the importance of resiliency and the vulnerability of 
the poor, suggesting that poverty is not simply a function of 
the amount of money people have, but is also a function of 
factors such as literacy and stability.

The 2010 report included a unique four-decade compari-
son in which worldwide trends in HDI were plotted over the  
40 years since 1970 (Figure 1–2). Only three of the 135 coun-
tries analyzed declined in HDI, while most of the countries 
showed marked improvement. During those 40 years, life ex-
pectancy rose from 59 years to 70, school enrollment climbed 
from 55% to 70%, and per capita gross domestic product 
(GDP) doubled to more than $10,000. It is this overall prog-
ress that has provided one side of the environmentalist’s para-
dox. As a result of these facts, the McGill team concluded that 
its first hypothesis is not supported; there are too many indica-
tions that human well-being has indeed improved markedly.

Is It All Good? However, the overall progress can, and 
does, mask serious inequalities. Economic growth has been 
extremely unequal, both between and within countries. And 
there are huge gaps in human development across the world. 
For example, in developing countries, an estimated 1.1 billion 
people still experience extreme poverty, existing on an income 
of $1.25 a day. More than 800 million people, about 13% of 
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Figure 1–1 World population  
explosion. World population started a 
rapid growth phase in the early 1800s and 
has increased sixfold in the past 200 years. 
at present it is growing by 80 million people 
per year. Future projections are based on 
assumptions that birthrates will continue  
to decline.

(Source: Data from UN Population Division, 2012 
revision, and from Population Reference Bureau 
2014 report.)

5United Nations Development Program, Human Development Report 2014: 
Sustaining Human Progress: Reducing Vulnerabilities and Building Resilience. 
(New York: UNDP, July 24, 2014), http://hdr.undp.org/en/2014-report.

http://hdr.undp.org/en/2014-report
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Patterns of Resource Consumption. As the human pop-
ulation grows, each person requires food, water, shelter, 
clothing, and other resources. Many of the goods and 
services that people need are derived from ecosystems. 
However, not all people use the same amount of resources. 
Any discussion of population growth, development, and 
the preservation of ecosystem services needs to include 
the idea that some people consume more resources than is 
necessary. One way to imagine individual consumption pat-
terns is to picture what it would require to have everyone 
consume resources at the same level. For example, if all hu-
mans alive today replicated the resource consumption pat-
terns of the average American, we would need more than 
four Earths to accommodate all of their needs. The concept 
of individual consumption will be covered extensively later 
(Chapters 2, 8, and 23).

Measuring Ecosystem Health: A Huge Undertaking. To 
protect ecosystem goods and services for future generations, 
we need to know what they are, how they are being used, 
and what is happening to them. To find out, scientists have 
carried out a number of large-scale assessments.

The most prominent, the Millennium Ecosystem Assess-
ment, compiled available information on the state of ecosys-
tems across the globe. During a period of four years, some 
1,360 scientists from 95 countries gathered, analyzed, and 
synthesized information from published, peer-reviewed re-
search. The project focused especially on the linkages between 
ecosystem services and human well-being on global, regional, 
and local scales. Ecosystem goods and services were grouped 
into provisioning services (goods such as food and fuel), regu-
lating services (processes such as flood protection), and cultural 
services (nonmaterial benefits such as recreation) (see Table 1–1 
on the following page). Supporting services (not included in the 
table), such as primary productivity and habitat, are necessary 
to the other three.

In a summary report, the most prominent finding of the 
scientists was the widespread degradation and overexploita-
tion of ecosystem resources. More than 60% of the classes 
of ecosystem goods and services assessed by the team were 
being degraded or used unsustainably (Table 1–1). The sci-
entists concluded that if this trend is not reversed, the next 
half century could see deadly consequences for humans as 
the ecosystem services that sustain life are further degraded. 
Since the Millennium Ecosystem Assessment, a number of 
other assessments have been conducted; several are listed in 
Table 1–2 (on the following page). Some of these assessments 
considered global patterns and others focused on regional 
ecosystems, but all found similar trends.

One set of provisioning ecosystem services has actually 
been enhanced over recent years: the production of crops, 
livestock, and aquaculture. As a result, the production of 
food has kept pace with population growth, improving hu-
man health and increasing life expectancy. However, many 
ecosystem services and resources such as groundwater, soil, 
wild fish, and forestry products have declined, in part be-
cause of the way we use land and other resources to provide 
food, shelter, and consumer goods for humans.
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Figure 1–2 Human Development Index, 1970–2010. This com
plex graph shows the Human Development Index (HDI) of more than 100 
countries over a period of 40 years. Countries represented by lines with 
similar colors began the time period with similar HDI values. Highlighted 
countries include top and bottom performers (in terms of increasing HDI) 
and selected others. (This fourdecade graph accompanied a 2010 special 
report. Newer reports highlight these trends in other ways.)

(Source: United Nations Development Program, Human Development Report 
2010. New York: UNDP, p. 27.)

UndERStAndInG tHE dAtA

1. all but three of the 135 countries have a higher level of human de
velopment today than in 1970. What explains the general upward 
trend for most countries?

2. Which two labeled countries appear to have improved the most? 
Which of the labeled countries decreased?

3. What historical event might explain the pattern for the line repre
senting Russia?
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Table 1–2  Examples of previous and ongoing ecosystem and biodiversity assessments. 

Title Organization Year(s)

Global Biodiversity Assessment UN Environmental Programme (UNEP) 1995

Millennium Ecosystem Assessment UNEP; World Resources Institute 2005

State of the Nation’s Ecosystems The Heinz Center 2002, 2008

National Ecosystem Assessment United Kingdom 2011

Sustaining Environmental Capital: Protecting Society  
and the Economy

President’s Council of Advisors on Science  
and Technology

2011

Intergovernmental Platform on Biodiversity and  
Ecosystem Services (IPBES)

UNEP 2012

Global Environmental Outlook (GEO) UNEP 1997, 1999, 2002, 2007, 2012

IUCN Red List of Threatened Species International Union for Conservation of  
Nature (IUCN)

2000, 2004, 2008, 2012

Biodiversity Ecosystems and Ecosystem Services,  
Technical Input

Part of National Climate Assessment 2014

Source: Adapted from Grimm, N., M. Staudinger, A. Staudt, S. Carter, F. S. Chapin III, P. Kareiva, M. Ruckelhaus, and B. Stein. “Climate-Change Impacts on Ecological 
Systems: Introduction to a US Assessment.” Frontiers in Ecology and the Environment 9, no. 11 (2013): 456–464.

Paradox Resolved? The McGill team set out to explain 
the environmentalist’s paradox—the fact that human well-
being has been improving while natural ecosystems have been 
declining. It rejected hypothesis 1, which stated that human 
well-being is actually declining. The team concluded that 
hypothesis 2 was confirmed: enhanced food production out-
weighs the effects of declines in other ecosystem services. Two 

further hypotheses remain: (3) our use of technology makes 
us less dependent on ecosystem services, and (4) the existence 
of a time lag between the loss of goods and services and the 
impact on human well-being, with the possibility of exceed-
ing limits and bringing on ecosystem collapse. The McGill 
University team concluded that these last two hypotheses 
help explain the environmentalist’s paradox, although not as 

Table 1–1   The global status of ecosystem services. Human use has degraded almost two-thirds of the identified 
services; 20% are mixed, meaning they are degraded in some areas and enhanced in others; and 17% have 
been enhanced by human use.

Ecosystem Services Degraded Mixed Enhanced

Provisioning
  (goods obtained from  

ecosystems)

Capture fisheries
Wild foods
Wood fuel
Genetic resources
Biochemicals
Fresh water

Timber
Fiber

Crops
Livestock
Aquaculture

Regulating
  (services obtained from the  

regulation of ecosystem  
processes)

Air quality regulation
Climate regulation
Erosion regulation
Water purification
Pest regulation
Pollination
Natural hazard regulation

Water regulation (flood  
 protection, aquifer recharge)
Disease regulation

Carbon sequestration (trapping  
 atmospheric carbon in trees, etc.)

Cultural
  (nonmaterial benefits from  

ecosystems)

Spiritual and religious values
Aesthetic values

Recreation and ecotourism

Source: Millennium Ecosystem Assessment, Ecosystems and Human Well-Being: Synthesis. Washington, DC: Island Press, 2005.
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total concentration of CO2 in the atmosphere to decrease. 
The pattern of peaks and valleys reflects the seasons of the 
Northern Hemisphere, where most of Earth’s landmasses and 
plants are located.) Figure 1–4 shows changes in global tem-
perature since 1880. Both of these parameters are increasing. 
This is not proof that increases in CO2 caused the increase in 
global temperature, but the argument based on the well-known 
greenhouse effect is quite convincing.

The Intergovernmental Panel on Climate Change (IPCC) 
was established by the UN in 1988 and given the responsi-
bility to report its assessment of climate change at five-year 
intervals. The latest of these assessments, the Fifth Assessment 
Report (AR5), was released during 2013 and 2014. The work 
of thousands of scientific experts, this assessment produced 
convincing evidence of human-induced global warming that is 

clearly as hypothesis 2. The team concluded that the paradox 
is not fully explained by any of the hypotheses, although 
hypothesis 1 was rejected. It also concluded that ecosystem 
conditions are indeed continuing to decline, with unknown 
and perhaps severe impacts on human well-being in the fu-
ture. The most serious concern is global climate change, the 
worldwide alteration of patterns of temperature, precipita-
tion, and the intensity of storms.

Global Climate Change
The global economy runs on fossil fuel. Every day in 2013 
we burned some 91.3 million barrels of oil, 324 billion cubic 
feet of natural gas, and 11.6 million tons of coal. All of this 
combustion generates carbon dioxide (CO2), which is released 
into the atmosphere at a rate of 80 million tons a day. Because 
of past and present burning of fossil fuels, the CO2 content of 
the atmosphere increased from 280 parts per million (ppm) 
in 1900 to 400 ppm in 2014. For the past decade, the level of 
atmospheric CO2 has increased by 2 ppm per year, and given 
our dependency on fossil fuels, there is no end in sight.

Monitoring Carbon Dioxide and Its Effects. Carbon 
dioxide is a natural component of the lower atmosphere, 
along with nitrogen and oxygen. It is required by plants for 
photosynthesis and is important to the Earth-atmosphere 
energy system. Carbon dioxide gas absorbs infrared (heat) 
energy radiated from Earth’s surface, thus slowing the loss 
of this energy to space. The absorption of infrared energy by 
CO2 and other gases warms the lower atmosphere in a phe-
nomenon known as the greenhouse effect. As the greenhouse 
gases trap heat, they keep Earth at hospitable temperatures.

Although the concentration of CO2 is a small percentage 
of the atmospheric gases, increases in the volume of this gas 
affect temperatures. Figure 1–3 graphs changes in the concen-
tration of CO2 in the atmosphere from 1958 to the present. 
(The yearly peaks and valleys on the graph result from seasonal 
changes in the uptake of CO2. In summer, plants take in more 
CO2 for photosynthesis than they do in winter, causing the 
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Figure 1–3 Atmospheric carbon dioxide concentrations.  
This record of CO2 has been measured at the mauna loa Observatory 
since 1958. The atmospheric content of CO2 has risen by 45% since the 
Industrial Revolution began around 1750.

(Source: mauna loa Observatory, Hawaii, NOaa Research laboratory, Scripps 
Institution of Oceanography.)
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Figure 1–4 Global temperatures 
since 1880. This graph shows the course 
of global temperatures as recorded by 
thousands of stations around the world. 
The baseline, or zero point, is the 20th cen
tury average temperature. a temperature 
anomaly is the amount the global mean 
temperature for a particular year differs from 
that baseline.

(Source: National Climatic Data Center, NOaa, 
2014.)
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As a result of these human activities, Earth is rapidly los-
ing many of its species, although no one knows exactly how 
many. About 2 million species have been described and clas-
sified, but scientists estimate that 5 to 30 million species may 
exist on Earth. Because so many species remain unidentified, 
the exact number of species becoming extinct can only be es-
timated. Recently the World Wildlife Fund reported that since 
1970, more than 10,000 populations of vertebrates, represent-
ing more than 3,000 species, have been reduced on average by 
half.7 The most dramatic declines occurred in freshwater spe-
cies; regionally, more declines occurred in the tropics.

Why is the loss of biodiversity so critical? Biodiversity 
is the mainstay of agricultural crops and of many medicines. 
It is a key factor in maintaining the stability of natural sys-
tems and enabling them to recover after disturbances such 
as fires or volcanic eruptions. Many of the essential goods 
and services provided by natural systems are derived directly 
from various living organisms. These goods and services are 
especially important in sustaining the poor in developing 
countries. There are also aesthetic and moral arguments for 
maintaining biodiversity: Once a species is gone, it is gone 
forever. Finding ways to protect the planet’s biodiversity 
is one of the major challenges of environmental science. 
(Chapter 6 covers loss of biodiversity.)

Environmental Science and the 
Environmental Movement
As you read this book, you will encounter descriptions of the 
natural world and how it works. You will also encounter a 
great diversity of issues and problems that have arisen because 
human societies live in this natural world. We use materials 
from it (goods taken from natural ecosystems); we convert 
parts of it into the built environment of our towns, cities, fac-
tories, and highways; and we transform many natural ecosys-
tems into food-producing agricultural systems. We also use the 
environment as a place to dump our wastes—solids, liquids, 
gases—which affects the rest of the world. The environment, 
then, includes the natural world, human societies, and the 
human-built world; it is an extremely inclusive concept.

Environmental Science. Things go wrong in the environ-
ment, sometimes badly. We have already considered four 
trends—human population growth, ecosystem decline, global 
climate change, and loss of biodiversity—that signal to us that 
we are creating problems for ourselves that we ignore at our 
peril. Lest you think that all we do is create problems, how-
ever, consider some of the great successes human societies have 
achieved. We have learned how to domesticate landscapes and 
ecosystems, converting them into highly productive food- 
producing systems that provide sustenance for more than  
7 billion people. We have learned how to convert natural mate-
rials into an endless number of manufactured goods and struc-
tures, all useful for the successful building of cities, roadways, 
vehicles, and all that makes up a 21st-century human society. 
All of these successes, however, carry with them hazards.

already severely affecting the global climate. Polar ice is melt-
ing at an unprecedented rate, glaciers are retreating, storms 
are increasing in intensity, and sea level is rising. Because the 
oceans are absorbing half of the CO2 produced by burning 
fossil fuels and producing cement, the pH of seawater is de-
clining, making the oceans more acidic. The Sound Science 
essay, Oysters Sound the Alarm (see p. 13) explores one 
consequence of ocean acidification. The IPCC concluded that 
future climate change could be catastrophic if something is not 
done to bring the rapidly rising emissions of CO2 and other 
greenhouse gases under control. With few exceptions, the 
scientists who have studied these phenomena have reached a 
clear consensus: Climate change is a huge global problem, and 
it must be addressed on a global scale.

Responses. The solutions to this problem are not easy. The 
most obvious need is to reduce global CO2 emissions; the 
reduction of emissions is called mitigation. At issue for many 
countries is the conflict between the short-term economic  
impacts of reducing the use of fossil fuels and the long-term 
consequences of climate change for the planet and all its inhab-
itants. Future climate changes are likely to disrupt the provision 
of ecosystem goods and services essential to human well-being, 
and because the extremely poor depend especially on natural 
ecosystems, they will suffer disproportionately. International 
agreements to reduce greenhouse gas emissions have been 
forged, and some limited mitigation has been achieved.

Most observers believe that the best course forward is to 
aim toward an effective, binding international treaty to re-
duce emissions, but for countries also to act independently on 
a more immediate scale. The United States is moving forward 
to regulate greenhouse gas emissions under existing air pollu-
tion laws and to encourage renewable energy development. 
Without doubt, this is one of the defining environmental 
issues of the 21st century. (Chapter 18 explores the many 
dimensions of global climate change.)

Loss of Biodiversity
Biodiversity is the variability among living organisms, both 
terrestrial and aquatic. It includes the variety within species, 
among species, and within ecosystems. The rapidly growing 
human population, with its increasing appetite for food, water, 
timber, fiber, and fuel, is accelerating the conversion of forests, 
grasslands, and wetlands to agriculture and urban develop-
ment. The inevitable result is the loss of many of the wild plants 
and animals that occupy those natural habitats. Pollution also 
degrades habitats—particularly aquatic and marine habitats— 
eliminating the species they support. Further, hundreds of 
species of mammals, reptiles, amphibians, fish, birds, and but-
terflies, as well as innumerable plants, are exploited for their 
commercial value. Even when species are protected by law, 
many are hunted, killed, and marketed illegally. According to 
the Global Biodiversity Outlook 4 (GBO 4) assessment, the 
majority of wild plant and animal species are declining in their 
range and/or population size.6

6Secretariat of the Convention on Biological Diversity, Global Biodiversity 
Outlook 4 (Montreal, 2014), accessed September 5, 2014, www.cbd.int/gbo3. 7World Wildlife Fund, Living Planet Report 2014.

http://www.cbd.int/gbo3
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environmental science, you have an opportunity to engage 
in something that can change your life and that will certainly 
equip you to better understand the world you live in now and 
will encounter in the future.

The Early Environmental Movement. To understand how 
the world works today, we need some sense of history. 
Figure 1–5 is a timeline of some of the events and scientific 
findings, people, and policies of the American environmen-
tal movement as well as several international environmental 
events that will come up throughout the book. 

In the United States, the modern environmental move-
ment began less than 60 years ago. The roots of this movement 
were in the late 19th century, when some people realized that 
the unique, wild areas of the United States were disappear-
ing. Environmental degradation, resource misuse, and disas-
trous events sparked scientific study and sometimes grassroots  
action. Scientific study yielded information on how the world 
works. Individuals and groups worked as stewards to make 
changes. Policies were put into place to better protect resources 
and people from environmental degradation. 

Human actions have negative effects on the environment 
in two broad categories: cumulative impacts and unintended 
consequences. Sometimes we simply do too much of any one 
activity—too much burning, too much tree cutting, too much 
mining on steep slopes. Activities that would not pose a prob-
lem if a few people engaged in them are big problems if mil-
lions of people do. Sometimes it isn’t the accumulation of an 
activity; it is that we are not paying attention to how the world 
works. There are unintended consequences of using chemical 
pesticides, as we’ve seen, or of dumping trash in wetlands. 
These two concepts, cumulative impacts and unintended con-
sequences, will come up in the chapters ahead. This is where 
environmental science comes in.

Simply put, environmental science is the study of how 
the world works. Scientists help figure out ways to lower the 
negative impacts of our actions, to find alternative ways to 
meet the same needs, and to better anticipate the likely effects 
of what we are doing. All sorts of disciplines contribute to 
environmental science: history, engineering, geology, physics, 
medicine, biology, and sociology, to name a few. It is per-
haps the most multidisciplinary of all sciences. As you study 
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Events

1850 1860 1870 1880 18901830 1840 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010

A
cid rain quantified (19)

Love C
anal protests (22)

B
hopal chem

ical spill (22)
C

hernobyl (15)

“G
reen C

hem
istry” coined (22)

E
arth S

um
m

it  (2, 9)

G
lobal population 

hits 7 billion (8)

E
xxon V

aldez oil spill (14)

E
xtinction of 

passenger pigeon (6)

F
irst N

ational P
ark (7)

Lacey A
ct (6)

S
oil C

onservation A
ct (11)

C
lean W

ater A
ct (20)

M
ontreal P

rotocol (19)

C
lean A

ir A
ct (18, 19)

E
nvironm

ental P
rotection A

gency
form

ed (1, 2)

S
afe D

rinking W
ater A

ct (20)

C
onvention on International

T
rade in E

ndangered S
pecies (6)

C
lean A

ir A
ct revised (19)

K
yoto P

rotocol (18)

S
uperfund A

ct (22)

Figure 1–5 Timeline of selected American and international environmental events, people, and 
policies. These critical pieces of environmental history will be covered throughout the book. Numbers next to each 
of the events and scientific findings, people, and policies are the chapters in which they are discussed. International 
subjects are labeled in green.




