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Understanding Our Environment
LEARNING OUTCOMES

Case Study Sustainability and Power on the Reservation

11  What Is Environmental Science?
Environmental science integrates many fields
Environmental science is global

Active Learning Finding Your Strengths in This Class
Environmental science helps us understand our
remarkable planet
Methods in environmental science

1.2 Major Themes in Environmental Science
Environmental quality
Human population and well-being
Natural resources

1.3 Human Dimensions of Environmental Science
How do we describe resource use and conservation?
Planetary boundaries
Sustainability requires environmental and social progress

Key Concepts Sustainable development
What is the state of poverty and wealth today?
Indigenous peoples safeguard biodiversity

1.4 Science Helps Us Understand Our World
Science depends on skepticism and reproducibility
We use both deductive and inductive reasoning
The scientific method is an orderly way to
examine problems

Understanding probability reduces uncertainty
Experimental design can reduce bias

Active Learning Calculating Probability
Science is a cumulative process

Exploring Science Understanding sustainable development
with statistics
What is sound science?

What Do You Think? Science and Citizenship:
Evidence-Based Policy vs. Policy-Based Evidence?
Uncertainty, proof, and group identity

1.5 Critical Thinking
Critical thinking is part of science and of citizenship

1.6 Where Do Our Ideas About the
Environment Come From?
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Environmental protection has historic roots
Resource waste triggered pragmatic resource
conservation (stage 1)

Ethical and aesthetic concerns inspired the preservation

movement (stage 2)

Rising pollution levels led to the modern environmental

movement (stage 3)

Environmental quality is tied to social progress (stage 4)

Conclusion
Data Analysis Working with Graphs

Environmental Systems:
Matter, Energy, and Life
LEARNING OUTCOMES

Case Study Death by Fertilizer: Hypoxia in the
Gulf of Mexico

21 Systems Describe Interactions
Systems can be described in terms of their
characteristics
Feedback loops help stabilize systems

2.2 Elements of Life

Matter is recycled but not destroyed
Elements have predictable characteristics
Electrical charges keep atoms together
Water has unique properties
Acids and bases release reactive H" and OH™
Organic compounds have a carbon backbone
Cells are the fundamental units of life
Nitrogen and phosphorus are key nutrients

What Do You Think? Gene Editing

2.3 Energy and Living Systems
Energy occurs in different types and qualities
Thermodynamics describes the conservation
and degradation of energy
Organisms live by capturing energy
Green plants get energy from the sun
How does photosynthesis capture energy?

2.4 From Species to Ecosystems
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Organisms occur in populations,
communities, and ecosystems
Food chains, food webs, and trophic levels define
species relationships
Active Learning Food Webs
Key Concepts How do energy and matter move
through systems?
Exploring Science Who Cares About Krill?
Ecological pyramids describe trophic levels

2.5 Biogeochemical Cycles and Life Processes
The hydrologic cycle
The carbon cycle
The nitrogen cycle
Phosphorus eventually washes to the sea
The sulfur cycle

Conclusion

Data Analysis A Closer Look at Nitrogen Cycling

Evolution, Species Interactions, and
Biological Communities
LEARNING OUTCOMES

Case Study Natural Selection and the Galdpagos
Finches

341 Evolution Leads to Diversity
Natural selection and adaptation modify species
Limiting factors influence species distributions
A niche is a species’ role and environment
Speciation leads to species diversity
Taxonomy describes relationships among species
Key Concepts Where do species come from?

3.2 Species Interactions
Competition leads to resource allocation
Predation affects species relationships
Predation leads to adaptation
Symbiosis involves cooperation
Exploring Science Say Hello to Your 90 Trillion Little
Friends

Keystone species play critical roles

3.3 Population Growth
Growth without limits is exponential
Carrying capacity limits growth
Environmental limits lead to logistic growth
Species respond to limits differently: - and
K-selected species
Active Learning Effect of K on Population Growth
Rate (rN)
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3.4 Community Diversity
Diversity and abundance
Patterns produce community structure
What Can You Do? Working Locally for Ecological
Diversity
Resilience seems related to complexity
3.5 Communities Are Dynamic and Change
over Time
Are communities organismal or individualistic?
Succession describes community change
Some communities depend on disturbance
Conclusion

Data Analysis Competitive Exclusion
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Human Populations
LEARNING OUTCOMES

Case Study Family Planning in Thailand: A Success Story

41 Past and Current Population Growth
Are Very Different
Human populations grew slowly until recently
Active Learning Population Doubling Time
Does environment or culture control
human population growth?
Technology increases carrying capacity
for humans
Population can push economic growth

4.2 Many Factors Determine Population Growth

How many of us are there?

Key Concepts How big is your footprint?
Fertility has declined in recent decades
Mortality offsets births
Life expectancy is rising worldwide

What Do You Think? China’s One-Child Policy
Living longer has profound social implications

4.3 Fertility Is Influenced by Culture
People want children for many reasons
Education and income affect the desire for children
4.4 The Demographic Transition
Economic and social conditions change
mortality and births
Two ways to complete the demographic transition
Improving women’s lives helps reduce birth rates
Family planning gives us choices
4.5 What Kind of Future Are We Creating Now?
Conclusion

Data Analysis Population Change over Time
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Biomes and Biodiversity
LEARNING OUTCOMES

Case Study Ecosystems in Transition

541 Terrestrial Biomes

Tropical moist forests are warm and wet year-round
Tropical seasonal forests have annual dry seasons

Active Learning Comparing Biome Climates
Tropical savannas and grasslands are dry most

of the year

Deserts are hot or cold, but always dry
Temperate grasslands have rich soils
Temperate scrublands have summer drought
Temperate forests can be evergreen or deciduous
Boreal forests lie north of the temperate zone
Tundra can freeze in any month

5.2 Marine Environments
Active Learning Examining Climate Graphs
Open ocean communities vary from surface to
hadal zone
Tidal shores support rich, diverse communities

5.3 Freshwater Ecosystems
Lakes have extensive open water
Wetlands are shallow and productive
Streams and rivers are open systems

5.4 Biodiversity
Increasingly we identify species by genetic similarity
Biodiversity hot spots are rich and threatened
Biodiversity provides food and medicines

5.5 What Threatens Biodiversity?
HIPPO summarizes human impacts
Habitat destruction is usually the main threat
Key Concepts What is biodiversity worth?
Fragmentation reduces habitat to small,
isolated areas
Invasive species are a growing threat
What Can You Do? You Can Help Preserve Biodiversity
Pollution poses many types of risk
Population growth consumes space, resources
Overharvesting depletes or eliminates species
Exploring Science Restoring Coral Reefs

5.6 Biodiversity Protection
Hunting and fishing laws protect useful species
The Endangered Species Act protects habitat

and species

Recovery plans aim to rebuild populations
Landowner collaboration is key
The ESA has seen successes and controversies
Many countries have species protection laws
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Habitat protection may be better than individual
species protection 125

Conclusion 126

Data Analysis Confidence Limits in the Breeding
Bird Survey 127
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Environmental Conservation:
Forests, Grasslands, Parks, and

Nature Preserves 128
LEARNING OUTCOMES 128
Case Study Palm Oil and Endangered Species 129
61 World Forests 130
Boreal and tropical forests are most abundant 130
Active Learning Calculating Forest Area 131
Forests provide essential products 131
Tropical forests are being cleared rapidly 132
Exploring Science How Can We Know About
Forest Loss? 134
Saving forests stabilizes our climate 135
REDD schemes can pay for ecosystem services 135
Temperate forests also are at risk 135
Key Concepts Save a tree, save the climate? 136
What Can You Do? Lowering Your Forest Impacts 139
Fire management is a growing cost 139
Ecosystem management is part of forest
management 140
6.2 Grasslands 140
Grazing can be sustainable or damaging 140
Overgrazing threatens many rangelands 141
Ranchers are experimenting with new methods 142
6.3 Parks and Preserves 142
Many countries have created nature preserves 143
Not all preserves are preserved 144
What Do You Think? Wildlife or Qil? 145
Marine ecosystems need greater protection 146
Conservation and economic development can
work together 147
Native people can play important roles in nature
protection 147
What Can You Do? Being a Responsible Ecotourist 147
Citizenship Science Monuments Under Attack 148
Species survival can depend on preserve
size and shape 149
Conclusion 150
Data Analysis Detecting Edge Effects 151
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Food and Agriculture
LEARNING OUTCOMES

& e o s

Case Study A New Pesticide Cocktail

71  Global Trends in Food and Hunger
Food security is unevenly distributed

Famines have political and social roots

Active Learning Mapping Poverty and Plenty

7.2 How Much Food Do We Need?
A healthy diet includes the right nutrients
Overeating is a growing world problem
More production doesn’t necessarily reduce hunger
Biofuels have boosted commodity prices
Do we have enough farmland?

7.3 What Do We Eat?
Rising meat production is a sign of wealth
Seafood, both wild and farmed, depends
on wild-source inputs
Biohazards arise in industrial production

7.4 Living Soil Is a Precious Resource

‘What is soil?

Active Learning Where in the World Did You Eat Today?
Healthy soil fauna can determine soil fertility
Your food comes mostly from the A horizon
How do we use and abuse soil?
Water is the leading cause of soil erosion
Wind is a close second in erosion

7.5 Agricultural Inputs
High yields usually require irrigation
Key Concepts How can we feed the world?
Fertilizers boost production
Modern agriculture runs on oil
Pesticide use continues to rise

7.6 How Have We Managed to Feed Billions?
The Green Revolution has increased yields
Genetic engineering has benefits and costs
Most GMOs are engineered for pesticide production
or pesticide tolerance
Is genetic engineering safe?

7.7 Sustainable Farming Strategies
Soil conservation is essential
Groundcover, reduced tilling protect soil
Low-input, sustainable agriculture can benefit
people and the environment

Consumer choices benefit local farm economies

What Do You Think? Shade-Grown Coffee and Cocoa
You can eat low on the food chain

Conclusion

Data Analysis Mapping Your Food Supply
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Environmental Health and
Toxicology
LEARNING OUTCOMES

Case Study A Toxic Flood

81 Environmental Health
The global disease burden is changing
Emergent and infectious diseases still kill
millions of people
Conservation medicine combines ecology and health care
Resistance to antibiotics and pesticides is increasing
What Can You Do? Tips for Staying Healthy

8.2 Toxicology
How do toxics affect us?
Is your shampoo making you fat?
Key Concepts What toxins and hazards are
present in your home?

8.3 Movement, Distribution, and Fate of Toxins
Solubility and mobility determine when and
where chemicals move
Exposure and susceptibility determine how we respond
Bioaccumulation and biomagnification increase chemical
concentrations
Persistence makes some materials a greater threat
Chemical interactions can increase toxicity
8.4 Toxicity and Risk Assessment
‘We usually test toxic effects on lab animals
There is a wide range of toxicity
Acute versus chronic doses and effects
Active Learning Assessing Toxins
Detectable levels aren’t always dangerous
Low doses can have variable effects
Our perception of risks isn’t always rational
Exploring Science The Epigenome
How much risk is acceptable?
Active Learning Calculating Probabilities
8.5 Establishing Health Policy
Conclusion
Data Analysis How Do We Evaluate Risk and Fear?
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Climate
LEARNING OUTCOMES
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Case Study Shrinking Florida

91 What Is the Atmosphere?
The atmosphere captures energy selectively
Evaporated water stores and redistributes heat
Ocean currents also redistribute heat

9.2 Climate Changes Over Time
Ice cores tell us about climate history
What causes natural climatic swings?
El Nino/Southern Oscillation is one of many
regional cycles

9.3 How Do We Know the Climate Is Changing

Faster Than Usual?
Scientific consensus is clear

Active Learning Can you explain key evidence on
climate change?
Rising heat waves, sea level, and storms are expected
The main greenhouse gases are CO,, CH,, and N,O
We greatly underestimate methane emissions
What does 2° look like?
Ice loss produces positive feedbacks

Key Concepts Climate change in a nutshell:
How does it work?

Exploring Science How Do We Know That Climate Change
Is Human-Caused?
Climate change will cost far more than climate

protection

Why are there disputes over climate evidence?

9.4 Envisioning Solutions
The Paris Accord establishes new goals
‘We have many drawdown options right now
Wind, water, and solar could meet all our needs
What Do You Think? Unburnable Carbon
What Can You Do? Climate Action
Local initiatives are everywhere
States are leading the way
Carbon capture saves CO, but is expensive

Conclusion

Data Analysis Examining the IPCC Fifth Assessment
Report (AR5)

Air Pollution
LEARNING OUTCOMES

Case Study Delhi’s Air Quality Crisis
101  Air Pollution and Health
The Clean Air Act regulates major pollutants
Conventional pollutants are abundant and
serious
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UNDERSTANDING CRISIS
AND OPPORTUNITY

Environmental science often emphasizes that while we are sur-
rounded by challenges, we also have tremendous opportunities. We
face critical challenges in biodiversity loss, clean water protection,
climate change, population growth, sustainable food systems, and
many other areas. But we also have tremendous opportunities to
take action to protect and improve our environment. By studying
environmental science, you have the opportunity to gain the tools
and the knowledge to make intelligent choices on these and count-
less other questions.

Because of its emphasis on problem solving, environmental
science is often a hopeful field. Even while we face burgeoning cit-
ies, warming climates, looming water crises, we can observe solu-
tions in global expansion in access to education, health care,
information, even political participation and human rights. Birth
rates are falling almost everywhere, as women’s rights gradually
improve. Creative individuals are inventing new ideas for alternative
energy and transportation systems that were undreamed of a gen-
eration ago. We are rethinking our assumptions about how to
improve cities, food production, water use, and air quality. Local
action is rewriting our expectations, and even economic and politi-
cal powers feel increasingly compelled to show cooperation in
improving environmental quality

Climate change is a central theme in this book and in environ-
mental science generally. As in other topics, we face dire risks but
also surprising new developments and new paths toward sustain-
ability. China, the world’s largest emitter of carbon dioxide, expects
to begin reducing its emissions within a decade, much sooner than
predicted. Many countries are starting to show declining emissions,
and there is clear evidence that economic growth no longer de-
pends on carbon fossil fuels. Greenhouse gas emissions continue to
rise, but nations are showing unexpected willingness to cooperate
in striving to reduce emissions. Much of this cooperation is driven
by growing acknowledgment of the widespread economic and hu-
manitarian costs of climate change. Additional driving forces,
though, are the growing list of alternatives that make carbon reduc-
tions far easier to envision, or even to achieve, than a few years ago.

Sustainability, also a central idea in this book, has grown from
a fringe notion to a widely shared framework for daily actions (recy-
cling, reducing consumption) and civic planning (building energy-
efficient buildings, investing in public transit and bicycle routes).
Sustainability isn’t just about the environment anymore. Increas-
ingly we know that sustainability is also smart economics and that
it is essential for social equity. Energy efficiency saves money. Alter-
native energy can reduce our reliance on fuel sources in politically
unstable regions. Healthier food options reduce medical costs. Ac-
counting for the public costs and burdens of pollution and waste
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disposal helps us rethink the ways we dispose of our garbage and
protect public health. Growing awareness of these co-benefits helps
us understand the broad importance of sustainability.

Students are providing leadership

Students are leading the way in reimagining our possible futures.
Student movements have led innovation in technology and science,
in sustainability planning, in environmental governance, and in en-
vironmental justice around the world. They have energized local
communities to join the public debate on how to seek a sustainable
future. Students have the vision and the motivation to create better
paths toward sustainability and social justice, at home and globally.

You may be like many students who find environmental sci-
ence an empowering field. It provides the knowledge needed to use
your efforts more effectively. Environmental science applies to our
everyday lives and the places where we live, and we can apply ideas
learned in this discipline to any place or occupation in which we
find ourselves. And environmental science can connect to any set
of interests or skills you might bring to it: Progress in the field in-
volves biology, chemistry, geography, and geology. Communicating
and translating ideas to the public, who are impacted by changes in
environmental quality, requires writing, arts, media, and other com-
munication skills. Devising policies to protect resources and en-
hance cooperation involves policy, anthropology, culture, and
history. What this means is that while there is much to learn, this
field can also connect with whatever passions you bring to the
course.

WHAT SETS THIS BOOK APART?

Solid science and an emphasis on sustainability: This book reflects
the authors’ decades of experience in the field and in the class-
room, which make it up-to-date in approach, in data, and in applica-
tions of critical thinking. The authors have been deeply involved in
sustainability, environmental science, and conservation programs
at the University of Minnesota and at Vassar College. Their experi-
ence and courses on these topics have strongly influenced the way
ideas in this book are presented and explained.

Demystifying science: We make science accessible by showing how
and why data collection is done and by giving examples, practice,
and exercises that demonstrate central principles. Exploring Science
readings empower students by helping them understand how scien-
tists do their work. These readings give examples of technology and
methods in environmental science.

Quantitative reasoning: Students need to become comfortable with
graphs, data, and comparing numbers. We provide focused discus-
sions on why scientists answer questions with numbers, the nature



of statistics, of probability, and how to interpret the message in a
graph. We give accessible details on population models, GIS (map-
ping and spatial analysis), remote sensing, and other quantitative
techniques. In-text applications and online, testable Data Analysis
questions give students opportunities to practice with ideas, rather
than just reading about them.

Critical thinking: We provide a focus on critical thinking, one of the
most essential skills for citizens, as well as for students. Starting
with a focused discussion of critical thinking in chapter 1, we offer
abundant opportunities for students to weigh contrasting evidence
and evaluate assumptions and arguments, including What Do You
Think? readings.

Up-to-date concepts and data: Throughout the text we introduce
emerging ideas and issues such as ecosystem services, cooperative
ecological relationships, epigenetics, and the economics of air pol-
lution control, in addition to basic principles such as population
biology, the nature of systems, and climate processes. Current ap-
proaches to climate change mitigation, campus sustainability, sus-
tainable food production, and other issues give students current
insights into major issues in environmental science and its applica-
tions. We introduce students to current developments such as eco-
system services, coevolution, strategic targeting of Marine Protected
Areas, impacts of urbanization, challenges of REDD (reducing
emissions through deforestation and degradation), renewable en-
ergy development in China and Europe, fertility declines in the de-
veloping world, and the impact of global food trade on world
hunger.

Active learning: Learning how scientists approach problems can help
students develop habits of independent, orderly, and objective thought.
But it takes active involvement to master these skills. This book inte-
grates a range of learning aids—Active Learning exercises, Critical
Thinking and Discussion questions, and Data Analysis exercises—that
push students to think for themselves. Data and interpretations are
presented not as immutable truths but rather as evidence to be exam-
ined and tested, as they should be in the real world. Taking time to
look closely at figures, compare information in multiple figures, or
apply ideas in text is an important way to solidify and deepen under-
standing of key ideas.

Synthesis: Students come to environmental science from a multi-
tude of fields and interests. We emphasize that most of our pressing
problems, from global hunger or climate change to conservation of
biodiversity, draw on sciences and economics and policy. This syn-
thesis shows students that they can be engaged in environmental
science, no matter what their interests or career path.

A global perspective: Environmental science is a globally intercon-
nected discipline. Case studies, data, and examples from around the
world give opportunities to examine international questions. Nearly
half of the opening case studies, and many of the boxed readings,
examine international issues of global importance, such as forest
conservation in Indonesia, air quality in India, or family planning in
Thailand. In addition, Google Earth place marks take students vir-
tually to locations where they can see and learn the context of the
issues they read.

Key concepts: In each chapter this section draws together compel-
ling illustrations and succinct text to create a summary “take-home”
message. These key concepts draw together the major ideas, ques-
tions, and debates in the chapter but give students a central idea on
which to focus. These can also serve as starting points for lectures,
student projects, or discussions.

Positive perspective: All the ideas noted here can empower students
to do more effective work for the issues they believe in. While we
don’t shy away from the bad news, we highlight positive ways in
which groups and individuals are working to improve their environ-
ment. What Can You Do? features in every chapter offer practical
examples of things everyone can do to make progress toward
sustainability.

Thorough coverage: No other book in the field addresses the multi-
faceted nature of environmental questions such as climate policy,
sustainability, or population change with the thoroughness this
book has. We cover not just climate change but also the nature of
climate and weather systems that influence our day-to-day experi-
ence of climate conditions. We explore both food shortages and the
emerging causes of hunger—such as political conflict, biofuels, and
global commodity trading—as well as the relationship between food
insecurity and the growing pandemic of obesity-related illness. In
these and other examples, this book is a leader in in-depth coverage
of key topics.

Student empowerment: Our aim is to help students understand that
they can make a difference. From campus sustainability assess-
ments (chapter 16) to public activism (chapter 13) we show ways
that student actions have led to policy changes on all scales. In all
chapters we emphasize ways that students can take action to prac-
tice the ideas they learn and to play a role in the policy issues they
care about. What Can You Do? boxed features give steps students
can take to make a difference.

Exceptional online support: Online resources integrated with read-
ings encourage students to pause, review, practice, and explore
ideas, as well as to practice quizzing themselves on information
presented. McGraw-Hill’s ConnectPlus (www.mcgrawhillconnect.
com) is a web-based assignment and assessment platform that gives
students the means to better connect with their coursework, with
their instructors, and with the important concepts that they will
need to know for success now and in the future. Valuable assets
such as LearnSmart (an adaptive learning system), an interactive
ebook, Data Analysis exercises, the extensive case study library, and
Google Earth exercises are all available in Connect.

WHAT’S NEW IN THIS EDITION?

This edition continues our focus on two major themes, climate pro-
tection and sustainability. These topics are evolving rapidly, often
with student leadership, and they greatly impact the future and the
career paths of students. We explore emerging ideas and examples
to help students consider these dominant issues of our time. The
climate chapter (chapter 9), for example, provides up-to-date data
from the Paris Accord to the latest Intergovernmental Panel on
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Climate Change (IPCC) as well as in-depth explanations of climate
dynamics, including positive feedbacks and how greenhouse gases
capture energy. The energy chapter (chapter 13) explores the rap-
idly changing landscape of energy production, in which fossil fuels
still dominate, but explosive growth of renewables in China, India,
and Europe have altered what we think is possible for renewable
energy systems.

We also provide a new emphasis on science and citizenship. In
a world overflowing with conflicting views and arguments, students
today need to understand the importance of being able to evaluate
evidence, to think about data, to understand environmental sys-
tems, and to see linkages among systems we exploit and depend on.
And they need to understand their responsibility, as voters and
members of civil society, to apply these abilities to decision making
and participation in their communities.

Many topics in environmental science are shifting rapidly, and
so much of the material in this edition is updated. Nearly two-thirds
of the chapters have new opening case studies, and data and figures
have been updated throughout the book. Brief learning objectives
have been added to every A head to help students focus on the most
important topics in each major section.

We also recognize that students have a lot to remember from
each chapter. As teachers, we have found it is helpful to provide a
few key reference ideas, which students can focus on and even com-
pare to other data they encounter. So in this edition, we have pro-
vided short lists of benchmark data, selected to help students
anchor key ideas and to understand the big picture. Specific chap-
ter changes include the following.

In Chapter 1, a new opening case study describes an important devel-
opment in renewable energy on the Navajo Reservation in Arizona.
In a dramatic shift, the tribe has decided to move away from a reli-
ance on dirty fossil fuels and to turn instead to clean, renewable solar
energy. This shift will protect precious water resources, improve air
quality for the whole region, reduce health risks from mining and
burning coal, and help fight climate change for all of us. The chapter
also has a new Exploring Science box on recent United Nations Sus-
tainable Development Goals and the most current Human Develop-
ment Index. We also have added text and a figure explaining planetary
boundaries for critical resources and ecosystem services as well as
how we may transgress crucial systems on which we all depend. We
introduce a new feature in this chapter on science and citizenship
with a focus on evidence and critical thinking.

Chapter 2 opens with a case study on the Gulf of Mexico’s “dead
zone,” which continues to grow in size despite the good intentions
of many stake-holders. This example shows the importance of un-
derstanding principles of chemistry and biogeochemical cycles in
ecology. We expand on the discussion of trophic levels in biological
communities with an essay on how overexploitation of Antarctic
krill is disrupting the entire Antarctic Ocean food chain.

Chapter 3 provides new insights into the importance of the microbi-
ome in chronic diseases and the possible effects of chronic expo-
sure to antimicrobial compounds on our microbiological symbionts.

Chapter 4 features a new opening case study on the success of fam-
ily planning in Thailand, where total fertility rates have fallen from
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7 children per woman on average in 1974 to 1.5 in 2017. This dra-
matic change is linked to a new section later in the chapter describ-
ing how about half the world’s countries are now at or below the
replacement rate. The What Do You Think? essay on China’s one-
child policy has been updated to reflect emerging worries about a
birth dearth in China. Population data have been updated through-
out the chapter, reflecting ongoing demographic changes in many
regions of the world.

Chapter 5 has a new opening case study on the growing threat of
bark beetles in forest destruction and the frequency and cost of wild
fires. This is a major case of ecosystem disturbance, state shift, and
resource management policy, as well as a dramatic illustration of
how climate shapes biomes. The Exploring Science essay in this
chapter describes efforts to restore coral reefs, including breeding
experiments that seek to create coral strains that can grow in
warmer, more acidic sea water. Successful recovery of protected
species under the Endangered Species Act is highlighted, along
with the benefits of habitat protection.

Chapter 6 provides new data on the effects of palm oil plantations
on biodiversity, including endangered orangutans, in the opening
case study. Although many major food companies and oil traders
have pledged to stop using or selling oil from recently deforested
areas, compliance is difficult to monitor. In the meantime, orangs
and people who try to protect them continue to be killed. Adding to
this discussion, we have added a new Exploring Science essay on
how we can use remote sensing to assess forest loss. We also have
an updated What Can You Do? box with suggestions for individual
actions to reduce forest impacts. Habitat loss isn’t just a problem in
other countries; the U.S. also has continued threats to natural ar-
eas. We address threats to the Alaska National Wildlife Refuge and
to recently created national monuments in two new boxes for this
edition.

Chapter 7 opens with a new case study about introduction of crop
varieties engineered to tolerate multiple herbicides, and herbicide
“cocktails” containing mixtures of different herbicides. This innova-
tion is meant to combat pesticide resistance, but will it simply ac-
celerate evolution of super weeds? And what are the potential
human health effects and the ecological consequences of ever
greater exposure to these compounds? Fuel consumption in crop
production is addressed in light of concern about global climate
change, along with questions about how we’ll feed a growing human
population in a changing world. Low-input, sustainable farming is
discussed as an alternative to modern industrial-scale farming
methods.

Chapter 8 introduces environmental health with a new case study
about the toxic floods that inundated Houston after Hurricane
Harvey in 2017. The long-term effects of flooding thousands of
chemical plants and Superfund sites remain to be seen, but this is
an excellent example of a growing threat from pollutants and syn-
thetic chemicals, especially in vulnerable coastal cities. Our discus-
sion of global health burdens is updated to reflect the threats
of chronic conditions. Many new outbreaks of emergent diseases
are noted. And we provide a new profile of important persistent
organic pollutants (POPs).



Chapter 9’s focus on the causes and consequences of climate change
remains among the most important topics in the book. An exten-
sive new section on the potential effects of a 2-degree average global
temperature updates this discussion. Because no one can take ac-
tion without hope, we emphasize the many, readily available strate-
gies we can take to avoid these changes. A thorough examination of
possible solutions, including goals and accomplishments of the
Paris Accord, shows the many options that we have right now to
solve our climate challenges. This chapter also contains updated
discussions of basic climate processes and feedbacks.

Chapter 10 begins with a new case study about air quality in Delhi,
India, which is now worse than that in Beijing, China. We amplify
this case study with a new discussion in the text about health effects
of air pollution, using Asia as an example. We also note that more
than half of the 3 billion air pollution-related deaths worldwide are
thought to be caused by indoor air. This is elaborated on in a new
Exploring Science box about black carbon from combustion and its
effects on health and climate.

Chapter 11 is a rare example in which the opening case study hasn’t
changed because water emergencies in California remain a critical
long-term problem. Other topics, such as inexpensive water purifi-
cation techniques and water recycling, also remain relevant and
current.

Chapter 12 introduces a new case study on the Pebble mine, a pro-
posed giant strip mine at the headwaters of rivers flowing into
Bristol Bay, Alaska. This mine, which had been blocked during the
Obama administration, is now in play again with a new regime in
Washington. It threatens the largest remaining sockeye salmon fish-
ery on the planet along with thousands of fish-related jobs and tra-
ditional native ways of life. It’s an example of the many controversies
about mining and mineral production. We update the discussion of
induced seismicity with a new Exploring Science box about saltwater
injection wells associated with oil and gas production in Oklahoma.
Surface mining and coal sludge storage remain a serious problem in
many places, so we’ve incorporated a new section into the text
about these topics. And discussion of 2017 floods in South Asia,
which displaced more than 40 million people and killed at least
1,200, illustrates the dangers of global climate change for geological
hazards.

Chapter 13, which focuses on energy, is a focal chapter for climate
solutions and sustainability. The opening case study on New York
City’s commitment to 80 percent reduction of greenhouse gas
reductions becomes even more important with the 2017 announce-
ment that both the city and state of New York would divest $5 billion
in fossil fuel investments from their retirement funds (discussed in
chapter 16). The chapter also reviews dramatic shifts in the price

and efficiency of solar and wind power, which have made renewable
energy cheaper than fossil fuels or nuclear even for existing facili-
ties. An extensive new section on an energy transition explores fu-
ture options for generating, storing, and transmitting energy.
Drawing on the work of Jacobson and Delucchi, and Pawl Hawken’s
recent Drawdown study, we show how sustainable energy could sup-
ply all our power needs.

Chapter 14 starts with a new opening case study about the huge
problem of plastic trash accumulating in the oceans. In particular,
the estimated 100 million tons of plastic circulating in a massive
gyre the size of California just northwest of Hawaii is a threat both
to fish and to oceanic birds. A new What Do You Think? essay exam-
ines new Chinese policies that outlaw shipment of two dozen kinds
of low-quality or dangerous solid waste and threaten to upend waste
disposal practices throughout the world.

Chapter 15 opens with an important new case study on British
Columbia’s groundbreaking carbon tax. This revenue-neutral use
tax has been a tremendous environmental and economic success
and has provided millions to decrease corporate and personal taxes
as well as to accomplish broader social goals while fostering an
economic boom. This is an excellent and positive application of
environmental economics. The section on cities and city planning
in this chapter builds on the discussion in chapter 10 on New Delhi
air pollution. We also return to the Human Development Index and
the problems of massive urban agglomerations in developing coun-
tries, some of which, like Lagos, Nigeria, could reach 100 million
inhabitants by the end of this century. Valuation of nature is dis-
cussed in a new Exploring Science essay, which examines a new esti-
mate that raises the value of all global ecological services from $33
trillion to as much as $173 trillion, or more than twice the current
global GDP.

Chapter 16 commences with a new case study on fossil fuel divest-
ment pledges by New York City and New York State. Decarboniza-
tion of these huge economies is inspired by the damage done by
Hurricane Sandy, which resulted in more than $70 billion in dam-
ages. Even more notable than its divestment pledge, New York City
is suing the world’s five largest publicly traded oil companies for
their role in climate change. The divestment movement in colleges,
universities, and other entities represents more than $6 trillion in
assets. We support this discussion with a new section on policy
making at both the individual and collective levels. We discuss the
creation and implementation of some of our most important envi-
ronmental laws, but we also examine how those rules and laws are
now under attack by the current administration. We also have
added an extensive new section on how colleges and universities
can be powerful catalysts for change. Finally, we end with a review
of the 2016 UN Sustainable Development Goals.
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Application-based learning contributes
to engaged scientific investigation.
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butmostofus

it
el s vl f scrtens b o

KEY CONCEPTS

el of logs taken rom the

s hodere e picefor
I 2009-2010,
(52 et o

e calculate Lhe f eco-
sy n;.,wm i
,,,.m,w.,mw;m.,.m e b doo e vt

egulaton. crop pollntion.

= vorio of stucies called The Econom’
o findings on valing ecosystem servces. TEE

P—

=
-

o rete b show

oo B 53 PERHECTARE F TIOPALFORST
oy

vt rsten I
nectnvves W

e tht these gaphs have difret sl

U5, PER HECTARE OF CORAL REEF
(Toat $115000)

Ca

All chapters open with a real-world case study -
to help students appreciate and understand
how environmental science impacts lives and

se Studies

biodiversity?

-

e o g o TEEB it
‘S e renty wcund vrsge s

Key Concepts
Key concepts from each chapter are pre-
sented in a beautifully arranged layout to
"’" guide the student through the often
=== complex network issues.

g e
R

= oo s S0
S0 om0

o oo h

‘Some natural medicine products
propuet s

o, s they
o oo
e whaa me s ther.

Natural tey i " il s .
ural wastewater treatment is unfamiliar but usuallycheaper

i

< yor
/ Gt s potentl for

SR mm.
e s wl - .

b e than 420 o por Yot

o spraper. electicl sysoms, sn s — chespe ntlion

o * gravity wter moverr

1y b st sl ornme

e

it low energy consumption
fow movig prt o chamicl -
Bitcrestmens

e o chloring use

=
et et e o e

e .

compounds

CAN YOU EXPLAIN?
Fiahpuraris s dcused n chaptr . the CAN YOUE o
s anmangroves s sy

e cone awv‘.\.m,
D tosi oct? a ropel frest
\danityth i ,m bttt

2 Drikabl qultywoter mrECTion

e vt s produced by  weldsignec ol systom. &) DI

it T phtoshews befrsandater raatvan Mork ol e o )° S
et

Sicethese es.
e

;umm»m i oo
ey canreesent s s o, e

e
NGt g e
molcules o mathane (CH. I soms
st methan can b capur

e a

«Wheraspoce s bl rger et

i
rfuge. ingscostem,

: 10010t (NG, grean s nd s
Lo 0O, renpians i

[
T T

grve e <apra it
—— e
e \ oot
S 3 et dt
i * Pttt o
ulnwhh:nﬂdi-mmhdwvmmh % i 3
limate. iy am Cuninghamp. ez

ansur dsnfecton Orone o mvilet
light con 0 be e

o your reding of thi chater et o

[ ——
ol restment expersiv?
Whyis conventionaltreatment more widely used?

how scientists study complex issues.

CASE STUDY

Palm Oil and Endangered Species

re your donuts, tooth-
paste, and shampoo Kill-
ing critically endangered

orangutans in Sumatra and Bormneo?
It seems remote, but they might be.
Palm oil, a key ingredient in at least
half of the packaged foods, cos-
metics, and soaps in the supermar-
ket, is almost entirely sourced from
plantations that just 20 years ago
were moist tropical forest. In Indo-
nesia and Malaysia these forests
were the habitat of orangutans,
Sumatran tigers and thinos, and
other endangered species. As
paim oil has become the world's

most widely used vegetable oil, 4 FIGURE 61 Over the past 15 years, palm plantation area in
Southeast Asia has grown to more than ¥ millon hectares (34 millon
acres).replacing some of the worlds richest primary forest. This
rapid growth has destroyed habitat and displaced many criically Kraft, and Procter & Gamble, promised
endangered species. ©KhunJompol/Getty Images to stop using palm oil from recently

expanding palm oil plantations
have become one of the greatest
causes of tropical deforestation.

A 2017 study of orangutan
populations in Bomeo, an island
owned parlly by Malaysia and partly by Indonesia, estimated that at
least 100,000 of these rare and reclusive forest primates were
Killed in just 15 years, between 1999 and 2015, This represents over
half of the region's orangutans. By 2050 the population is expected
to be only around 50,000, many of them in tiny, dispersed, and
nonviable populations. The main reasons for this decline are the
rapid conversion of primary forest to palm plantations, deforesta-
tion for wood products, and the increasing density of human popu-
lations as settiements expand to serve these industries. Habitat
loss s a driving factor, but actual mortality in this study was attrib-
uted mainly to hunting in the forests around plantations, made pos-
sible by the expansion of the plantations and logging roads deep
into the primary forest

I Indonesian, orang utan means person of the forest
Orangutans are among our closest primate relatives, sharing at least
97 percent of our genes, Traditional cultures in Borneo may recog-
nize this relationship, because taboos have discouraged hunting

composed mainly
of ancient, undecom-
posed plant material, so draining and
burning of a hectare of peatland can
release 15,000 tons of CO,. More
than 70 percent of the carbon
released from Sumatran forests is
from burning peat. Indonesia, which
has the third largest area of rainforest
in the world as well as the highest
rate of deforestation, is now the
world's third highest emitter of green-
house gases. Smoke from burning
peat often blankets Singapore,
Malaysia, and surrounding regions.
Atthe 2014 UN Climate Summit in
New York, 150 companies, including
McDonald's, Nestlé, General Mills,

cleared rainforest and to protect

human rights in forest regions. Several

logging companies, including the giant Asia Pulp and Paper, pledged

to stop draining peat lands and to reduce deforestation by 50
percent by 2020.

Will these be effective promises or emply ones? Itis difficult to
trace oil origins or to monitor remote areas, but at least this
movement sets a baseline for acceptable practices. In 2017 two of
the world's largest palm oil traders, Wilmar International and
Cargill, announced they would no longer do business with a
Guatemalan company, Reforestadora de Palmas del Petén S.A.
(REPSA), because of environmental and human rights abuses,
REPSA was implicated in the murder of Rigoberto Lilma Choc, a
28-year-old Guatemalan schoolteacher who had protested when
effluent from a REPSA palm oil operation poisoned the Pasion
River, killing millions of fish. When a Guatemalan judge ordered
REPSA 10 stop operations for 6 months, the ruling was quickly
followed by the kidnappings of three human rights activists and by
Choc's murder. Cargill then cut ties with REPSA, citing its failure to
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Active Learning

Students will be encouraged to practice critical think-
ing skills and apply their understanding of newly
learned concepts and to propose possible solutions.

Active LEARNING

Comparing Biome Climates

Look back at the climate graphs for San Diego, California, an
arid region, and Belém, Brazil, in the Amazon rainforest (see
fig. 5.6). How much colder is San Diego than Belém in January?
in July? Which location has the greater range of temperature
through the year? How much do the two locations differ in
precipitation during their wettest months?

Compare the temperature and precipitation in these two
places with those in the other biomes shown in the pages that
follow. How wet are the wettest biomes? Which biomes have
distinct dry seasons? How do rainfall and length of warm
seasons explain vegetation conditions in these biomes?

‘Aieniga4—1aquadaq ui uonendioald u 9oUdIBYIp WW 0GZ
1noge s a1ay} :einesadwsal jo abuel Jsjealb auy sey obaiqg ues Anr ul
19p|02 D,9 IN0ge ‘Alenuer ul 1ap|od D,gl INoge s 0Balg ues :SYIMSNY
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What Can YOU DO?

Working Locally for Ecological Diversity

You might think that the diversity and complexity of ecological systems are too large
or too abstract for you to have any influence. But you can contribute to a complex,
resilient, and interesting ecosystem, whether you live in the inner city, a suburb, or a
rural area.

- Take walks. The best way to learn about ecological systems in your area is to
take walks and practice observing your environment. Go with friends, and try to
identify some of the species and trophic relationships in your area.

Keep your cat indoors. Our lovable domestic cats are also very successful
predators. Migratory birds, especially those nesting on the ground, have not
evolved defenses against these predators.

Plant a butterfly garden. Use native plants that support a diverse insect popula-
tion. Native trees with berries or fruit also support birds. (Be sure to avoid non-
native invasive species.) Allow structural diversity (open areas, shrubs, and
trees) to support a range of species.

Join a local environmental organization. Often the best way to be effective is to
concentrate your efforts close to home. City parks and neighborhoods support

ecologi ommunities, as do farming and rural areas. Join an organization
intain -+ hi Ith: start bv | i | club:

What Can You Do?

Students can employ these practical ideas to
make a positive difference in our environment.

kina for

EXPLORING
Science

Inexpensive Water Purification

hen Ashok Gadgil was

a child in Bombay, India,
five of his cousins died in infancy
from diarrhea spread by con-
taminated water. Although he
didn’t understand the implica-
tions of those deaths at the time,
as an adult he realized how
heartbreaking and preventable
those deaths were. After earn-
ing a degree in physics from the
University of Bombay, Gadgil
moved to the University of
California at Berkeley, where he
was awarded a PhD in 1979.
He’s now senior staff scientist in
the Environmental Energy
Technology Division, where he
works on solar energy and

A A woman fills her jug with clean water from the village WaterHealth
kiosk. More than 6 million people’s lives have been improved by this in-
novative system of water purification.

©Waterhealth International

Exploring Science
mount the UV source above the
water where it couldn’t develop
mineral deposits. He designed a
system in which water flows
through a shallow, stainless steel
trough. The apparatus can be
gravity fed and requires only a
car battery as an energy source.

The system can disinfect
15 liters (4 gallons) of water per
minute, killing more  than
99.9 percent of all bacteria and
viruses. This produces enough
clean water for a village of
1,000 people. This simple system
costs only about 5 cents per ton
(950 liter). Of course, removing
pathogens doesn’t do anything
about minerals, such as arsenic,

Current environmental issues
exemplify the principles of sci-
entific observation and data-
gathering techniques to
promote scientific literacy.

)

What Do YOU THINK?

What Do You Think?

Students are presented with chal-
lenging environmental studies
that offer an opportunity to con-
sider contradictory data, special
interest topics, and conflicting in-
terpretations within

a real scenario.

other wild species.

Shade-Grown Coffee and Cocoa

Do your purchases of coffee and chocolate
help to protect or destroy tropical forests?
Coffee and cocoa are two of the many
products grown exclusively in developing
countries but consumed almost entirely
in the wealthier, developed nations. Cof-
fee grows in cool, mountain areas of the
tropics, while cocoa is native to the
warm, moist lowlands. What sets these
two apart is that both come from small
trees adapted to grow in low light, in the
shady understory of a mature forest.
Shade-grown coffee and cocoa (grown be-
neath an understory of taller trees) allow
farmers to produce a crop at the same time as
forest habitat remains for birds, butterflies, and

Until a few decades ago, most of the world’s coffee and
cocoa were shade-grown. But new varieties of both crops have been
developed that can be grown in full sun. Growing in full sun, trees can
be crowded together more closely. With more sunshine, photosyn-

4 Cocoa pods grow directly on the trunk and large
branches of cocoa trees.

coffee and cocoa plantations in these areas
are converted to monocultures, an incalcu-
lable number of species will be lost.

The Brazilian state of Bahia demon-
strates both the ecological importance of
these crops and how they might help pre-
serve forest species. At one time, Brazil
produced much of the world’s cocoa, but in

the early 1900s, the crop was introduced
into West Africa. Now Cote d’lvoire alone
grows more than 40 percent of the world total.
Rapid increases in global supplies have made
prices plummet, and the value of Brazil's harvest has
dropped by 90 percent. Céte d'lvoire is aided in this
competition by a labor system that reportedly includes wide-

spread child slavery. Even adult workers in Cote d’lvoire get only
about $165 (U.S.) per year (if they get paid at all), compared with a
minimum wage of $850 (U.S.) per year in Brazil. As African cocoa

P. Cunnifigh
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Learning Outcomes

Questions at the beginning of each chapter challenge
students to find their own answers.

CHAPTER
Environmental Conservation: Forests,
Grasslands, Parks, and Nature Preserves

LEARNING OUTCOMES

After studying this chapter, you should be able to answer the following questions:

b What portion of the world's original forests remains? » How ars the world's grasslands distributed, and what
ivi ?

» What activities threaten global forests? What steps can be Ectizibaslbectadiorassiands

taken to preserve them? » What are the original purposes of parks and nature preserves

in North America?

» Why is road construction a challenge to forest conservation?
P What are some steps to help restore natural areas?

» Where are the world’s most extensive grasslands?

Orangutans are among the most critically endangered of all the great
apes. Over the past 20 years, about 90 percent of thelr rainforest habitat
in Borneo and Sumatra has been destroyed by logging and conversion to
palm oil plantations.

Data Analysis

At the end of each chapter, these exercises
give students further opportunities to apply
critical thinking skills and analyze data.
These are assigned through Connect in an
interactive online environment. Students are
asked to analyze data in the form of docu-
ments, videos, and animations.

GUIDED TOUR

DATA ANALYSIS: A Close

L
2.

Practice Quiz
Short-answer questions allow students to check their
knowledge of chapter concepts.

PRACTICE QUIZ

1. What are the two most im; i

\ portant nutrients causing eutrophica

i e the b ot 'g eutrophication 9. Where do extremophiles live? How
What are systems, and how do feedback loops regulate them?
hYIon;body contains vast numbers of carbon atoms. How s it possi-

le that some of these carbons may have be
een part of the bo

prehistoric creature? " ot N

do they get the energy they need

for survival?

~

=

- Ecosystems require energy to function. From where does most of
this energy come? Where does it go?

- How do green plants capture energy, and what do they do with it?

i 12. D ) et ¢
4 List six unique properties of water. Describe, briefly, how each of 15 efine the terms speces, populaton, and biological communiy.
these properties makes water essential to lfe as we know it " Why are big, fierce animals rare?
5. Whatis DNA, and why is it important? M. Most ecosystems can be visualized as a pyramid with many organ-
6. 2 N isms in the lows s
e e it o 0 AL
e to humans. ° - d numbers pyrami
quality and low-qualty enerey, plin the diffrence between high- 1S What s the ratio of human-caused carbon relca:eysr ?A:‘!l(‘)dthe atmosph
: osphere
7+ In the biosphere, mater follows circular pathways, while energy shown in figure 2.18 compared to the amount released by terrestrial
flows in a lincar fashion. Explain, fespiration?
8.

To which wavelengths do our eyes respond, and why? (Refer to fig. 2.13.)
A?out how long are short ultraviolet wavelengths compared to
‘microwave lengths?

CRITICAL THINKING A

Apply the principles you have learned in thi:
is chapter to di -
tions with other students. i s s dues

lasting for years or even centuries, What would our world be like if
all chemical bonds were either very weak or extremely strong?

If you had to design a research project to evaluate the relative bio-
mass of producers and consumers in an ecosystem, what would
you measure? (Note: This could be a natural system or a human-
made one.)

1 Eco.sys!cms are oﬂ‘en defined as a matter of convenience because we
can’ l.sludy everything at once. How would you describe the charac-
teristics ?nd boundaries of the ecosystem in which you live? In what
respects is your ecosystem an open one?

Think of some practical examples of increasing entropy in everyday
life. Is a messy room really evidence of thermodynamics at work or
merely personal preference?

Somevchemical bonds are weak and have a very short half-ife
(fractions of a second, in some cases); others are strong and stable,

=

- Understanding storage compartments is essential to understanding
material cycles, such as the carbon cycle. If you look around your
backyard, how many carbon storage compartments are there? Which
ones are the biggest? Which ones are the longest lasting?

w

Critical Thinking and Discussion Questions

Brief scenarios of everyday occurrences or ideas challenge stu-
dents to apply what they have learned to their lives.

i i mounts of atmo-
enic processes introduce increasing a
b e Mo e where does that N go?

spheric N to the biosphere and ‘hydrosphere,
(Hint: Refer to the opening case study.)

1p? Can they capture N, from the air?

Which forms of N do plants take u the
{0 section 2.5. How is N, captured, or fixed, from the air into

Refer s N
the food web? R 5. Why is N so important for iving organisms? —
Most ofthe processs are hard o quanif, bt he e SR 6. n marine systems, N is often a limiting factor. What is a I

fuel buraing and commerery 2 What is a consequence of increasing the supply of N in a

factor
marine system?

imate amounts for fossil !
eria. What do these terms mean?

ce?

gives approxi s foro
fixation, and for N fixing by bacteria. W
What is the magnitude of each? What s the differen

Lightning and Nitrogen in atmosphere
volcanoes (Ng)

107Tg ossil fuel burning

and commercial

. nitrogen fixation
} 140 T¢

Excretion o
Denitrifying
bacteria

Nitrogen
produce Ny.

R &! Assi
fixation P Sl Fionis cbsorb Ny

NHy, or NO3, to make

FRRISRRBMA o'ganic compounds
e

Eutrophication

ificatie fx
Ammonifieation  irates (NO5 )

rifying bacterla oxidize
(2 WG mmonia to nitrate lor

cle is important to understand because it

ammonia or
‘ammonium, 80 Tg. -

Ammonia (NHs)
"

ammonium (NH, )

en cycles through living and nonliving systems. This biogeochemical cy

A Nitrog
strongly influences how ecosystems function




CHAPTER

Understanding Our Environment

LEARNING OUTCOMES

After studying this chapter, you should be able to answer the following questions:

P List several major environmental challenges and some ways P Why do we use graphs and data to answer questions
to address them. in science?
P Explain the idea of sustainability and some of its aims. P Identify several people who helped shape our ideas of

P Why are scientists cautious about claiming absolute proof fesoliiceiconsetyatiahiand|presenvatian=whydidthey

of particular theories? promote these ideas when they did?

P What is critical thinking, and why is it important in
environmental science?

The Kayenta solar plant in Monument Valley, AZ is the first step for the

Navajo Tribe towards renewable energy, water conservation, clean air,
green-collar jobs, and climate protection.

o
RO 0% 0 ° - ©Navajo Nation/Navajo Tribal Utility Authority®
o



CASE STUDY

Sustainability and Power on the Reservation

ustainable development is a challenge faced by all devel-

oping nations and regions. How can they ensure a healthy,

safe environment and also provide jobs for young people?
Can they reduce air, water, and soil pollution and simultaneously
reduce poverty?

These are questions members of the Navajo, or Diné, Na-
tion have been asking. The largest tribe in the United States,
they are a nation within another nation, but they share chal-
lenges of most developing areas. They have half the per-capita
income and twice the unemployment of the rest of Arizona. Ru-
ral poverty, lack of water and sanitation, and inadequate elec-
tricity connection are chronic conditions that hinder education
and health care.

Also like other developing nations, the Navajo are debating
their energy future. Since 1973 one of the most important employ-
ers on the reservation has been the Navajo Generating Station, a
coal-powered plant that produces 16 percent of Arizona’s electricity
and employs about 500 people, 90 percent of them Navajo. The
power plant is also an environmental liability. It produces 30 per-
cent of Arizona’s carbon dioxide and 25 percent of the state’s sulfur
dioxide, a source of smog and acid rain, as well as airborne mercury
and cadmium. For over 45 years, the plant has been one of Arizona’s
worst polluters, often obscuring visibility in the nearby Grand Canyon.
The Kayenta coal mine, which supplies the plant, produces dust
and other airborne pollutants and threatens local waterways with
acidic runoff. The multinational Peabody Energy, one of the world’s
largest coal companies, owns the mine. The plant and mine also
consume water extravagantly: about 33 million m® every year for
steam, cooling, and dust control, with most of it from the declining
Colorado River. Filters and other equipment capture much of the
pollution at the Navajo station, but ongoing upgrades and mainte-
nance are costly. At the same time, other sources of power are be-
coming cheaper to produce. Despite opposition from Peabody and
other interests, owners of the plant and Navajo leaders agreed that
it was time to transition away from coal. They agreed to shutter the
facility by 2020.

The decision has been controversial, as closing the plant
eliminates hundreds of steady jobs. But many members of the
Navajo Nation want independence from coal and they want to
diversify energy and the economy, with more local ownership.
They want to develop in green jobs that don’t undermine their
children’s health. They are motivated to provide energy while
protecting the land they live on and their scarce water resources.
And they want to address climate change, to which coal is the
worst single contributor. Financial cost doomed the plant, but
these social and environmental costs also weighed heavily in the
decision.

An important step in the energy transition was the Kayenta
photovoltaic solar plant, owned by the Navajo Tribal Utility Author-
ity and the first utility-scale solar power plant on the reservation.
Kayenta began delivering clean electricity in June 2017. Rated for
275 megawatts (MW) of electricity, the solar plant produces far

less than the 1,700 MW delivered by the Navajo

Generating Station. (A megawatt is a million watts,

enough to power 100,000 10-watt lightbulbs simultaneously or
about 500 U.S. households.) But it was just the beginning. Six
months after Kayenta opened, tribal authorities signed an agree-
ment to build Kayenta I, doubling production to over 50 MW. Tribal
officials have planned another 500 MW of solar in the next few
years.

Constructing the Kayenta site took only about 6 months,
which is good for energy production but employed its 275 work-
ers for only a short time. As installations scale up, however, em-
ployment is expected to increase and stabilize. Increasing
investment in solar could also aid remote rural access to electric-
ity. Hooking up a household on the reservation to the electric grid
can cost $50,000, far more than solar panels and battery storage.

A solar plant is cleaner than coal, but what about space and fi-
nancial costs? These are similar: The 120-hectare (300-acre) Kayenta
plant uses about 4.5 hectares/MW (11 acres/MW), while the Navajo
Generating Station, including its active coal mines (but excluding
closed, spent mining areas), comes to about 4-5 hectares/MW
(1012 acres/MW). The $64 million cost of the Kayenta plant’s first
phase amounted to about $2.3 million/MW. Adjusted for inflation, the
coal plant cost about $2.5 million/MW, plus the cost of continuously
supplying coal, at a rate of 240 100-ton train car loads every day.

Access to clean energy is often central to sustainable develop-
ment. Electric lights help you study and learn. Water pumps can
improve sanitation. “Green-collar” jobs can transform lives and live-
lihoods. These aspects of sustainable development are goals for
communities around the world. In this chapter we explore some of
the ways environmental science contributes to understanding and
addressing the widespread need for more equitable economies,
societies, and environmental quality. l

A FIGURE 11 The Navajo Generating Station has been a major source

of revenue and of pollution for almost 50 years.
©OMr. James Kelley/Shutterstock



Today we are faced with a challenge that calls for a
shift in our thinking, so that humanity stops threat-
ening its life-support system.
—WANGARI MAATHALI,
WINNER OF 2004 NOBEL PEACE PRIZE

BE] WHAT IS ENVIRONMENTAL
SCIENCE?

e Environmental science draws on diverse disciplines, skills, and
interests.

o A global perspective helps us understand environmental systems.

e The scientific method makes inquiry orderly.

Environmental science uses scientific approaches to understand the
complex systems in which we live. Often environmental science fo-
cuses on finding basic explanations for how systems function: How
does biodiversity affect the ways an ecosystem functions, or how
does land use affect a river system? But because human decisions
about resources, land use, or waste management affect environmen-
tal systems, decisions and policies about resources are also a part of
environmental science.

In this chapter we examine some central ideas and ap-
proaches in environmental science. You will explore these themes
in greater depth in later chapters. We focus on issues of sustain-
ability, environmental justice, and the scientific method that un-
derlies our understanding of these ideas. We also examine some
keyideasthat have influenced our understanding of environmental
science.

Environmental science integrates many fields

We inhabit both a natural world of biological diversity and physical
processes and a human environment of ideas and practices. Envi-
ronmental science involves both these natural and human worlds.
Because environmental systems are complex and interconnected,
the field also draws on a wide range of disciplines and skills, and
multiple ways of knowing are often helpful for finding answers
(fig. 1.2). Biology, chemistry, earth science, and geography con-
tribute ideas and evidence of basic science. Political science, eco-
nomics, communications, and arts help us understand how people
share resources, compete for them, and evaluate their impacts on
society. One of your tasks in this course may be to understand
where your own knowledge and interests contribute (Active Learn-
ing, p. 4). Identifying your particular interest will help you do bet-
ter in this class, because you’ll have more reason to explore the
ideas you encounter.

Environmental science often informs policy, because it pro-
vides information for decision making about resources and the liv-
ing systems we occupy. This doesn’t imply particular policy
positions, but it does provide an analytical approach to using
observable evidence, rather than assumptions or hearsay, in making
decisions.

Environmental Economics
What are the long-term costs and
benefits of a marine preserve?

Political Science
How do we develop
equitable fishing policies?

Population Biology
How many fish are
needed for reproduction?

z%:\\ S ’4,

N Problem:
ﬁ‘ | Depleted fishery

M~ =

),

Ecology =,
How does the reef
support fish?

Chemistry
What levels of oxygen, nutrients
are best for reef health?

Anthropology, Religion
What is the cultural value
of fishing for in coral reefs?

A FIGURE 1.2 Many types of knowledge are needed in environmental
science. A few examples are shown here.

Environmental science is global

You are already aware of our global dependence on resources and
people in faraway places, from computers built in China to oil ex-
tracted in Iraq or Venezuela. These interdependencies become
clearer as we learn more about global and regional environmental
systems. Often the best way to learn environmental science is to see
how principles play out in real places. Familiarity with the world
around us will help you understand the problems and their context.
Throughout this book we’ve provided links to places you can see in

Google Earth, a free online mapping program that you can

download from googleearth.com. When you see a blue globe
in the margin of this text, like the one at left, you can go to Connect
and find placemarks that let you virtually visit places discussed. In

Benchmark Data

Among the ideas and values in this chapter, these are a few

worth remembering.

280 ppm Pre-industrial concentration of CO, in the atmo-
sphere, in parts per million

410 ppm Approximate concentration of CO, now

6 billion Global population 2000

9 billion Global population in 2050 (projected)

5 Average number of children per woman in 1950

2 Average number by 2050 (projected)
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LEARNING

Finding Your Strengths in This Class

A key strategy for doing well in this class is to figure out where
your strengths and interests intersect with the subjects you will
be reading about. As you have read, environmental science
draws on many kinds of knowledge (fig. 1.2). Nobody is good at
all of these, but everyone is good at some of them. Form a
small group of students; then select one of the questions in
section 1.2. Explain how each of the following might contribute
to understanding or solving that problem:

artist, writer, politician, negotiator, chemist, mathematician,
hunter, angler, truck driver, cook, parent, builder, planner,
economist, speaker of multiple languages, musician,
businessperson

‘AIeA [IM s1emsue ‘siyBisul ajdiinw apiaoid 8saul JO (1Y (SHYIMSNY

Google Earth you can also save your own placemarks and share
them with your class.

Environmental science helps us understand
our remarkable planet

Imagine that you were an astronaut returning home after a trip to the
moon or Mars. What a relief it would be, after the silent void of outer
space, to return to this beautiful, bountiful planet (fig. 1.3). We live in
an incredibly prolific and colorful world that is, as far as we know,
unique in the universe. Compared with other planets in our solar
system, temperatures on the earth are mild and relatively constant.
Plentiful supplies of clean air, fresh water, and fertile soil are regener-
ated endlessly and spontaneously by biogeochemical cycles and bio-
logical communities (discussed in chapters 2 and 3). The value of
these ecological services is almost incalculable, although economists
estimate that they account for a substantial proportion of
global economic activity (see chapter 15).
Perhaps the most amazing feature of our
planet is its rich diversity of life. Millions of
beautiful and intriguing species populate
the earth and help sustain a habitable en-
vironment (fig. 1.4). This vast multitude
of life creates complex, interrelated
communities where towering trees and
huge animals live together with, and
depend upon, such tiny life-forms as
viruses, bacteria, and fungi. Together,
all these organisms make up delight-
fully diverse, self-sustaining ecosystems,
including dense, moist forests; vast, sunny
savannas; and richly colorful coral reefs.

p FIGURE 1.3 The life-sustaining ecosystems on

which we all depend are unique in the universe, as far
as we know. Source: Norman Kuring/NASA

4 Principles of Environmental Science

A FIGURE 1.4 Perhaps the most amazing feature of our planet is its rich
diversity of life. ©Fuse/Getty Images

From time to time we should pause to remember that, in spite
of the challenges of life on earth, we are incredibly Iucky to be here.
Because environmental scientists observe this beauty around us, we
often ask what we can do, and what we ought to do, to ensure that
future generations have the same opportunities to enjoy this bounty.

Methods in environmental science

Keep an eye open for the ideas that follow as you read this book.
These are a few of the methods that you will find in science gener-
ally. They reflect the fact that environmental science is based on
careful, considered observation of the world around us.

Observation: A first step in understanding our environment is
careful, detailed observation and evaluation of factors in-
volved in pollution, environmental health, conservation, pop-
ulation, resources, and other issues. Knowing about the world
we inhabit helps us understand where our resources originate,
and why.

The scientific method: Discussed later in this chapter, the sci-
entific method is an orderly approach to asking questions,
collecting observations, and interpreting those observa-
tions to find an answer to a question. In daily life,
many of us have prior expectations when we
start an investigation, and it takes discipline
to avoid selecting evidence that conve-
niently supports our prior assumptions.
In contrast, the scientific method aims
to be rigorous, using statistics, blind
tests, and careful replication to avoid
simply confirming the investigator’s
biases and expectations.
Quantitative reasoning: This means un-
derstanding how to compare numbers
and interpret graphs, to perceive what
they show about problems that matter.
Often this means interpreting changes in
values, such as population size over time.

Uncertainty: A repeating theme in this book is
that uncertainty is an essential part of science.



Science is based on observation and testable hypotheses, but
we know that we cannot make all observations in the uni-
verse, and we have not asked all possible questions. We know
there are limits to our knowledge. Understanding how much
we don’t know, ironically, can improve our confidence in what
we do know.

Critical and analytical thinking: The practice of stepping back
to examine what you think and why you think it, or why some-
one says or believes a particular idea, is known generally as
critical thinking. Acknowledging uncertainty is one part of
critical thinking. This is a skill you can practice in all your ac-
ademic pursuits as you make sense of the complexity of the
world we inhabit.

E®] MAJOR THEMES
IN ENVIRONMENTAL SCIENCE

o Water, air quality, and climate change are key concerns.

e Population growth has slowed, as food resources and education
have improved.

e Natural resource depletion is a major concern.

In this section we review some of the main themes in this book. All
of these are serious problems, but they are also subjects of dramatic
innovation. Often solutions lie in policy and economics, but envi-
ronmental scientists provide the evidence on which policy deci-
sions can be made.

We often say that crisis and opportunity go hand in hand. Seri-
ous problems can drive us to seek better solutions. As you read, ask
yourself what factors influence these conditions and what steps
might be taken to resolve them.

Environmental quality

Climate Change The atmosphere retains heat near the earth’s
surface, which is why it is warmer here than in space. But concentra-
tions of heat-trapping “greenhouse gases,” especially CO,, increased
dramatically, from 280 parts per million (ppm) 200 years ago to
about 410 ppm in 2019. Burning fossil fuels, clearing forests and
farmlands, and raising billions of methane-producing cattle are some
of the main causes. Climate models indicate that by 2100, if current
trends continue, global mean temperatures will probably increase by
2°to 6°C compared to 1990 temperatures (3.6° to 12.8°F; fig. 1.5), far
warmer than the earth has been since the beginning of human civili-
zation. For comparison, the last ice age was about 4°C cooler than
now. Increasingly severe droughts and heat waves are expected in
many areas. Greater storm intensity and flooding are expected in
many regions. Disappearing glaciers and snowfields threaten the wa-
ter supplies on which cities such as Los Angeles and Delhi depend.
Military experts argue that climate change is among our
greatest threats, contributing to refugee crises and terrorism.
Already, climate change has forced hundreds of millions of peo-
ple from farmlands that have become too dry or hot to produce
crops. Storms, floods, and rising sea levels, threaten villages in
many regions. Climate refugees in Syria, Nigeria, Pakistan, and

2 28 36 5 7 9 n 13 15 20°F
Projected winter temperature increase

A FIGURE 1.5 Climate change is projected to raise temperatures, espe-
cially in northern winter months.  Source: NOAA, 2010.

other regions are vulnerable to terrorist activity and sometimes
carry it abroad.

On the other hand, efforts to find solutions to climate change
may force new kinds of international cooperation. New strategies
for energy production could reduce conflicts over oil and promote
economic progress for the world’s poorest populations.

Clean Water Water may be the most critical resource in the
twenty-first century. At least 1.1 billion people lack access to safe
drinking water, and twice that many don’t have adequate sanitation.
Polluted water contributes to the death of more than 15 million
people every year, most of them children under age 5. About 40 per-
cent of the world population lives in countries where water de-
mands now exceed supplies, and the United Nations projects that
by 2025 as many as three-fourths of us could live under similar
conditions. Despite ongoing challenges, more than 800 million
people have gained access to treated water supplies and modern
sanitation since 1990.

Air Quality Air quality has worsened dramatically in newly
industrializing areas, especially in much of China and India. In Beijing
and Delhi, wealthy residents keep their children indoors on bad
days and install air filters in their apartments. Poor residents become
ill, and cancer rates are rising in many areas. Millions of early deaths
and many more illnesses are triggered by air pollution each year.
Worldwide, the United Nations estimates, more than 2 billion metric
tons of air pollutants (not including carbon dioxide or windblown
soil) are released each year. These air pollutants travel easily around
the globe. On some days 75 percent of the smog and airborne par-
ticulates in California originate in Asia; mercury, polychlorinated
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biphenyls (PCBs), and other industrial pollutants accumulate in arc-
tic ecosystems and in the tissues of native peoples in the far north.
The good news is that environmental scientists in China, India,
and other countries suffering from poor air quality are fully aware
that Europe and the United States faced deadly air pollution de-
cades ago. They know that enforceable policies on pollution con-
trols, together with newer, safer, and more efficient technology, will
correct the problem, if they can just get needed policies in place.

Human population and well-being

Population Growth There are now over 7.7 billion people on
earth, about twice as many as there were 40 years ago. We are adding
about 80 million more each year. Demographers report a transition
to slower growth rates in most countries: Improved education for girls
and better health care are chiefly responsible. But present trends
project a population between 8 and 10 billion by 2050 (fig. 1.6a). The
impact of that many people on our natural resources and ecological
systems strongly influences many of the other problems we face.

The slowing growth rate is encouraging, however. In much of
the world, better health care and a cleaner environment have im-
proved longevity and reduced infant mortality. Social stability has
allowed families to have fewer, healthier children. Population has
stabilized in most industrialized countries and even in some very
poor countries where social security, education, and democracy
have been established. Since 1960 the average number of children
born per woman worldwide has decreased from 5 to 2.45 (fig. 1.6b).
By 2050, the UN Population Division predicts, most countries will
have fertility rates below the replacement rate of 2.1 children per
woman. If this happens, the world population will stabilize at about
8.9 billion rather than the 9.3 billion previously expected.

Infant mortality in particular has declined in most countries,
as vaccines and safe water supplies have become more widely avail-
able. Smallpox has been completely eradicated, and polio has been
vanquished except in a few countries, where violent conflict has
contributed to a resurgence of the disease. Life expectancies have
nearly doubled, on average (fig. 1.7a).

Hunger and Food Over the past century, global food produc-
tion has increased faster than human population growth. We now
produce about half again as much food as we need to survive, and
consumption of protein has increased worldwide. In most countries
weight-related diseases are far more prevalent than hunger-related
illnesses. In spite of population growth that added nearly a billion
people to the world during the 1990s, the number of people facing
food insecurity and chronic hunger during this period actually de-
clined by about 40 million.

Despite this abundance, hunger remains a chronic problem
worldwide because food resources are unevenly distributed. In a
world of food surpluses, currently more than 850 million people are
chronically undernourished, and at least 60 million people face
acute food shortages due to weather, politics, or war (fig. 1.7b). At
the same time, soil scientists report that about two-thirds of all
agricultural lands show signs of degradation. The biotechnology
and intensive farming techniques responsible for much of our re-
cent production gains are too expensive for many poor farmers.

6 Principles of Environmental Science
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A FIGURE 1.6 Bad news and good news: Globally, populations continue
to rise (a), but our rate of growth has plummeted (b). Some countries are be-

low the replacement rate of about two children per woman.  Source: United
Nations Population Program, 2011.

How can we produce food sustainably and distribute it fairly? These
are key questions in environmental science.

Information and Education Because so many environmental
issues can be fixed by new ideas, technologies, and strategies, ex-
panding access to knowledge is essential to progress. The increased
speed at which information now moves around the world offers
unprecedented opportunities for sharing ideas. At the same time,
literacy and access to education are expanding in most regions of
the world (fig. 1.7¢). Rapid exchange of information on the Inter-
net also makes it easier to quickly raise global awareness of envi-
ronmental problems, such as deforestation or pollution, that
historically would have proceeded unobserved and unhindered.
Improved access to education is helping to release many of the
world’s population from cycles of poverty and vulnerability.



Expanding education for girls is a primary driver for declining
birth rates worldwide.

Natural resources

Biodiversity Loss Biologists report that habitat destruction,
overexploitation, pollution, and the introduction of exotic organ-
isms are eliminating species as quickly as the great extinction that
marked the end of the age of dinosaurs. The United Nations Envi-
ronment Programme reports that over the past century more than
800 species have disappeared and at least 10,000 species are now
considered threatened. This includes about half of all primates and
freshwater fish, together with around 10 percent of all plant species.

(a) Health care

(c) Education

Top predators, including nearly all the big cats in the world, are
particularly rare and endangered. A 2017 study in Germany found
that populations of insects, key pollinators and components of the
food web, had declined 75 percent since 1990, and bird populations
were 15 percent lower. At least half of the forests existing before the
introduction of agriculture have been cleared, and many of the ancient
forests, which harbor some of the greatest biodiversity, are rapidly be-
ing cut for timber, for oil extraction, or for agricultural production of
globally traded commodities such as palm oil or soybeans.

Conservation of Forests and Nature Preserves Although
exploitation continues, the rate of deforestation has slowed in many
regions. Brazil, which led global deforestation rates for decades, has

(b) Hunger

A FIGURE 1.7 Human welfare is improving in some ways and stub-
bornly difficult in others. Health care is improving in many areas (a). Some
800 million people lack adequate nutrition. Hunger persists, especially in
areas of violent conflict (b). Access to education is improving, including for
girls (c), and local control of fishery resources is improving food security in
some places (d). (a): ©Dimas Ardian/Getty Images; (b): ©Jonas Gratzer/Getty
Images; (C): ©Anjo Kan/Shutterstock; (d): ©William P. Cunningham
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dramatically reduced deforestation rates. Nature
preserves and protected areas have increased
sharply over the past few decades. Ecoregion
and habitat protection remains uneven, and
some areas are protected only on paper. Still, this
is dramatic progress in biodiversity protection.

Marine Resources The ocean provides ir-
replaceable and imperiled food resources.
More than a billion people in developing coun-
tries depend on seafood for their main source
of animal protein, but most commercial fisher-
ies around the world are in steep decline. Ac-
cording to the World Resources Institute, more
than three-quarters of the 441 fish stocks for
which information is available are severely de-

co,

Photosynthesis
(provisioning,
supporting)

Carbon capture,
atmospheric regulation
(regulating, supporting) |

Food, fuel
(provisioning) =

Decomposition,
nutrient cycling
by decomposers

pleted or in urgent need of better management.
Some marine biologists estimate that 90 per-
cent of all the large predators, including blue-
fin tuna, marlin, swordfish, sharks, cod, and
halibut, have been removed from the ocean.
Despite this ongoing overexploitation,
many countries are beginning to acknowledge
the problem and find solutions. Marine
protected areas and improved monitoring
of fisheries provide opportunities for sustain-
able management (fig. 1.7d). The strategy of protecting fish nurseries
is an altogether new approach to sustaining ocean systems and the
people who depend on them. Marine reserves have been established in
California, Hawaii, New Zealand, Great Britain, and many other areas.

(supporting)

Energy Resources How we obtain and use energy will greatly
affect our environmental future. Fossil fuels (oil, coal, and natural
gas) presently provide around 80 percent of the energy used in in-
dustrialized countries. The costs of extracting and burning these
fuels are among our most serious environmental challenges. Costs
include air and water pollution, mining damage, and violent con-
flicts, in addition to climate change.

At the same time, improving alternatives and greater efficiency
are beginning to reduce reliance on fossil fuels. As noted in the
opening case study, renewable energy is an increasingly available
and attractive option. The cost of solar power has plummeted, and
in many areas solar costs the same as conventional electricity over
time. Solar and wind power are now far cheaper, easier, and faster
to install than nuclear power or new coal plants.

E%] HUMAN DIMENSIONS
OF ENVIRONMENTAL SCIENCE

o Ecosystem services are important in evaluating system values.
o Sustainable development goals identify key needs.

e Both poverty and wealth produce environmental challenges.

Aldo Leopold, one of the greatest thinkers on conservation, observed
that the great challenges in conservation have less to do with managing
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Temperature regulation
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A FIGURE 1.8 Ecosystem services we depend on are countless and often invisible.

resources than with managing people and our demands on resources.
Foresters have learned much about how to grow trees, but still we
struggle to establish conditions under which villagers in developing
countries can manage plantations for themselves. Engineers know
how to control pollution but not how to persuade factories to install
the necessary equipment. City planners know how to design urban
areas, but not how to make them affordable for everyone. In this sec-
tion we’ll review some key ideas that guide our understanding of hu-
man dimensions of environmental science and resource use. These
ideas will be useful throughout the rest of this book.

How do we describe resource use
and conservation?

The natural world supplies the water, food, metals, energy, and
other resources we use. Some of these resources are finite; some are
constantly renewed (see chapter 14). Often, renewable resources
can be destroyed by excessive exploitation, as in the case of fisher-
ies or forest resources (see section 1.2). When we consider resource
consumption, an important idea is throughput, the amount of re-
sources we use and dispose of. A household that consumes abun-
dant consumer goods, foods, and energy brings in a great deal of
natural resource-based materials; that household also disposes of a
great deal of materials. Conversely a household that consumes very
little also produces little waste (see chapter 2).

Ecosystem services, another key idea, refers to services or re-
sources provided by environmental systems (fig. 1.8). Provisioning
of resources, such as the fuels we burn, may be the most obvious
service we require. Supporting services are less obvious until you
start listing them: These include water purification, production of



food and atmospheric oxygen by plants, and decomposition of
waste by fungi and bacteria. Regulating services include mainte-
nance of temperatures suitable for life by the earth’s atmosphere
and carbon capture by green plants, which maintains a stable atmo-
spheric composition. Cultural services include a diverse range of
recreation, aesthetic, and other nonmaterial benefits.

Global ecosystem services amounted to a value of about $124
trillion to $145 trillion per year in 2011, according to ecological
economist Robert Costanza, far more than the $65 trillion global
economy in that year. These services support most other economic
activity, but we tend to forget our reliance on them, and conven-
tional economics has little ability to value them.

Planetary boundaries

Another way to think about environmental services is planetary
boundaries, or thresholds of abrupt or irreversible environmental
change. Studies by Johan Rockstrom and colleagues at the Stockholm
Resilience Centre have identified nine major systems with these criti-
cal thresholds: climate change, biodiversity, land system change, fresh-
water use, biogeochemical flows (nitrogen and phosphorus), ocean
acidification, atmospheric aerosols, stratospheric ozone loss, and
“novel entities,” including chemical pollution and other factors (fig. 1.9).
Calculations are that we have already passed the planetary boundaries
for three of these—climate change, biodiversity loss, and nitrogen
cycling. We are approaching the limits for freshwater supplies, land
use, ocean acidification, and phosphorus loading.

These ecosystem services are tightly coupled. Destruction of
tropical forests in Southeast Asia, for example, can influence heat
and drought in North America. Drought and fires in North America
enhance climate warming and sea ice loss in the Arctic. A planetary
perspective helps us see interconnections in global systems and
their effects on human well-being. What it means to pass these

boundaries remains uncertain.
Climate change Extinction
rate Biosphere integrity

— Land-system

.’ "‘ change
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Biological
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A FIGURE 1.9 Calculated planetary boundaries, or thresholds beyond
which irreversible change is likely. Green shading represents safe ranges;
yellow represents a zone of increasing risk; red wedges represent factors

exceeding boundaries.  Source: Will Steffen, Katherine Richardson, Johan
Rockstrom, et al. 2015. Planetary boundaries: Guiding human development on a
changing planet. Science 15 Jan 2015: 1259855 DOI: 10.1126/science 1259855.

Sustainability requires environmental
and social progress

Sustainability is a search for ecological stability and human prog-
ress that can last over the long term. Of course, neither ecological
systems nor human institutions can continue forever. We can work,
however, to protect the best aspects of both realms and to encour-
age resiliency and adaptability in both of them. World Health Orga-
nization director Gro Harlem Brundtland has defined sustainable
development as “meeting the needs of the present without compro-
mising the ability of future generations to meet their own needs.” In
these terms, development means bettering people’s lives. Sustain-
able development, then, means progress in human well-being that
we can extend or prolong over many generations, rather than just a
few years.

In 2016 the United Nations initiated a 15-year program to pro-
mote 17 Sustainable Development Goals (SDGs). Ambitious and
global, the goals include eliminating the most severe poverty and
hunger; promoting health, education, and gender equality; provid-
ing safe water and clean energy; and preserving biodiversity. This
global effort seeks to coordinate data gathering and reporting, so
that countries can monitor their progress, and to promote sustain-
able investment in developing areas.

For each of the 17 goals, organizers identified targets: some
quantifiable, some more general. For example, Goal 1, “End poverty,”
includes targets to eradicate extreme poverty, defined as less than
$1.90 per day, and to ensure that all people have rights to basic
services, ownership and inheritance of property, and other
necessities for economic stability. Goal 7, “Ensure access to
affordable, sustainable energy,” includes targets of doubling energy
efficiency and enhancing international investment in clean energy.
Goal 12, “Ensure sustainable consumption and production,” calls
for cutting food waste in half and phasing out fossil fuel subsidies
that encourage wasteful consumption. These goals may not be
accomplished by 2030, but having a target to aim for improves the
odds of success. And targets allow us to measure how far we have
fallen short.

The SDGs also include targets for economic and social equity
and for better governance. To most economists and policymakers it
seems clear that economic growth is the only way to improve the lot
of all people: As former U.S. president John F. Kennedy put it, “a
rising tide lifts all boats.” But history shows that equity is also es-
sential. Extreme inequality undermines democracy, opportunity,
and political stability. Economic and social equality, on the other
hand, can promote economic growth by ensuring that extreme pov-
erty and political unrest don’t impede progress.

These ambitious goals might appear unrealistic, but they build on
the remarkable (though not complete) successes of the Millennium
Development Goals program, from 2000 to 2015. Targets included
an end to poverty and hunger, universal education, gender equity,
child health, maternal health, combating of HIV/AIDS, environ-
mental sustainability, and global cooperation in development ef-
forts. While only modest progress was achieved on some goals, UN
Secretary General Ban Ki-Moon called that effort “the most suc-
cessful anti-poverty movement in history.” Extreme poverty dropped
from nearly half the population of developing countries to just
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Sustainable development

Sustainable development is a goal. The aim is to meet the
needs of people today without compromising resources and
environmental systems for future generations. In this con-
text, the term development refers to improving access to
health care, education, and other conditions necessary for a
healthy and productive life, especially in regions of extreme

KEY CONCEPTS

poverty. Meeting the needs of people now, while also guard-
ing those resources for their great-great grandchildren, is
both a steep challenge and a good idea.

What parts of it are achievable, and how? In general,
development means equitable economic growth, which sup-
ports better education, housing, and health care. Often
development involves accelerated extraction of natural

§
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Combating poverty is a central goal because
poverty reduces access to health care, education,
and other essential components of development.

m—

4. Health care, especially
for children and
mothers, is essential
for a productive life.
Underdeveloped areas
such as that shown
above can lead to
disease, accidents,
respiratory and digestive
impairments, and other
conditions. Without
health, economic
security is at risk, and
poverty can persist

©Dimas Ardian/Getty Images through generations.
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What does it mean? What does it have to do with environmental science?

resources, such as more mining, forestry, or conversion of
forests and wetlands to farmlands. Sometimes development
involves more efficient use of resources or growth in parts of
the economy that don’t depend on resource extraction, such
as education, health care, or knowledge-based economic
activities.

Some resources can be enhanced, for example, through
reforestation, maintaining fish nurseries, or careful manage-
ment of soil resources, to use them without depletion for fu-
ture generations.

Here are ten key factors necessary for sustainable devel-
opment, according to the United Nations agreement on de-
velopment, Agenda 21.

Reducing resource consumption is a global consideration, but
wealthy regions are responsible for most of the world’s consump-
tion. For example, the United States and Europe have less than

15 percent of the world’s population, but these regions consume
about half of the world’s metals, food, energy, and other resources.

. Population growth leads to ever-greater resource demands, because
all people need some resources. Better family planning, ensuring that
all children are wanted, is a matter of justice, resource supply, and
economic and social stability for states as well as for families.
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5. Sustainable cities are
key because over half of
humanity now lives in
cities. Sustainable

development involves
ensuring that cities are
healthy places to live and
that they cause minimal
environmental impact.
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Environmental science is essential to sustainable development because it helps us
understand how environmental systems work, how they are degraded, and what factors
can help restore them. Studying environmental science can prepare you to aid human
development and environmental quality, both at home and abroad, through better
policies, resource protection, and planning.

6. Environmental policy needs to
guide decision making in local and
national governments, to ensure that
environmental quality is protected

8. Combating deforestation
before it gets damaged and to set <

and protecting biodiversity
go together because much
of the world’s biodiversity

is in forests. We also

agreed-upon rules for resource use.

7. Protection of the atmosphere is
essential for minimizing the rate of
climate change and for reducing
impacts of air pollution on people,
plants, and infrastructure.

depend on forests for
water resources, climate
regulation, and resources
including food, wood,
medicines, and building

: materials. Other key zones
©Design Pics/Getty Images KC 1.8 of biodiversity include
coral reefs, wetlands, and

9. Combating desertification and drought coastal areas.

through better management of water resources
‘ can save farms, ecosystems, and lives. Often

removal of vegetation and soil loss make 10. Agriculture and rural
drought worse, and a few bad rainfall years can development affect the
convert a landscape to desertlike conditions. lives of the nearly half of

humanity who don't live in
cities. Improving conditions
for billions of rural people,
including more sustainable
farming systems, soil
stewardship to help
stabilize yields, and access
to land, can help reduce
populations in urban slums.

©Eye Ubiquitous/Sudan/Kordofan Province/Farming/Newscom
KC 1.6

These ten ideas and others were described in Agenda 21 of the What is the relationship between environmental

United Nations Conference on Environment and Development h quality and health?

(the “Earth Summit”) in Rio de Janeiro, Brazil, in 1992. Laying Why is sustainable development an issue for people

out priorities for stewardship of resources and equity in develop- in wealthy countries to consider?

ment, the document known as Agenda 21 was a statement of prin- Examine the top left photo carefully. What health
ciples for guiding development policies. This document has no risks might affect the people you see? What do you
legal power, but it does represent an agreement in principle by suppose the rate of material consumption is here,

the more than 200 countries participating in that 1992 conference. ‘ compared to your neighborhood? Why?

©William P. Cunningham



A FIGURE 110 The very poor often are forced to live in degraded or unpro-
ductive areas, where they have little access to sufficient clean water, diet, medical
care, and other essentials for a humane existence. Courtesy Tom Finkle

14 percent in only 15 years. The proportion of undernourished
people dropped by almost half, from 23 percent to 13 percent. Pri-
mary school enrollment rates climbed from 83 percent to 91 per-
cent in developing countries. Girls gained access to education,
employment, and political representation in national parliaments.

The value of having clearly stated goals, especially with quanti-
fiable targets, is that they help people agree on what to work for.
With so many simultaneous problems in developing areas, it can be
hard for leaders to know where to focus first. Agreed-upon targets,
especially when they are shared and monitored by many countries,
can strongly motivate action. International agreement on goals can
also help motivate financial and planning assistance, both often
badly needed in developing areas.

What is the state of poverty and wealth today?

Policymakers are becoming aware that eliminating poverty and pro-
tecting our common environment are inextricably interlinked. The
poorest people are often forced to meet
short-term survival needs at the cost of
long-term sustainability. The good news
is that between 1990 and 2015 more
than 1 billion people moved out of ex-
treme poverty, mostly in China and India.
But the World Bank estimates that at
least 760 million people (10 percent of
the world population) live below an
international poverty line of (U.S.)
$1.90 per day. Seventy percent of those
poorest people are women and children.

The human suffering engendered by

[ 0.86-0.95

. . 0.76-0.85
poverty is tragic. The very poor often lack % 0.66-075
access to an adequate diet, decent hous- e 0'51_ o '65
ing, basic sanitation, clean water, educa- ’ '

I 0-0.50

tion, medical care, and other essentials
for a humane existence (fig. 1.10). Pov-

TABLE 11 ’ Quality-of-Life Indicators

LEAST-DEVELOPED MOST-DEVELOPED
COUNTRIES COUNTRIES
GDP/person’ $615 $40,677
Poverty index? 71.8% 0
Life expectancy 59.2 years 82.8 years
Adult literacy 34.8% 99%
Female primary 10% 95%
education
Total fertility® 6.3 13
Infant mortality” 747 4.3
Improved sanitation 19.8% 100%
Improved water 50.8% 100%
CO,/capita® 0.3 tons 11tons

'ANNUAL gross domestic product (U.S. $).
2PERCENT living on less than (U.S.)$2/day.
SAVERAGE births/woman.

“PER 1,000 live births.

SMETRIC tons/yr/person.

Source: UNDP Human Development Index, 2017.

poor health. Every year tens of millions of poor people die from mal-
nutrition, infectious diseases, accidents, and developmental defects
that could be avoided fairly easily. People too ill to work become
trapped in a cycle of poverty.

The status of well-being in different countries is reflected in
quality-of-life indicators monitored by the United Nations (table 1.1).
More than 1 billion people have insufficient access to clean water,
and 2.6 billion lack basic sanitation. These measures are summarized
in the Human Development Index (HDI), calculated each year by
the United Nations Development Fund (fig. 1.11). The HDI repre-
sents a wide variety of factors, such as life expectancy, years of
school, gross national income, and income equity. The bottom 20
HDI rankings are generally in Sub-Saharan Africa, former colonies

A FIGURE 111 Human Development Index. Values near 1 represent strong health, education, and quality of

erty is both a cause and a consequence of life indicators. Data Source: UNEP 2016.
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of European powers. The highest HDI scores aren’t usually in the
richest countries—these often have repressive monarchies, a few
very wealthy citizens, and large populations with few rights. The
happiest and healthiest countries have high levels of economic
equality, education, and human rights.

Inequality is increasingly recognized as a key concern in eco-
nomic development. We used to think of the world as divided be-
tween a few rich nations, the “First World,” and the vast majority of
desperately poor countries, the “Third World.” (The “Second
World” was a group of socialist countries.) Globalization and the
Internet have dramatically changed that view. Incomes have risen,
but so have wealth disparities. China, for example, has more billion-
aires and a larger middle class than any other country, but it also
has millions of extremely impoverished people. On a global scale,
inequality is even more extreme: The most affluent 1 percent of the
world now owns more wealth than the other 99 percent. Even more
startling, the richest 62 individuals in the world own more wealth
than the poorest half (3.8 billion) of the world’s population.

Indigenous peoples safeguard biodiversity

In both rich and poor countries, native, or indigenous, peoples are
generally the least powerful, most neglected groups. Typically de-
scendants of the original inhabitants of an area taken over by more
powerful outsiders, native people often are distinct from their coun-
try’s dominant language, culture, religion, and racial communities.
Of the world’s nearly 6,000 recognized cultures, 5,000 are indige-
nous, and these account for only about 10 percent of the total world
population. In many countries, traditional caste systems, discrimi-
natory laws, economics, and prejudice repress indigenous people.
At least half of the world’s 6,000 distinct languages are dying be-
cause they are no longer taught to children. When the last elders
who still speak the language die, so will much of the culture that
was its origin. Lost with those cultures will be a rich repertoire of
knowledge about nature and a keen understanding of a particular
environment and way of life.

Nonetheless, the 500 million indigenous people who remain in
traditional homelands still possess valuable ecological wisdom and
remain the guardians of little-disturbed habitats that are refuges for
rare and endangered species and undamaged ecosystems. The emi-
nent ecologist E. O. Wilson argues that the cheapest and most effec-
tive way to preserve species is to protect the natural ecosystems in
which they now live. As the Kuna Indians of Panama say, “Where
there are forests, there are native people, and where there are native
people, there are forests.”

Native people also are playing a valuable role in protecting
their homelands. From the Amazon jungles, where members of the
Suri tribe are using smartphones and computers to track informa-
tion about illegal logging, to far-northern Alaska, where the
Gwich’in tribe is resisting oil drilling in the Arctic National Wildlife
Refuge, indigenous people have been effective in environmental
protection.

Canada’s Idle No More movement, one of the largest of these,
has mobilized thousands of First Nations, Métis, and Inuit people
across the country to protest environmentally destructive projects
and land use issues. A particular focus has been the water pollution

A FIGURE 112 Native American tribes and representatives from Canada’s

Idle No More movement march to protest tar sands pipelines.
©William P. Cunningham

and destruction of boreal forest and wetlands caused by tar sands
mining in Alberta, as well as the dangers of pipeline spills in trans-
porting this dirty fuel to markets (fig. 1.12).

Canada’s First Nations have linked with native groups in the
United States who share their concerns about the dangers of oil
pipelines crossing their territories and threatening natural re-
sources. In 2016, construction of the Dakota Access Pipeline in
North Dakota prompted thousands of people representing hun-
dreds of native tribes to gather where the pipeline route crossed
treaty lands and beneath the Missouri River just upstream from the
Standing Rock Reservation. The stand-off lasted for months and
attracted the attention of millions of people on social media.

And as the opening case study for this chapter shows, native
people are taking important steps to fight global climate change
and unemployment by developing clean energy resources. Often
they lead the way and help the rest of us envision alternatives to
business as usual.

1 SCIENCE HELPS US UNDERSTAND
OUR WORLD

e The scientific method is an orderly way to ask questions.
e Understanding probability reduces uncertainty.

e Science is a cumulative process.

Because environmental questions are complex, we need orderly
methods of examining and understanding them. Environmental sci-
ence provides such an approach. In this section we’ll investigate
what science is, what the scientific method is, and why that method
is important.

What is science? Science (from scire, Latin, to know) is a pro-
cess for producing knowledge based on observations (fig. 1.13). We
develop or test theories (proposed explanations of how a process
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A FIGURE 113  Scientific studies rely on repeated, careful observations to
establish confidence in their findings.  Source: Dave Partee/Alaska Sea Grant/NOAA

works) using these observations. Science also refers to the cumula-
tive body of knowledge produced by many scientists. Science is valu-
able because it helps us understand the world and meet practical
needs, such as finding new medicines, new energy sources, or new
foods. In this section we’ll investigate how and why science follows
standard methods.

Science rests on the assumption that the world is knowable and
that we can learn about it by careful observation and logical reason-
ing (table 1.2). For early philosophers of science, this assumption

TABLE 1.2 | Basic Principles of Science

1. Empiricism: We can learn about the world by careful observation of
empirical (real, observable) phenomena; we can expect to under-
stand fundamental processes and natural laws by observation.

2. Uniformitarianism: Basic patterns and processes are uniform across
time and space; the forces at work today are the same as those that
shaped the world in the past, and they will continue to do so in the
future.

3. Parsimony: When two plausible explanations are reasonable, the
simpler (more parsimonious) one is preferable. This rule is also known
as Ockham'’s razor, after the English philosopher who proposed it.

4. Uncertainty: Knowledge changes as new evidence appears, and
explanations (theories) change with new evidence. Theories based
on current evidence should be tested on additional evidence, with
the understanding that new data may disprove the best theories.

5. Repeatability: Tests and experiments should be repeatable; if the
same results cannot be reproduced, then the conclusions are
probably incorrect.

6. Proof is elusive: We rarely expect science to provide absolute proof
that a theory is correct, because new evidence may always improve
on our current explanations. Even evolution, the cornerstone of
modern biology, ecology, and other sciences, is referred to as a
“theory” because of this principle.

7. Testable questions: To find out whether a theory is correct, it must
be tested; we formulate testable statements (hypotheses) to test
theories.
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was a radical departure from religious and philosophical approaches.
In the Middle Ages the ultimate sources of knowledge about mat-
ters such as how crops grow, how diseases spread, or how the stars
move were religious authorities or cultural traditions. Although
these sources provided many useful insights, there was no way to
test their explanations independently and objectively. The benefit
of scientific thinking is that it searches for testable evidence. As
evidence improves, we can seek better answers to important
questions.

Science depends on skepticism
and reproducibility

Ideally scientists are skeptical. They are cautious about accepting a
proposed explanation until there is substantial evidence to support
it. Even then, every explanation is considered only provisionally
true, because there is always a possibility that some additional evi-
dence will appear to disprove it. Scientists also aim to be methodi-
cal and unbiased. Because bias and methodical errors are hard to
avoid, scientific tests are subject to review by informed peers, who
can evaluate results and conclusions (fig. 1.14). The peer review
process is an essential part of ensuring that scientists maintain
good standards in study design, data collection, and interpretation
of results.

Scientists demand reproducibility because they are cautious
about accepting conclusions. Making an observation or obtaining a
result just once doesn’t count for much. You have to produce the
same result consistently to be sure that your first outcome wasn’t a
fluke. Even more important, you must be able to describe the condi-
tions of your study, so that someone else can reproduce your find-
ings. Repeating studies or tests is known as replication.
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A FIGURE 114 Ideally, scientific investigation follows a series of logical,
orderly steps to formulate and test hypotheses.



We use both deductive and inductive reasoning

Ideally, scientists deduce conclusions from general laws that they
know to be true. For example, if we know that massive objects at-
tract each other (because of gravity), then it follows that an apple
will fall to the ground when it releases from the tree. This logical
reasoning from general to specific is known as deductive reasoning.
Often, however, we do not know general laws that guide natural
systems. Then we must rely on observations to find general rules.
We observe, for example, that birds appear and disappear as a year
goes by. Through many repeated observations in different places,
we can infer that the birds move from place to place in the spring
and fall. We can develop a general rule that birds migrate season-
ally. Reasoning from many observations to produce a general rule is
inductive reasoning. Although deductive reasoning is more logically
sound than inductive reasoning, it only works when our general
laws are correct. We often rely on inductive reasoning to under-
stand the world because we have few absolute laws.

Insight, creativity, and experience can also be essential in sci-
ence. Often discoveries are made by investigators who are passion-
ately interested in their subjects and who pursue hunches that
appear unreasonable to other scientists. For example, some of our
most basic understanding of plant genetics comes from the intuitive
guesses of Barbara McClintock, a geneticist who discovered that
genes in corn can move and recombine spontaneously. Where other
corn geneticists saw random patterns of color and kernel size, Mc-
Clintock’s years of experience in corn breeding and her uncanny
ability to recognize patterns led her to guess that genes can recom-
bine in ways that no one had previously imagined. This intuition
helped to transform our understanding of genetics.

The scientific method is an orderly way
to examine problems

You may use the scientific method even if you don’t think about it.
Suppose you have a flashlight that doesn’t work. The flashlight has
several components (switch, bulb, batteries) that could be faulty. If
you change all the components at once, your flashlight might work,
but a more methodical series of tests will tell you more about what
was wrong with the system—knowledge that may be useful next time
you have a faulty flashlight. So you decide to follow the standard
scientific steps:

1. Observe that your flashlight doesn’t light and that there are
three main components of the lighting system (batteries, bulb,
and switch).

2. Propose a hypothesis, a testable explanation: “The flashlight
doesn’t work because the batteries are dead.”

3. Develop a fest of the hypothesis and predict the result that
would indicate your hypothesis was correct: “I will replace the
batteries; the light should then turn on.”

4. Gather data from your test: After you replaced the batteries,
did the light turn on?

5. Interpret your results: If the light works now, then your hypothesis
was right; if not, then you should formulate a new hypothesis—
perhaps that the bulb is faulty—and develop a new test for that
hypothesis.

In systems more complex than a flashlight, it is almost always
easier to prove a hypothesis wrong than to prove it unquestionably
true. This is because we usually test our hypotheses with observa-
tions but there is no way to make every possible observation. The
philosopher Ludwig Wittgenstein illustrated this problem as fol-
lows: Suppose you saw hundreds of swans, and all were white.
These observations might lead you to hypothesize that all swans
were white. You could test your hypothesis by viewing thousands of
swans, and each observation might support your hypothesis, but
you could never be entirely sure that it was correct. On the other
hand, if you saw just one black swan, you would know with cer-
tainty that your hypothesis was wrong.

As you’ll read in later chapters, the elusiveness of absolute
proof is a persistent problem in environmental policy and law.
Rarely can you absolutely prove that the toxic waste dump up the
street is making you sick. You could collect evidence to show that it
is very probable that the waste has made you and your neighbors
sick (fig. 1.15). But scientific uncertainty is often used as an excuse
to avoid environmental protection.

When an explanation has been supported by a large number of
tests, and when a majority of experts have reached a general con-
sensus that it is a reliable description or explanation, we call it a
scientific theory. Note that scientists’ use of this term is very differ-
ent from the way the public uses it. To many people, a theory is
speculative and unsupported by facts. To a scientist, it means just
the opposite: While all explanations are tentative and open to revi-
sion and correction, an explanation that counts as a scientific the-
ory is supported by an overwhelming body of data and experience,
and it is generally accepted by the scientific community, at least for
the present.

Understanding probability reduces uncertainty

One strategy to improve confidence in the face of uncertainty is to
focus on probability. Probability is a measure of how likely something
is to occur. Usually probability estimates are based on a set of previ-
ous observations or on standard statistical measures. Probability

A FIGURE 115 Careful, repeated measurements, and well-formed
hypotheses are essential for good science. ©Chris Sattlberger/Getty Images
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does not tell you what will happen, but it tells you what is /ikely to
happen. If you hear on the news that you have a 20 percent chance of
catching a cold this winter, that means that 20 of every 100 people
are likely to catch a cold. This doesn’t mean that you will catch one.
In fact, it’s more likely, an 80 percent chance, that you won't catch a
cold. If you hear that 80 out of every 100 people will catch a cold, you
still don’t know whether you’ll get sick, but there’s a much higher
chance that you will.

Science often involves probability, so it is important to be fa-
miliar with the idea. Sometimes probability has to do with random
chance: If you flip a coin, you have a random chance of getting
heads or tails. Every time you flip, you have the same 50 percent
probability of getting heads. The chance of getting ten heads in a
row is small (in fact, the chance is 1 in 210, or 1in 1,024), but on any
individual flip, you have exactly the same 50 percent chance, since
this is a random test. Sometimes probability is weighted by circum-
stances: Suppose that about 10 percent of the students in your class
earn an A each semester. Your likelihood of being in that 10 percent
depends a great deal on how much time you spend studying, how
many questions you ask in class, and other factors. Sometimes there
is a combination of chance and circumstances: The probability that
you will catch a cold this winter depends partly on whether you
encounter someone who is sick (largely random chance) and on
whether you take steps to stay healthy (get enough rest, wash your
hands frequently, eat a healthy diet, and so on).

Probability is often a more useful idea than proof. This is be-
cause absolute proof is hard to achieve, but we can frequently dem-
onstrate a strong trend or relationship, one that is unlikely to be
achieved by chance. For example, suppose you flipped a coin and
got heads 20 times in a row. That could happen by chance, but it
would be pretty unlikely. You might consider it very likely that there
was a causal explanation, such as that the coin was weighted toward
heads. Often we consider a causal explanation reliable (or “signifi-
cant”) if there is less than 5 percent probability that it happened by
random chance.

Experimental design can reduce bias

Many research problems in environmental science involve observa-
tional experiments, in which you observe natural events and inter-
pret a causal relationship between the variables. This kind of study
is also called a natural experiment, one that involves observation of
events that have already happened. Many scientists depend on natu-
ral experiments: A geologist, for instance, might want to study
mountain building, or an ecologist might want to learn about how
species evolve, but neither scientist can spend millions of years
watching the process happen. Similarly, a toxicologist cannot give
people a disease just to see how lethal it is.

Other scientists can use manipulative experiments, in which
conditions are deliberately altered and all other variables are held
constant. Most manipulative experiments are done in the labora-
tory, where conditions can be carefully controlled. Suppose you are
interested in studying whether lawn chemicals contribute to defor-
mities in tadpoles. You might keep two groups of tadpoles in fish
tanks and expose one to chemicals. In the lab you can ensure that
both tanks have identical temperatures, light, food, and oxygen. By
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LEARNING

Calculating Probability

An understanding of probability (the likelihood of an event) is
fundamental in most areas of modern science. Working with
these concepts is critical to your ability to comprehend scien-
tific information.

Every time you flip a coin, the chance that heads will end
up on top is 1in 2 (50 percent, assuming you have a normal
coin). The odds of getting heads two times in a row is 1/2 X 1/2,
or /4.

1. What are the odds of getting heads five times in a row?

2. As you start the fifth flip, what are the odds of getting
heads?

3. If there are 100 students in your class and everybody flips
a coin five times, how many people are likely to get five
heads in a row?
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comparing a treatment (exposed) group and a control (unexposed)
group, you also make this a controlled study.

Often there is a risk of experimenter bias. Suppose the re-
searcher sees a tadpole with a small nub that looks like it might
become an extra leg. Whether she calls this nub a deformity might
depend on whether she knows that the tadpole is in the treatment
group or the control group. To avoid this bias, blind experiments are
often used, in which the researcher doesn’t know which group is
treated until after the data have been analyzed. In health studies,
such as tests of new drugs, double-blind experiments are used, in
which neither the subject (who receives a drug or a placebo) nor
the researcher knows who is in the treatment group and who is in
the control group.

In each of these studies there is one dependent variable and
one, or perhaps more, independent variables. The dependent vari-
able, also known as a response variable, is affected by the indepen-
dent variables. In a graph, the dependent variable is on the vertical
(Y) axis, by convention. Independent variables are rarely really in-
dependent (they may be affected by the same environmental condi-
tions as the dependent variable, for example). Often we call them
explanatory variables because we hope they will explain differences
in a dependent variable (Exploring Science, p. 17).

Science is a cumulative process

The scientific method outlined in figure 1.14 is the process used to
carry out individual studies. Larger-scale accumulation of scientific
knowledge involves cooperation and contributions from countless
people. Good science is rarely carried out by a single individual work-
ing in isolation. Instead, a community of scientists collaborates in a
cumulative, self-correcting process. You often hear about big break-
throughs and dramatic discoveries that change our understanding



EXPLORING

Science

|n environmental science, we know sustainable development is
important, but how do we evaluate it? Mainly with statistics. Dis-
tilling complex problems to a few numbers can allow you to see
the state of a group, compare groups, and see change over time.
One key statistic for understanding poverty is the Human Devel-
opment Index (HDI), a measure that combines national scores for
income, education, health care, and other measures (Key Con-
cepts, p. 10).

Suppose you want to know how India is doing on human
development and environmental conditions. You might recall that
India has a growing population—soon to be the world’s largest—
and that poverty remains a persistent problem there. If you look
up India’s HDI score on the website of the United Nations
Development Programme (UNDP), you can find that India’s HDI is
0.59, on a scale from 0 to 1.0. Does this mean India is doing well?
Or not?

Finding the center and distribution of a data set Many sta-
tistics mean little without context. To understand an HDI of 0.59,
you can compare it to those of other countries. To start, you can
compare India’s HDI to the mid-point of the group. One common
measure of the mid-point is the mean (or average): Add up all the
HDI values for the 182 countries with reported scores; then divide
the sum by the number of countries (182). It turns out that the mean
HDI among these countries is 0.69. Evidently India is slightly be-
low average in development.

Many of us understand visual patterns more readily than num-
bers. A histogram, for example, is a graph that shows the distribu-
tion of a data set at a glance. To make a histogram, we first specify
ranges of HDI values—say, 0.3 to 0.4, 0.4 to 0.5, and so on. Then
we count up the number of countries that fall in each value range.
The resulting distribution appears in figure 1.
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Plotting relationships among variables You may recall from ear-

lier in this chapter that many developing areas lack access to safe
drinking water and that young children, especially, are vulnerable to
waterborne illness. How strong is the relationship between pollution-
related deaths and HDI? The UNDP keeps data on estimated

Understanding sustainable development with statistics

. 4FIGURE 2
1,400 - . A scatter plot
R ° shows the
1,200 1 relationship.
[ ]
© 1,000 - -
© )
% 8001 e o
2 goo las
= B S °
) LI \'{"\: -’
400 o ‘;“ii. o~
L] IS
200 1 oo '.,:2:1\ ;
0 - $ % MGQ:-.-.
T T T = T

T T
03 04 05 06 07 08 09
Human Development Index (HDI)

numbers of children under 5 years old who die each year from
unsafe water. You can use a scatterplot to show the relationship
between this variable and HDI (fig. 2). Each point represents a
country.

The scatterplot shows a pattern that generally declines from
left to right. Look carefully at the axis labels: Number of deaths
generally decreases (vertical axis) as HDI increases (horizontal
axis). This is a negative relationship. A straight line shows the ap-
proximate trend in the data.

The points don't fit the straight line very tightly, though. Coun-
tries with low HDI, around 0.3 to 0.5, have a very wide range of
infant deaths, from about 400 to 1,400. Some countries clearly
have better success than others in controlling this risk factor. Al-
most every country with an HDI above about 0.75 has near zero
infant deaths from unsafe water. It appears that while there is a
negative relationship, countries don’t need perfect HDI scores to
see much improved infant health.

Error bars improve confidence When you calculate a mean
of a sample (a portion of all possible observations), your calcu-
lated mean is properly considered an approximation of the univer-
sal population mean. In our case, we have HDI numbers for most
countries but not all, and the data set excludes dozens of regions
that were once independent states. So we basically have a sam-
ple of a larger population. To be confident that we have a reason-
able approximation of the population mean from our sample, it is
best to estimate the range of likely values for the actual (universal)
population mean. One approach is standard error bars, which use
sample size (were there many observations or few?) and variation
in the data (all similar? widely different?) to calculate the likely
range of the population mean.

This becomes important if you are comparing groups. Sup-
pose you are concerned that affluence is associated with environ-
mental harm, such as climate-changing greenhouse gas
emissions. You could compare the average emissions and see if
the high-HDI countries also tend to have high CO, emissions.

Continued P
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4 Continued

Figure 3 shows that your hunch was correct. Not only is the
mean higher for high-HDI countries, the standard error bars
(the likely range of means) don’t overlap. You can say with con-
fidence that these groups are really different in their climate
impacts.

Statistics give useful insights into problems we care about.
Like any source of knowledge, they are often just part of the story,
but they can provide good confidence about what we know, and
what we don’t know, about an issue.
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overnight, but in reality these changes are usually the culmination of
the labor of many people, each working on different aspects of a com-
mon problem, each adding small insights to solve a problem. Ideas
and information are exchanged, debated, tested, and retested to ar-
rive at scientific consensus, or general agreement among informed
scholars.

The idea of consensus is important. For those not deeply in-
volved in a subject, the multitude of contradictory results can be
bewildering: Are coral reefs declining, and does it matter? Is cli-
mate changing, and how much? Among those who have done many
studies and read many reports, there tends to emerge a general
agreement about the state of a problem. Scientific consensus now
holds that many coral reefs are in danger, as a result of pollution,
physical damage, and warming seas. Consensus is that global cli-
mate conditions are changing, though models differ somewhat on
how rapidly they will change in different regions.

Sometimes new ideas emerge that cause major shifts in scien-
tific consensus. These great changes in explanatory frameworks
were termed paradigm shifts by Thomas Kuhn (1967), who studied
revolutions in scientific thought. According to Kuhn, paradigm
shifts occur when a majority of scientists accept that the old expla-
nation no longer describes new observations very well. For exam-
ple, two centuries ago geologists explained many of the earth’s
features in terms of Noah’s flood. The best scientists held that the
flood created beaches well above modern sea level, scattered boul-
ders erratically across the landscape, and gouged enormous valleys
where there is no water now (fig. 1.16). Then the Swiss glaciologist
Louis Agassiz and others suggested that the earth had once been

much colder and that glaciers had covered large areas. Peri-

odic ice ages proved to be a more durable explanation for
geologic features than did a flood, and this new idea completely al-
tered the way geologists explained their subject. Similarly, the idea
of tectonic plate movement, in which continents shift slowly around
the earth’s surface (see chapter 11), revolutionized the ways geolo-
gists, biogeographers, ecologists, and others explained the develop-
ment of the earth and its life-forms.
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A FIGURE 116 Paradigm shifts change the ways we explain our world.
Geologists now attribute Yosemite’s valleys to glaciers, where once they
believed catastrophes like Noah's flood were responsible for geological
features like these. ©John A. Karachewski

What is sound science?

Environmental science often deals with questions that are emotion-
ally or politically charged. Scientific studies of climate change may
be threatening to companies that sell coal and oil; studies of the
health costs of pesticides worry companies that use or sell these
chemicals. When controversy surrounds science, claims about
sound science and accusations of “junk science” often arise. What
do these terms mean, and how can you evaluate who is right?

When you hear arguments about whose science is valid, you
need to remember the basic principles of science: Are the disputed
studies reproducible? Are conclusions drawn with caution and
skepticism? Are samples large and random? Are conclusions sup-
ported by a majority of scholars who have studied the problem? Do
any of the experts have an economic interest in the outcome?



YOU THINK?

[This] was not evidence-based policymaking—this was policy-
based evidence-making.

—Michael Greenstone, University of Chicago

economist, describing Energy Secretary

Scott Pruitt’s effort to recalculate the

cost of carbon emissions

Suppose you observe that your local lake has become brown and
smelly, and kids swimming in it are starting to get sick. You want to find
out why and what to do about it. Of course, you want the best avail-
able information and a reliable solution to the problem. Who wouldn’t
want to use the best available evidence to keep people safe?

It turns out that it is surprisingly common for people to ignore evi-
dence in decision making. Sometimes it's easier to pretend the lake is
still clean enough. Sometimes we assume there is no alternative, and we
just put up with getting sick. Sometimes we like the person responsible
for polluting the lake, so we don’t want to complain. Sometimes the pol-
luter is skilled in suppressing information. He or she might even present
creative “alternative facts” to explain or distract from the problem.

What to do? As an educated member of the community, you
know to look for reliable, impartial information about water con-
taminants and to evaluate that information in the context of other
studies. This is what much of environmental science is about. It
uses the methods of science (orderly collection and analysis of
evidence) to understand how environmental systems function, to
evaluate environmental conditions, and to address issues of envi-
ronmental quality.

We collect and evaluate information in decision making all the time.
You might evaluate weather data every day, as you decide how to dress
orifit’s likely to rain. You might closely evaluate your budget when decid-
ing if you should get a new cell phone or a new car. If you don'’t evaluate
the evidence in your budget, there might be painful consequences.

Of course, it's easy to disregard consequences if they only affect
someone else, especially someone far away or in the future. If your
neighbor is polluting the lake and you suffer, should he really care?
Why? If the pollution has a delayed effect—say, a pesticide that grad-
ually degrades the lake ecosystem—but the damage doesn’t be-
come evident for years, whose problem is that (fig. 1)?

In a larger society, if we want to minimize conflict, then we try to
ensure that one group doesn’t systematically harm another group. So
policymakers, who influence policies about water quality, health, or en-
vironmental releases of pesticides, need the best possible information
(that is, data) and analysis for decision making. We set up agencies to
collect, store, and analyze information. The Environmental Protection
Agency has responsibility for monitoring pollution in order to protect
public health. The Centers for Disease Control and Prevention monitors
illnesses and environmental health, to catch and control the spread of
diseases. Dozens of agencies collect data, and they share it with the
public because data are so critical to public health and well-being.

Science and citizenship often go hand in hand. A functioning
society depends on informed, thoughtful members who look out
for the community’s interests. Being educated in environmental
science helps you develop a number of useful analytical skills,
such as these:

A FIGURE 1 Should pollutants be regulated? How? These and other

policy questions involve your knowledge of science and of civil society.
©Leks_Laputin/Getty Images

- Critically analyzing data, ideas, and arguments

- Evaluating complex systems—understanding that intercon-
nections are complex and diverse and indirect conse-
quences can be important

- Knowing how to gather and weigh evidence, including data
visualization (graphs and maps)

- Understanding the environmental context of policies or events

- Understanding the logic and scientific evidence invoked in
policymaking

Being aware of complex relationships and systems helps you
understand your interrelationships with your community. Part of citi-
zenship, of course, is to consider consequences beyond ourselves
and to minimize harm to others in the community. As a well-informed
citizen, you can decide whether or not you want to vote for a candi-
date who has promised to dismantle water monitoring systems or air
quality protections, or whether you should support a policymaker
who has eliminated funding for chemical safety.

Most of us are interested in staying healthy and living in a healthy
environment. Whether we act or vote accordingly depends on whether
we are thinking about evidence when decision time comes around, or
how near and personal the consequences of our decisions might be.

Many policymakers today criticize science, scientific agencies
like the EPA, and even the colleges and universities that educate the
next generation of scientists and citizens. As you listen to them, con-
sider why. Are data standing in the way of their intentions? Does evi-
dence contradict their statements? Are “alternative facts” more
convenient than impartial and reproducible ones? Are they practicing
“policy-based evidence-making”? As you read this book and as you
listen to the news, these are good questions to keep in mind.
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TABLE 1.3 | Questions for Baloney Detection

1. How reliable are the sources of this claim? Is there reason to
believe that they might have an agenda to pursue in this case?

2. Have the claims been verified by other sources? What data are
presented in support of this opinion?

3. What position does the majority of the scientific community hold in
this issue?

4. How does this claim fit with what we know about how the world
works? Is this a reasonable assertion, or does it contradict estab-
lished theories?

5. Are the arguments balanced and logical? Have proponents of a
particular position considered alternate points of view or only
selected supportive evidence for their particular beliefs?

6. What do you know about the sources of funding for a particular
position? Are studies financed by groups with partisan goals?

7. Where was evidence for competing theories published? Has it un-
dergone impartial peer review, or is it only in proprietary publication?

Source: Carl Sagan, The Demon Haunted World: Science as a Candle in the Dark, 1997.

Often media figures on television or radio will take a position
contrary to the scientific majority. A contrarian position gains
them publicity and political allies (and sometimes money). This
strategy has been especially popular around large issues such as
climate change. For decades now, almost all climate scientists have
agreed that human activities, such as fossil fuel burning and land
clearing, are causing climate change. But it is always possible to
find a contrarian scientist who is happy to contradict the majority
of evidence. Especially when political favors, publicity, or money is
involved, there are always “expert” witnesses who will testify on op-
posite sides of any case.

If you see claims of fake news and junk science, how can you
evaluate them? How can you identify bogus analysis that is dressed
up in quasi-scientific jargon but that has no objectivity? This is such
an important question that astronomer Carl Sagan proposed a
“Baloney Detection Kit” (table 1.3) to help you out.

Uncertainty, proof, and group identity

Scientific uncertainty is frequently invoked as a reason to postpone
actions that a vast majority of informed scientists consider to be
prudent. In questions of chemical safety, energy conservation, cli-
mate change, or air pollution control, opponents of change may
charge that the evidence doesn’t constitute absolute proof, so that
no action needs to be taken. You will see examples of this in later
chapters on environmental health, climate, air and water pollution,
and other topics.

Similarly, disputes over evolution often hinge on the concept of
uncertainty and proof in science. Opponents of teaching evolution
in public schools often charge that because scientists call evolution
a “theory,” evolution is just a matter of conjecture. This is a con-
fused use of terminology. The theory of evolution is supported by
overwhelming evidence, but we still call it a theory because scien-
tists prefer to be precise about the idea of proof.

In recent years sociologists have pointed out that our decisions
to accept or dispute scientific evidence often depend on group iden-
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tity. We like to associate with like-minded people, so we tend to ad-
here to a group viewpoint. Subconsciously we may ask, “Does the
community I belong to agree with evolution? Does it accept the
evidence for climate change?” Our urge to be agreeable to our group
can be surprisingly strong, compared to our interest in critically
analyzing evidence. Expectations of group behavior can shift over
time, though. In decades past, you might have asked, “Am I the kind
of person who recycles?” Today recycling is normal for most peo-
ple, and few people probably decline to recycle just because their
friends don’t. Resolving differences on environmental policy some-
times requires recognition of group identity in our attitudes toward
science, as well as our attitudes toward policies and issues beyond
science. In these ways, you are often integrating your education in
environmental science with your actions as a member of society
(What Do You Think?, p. 19).

BEJ CRITICAL THINKING

o Critical thinking helps us analyze information.

o There are many aspects of critical thinking.

In science we frequently ask, “How do I know that what you just
said is true?” Part of the way we evaluate arguments in science has
to do with observable evidence, or data. Logical reasoning from
evidence is also essential. And part of the answer lies in critical
evaluation of evidence.

An ability to think critically, clearly, and analytically about a
problem may be the most valuable skill you can learn in any of your
classes. As you know by now, many issues in environmental science
are hotly disputed, with firm opinions and plenty of evidence on
both sides. How do you evaluate contradictory evidence and view-
points? Critical thinking is a term we use to describe logical, or-
derly, analytical assessment of ideas, evidence, and arguments.
Developing this skill is essential for the course you are taking now.
Critical thinking is also an extremely important skill for your life in
general. You can use it when you evaluate the claims of a car sales-
man, a credit card offer, or the campaign rhetoric of a political
candidate.

Critical thinking helps us understand why prominent authori-
ties can vehemently disagree about a topic. Disagreements may be
based on contradictory data, on different interpretations of the
same data, or on different priorities. One expert might consider
economic health the overriding priority; another might prioritize
environmental quality. A third might worry only about company
stock prices, which might depend on the outcome of an environ-
mental policy debate. You can examine the validity of contradictory
claims by practicing critical thinking.

Critical thinking is part of science

and of citizenship

We evaluate many claims every day, in class, in TV advertising, in
understanding public affairs and polices, in reading or watching the
news. It is worth pausing to think about what critical thinking
means. In general, it means examining sources and considering



TABLE 1.4 | Steps in Critical Thinking

=

. What is the purpose of my thinking?

. What precise question am | trying to answer?

. Within what point of view am | thinking?

. What information am | using?

. How am [ interpreting that information?

. What concepts or ideas are central to my thinking?

. What conclusions am | aiming toward?

. What am | taking for granted; what assumptions am | making?

. If  accept the conclusions, what are the implications?

O O 0o N o U b~ w N

N

. What would the consequences be if | put my thoughts into action?

Source: Paul, R. (1993). Critical Thinking. Foundation for Critical Thinking.

how a source influences statements or ideas. But you can also distin-
guish among different kinds of critical thinking: Analytical thinking
involves breaking down a problem into its constituent parts. Creative
thinking means envisioning new, different approaches to a problem.
Logical thinking examines the structure of an argument, from prem-
ises to conclusions. Reflective thinking means asking, “What does it
all mean?”

These processes are often self-reflective and self-correcting.
They encourage you to ask, “How do I know that what I just said is
true?” Developing habits of critical thinking can help you identify
unspoken assumptions, biases, beliefs, priorities, or motives (table 1.4
and fig. 1.17). These habits will also help you do well in class, and
they can help you be an informed, thoughtful reader of the world
around you.

A FIGURE 117 Critical thinking evaluates premises, contradictions, and
assumptions. Is this sign, in the middle of a popular beach near Chicago, the
only way to reduce human exposure to bacteria? What other strategies

might there be? Why was this one chosen? Who might be affected?
©Mary Ann Cunningham

Here are some steps to practice in critical thinking:

1. Identify and evaluate premises and conclusions in an argument.
What is the basis for the claims made? What evidence is pre-
sented to support these claims, and what conclusions are
drawn from this evidence? If premises and evidence are reason-
able, do the conclusions truly follow from them?

2. Acknowledge and clarify uncertainties, vagueness, equivocation,
and contradictions. Are terms used in vague or ambiguous
ways? Are all participants in an argument using the same
meanings? Is ambiguity or equivocation deliberate?

3. Distinguish between facts and values. Can claims be tested, or
are statements based on untestable assumptions and beliefs?
Are claims made about the worth or lack of worth of some-
thing? (If so, these are value statements or opinions and prob-
ably cannot be verified objectively.)

4. Recognize and assess assumptions. Consider the backgrounds
and views behind an argument: What underlying reasons might
there be for the premises, evidence, or conclusions presented?
Does anyone have a personal agenda in this issue? What does
he or she think you know, need, want, or believe? Do hidden
biases based on race, gender, ethnicity, economics, or belief
systems distort arguments?

5. Distinguish source reliability from unreliability. What qualifies
the experts on this issue? Is that qualification sufficient for you
to believe them? Why or why not?

6. Recognize and understand conceptual frameworks. What basic
beliefs, attitudes, and values underlie an argument or action?
How do these beliefs and values affect the way people view
themselves and the world around them?

In this book you will have many opportunities to practice criti-
cal thinking skills. Every chapter includes facts, figures, opinions,
and theories. Are all of them true? Probably not. They were the best
information available when this text was written, but new evidence
is always emerging. Data change constantly, as does our interpreta-
tion of data.

You'll find more on critical thinking, as well as some useful
tips on how to study effectively, on our website at www.connect
.mheducation.com.

EX3 WHERE DO OUR IDEAS ABOUT
THE ENVIRONMENT COME FROM?

o Utilitarian conservation focuses on usable resources.
e Preservation of nature recognizes the rights of other species.

*  Modern environmentalism focuses on health and social justice.

Historically, many societies have degraded the resources on which
they depended, while others have lived in relative harmony with
their surroundings. Today our burgeoning population and our tech-
nologies that accelerate resource exploitation have given the prob-
lems of environmental degradation increased urgency.

Many of our current responses to these changes are rooted in
the writings of relatively recent environmental thinkers. For
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simplicity, their work can be grouped into four distinct stages:
(1) resource conservation for optimal use, (2) nature preservation
for moral and aesthetic reasons, (3) concern over health and eco-
logical consequences of pollution, and (4) global environmental
citizenship. These stages are not mutually exclusive. You might em-
brace them all simultaneously. As you read this section, consider
why you agree with those you find most appealing.

Environmental protection has historic roots

Recognizing human misuse of nature is not unique to modern
times. Plato complained in the fourth century B.C. that Greece once
was blessed with fertile soil and clothed with abundant forests of
fine trees. After the trees were cut to build houses and ships, how-
ever, heavy rains washed the soil into the sea, leaving only a rocky
“skeleton of a body wasted by disease.” Springs and rivers dried up,
and farming became all but impossible. Despite these early observa-
tions, most modern environmental ideas developed in response to
resource depletion associated with more recent agricultural and in-
dustrial revolutions.

Some of the earliest recorded scientific studies of environmen-
tal damage were carried out in the eighteenth century by French or
British colonial administrators, many of whom were trained scien-
tists and who observed rapid soil loss and drying wells that resulted
from intensive colonial production of sugar and other commodities.
Some of these colonial administrators considered responsible envi-
ronmental stewardship as an aesthetic and moral priority, as well as
an economic necessity. These early conservationists observed and
understood the connections among deforestation, soil erosion, and
local climate change. The pioneering British plant physiologist
Stephen Hales, for instance, suggested that conserving green plants
preserves rainfall. His ideas were put into practice in 1764 on the
Caribbean island of Tobago, where about 20 percent of the land
was marked as “reserved in wood for rains.”

Pierre Poivre, an early French governor of Mauritius, an island
in the Indian Ocean, was appalled at the environmental and social
devastation caused by the destruction of wildlife (such as the flight-
less dodo) and the felling of ebony forests on the island by early
European settlers. In 1769 Poivre ordered that one-quarter of the
island be preserved in forests, particularly on steep mountain slopes
and along waterways. Mauritius remains a model for balancing na-
ture and human needs. Its forest reserves shelter more original spe-
cies than are found on most other populated islands.

Resource waste triggered pragmatic resource
conservation (stage 1)

Many historians consider the publication of Man and Nature in
1864 by geographer George Perkins Marsh as the wellspring of en-
vironmental protection in North America. Marsh, who also was a
lawyer, politician, and diplomat, traveled widely around the Medi-
terranean as part of his diplomatic duties in Turkey and Italy. He
read widely in the classics (including Plato) and personally ob-
served the damage caused by excessive grazing by goats and sheep
and by the deforestation of steep hillsides. Alarmed by the wanton
destruction and profligate waste of resources still occurring on the

22 Principles of Environmental Science

American frontier in his lifetime, he warned of its ecological conse-
quences. Largely because of his book, national forest reserves were
established in the United States in 1873 to protect dwindling timber
supplies and endangered watersheds.

Among those influenced by Marsh’s warnings were U.S. President
Theodore Roosevelt and his chief conservation adviser, Gifford
Pinchot (fig. 1.18a,b). In 1905 Roosevelt, who was the leader of the
populist Progressive movement, moved forest management out of
the corruption-filled Interior Department into the Department of
Agriculture. Pinchot, who was the first American-born professional
forester, became the first chief of the new Forest Service. He put re-
source management on an honest, rational, and scientific basis for
the first time in American history. Together with naturalists and
activists such as John Muir, Roosevelt and Pinchot established the
framework of the national forest, park, and wildlife refuge system.
They passed game protection laws and tried to stop some of the
most flagrant abuses of the public domain. In 1908 Pinchot orga-
nized and chaired the White House Conference on Natural Re-
sources, perhaps the most prestigious and influential environmental
meeting ever held in the United States. Pinchot also was governor
of Pennsylvania and founding head of the Tennessee Valley
Authority, which provided inexpensive power to the southeastern
United States.

The basis of Roosevelt’s and Pinchot’s policies was pragmatic
utilitarian conservation. They argued that the forests should be

(a) President Teddy Roosevelt (b) Gifford Pinchot

(c) John Muir

(d) Aldo Leopold

A FIGURE 118 Some early pioneers of the American conservation

movement. (a) President Teddy Roosevelt and his main adviser, (b) Gifford
Pinchot, emphasized pragmatic resource conservation, whereas (c) John
Muir and (d) Aldo Leopold focused on ethical and aesthetic relationships.

(a): Source: Underwood & Underwood, Library of Congress, LC-USZC4-4698; (b): ©Grey
Towers National Historic Landmark; (c): ©Bettmann/Getty Images; (d): ©AP Images



saved “not because they are beautiful or because they shelter wild
creatures of the wilderness, but only to provide homes and jobs for
people.” Resources should be used “for the greatest good, for the
greatest number, for the longest time.” “There has been a funda-
mental misconception,” Pinchot wrote, “that conservation means
nothing but husbanding of resources for future generations. Noth-
ing could be further from the truth. The first principle of conserva-
tion is development and use of the natural resources now existing
on this continent for the benefit of the people who live here now.
There may be just as much waste in neglecting the development and
use of certain natural resources as there is in their destruction.”
This pragmatic approach still can be seen in the multiple-use poli-
cies of the U.S. Forest Service.

Ethical and aesthetic concerns inspired the
preservation movement (stage 2)

John Muir (fig. 1.18¢), amateur geologist, popular author, and first
president of the Sierra Club, strenuously opposed Pinchot’s utilitar-
ian policies. Muir argued that nature deserves to exist for its own
sake, regardless of its usefulness to us. Aesthetic and spiritual val-
ues formed the core of his philosophy of nature protection. This
outlook prioritizes preservation because it emphasizes the funda-
mental right of other organisms—and nature as a whole—to exist
and to pursue their own interests (fig. 1.19). Muir wrote, “The
world, we are told, was made for man. A presumption that is totally
unsupported by the facts. . . . Nature’s object in making animals and
plants might possibly be first of all the happiness of each one of
them. . . . Why ought man to value himself as more than an infi-
nitely small unit of the one great unit of creation?”

Muir, who was an early explorer and interpreter of California’s
Sierra Nevada range, fought long and hard for establishment of
Yosemite and Kings Canyon national parks. The National Park
Service, established in 1916, was first headed by Muir’s disciple,
Stephen Mather, and has always been oriented toward preservation
of nature rather than consumptive uses. Muir’s preservationist
ideas have often been at odds with Pinchot’s utilitarian approach.
One of Muir and Pinchot’s biggest battles was over the damming of
Hetch Hetchy Valley in Yosemite. Muir regarded flooding the valley
a sacrilege against nature. Pinchot, who championed publicly
owned utilities, viewed the dam as a way to free San Francisco resi-
dents from the clutches of greedy water and power monopolies.

In 1935, pioneering wildlife ecologist Aldo Leopold (fig. 1.18d)
bought a small, worn-out farm in central Wisconsin. A dilapidated
chicken shack, the only remaining building, was remodeled into a
rustic cabin. Working together with his children, Leopold planted
thousands of trees in a practical experiment in restoring the health
and beauty of the land. “Conservation,” he wrote, “is the positive
exercise of skill and insight, not merely a negative exercise of absti-
nence or caution.” The shack became a writing refuge and the main
focus of A Sand County Almanac, a much beloved collection of es-
says about our relation with nature. In it, Leopold wrote, “We abuse
land because we regard it as a commodity belonging to us. When we
see land as a community to which we belong, we may begin to use
it with love and respect.” Together with Bob Marshall and two oth-
ers, Leopold was a founder of the Wilderness Society.

A FIGURE 119 A conservationist might say this forest is valuable as a
supplier of useful resources, including timber and fresh water. A preserva-
tionist might argue that this ecosystem is important for its own sake. Many
people are sympathetic with both outlooks.  ©Altrendo nature/Getty Images

Rising pollution levels led to the modern
environmental movement (stage 3)

The undesirable effects of pollution probably have been recognized
as long as people have been building smoky fires. In 1723 the acrid
coal smoke in London was so severe that King Edward I threatened
to hang anyone who burned coal in the city. In 1661 the English
diarist John Evelyn complained about the noxious air pollution
caused by coal fires and factories and suggested that sweet-smelling
trees be planted to purify city air. Increasingly dangerous smog at-
tacks in Britain led, in 1880, to formation of a national Fog and
Smoke Committee to combat this problem. But nearly a century
later, London’s air (like that of many cities) was still bad. In 1952
an especially bad episode turned midday skies dark and may have
caused 12,000 deaths (see chapter 10). This event was extreme, but
noxious air was common in many large cities.

The tremendous expansion of chemical industries during and
after World War II added a new set of concerns to the environmen-
tal agenda. Silent Spring, written by Rachel Carson (fig. 1.20a) and
published in 1962, awakened the public to the threats of pollution
and toxic chemicals to humans as well as other species. The move-
ment she engendered might be called modern environmentalism be-
cause its concerns extended to include both natural resources and
environmental pollution.

Under the leadership of a number of other brilliant and dedi-
cated activists and scientists, the environmental agenda was ex-
panded in the 1970s to most of the issues addressed in this textbook,
such as human population growth, atomic weapons testing and
atomic power, fossil fuel extraction and use, recycling, air and water
pollution, and wilderness protection. Environmentalism has be-
come well established in the public agenda since the first national
Earth Day in 1970.

As environmental concerns have expanded to climate action,
one of the new leaders has been Bill McKibben (fig. 1.20b), an au-
thor, educator, and environmentalist who has written extensively
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(a) Rachel Carson

(c) Van Jones (d) Wangari Maathai

A FIGURE 1.20 Among many distinguished environmental leaders in
modern times, (a) Rachel Carson, (b) Bill McKibben, (c) Van Jones, and

(d) Wangari Maathai stand out for their dedication, innovation, and bravery.
(a): ©RHS/AP Images; (b): ©Cindy Ord/Getty Images; (c): ©Ryan Rodrick Beiler/
Shutterstock; (d): ©s_bukley/Shutterstock

about climate change and has led campaigns to demand political
action on this existential threat. As scholar in residence at Middlebury
College, he worked with a group of undergraduate students to cre-
ate 350.org, an organization that has sponsored thousands of dem-
onstrations in 181 countries to raise public awareness about climate
change and has sparked actions for fossil fuel divestment on many
campuses. The group has been widely praised for its creative use of
social media and public organization. McKibben and 350.org led
the opposition to the Keystone XL pipeline project, which was
designed to transport crude oil from Alberta’s tar sands to export
terminals in Texas.

Environmental quality is tied
to social progress (stage 4)

In recent years some people have argued that the roots of the environ-
mental movement are elitist—promoting the interests of a wealthy
minority who can afford to vacation in wilderness. In fact, most
environmental leaders have seen social justice and environmental
equity as closely intertwined. Gifford Pinchot, Teddy Roosevelt,
and John Muir all strove to keep nature accessible to everyone, at a
time when public lands, forests, and waterways were increasingly
controlled by a few wealthy individuals and private corporations.
The idea of national parks, one of our principal strategies for nature
conservation, is to provide public access to natural beauty and
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outdoor recreation. Aldo Leopold, a founder of the Wilderness
Society, promoted ideas of land stewardship among farmers, fish-
ers, and hunters. Robert Marshall, also a founder of the Wilderness
Society, campaigned all his life for social and economic justice for
low-income groups.

Increasingly, environmental activists are making explicit the
links between environmental quality and social progress on a global
scale (fig. 1.21). But issues of sustainable development are also be-
ing recognized across economic divides in wealthy countries.
Anthony Kapel “Van” Jones (fig. 1.20c) is one of those who has been
a powerful voice for social and environmental progress, and he has
helped bring visibility to the role of people of color in environmen-
tal action. As both a social justice and environmental activist, Jones
has fought poverty and racial injustice by creating hundreds of thou-
sands of “green-collar” jobs installing solar systems and upgrading
the energy efficiency of millions of American homes. He served as
President Barack Obama’s Special Advisor for Green Jobs and has
worked to build a “green economy for everyone.” He has also
brought artists, athletes, and local leaders into national dialogues
and engagement around social and environmental issues.

Some of today’s leading environmental thinkers come from
developing nations, where poverty and environmental degradation
together plague hundreds of millions of people. Dr. Wangari
Maathai of Kenya (1940-2011) was a notable example. In 1977
Dr. Maathai (see fig. 1.20d) founded the Green Belt Movement in
her native Kenya as a way to both organize poor rural women and
restore their environment. Beginning at a small, local scale, this or-
ganization has grown to more than 600 grassroots networks across
Kenya. They have planted more than 30 million trees while mobiliz-
ing communities for self-determination, justice, equity, poverty re-
duction, and environmental conservation. Dr. Maathai was elected
to the Kenyan Parliament and served as Assistant Minister for
Environment and Natural Resources. Her leadership helped bring

A FIGURE 1.21 Environmental scientists increasingly try to address both
public health and environmental quality. The poorest populations often suffer
most from environmental degradation. ©Kaetana/Shutterstock
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democracy and good government to her country. In 2004 she re-
ceived the Nobel Peace Prize for her work, the first time a Nobel
has been awarded for environmental action. In her acceptance
speech she said, “Working together, we have proven that sustainable
development is possible; that reforestation of degraded land is pos-
sible; and that exemplary governance is possible when ordinary
citizens are informed, sensitized, mobilized and involved in direct
action for their environment.”

Photographs of the earth from space (see fig. 1.3) provide pow-
erful icons for the fourth wave of ecological concern, which might
be called global environmentalism. Such photos remind us how
small, fragile, beautiful, and rare our home planet is. We all share an
environment at this global scale. As Ambassador Adlai Stevenson
noted in his 1965 farewell address to the United Nations, we now
need to worry about the life-support systems of the planet as a
whole: “We cannot maintain it half fortunate, half miserable, half
confident, half despairing, half slave to the ancient enemies of man-
kind and half free in a liberation of resources undreamed of until
this day. No craft, no crew, can travel with such vast contradictions.
On their resolution depends the security of us all.”

CONCLUSION

Environmental science gives us useful tools and ideas for under-
standing environmental problems and for finding new solutions to
those problems. Environmental science draws on many disciplines,
and on people with diverse interests, to understand the persistent
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Describe how global fertility rates and populations are changing
(see fig. 1.6).

What is the idea of “ecological services”? Give an example.
Distinguish between a hypothesis and a theory.

Describe the steps in the scientific method.

What is probability? Give an example.

A e

Why are scientists generally skeptical? Why do tests require
replication?
7. What is the first step in critical thinking, according to table 1.4?

Apply the principles you have learned in this chapter to discuss these ques-
tions with other students.
1. Changing fertility rates are often explained in terms of better education
for girls and women. What might be some reasons for this association?
2. The analytical approaches of science are suitable for answering many
questions. Are there some questions that science cannot answer?
Why or why not?
3. Often opinions diverge sharply in controversial topics, such as the
allowable size of fish catches or the balance of environmental and

problems we face, including human population growth, contami-
nated water and air, climate change, and biodiversity losses. There
are also encouraging examples of progress. Population growth has
slowed, the extent of habitat preserves has expanded greatly in re-
cent years, we have promising new energy options, and in many re-
gions we have made improvements in air and water quality.

The scientific method provides an orderly way to examine
these issues. Ideally, scientists are skeptical about evidence and cau-
tious about conclusions. These practices are much like critical
thinking, which is also emphasized in environmental science.

Environmental science also is concerned with sustainable de-
velopment because both poverty and affluence contribute to envi-
ronmental degradation. Impoverished populations often overexploit
land and water supplies, while wealthy populations consume or de-
grade extraordinary amounts of energy, water, forest products,
food, and other resources. Differences in wealth lead to contrasts in
life expectancy, infant mortality, and other measures of well-being.
Resolving these multiple problems together is the challenge for sus-
tainability.

Our ideas about conservation and environment have evolved in
response to environmental conditions, from a focus on conservation
of usable resources to preservation of nature for its own sake. Through-
out these ideas has been a concern for social equity, for the rights of
low-income people to have access to resources and to a healthy envi-
ronment. In recent years these twin concerns have expanded to recog-
nize the possibilities of change in developing countries and the global
interconnections of environmental and social concerns.

8. Distinguish between utilitarian conservation and preservation.
Name two environmental leaders associated with each of these
philosophies.

9. Why do some experts regard water as the most critical natural
resource for the twenty-first century?

10. Where in figure 1.5 does the most dramatic warming occur?

11. What are the HDI ranges for the United States, India, and China
(see fig. 1.11)?

12. What is the link between poverty and environmental quality?
13. Define sustainability and sustainable development.

economic priorities in land management. Think of a controversial
topic with which you are familiar. What steps can you take to main-
tain objectivity and impartiality in evaluating the issue?

4. Environmental activists often focus on questions of social justice and
environmental justice. Consider an issue such as air or water quality.
Why does it affect different groups unequally?

5. Suppose you wanted to study the environmental impacts of a rich
versus a poor country. What factors would you examine, and how
would you compare them?
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DATA ANALYSIS Worki

To understand trends and compare values in environmental science, we
need to examine a great many numbers. Most people find it hard to quickly
assess large amounts of data in a table. Graphing a set of data makes it
easier to see patterns, trends, and relationships. For example, scatter plots
show relationships between two variables, while bar graphs show the range
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of values in a set (figs. 1 and 2). Reading graphs takes practice, but it is an
essential skill that will serve you well in this course and others.

You will encounter several common types of graphs in this book. Go
to the Data Analysis exercise on Connect to practice these skills and dem-
onstrate your knowledge of how to read and use graphs.
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