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College Board AP® Topic Outline
I. Earth Systems and Resources (10-15%)

Friedland

and Relyea: Environmental Science for AP®

A. Earth Science Concepts

Chapter 1

Studying the State of Our Earth

Chapter 2 Environmental Systems
B. The Atmosphere Chapter 3 Ecosystem Ecology
Chapter 4 Global Climates and Biomes
C. Global Water Resources and Use Chapter 9 Water Resources
D. Soil and Soil Dynamics Chapter 8 Earth Systems
1. The Living World (10-15%)
A. Ecosystem Structure Chapter 3 Ecosystem Ecology
Chapter 5 Evolution of Biodiversity
B.Energy Flow Chapter 3 Ecosystem Ecology
C. Ecosystem Diversity Chapter 6 Population and Community Ecology
D.Natural Ecosystem Change Chapter 3 Ecosystem Ecology
Chapter 5 Evolution of Biodiversity
E. Natural Biogeochemical Cycles Chapter 3 Ecosystem Ecology
Chapter 4 Global Climates and Biomes
lll. Population (10-15%)
A. Population Biology Concepts Chapter 6 Population and Community Ecology
B.Human Population Chapter 7 The Human Population
IV. Land and Water Use (10-15%)
A. Agriculture Chapter 10 Land, Public and Private
Chapter 11 Feeding the World
B. Forestry Chapter 10 Land, Public and Private
C. Rangelands Chapter 10 Land, Public and Private
D. Other Land Use Chapter 10 Land, Public and Private
E. Mining Chapter 8 Earth Systems
F. Fishing Chapter 11 Feeding the World
G. Global Economics Chapter 20 Sustainability, Economics, and Equity
V. Energy Resources and Consumption (10-15%)
A. Energy Concepts Chapter 12 Nonrenewable Energy Sources
B. Energy Consumption Chapter 12 Nonrenewable Energy Sources
C. Fossil Fuel Resources and Use Chapter 12 Nonrenewable Energy Sources
D.Nuclear Energy Chapter 12 Nonrenewable Energy Sources
E. Hydroelectric Power Chapter 12 Nonrenewable Energy Sources
F. Energy Conservation Chapter 13 Achieving Energy Sustainability
G.Renewable Energy Chapter 13 Achieving Energy Sustainability
VI. Pollution (25-30%)
A. Pollution Types Chapter 14 Water Pollution
Chapter 15 Air Pollution and Stratospheric Ozone Depletion
Chapter 16 Waste Generation and Waste Disposal
B. Impacts on the Environment and Human Health Chapter 14 Water Pollution
Chapter 15 Air Pollution and Stratospheric Ozone Depletion
Chapter 16 Waste Generation and Waste Disposal
Chapter 17 Human Health and Environmental Risks
C.Economic Impacts Chapter 14 Water Pollution
Chapter 15 Air Pollution and Stratospheric Ozone Depletion
Chapter 16 Waste Generation and Waste Disposal
VII. Global Change (10-15%)
A. Stratospheric Ozone Chapter 15 Air Pollution and Stratospheric Ozone Depletion
B. Global Warming Chapter 19 Global Change

C. Loss of Biodiversity

Chapter 18

Conservation of Biodiversity




FRIEDLAND and RELYEA

Environmental Science
for AP®

SECOND EDITION

AP is a registered trademark of the College Board, which was not involved in and does not endorse this product.



This page intentionally left blank



FRIEDLAND and RELYEA

Environmental Science
for AP’

SECOND EDITION

Andrew Friedland

Dartmouth College

Rick Relyea

Rensselaer Polytechnic Institute

(6

FREEMAN
W. H. Freeman and Company ¢ New York

AP™ is a registered trademark of the College Board, which was not involved in and does not endorse this product.



Publisher: Ann Heath
Sponsoring Editor: Jeffrey Dowling
Editorial Assistant: Matt Belford
Marketing Manager: Julie Comforti
Marketing Assistant: Nont Pansringarm
Developmental Editor: Rebecca Kohn
Director of Editing, Design,
and Media Production: Tracey Kuehn
Managing Editor: Lisa Kinne
Project Editor: Kerry O’Shaughnessy
Design Manager & Cover Designer: Vicki Tomaselli
Text Designer: Patrice Sheridan
Photo Editor: Christine Buese
Mlustration Coordinator: Matt McAdams
Art Development and Hlustrations: Joseph BelBruno
Production Manager: Julia DeRosa
Composition: codeMantra
Printing and Binding: Quad Graphics

Cover Credit: Alice Cahill/Getty Images

Library of Congress Control Number: 2014949575
ISBN-13: 978-1-4641-0868-6
ISBN-10: 1-4641-0868-4

© 2015, 2012 by W. H. Freeman and Company
All rights reserved

Printed in the United States of America

First printing

W. H. Freeman and Company

41 Madison Avenue

New York, NY 10010

Houndmills, Basingstoke RG21 6XS, England
www.whfreeman.com


http://www.whfreeman.com

To Katie, Jared, and Ethan

for their interest and enthusiasm.

—AJF

To Christine, Isabelle, and Wyatt for their
patience and inspiration.

—RAR



Brief Contents

UNIT 1 UNIT 6

Introduction Energy Resources and Consumption
Chapter 1 Environmental Science: Studying Chapter 12 Nonrenewable Energy Sources 397
the State of Our Earth 1 Chapter 13 Achieving Energy Sustainability 431
Chapter 2 Environmental Systems 31 Unit 6 AP® Practice Exam 472
Unit 1 AP® Practice Exam 61 scienceapplied 6 Should Corn Become Fuel? 476
scienceapplied 1 What Happened to the Missing Salt? 64
UNIT 7

UNIT 2 Pollution
The Living World

Chapter 14 Water Pollution 481
Chapter 3 Ecosystem Ecology 67 Chapter 15 Air Pollution and Stratospheric
Chapter 4 Gilobal Climates and Biomes 103 Ozone Depletion 517
Chapter 5 Evolution of Biodiversity 147 Chapter 16 \|/3Vaste G;eneration and Waste .
. ) isposa 55
Unit 2 AP® Practice E 180
hl ) ractice Bxam o Chapter 17 Human Health and Environmental
scienceapplied 2 How Should We Prioritize the .
. BN Risks 589
Protection of Species Diversity? 184
Unit 7 AP® Practice Exam 624
UNIT 3 scienceapplied 7 Is Recycling Always Good for the
Environment? 627

Biological and Human Populations

UNIT 8

Chapter 6 Population and Community Ecology 189 .
Global Change and a Sustainable Future

Chapter 7 The Human Population 225
Unit 3 AP® Practice Exam 252 Chapter 18 Conservation of Biodiversity 631
scienceapplied 3 How Can We Manage Chapter 19 Global Change 663
Overabundant Animal Populations? 255

Chapter 20 Sustainability, Economics, and Equity 701

UNIT 4 Unit 8 AP® Practice Exam 727
Earth Sy stems and Resources scienceapplied 8 Can We Solve the Carbon Crisis Using
Cap-and-Trade? 730
Chapter 8 Earth Systems 259
Chapter 9 Water Resources 203 Cumulative AP" Environmental Science
Unit4 AP® Practice Exam 3pg ~ [Dradtice Exam EXAM-1
scienceapplied 4 Is There a Way to Resolve the Appendix: Reading Graphs APP-1
California Water Wars? 324
Glossary GLO-1
UNIT 5 Index IND-1
Land Use
EULA
Chapter 10 Land, Public and Private 329
Chapter 11 Feeding the World 357
Unit 5 AP® Practice Exam 389
scienceapplied 5 How Do We Define Organic Food? 392

vi



Contents

About the Authors xi Module 8 Responses to Disturbances 91
Acknowledgments xii Module 8 Review 95
Working T d Sustainability Can We Make Golf
Getting the Most from This Book xvii oriing foward sustamnabllity Lan Ve Make o
Greens Greener? 96

Chapter 3 Review 97

UNIT 1 Chapter 3 AP® Environmental Science Practice Exam 99

Introduction

Chapter 4 Global Climates and Biomes 1083
Chapter 1 Environmental Science: Studying Module 9 The Unequal Heating of Earth 105
the State of Our Earth 1 Module 9 Review 109
Module 1 Environmental Science 3 Module 10 Air Currents 110
Module 1 Review 6 Module 10 Review 116
Module 2 Environmental Indicators and Module 11 Ocean Currents 117
Sustainability 7 Module 11 Review 120
do the math Converting Between Hectares and Acres 11 Module 12 Terrestrial Biomes 121
do the math Rates of Forest Clearing 14 Module 12 Review 132
Module 2 Review 17 Module 13 Aquatic Biomes 133
Module 3 Scientific Method 18 Module 13 Review 138
Module 3 Review 25 Working Toward Sustainability Is Your Coffee
Working Toward Sustainability Using Environmental Made in the Shade? 139
Indicators to Make a Better City 26 Chapter 4 Review 141
Chapter 1 Review 27 Chapter 4 AP® Environmental Science Practice Exam 143
Chapter 1 AP® Environmental Science Practice Exam 28
Chapter 5 Evolution of Biodiversity 147
Chapter 2 Environmental Systems 31 Module 14 The Biodiversity of Earth 149
Module 4 Systems and Matter 33 do the math Measuring Species Diversity 152
Module 4 Review 42 Module 14 Review 153
Module 5 Energy, Flows, and Feedbacks 43 Module 15 How Evolution Creates Biodiversity 154
do the math Calculating Energy Use and Module 15 Review 163
Converting Units 46 Module 16 Speciation and the Pace of Evolution 164
Module 5 Review 54 Module 16 Review 168
Working Toward Sustainability Managing Module 17 Evolution of Niches and Species
Environmental Systems in the Florida Everglades 55 Distributions 168
Chapter 2 Review 56 Module 17 Review . 173
Chapter 2 AP® Environmental Science Practice Exam 58 Working Toward Sustainability Protecting the
Unit 1 AP® Environmental Science Practice Exam 61 Oceans When They Cannot Be Bought 174
scienceapplied 1 What Happened to the Missing Salt? 64 Chapter 5 Review 175

Chapter 5 AP® Environmental Science Practice Exam 177
Unit 2 AP® Environmental Science Practice Exam 180

UNIT 2 scienceapplied 2 How Should We Prioritize

The Living World the Protection of Species Diversity? 184
Chapter 3 Ecosystem Ecology 67
Module 6 The Movement of Energy 69 UNIT 3
Module 6 Review 78 Biological and Human Populations
Module 7 The Movement of Matter 79
do the math Raising Mangoes 81 Chapter 6 Population and
Module 7 Review 90 Community Ecology 189

vii



Module 18 The Abundance and Distribution

of Populations 191
Module 18 Review 195
Module 19 Population Growth Models 196
do the math Calculating Exponential Growth 199
Module 19 Review 203
Module 20 Community Ecology 204
Module 20 Review 211
Module 21 Community Succession 212
Module 21 Review 216
Working Toward Sustainability Bringing Back
the Black-footed Ferret 217
Chapter 6 Review 218

Chapter 6 AP® Environmental Science Practice Exam 221

Chapter 7 The Human Population 225
Module 22 Human Population Numbers 227
do the math Calculating Population Growth 233
Module 22 Review 236
Module 23 Economic Development,
Consumption, and Sustainability 237
Module 23 Review 246
Working Toward Sustainability Gender Equity
and Population Control in Kerala 247
Chapter 7 Review 248

Chapter 7 AP® Environmental Science Practice Exam 250
Unit 3 AP® Environmental Science

Practice Exam 252
scienceapplied 3 How Can We Manage
Overabundant Animal Populations? 255

UNIT 4

Earth Systems and Resources

Chapter 8 Earth Systems 259
Module 24 Mineral Resources and Geology 261
do the math Plate Movement 268
Module 24 Review 273
Module 25 Weathering and Soil Science 274
Module 25 Review 286
Working Toward Sustainability Mine Reclamation
and Biodiversity 287
Chapter 8 Review 288

Chapter 8 AP® Environmental Science Practice Exam 290

Chapter 9 Water Resources 293
Module 26 The Availability of Water 295
Module 26 Review 301
Module 27 Human Alteration of Water Availability 302
Module 27 Review 307
Module 28 Human Use of Water Now and
in the Future 308
do the math Selecting the Best Washing Machine 314
Module 28 Review 315

viii  Contents

Working Toward Sustainability Is the Water in
Your Toilet Too Clean? 316
Chapter 9 Review 317

Chapter 9 AP® Environmental Science Practice Exam 318
Unit 4 AP® Environmental Science

Practice Exam 320
scienceapplied 4 Is There a Way to Resolve
the California Water Wars? 324

UNIT 5

Land Use

Chapter 10 Land, Public and Private 329

Module 29 Land Use Concepts and Classification 331
Module 29 Review 337

Module 30 Land Management Practices 338
Module 30 Review 349

Working Toward Sustainability What Are the

Ingredients for a Successful Neighborhood? 350

Chapter 10 Review 351

Chapter 10 AP® Environmental Science Practice Exam 353

Chapter 11 Feeding the World 357
Module 31 Human Nutritional Needs 359
Module 31 Review 362
Module 32 Modern Large-Scale Farming Methods 363
do the math Land Needed for Food 365
Module 32 Review 373
Module 33 Alternatives to Industrial
Farming Methods 374
Module 33 Review 383
Working Toward Sustainability The Prospect
of Perennial Crops 383
Chapter 11 Review 384
Chapter 11 AP® Environmental Science
Practice Exam 386
Unit 5 AP® Environmental Science
Practice Exam 389

scienceapplied 5 How Do We Define Organic Food? 392

UNIT 6

Energy Resources and Consumption

Chapter 12 Nonrenewable Energy

Resources 397

Module 34 Patterns of Energy Use 399
do the math Efficiency of Travel 404
do the math Calculating Energy Supply 407
Module 34 Review 408

Module 35 Fossil Fuel Resources 409
Module 35 Review 417

Module 36 Nuclear Energy Resources 418



do the math Calculating Half-Lives

Module 36 Review
Working Toward Sustainability Meet TED:
The Energy Detective

Chapter 12 Review
Chapter 12 AP® Environmental Science
Practice Exam

Chapter 13 Achieving Energy Sustainability

Module 37 Conservation, Efficiency,
and Renewable Energy

do the math Energy Star
Module 37 Review
Module 38 Biomass and Water
Module 38 Review
Module 39 Solar, Wind, Geothermal,
and Hydrogen
Module 39 Review
Module 40 Planning Our Energy Future
Module 40 Review
Working Toward Sustainability Building an
Alternative Energy Society in Iceland
Chapter 13 Review
Chapter 13 AP® Environmental Science
Practice Exam

Unit 6 AP® Environmental Science Practice Exam

scienceapplied 6 Should Corn Become Fuel?

422
425

426
427

428

431

433
436
439
440
448

449
459
460
465

466
467

469
472

476

UNIT 7

Pollution

Chapter 14 Water Pollution

Module 41 Wastewater from Humans
and Livestock

do the math Building a Manure Lagoon
Module 41 Review
Module 42 Heavy Metals and Other Chemicals
Module 42 Review
Module 43 Oil Pollution
Module 43 Review
Module 44 Nonchemical Water Pollution
Module 44 Review
Module 45 Water Pollution Laws
Module 45 Review
Working Toward Sustainability Purifying Water
for Pennies
Chapter 14 Review
Chapter 14 AP® Environmental Science
Practice Exam

Chapter 15 Air Pollution and Stratospheric
Ozone Depletion

Module 46 Major Air Pollutants and Their Sources

Module 46 Review

481

483
489
490
491
497
498
501
502
505
506
509

510
512

514

517

519
526

Module 47 Photochemical Smog and Acid Rain
Module 47 Review
Module 48 Pollution Control Measures

do the math Calculating Annual Sulfur Reductions
Module 48 Review

Module 49 Stratospheric Ozone Depletion
Module 49 Review

Module 50 Indoor Air Pollution
Module 50 Review

Working Toward Sustainability A New Cook

Stove Design

Chapter 15 Review
Chapter 15 AP® Environmental Science
Practice Exam

Chapter 16 Waste Generation
and Waste Disposal

Module 51 Only Humans Generate Waste
Module 51 Review

Module 52 The Three Rs and Composting
Module 52 Review

Module 53 Landfills and Incineration

do the math How Much Leachate Might Be Collected?
Module 53 Review
Module 54 Hazardous Waste
Module 54 Review
Module 55 New Ways to Think About
Solid Waste
Module 55 Review
Working Toward Sustainability Recycling
E-Waste in Chile
Chapter 16 Review
Chapter 16 AP® Environmental Science
Practice Exam

Chapter 17 Human Health and
Environmental Risks

Module 56 Human Disease

Module 56 Review
Module 57 Toxicology and Chemical Risks
do the math Estimating LD50 Values and
Safe Exposures

Module 57 Review
Module 58 Risk Analysis

Module 58 Review

Working Toward Sustainability The Global
Fight Against Malaria

Chapter 17 Review

Chapter 17 AP® Environmental Science
Practice Exam

Unit 7 AP® Environmental Science

Practice Exam

scienceapplied 7 Is Recycling Always Good for the
Environment?

Contents

527
532
533

536
537
538
541
542
545

546
547

549

553

555
560
561
567
568

572
574
575
578

579
582

583
584

586

589

591
600
601

607
611
612
617

618
620

622

624

627

ix



UNIT 8

Global Change and a Sustainable Future

Chapter 18 Conservation of Biodiversity 631
Module 59 The Sixth Mass Extinction 633
Module 59 Review 640
Module 60 Causes of Declining Biodiversity 641
Module 60 Review 649
Module 61 The Conservation of Biodiversity 650
Module 61 Review 656
Working Toward Sustainability Swapping Debt
for Nature 657
Chapter 18 Review 658
Chapter 18 AP® Environmental Science
Practice Exam 660
Chapter 19 Global Change 663
Module 62 Global Climate Change and
the Greenhouse Effect 665
Module 62 Review 673
Module 63 The Evidence for Global Warming 674
do the math Projecting Future Increases in CO, 675
Module 63 Review 685
Module 64 Consequences of Global
Climate Change 686
Module 64 Review 694

Working Toward Sustainability Cities, States,
and Businesses Lead the Way to Reduce
Greenhouse Gases 695

X Contents

Chapter 19 Review
Chapter 19 AP® Environmental Science
Practice Exam

Chapter 20 Sustainability, Economics,
and Equity
Module 65 Sustainability and Economics
Module 65 Review
Module 66 Recgulations and Equity
Module 66 Review
Working Toward Sustainability R euse-A-Sneaker
Chapter 20 Review
Chapter 20 AP® Environmental Science
Practice Exam

Unit 8 AP® Environmental Science
Practice Exam

scienceapplied 8 Can We Solve the Carbon
Crisis Using Cap-and-Trade?

Cumulative AP® Environmental Science
Practice Exam

Appendix: Reading Graphs

Glossary

Index

EULA

696

698

701

703
710
711
720
721

723

724

727

730

EXAM-1
APP-1
GLO-1

IND-1



About the Authors

Andrew Friedland is Richard and Jane Pearl Professor in Envi-
ronmental Studies and former chair of the Environmental Stud-
ies Program at Dartmouth College. He was the founding chair of
the Advanced Placement Test Development Committee (College
Board) for Environmental Science. He has a strong interest in high

school science education, and in the early years of AP® environ-
mental science he participated in many trainer and teacher work-
shops. For more than 10 years, Andy has been a guest lecturer at
the St. Johnsbury Academy Advanced Placement Institute for Sec-
ondary Teachers. He has also served on the College Board AP®
Environmental Science Curriculum Development and Assessment
Committee.

Andy regularly teaches introductory environmental science and
energy courses at Dartmouth and has taught courses in forest bio-
geochemistry, global change, and soil science, as well as foreign
study courses in Kenya. Beginning in 2015, Andy brings his intro-
ductory environmental science course to the massive, open, online
course format through the DartmouthX platform.

Andy received a BA degree in both biology and environmental
studies, and a PhD in earth and environmental science, from the
University of Pennsylvania. For more than three decades, Andy has
been investigating the effects of air pollution on the cycling of
carbon, nitrogen, and lead in high-elevation forests of New
England and the Northeast. Recently, he has been examining the
impact of increased demand for wood as a fuel, and the subsequent
effect on carbon stored deep in forest soils.

Andy has served on panels for the National Science Foundation,
USDA Forest Service, and Science Advisory Board of the
Environmental Protection Agency. He has authored or coauthored
more than 65 peer-reviewed publications and one book, Writing
Successful Science Proposals (Yale University Press).

Andy is passionate about saving energy and has pursued many
energy efficiency endeavors in his home. Recently, he installed a
4 kW solar photovoltaic tracker that follows the Sun during the
day.

Nancy Nutile-McMenemy

Rick Relyea is the David Darrin Senior ‘40 Endowed Chair in
Biology and the executive director of the Darrin Freshwater Insti-

tute at Rensselaer Polytechnic Institute. Rick teaches courses in
ecology, evolution, and animal behavior at the undergraduate and
graduate levels. He received a BS in environmental forest biology
from the State University of New York College of Environmental
Science and Forestry, an MS in wildlife management from Texas
Tech University, and a PhD in ecology and evolution from the
University of Michigan.

Rick is recognized throughout the world for his work in the
fields of ecology, evolution, animal behavior, and ecotoxicology.
He has served on multiple scientific panels for the National
Science Foundation and has been an associate editor for the
journals of the Ecological Society of America. For two decades,
he has conducted research on a wide range of topics, including
predator-prey interactions, phenotypic plasticity, eutrophication
of aquatic habitats, sexual selection, disease ecology, long-term
dynamics of populations and communities across the landscape,
and pesticide impacts on aquatic ecosystems. He has authored
more than 110 scientific articles and book chapters, and has
presented research seminars throughout the world. Rick
recently moved to Rensselaer from the University of Pittsburgh,
where he was named the Chancellor’s Distinguished Researcher
in 2005 and received the Tina and David Bellet Teaching
Excellence Award in 2014.

Rick has a strong interest in high school education. High
school science teachers conduct research in his laboratory and he
offers summer workshops for high school teachers in the fields of
ecology, evolution, and ecotoxicology. Rick also works to bring
cutting-edge research experiments into high school classrooms.

Rick’s commitment to the environment extends to his per-
sonal life. He lives in a home constructed with a passive solar
building design and equipped with active solar panels on the roof.
The solar panels generate so much electricity that he sells the extra
electricity back to the local electric utility every month.

Brian Mattes



Acknowledgments

We would like to thank the many people at Bedford,
Freeman, and Worth who helped guide us through the
publication process in both the first and second editions
of this book. They have taught us a great deal and have
been crucial to our book becoming greatly appreciated
by so many people. We especially want to acknowledge:

Ann Heath, Jeffrey Dowling, Becky Kohn, Fred
Burns, Janie Pierce-Bratcher, Kerry O’Shaughnessy,
Julia DeRosa, Matt McAdams, Joseph BelBruno, Anna
Skiba-Crafts, Aaron Stoler, Lucas Sanford-Long,
Christine Buese, Vicki Tomaselli, Lee Wilcox, Jerry
Correa, Beth Howe, Cindi Weiss, Karen Misler,
Deborah  Goodsite, Ted Szczepanski, and Cathy
Murphy. We thank David Courard-Hauri, Ross Jones,
and Susan Weisberg for contributions to the first edition
of this book.

We also wish to convey our appreciation to the doz-
ens of reviewers who constantly challenged us to write
a clear, correct, and philosophically balanced textbook.

| From Andy Friedland . . .

A large number of people have contributed to this
book in a variety of ways. I would like to thank all of
my teachers, students, and colleagues. Professors
Robert Giegengack and Arthur Johnson introduced
me to environmental science as an undergraduate and
graduate student. My current and previous colleagues
in the Environmental Studies Program at Dartmouth
and elsewhere have contributed in a variety of ways. [
thank Doug Bolger, Michael Cox, Rich Howarth,
Anne Kapuscinski, Karol Kawiaka, Rosi Kerr, Nick
Reo, Bill Roebuck, Jack Shepherd, Chris Sneddon,
Scott Stokoe, Ross Virginia, and D.G. Webster for all
sorts of contributions to my teaching and scholarship
and to this book. Graduate students Chelsea Petrenko
and Justin Richardson have also contributed. Emily
Lacroix and Jacob Ebersole, Dartmouth undergraduates

xii

who have taken courses from me, provided excellent
editorial, proofreading, and writing assistance. Many
other colleagues have had discussions with me or
evaluated sections of text including William Schlesinger,
Ben Carton, Jon Kull, Nat Draper, Bob Hawley, Jim
Labelle, Tim Smith, Charlie Sullivan, Jenna Pollock,
Jim Kaste, Carol Folt, Celia Chen, Matt Ayres, Kathy
Cottingham, and Mark McPeek. Since the time when
AP® Environmental Science was just an idea at a
College Board workshop, Beth Nichols, Tom Corley,
and many others, especially teachers T have since met
at meetings and workshops, have introduced me to the
world of Advanced Placement® teaching.

[ wish to acknowledge Dana Meadows and Ned
Perrin, both of whom have since passed away, for
contributions during the early stages of this work.
Terry Tempest Williams has been a tremendous source
of advice and wisdom about topics environmental,
scientific, and practical.

[ am grateful to Dick and Janie Pearl for friendship
and support through the Richard and Jane Pearl
Professorship in Environmental Studies. Finally, I
thank Katie, Jared, and Ethan Friedland, and my
mother Selma.

|From Rick Relyea . . .

I would like to thank my family—my wife Christine
and my children Isabelle and Wyatt. Too many nights
and weekends were taken from them and given to this
textbook and they never complained. Their presence
and patience continually inspired me to push forward
and complete the project.

[ am also grateful to the many people at Bedford,
Freeman, and Worth who helped guide me and taught
me a great deal about the publication process. I would
like to especially thank Jerry Correa for convincing me
to join the first edition of this book.



Reviewers

IHigh School Focus Group Participants and Reviewers

Our deep appreciation and heartfelt thanks are due to the experienced AP® teachers
who participated in focus groups and/or reviewed the manuscript during the
development of this book. Their contributions have been invaluable.

Cynthia Ahmed, Signature School,
IN

Timothy Allen, Thomas A. Edison
Preparatory High School, OK

Julie Back, Kecoughtan High School,
VA

Maureen Bagwell, Collierville High
School, TN

Fredrick Baldwin, Kendall High
School, NY

Lisa Balzas, Indian Springs School,
AL

Debra Bell, Montgomery High
School, TX

Melinda Bell, Flagstaff Arts and
Leadership Academy, AZ

Karen Benton, South Brunswick
High School, NJ

Richard Benz, Wickliffe High
School, OH

Cindy Birkner, Webber Township
High School, IL

Christine Bouchard, Milford Public
Schools, CT

Gail Boyarsky, East Chapel Hill
High School, NC

Rebecca Bricen, Johnsonburg High
School, PA

Deanna Brunlinger, Elkhorn Area
High School, W1I

Kevin Bryan, Woodrow Wilson
Senior High School, CA

Tanya Bunch, Carter High School,
TN

Diane Burrell, Starr’s Mill High
School, GA

Teri Butler, New Hanover High
School, NC

Charles Campbell, Russellville High
School, AR

Sande Caton, Concord High School,
DE

Andrea Charles, West Side
Leadership Academy, IN

Linda Charpentier, Xavier High
School, CT

Blanca Ching, Fort Hamilton High
School, NY

Ashleigh Coe, Bethesda-Chevy
Chase High School, MD

Bethany Colburn, Randolph High
School, MA

Jonathan D. Cole, Holmdel High
School, NJ

Robert Compton, Walled Lake
Northern High School, MI

Ann Cooper, Oseola High School,
AR

Thomas Cooper, The Walker
School, GA

Joyce Corriere, Hampton High
School, VA

Stephanie Crow, Milford High
School, M1

Stephen Crowley, Winooski High
School, VT

Linda D’Apolito, Trinity School,
NY

Brygida DeRiemaker, Eisenhower
High School, MI

Chand Desai, Martin Luther King
Magnet High School, TN

Michael Douglas, Bronx Prep
Charter School, NY

Nancy Dow, A. Crawford Mosley
High School, FL

Nat Draper, Deep Run High School,
VA

Denis DuBay, Leesville High
School, NC

John Dutton, Shaw High School,
OH

Heather Earp, West Johnston High
School, NC

Kim Eife, Academy of Notre Dame,
PA

Brian Elliot, San Dimas High
School, CA

Christina Engen, Crescenta Valley
High School, CA

Mary Anne Evans, Allendale
Columbia School, NY

Kay Farkas, Rush-Henrietta High
School, NJ

Tim Fennell, LASA at LBJ High
School, TX

Michael Finch, Greene County Tech
High School, AR

Robert Ford, Fairfield College
Preparatory School, CT

Paul Frisch, Fox Lane High School,
NY

Bob Furhman, The Covenant
School, VA

Nivedita (Nita) Ganguly, Oak
Ridge High School, TN

Mike Gaule, Ladywood High
School, M1

Billy Goodman, Passaic Valley
High School, NJ

Amanda Graves, Mt. Tahoma High
School, WA

Barbara Gray, Richmond
Community High School, VA

Jack Greene, Logan High School,
ur

Jeannie Kornteld, Hanover High
School, NH

Jen Kotkin, St. Philip’s Academy,
NJ

Pat Kretzer, Timber Creek High
School, FL

Michelle Krug, Coral Springs High
School, FL

Jim Kuipers, Chicago Christian
High School, IL

xiii



Claire Kull, Career Center, NC

Jay Kurima, O. D. Wyatt High
School, TX

Tom LaHue, Aptos High School,
CA

Cathy Larson, Patuxent High
School, MD

Michael Lauer, Danville High
School, KY

Sonia Laureni, West Orange High
School, NJ

Amy Lawson, Naples High School,
FL

Jim Lehner, The Taft School, CT

Dr. Avon Lewis, Lexington High
School, MA

Marie Lieberman, Ravenscroft
School, NC

John Ligget, Conestoga High School,
PA

Ann Linsley, Bellaire High School,
TX

Mark Little, Broomfield High
School, CO

Leyana Lloyd, Washington Senior
Academy, GA

Larry Lollar, Alice High School, TX

Stephanie Longfellow, Deltona
High School, FL

Sue Ellen Lyons, Holy Cross School,
LA

Theresa Lyster, Camden County
High School, GA

John F. Madden, Ashley Hall
School, SC

Jeremy Magee, Sandy High School,
OR

Mike Mallon, James I. O’Neill
High School, NY

Scott Martin, Deer Creek High
School, OK

Kristi Martinez, Eastlake High
School, WA

Christeena Mathews, The
Philadelphia High School for Girls,
PA

Courtney Mayer, Winston
Churchill High School, TX

Monica Maynard, Schurr High
School, CA

James McAdams, Center Grove
High School, IN

Kristen McClellen, Grand Junction
High School, CO

Sandy McDonough, North Salem
Middle/High School, NY

Xiv  Reviewers

Diane Medford, Los Alamos High
School, NM

Leslie Miller, Flintridge Sacred
Heart Academy, CA

Lonnie Miller, El Diamante High
School, CA

Melody Mingus, Breckinridge
County High School, KY

Myra Morgan, National Math
& Science Initiative, AP®
Environmental Consultant

Tammy Morgan, Lake Placid High
School, NY

David Moscarelli, Ponaganset High
School, RI

Terri Mountjoy, Greene County
Career Center, OH

Bill Mulhearn, Archmere Academy, DE

Sharna Murphy, Millikan High
School, CA

Jeanine Musgrove, Oakton High
School, VA

Anna Navarro, Veterans Memorial
High School, TX

Barbara Nealon, Southern York
County School District, PA

Dara Nix-Stevenson, American
Hebrew Academy, NC

Bennett O’Connor, Dallas ISD,
TX

Robert Oddo, Horace Greeley High
School, NY

Kate Oitzinger, EI Molino High
School, CA

Paul Olson, Redwood High School,
CA

Janet Ort, Hoover High School, AL

Roger Palmer, Bishop Dunne High
School, TX

Annetta Pasquarello, Tiiton
Regional High School, NJ

Lynn Paulsen, Mayde Creek High
School, TX

Judy Perrella, Academy of the Holy
Names, FL

Carolyn Phillips, Southeastern High
School, IL

Pam Phillips, Hayden High School,
AL

Alanna Piccillo, Palisade High
School, CO

Julie Quinn Kiernan, Cretin-
Durham Hall, NC

Jenny Ramsey, Charlotte Christian
School, NC

Susan Ramsey, VASS, VA

Cristen Rasmussen, Costa Mesa
High School, CA

Alesa Rehmann, Coral Shores High
School, FL

Mark Reilly, Jefferson High School,
10

Kimbell Reitz, Penn High School,
IN

Cheryl Rice, Howard High School,
MD

Sharon Riley, Springfield High
School, OH

Chris Robson, Ironwood Ridge
High School, AZ

James Rodewald, Shaker High
School, NY

Kurt Rogers, Northern Highlands
Regional High School, NJ

Kris Rohrbeck, Almont High
School, MI

David Rouby, Hall High School,
AR

Rebecca Rouch, East Bay High
School, FL

Jennifer Roy, TrekNorth Junior &
Senior High School, MIN

Reva Beth Russell, Lehi High
School, UT

Sheila Scanlan, Highland High
School, AZ

Kristi Schertz, Saugus High School,
CA

Greg Schiller, James Monroe High
School, CA

Amy Schwartz, Aragon High
School, CA

Shashi Sharma, Henry Snyder High
School, NJ

Tonya Shires, Edgewood High
School, MD

Pamela Shlachtman, South Dade
Senior High School, FL

Julie Smiley, Winchester Community
High School, IN

Amy Snodgrass, Central High
School, AR

Bill Somerlot, New Albany High
School, OH

Anne Soos, Stuart Country Day
School of the Sacred Heart, NJ

Joan Stevens, Arcadia High School,
CA

Marianne Strickhart, Henry Snyder
High School, NJ

Timothy Strout, Jericho High
School, NY



Robert Summers, A+ College
Ready, AL

Jeft Sutton, The Harker School, CA

Dave Szaroleta, Salesianum School,
DE

Kristen Thomson, Saratoga High
School, CA

James Timmons, Carrboro High
School, NC

Thomas Tokarski, Woodlands High
School, NY

Susan Tully, Salem Academy
Charter School, MA

Debra Tyson, Brooke Pointe High
School, VA

Melissa Valentine, Elizabeth Seton
High School, MD

ICoIIege Reviewers

Dirk Valk, McKeel Academy, FL

Gene Vann, Head-Royce School,
CA

Rebecca Van Tassell, Herron High
School, IN

Marc Vermeire, Friday Harbor High
School, WA

Naomi Volain, Springfield Central
High School, MA

Betty Walden, Merritt Island High
School, FL

Craig Wallace, North Oldham High
School, KY

Abbie Walston, North Haven High
School, CT

Annette Weeks, Battle Ground
High School, WA

Pamela Weghorst, Ardrey Kell High
School, NC

Michelle Whitehurst, Powhatan
High School, VA

Jane Whitelock, Easton High
School, MD

Laurie Whitesell, Eli Whitney
Middle School, OK

Robert Whitney, Westview High
School, CA

Carol Widegren, Lincoln Park High
School, IL

Sarrah Williams, Hamden Hall
Country Day School, CT

Robert Willis, Lakeside High
School, GA

We are also indebted to numerous college instructors, many of whom are also
involved in AP® Environmental Science, for their insights and suggestions through
various stages of development. The content experts who carefully reviewed
Chapters in their area of expertise are designated with an asterisk (*).

M. Stephen Ailstock, PhD, Anne
Arundel Community College

Deniz Z. Altin-Ballero, Georgia
Perimeter College

Daphne Babcock, Collin County
Community College District

Jay L. Banner, University of Texas
at San Antonio

James W. Bartolome, University of
California, Berkeley

Ray Beiersdorfer, Youngstown State
University

Grady Price Blount, Texas A&GM
University, Corpus Christi

Dr. Edward M. Brecker, Palm
Beach Community College, Boca

Raton

Anne E. Bunnell, East Carolina
University

Ingrid C. Burke, Colorado State
University

Anya Butt, Central Alabama
Community College

John Callewaert, University of
Michigan*

Kelly Cartwright, College of Lake
County

Mary Kay Cassani, Florida Gulf
Coast University

Young D. Choti, Purdue University
Calumet

John C. Clausen, University of
Connecticut*

Richard K. Clements, Chattanooga
State Technical Community
College

Thomas Cobb, Bowling Green State
University, OH

Stephen D. Conrad, Indiana
Wesleyan University

Terence H. Cooper, University of
Minnesota, Saint Mary’s Winona
Campus

Douglas Crawford-Brown,
University of North Carolina at
Chapel Hill

Wynn W. Cudmore, Chemeketa
Community College

Katherine Kao Cushing, San Jose
State University

Maxine Dakins, University of
Idaho

Robert Dennison, Heartland
Community College

Michael Denniston, Georgia
Perimeter College

Roman Dial, Alaska Pacific
University

Robert Dill, Bergen Community
College

Michael L. Draney, University of
Wisconsin, Green Bay

Anita 1. Drever, University of
Wyoming*

James Eames, Loyola University
New Otrleans

Kathy Evans, Reading Area
Community College

Mark Finley, Heartland Community
College

Dr. Eric J. Fitch, Marietta College

Karen F. Gaines, Northeastern
Hllinois University

James E. Gawel, University of
Washington, Tacoma

Carri Gerber, Ohio State
University Agricultural Technical
Institute

Julie Grossman, Saint Mary’s
University of Minnesota, Saint
Mary’s Winona Campus

Reviewers XV



Lonnie J. Guralnick, Roger
Williams University

Sue Habeck, Tacoma Community
College

Hilary Hamann, Colorado College

Dr. Sally R. Harms, Wayne State
College

Floyd Hayes, Pacific Union College

Keith R. Hench, Kirkwood
Community College

William Hopkins, Virginia Tech*

Richard Jensen, Hofstra University

Sheryll Jerez, Stephen F. Austin
State University

Shane Jones, College of Lake
County

Caroline A. Karp, Brown University

Erica Kipp, Pace University,
Pleasantville/Briarcliff

Christopher McGrory Klyza,
Middlebury College*

Frank T. Kuserk, Moravian College

Matthew Landis, Middlebury
College*

Kimberly Largen, George Mason
University

Larry L. Lehr, PhD, Baylor
University

Zhaohui Li, University of
Wisconsin, Parkside

Thomas R. MacDonald, University
of San Francisco

Robert Stephen Mahoney, Johnson
& Wales University

Bryan Mark, Ohio State University,
Columbus Campus

Paula J.S. Martin, Juniata College

Robert J. Mason, Tennessee Temple
University

Michael R. Mayftield, Ball State
University

Alan W. MclIntosh, University of
Vermont

Dr. Kendra K. McLauchlan,
Kansas State University*

Patricia R. Menchaca, Mount San
Jacinto Community College

Dr. Dorothy Merritts, Franklin and
Marshall College*

Bram Middeldorp, Minneapolis
Community and Technical College

Tamera Minnick, Mesa State
College

xvi Reviewers

Mark Mitch, New England College

Ronald Mossman, Miami Dade
College, North

William Nieter, St. John’s
University

Mark Oemke, Alma College

Victor Okereke, PhD, PE,
Morrisville State College

Duke U. Ophori, Montclair State
University

Chris Paradise, Davidson College

Dr. Clayton A. Penniman, Central
Connecticut State University

Christopher G. Peterson, Loyola
University Chicago

Craig D. Phelps, Rutgers, The
State University of New Jersey,
New Brunswick

F.X. Phillips, PhD, McNeese State
University

Rich Poirot, Vermont Department of
Environmental Conservation™>

Bradley R. Reynolds, University of
Tennessee, Chattanooga

Amy Rhodes, Smith College*

Marsha Richmond, Wayne State
University

Sam Riffell, Mississippi State
University

Jennifer S. Rivers, Northeastern
llinois University

Ellison Robinson, Midlands
Technical College

Bill D. Roebuck, Dartmouth
Medical School*

William J. Rogers, West Texas
A&EM University

Thomas Rohrer, Central Michigan
University

Aldemaro Romero, Arkansas State
University

William R. Roy, University of
Hlinois at Urbana-Champaign

Steven Rudnick, University of
Massachusetts, Boston

Heather Rueth, Grand Valley State
University

Eleanor M. Saboski, University of
New England

Seema Sah, Florida International
University

Shamili Ajgaonkar Sandiford,
College of DuPage

Robert M. Sanford, University of
Southern Maine

Nan Schmidt, Pima Community
College

Jeftery A. Schneider, State
University of New York at Oswego

Bruce A. Schulte, Georgia Southern
University

Eric Shulenberger, University of
Washington

Michael Simpson, Antioch
University New England*

Annelle Soponis, Reading Area
Community College

Douglas J. Spieles, Denison
University

David Stefty, Jacksonville State
University

Christiane Stidham, State
University of New York at Stony
Brook

Peter F. Strom, Rutgers, The State
University of New Jersey, New
Brunswick

Kathryn P. Sutherland, University
of Georgia

Christopher M. Swan, University of
Maryland, Baltimore County*

Melanie Szulczewski, University of
Mary Washington

Jamey Thompson, Hudson Valley
Community College

John A. Tiedemann, Monmouth
University

Conrad Toepfer, Brescia University

Todd Tracy, Northwestern College

Steve Trombulak, Middlebury
College

Zhi Wang, California State
University, Fresno

Jim White, University of Colorado,
Boulder

Rich Wolfson, Middlebury College*

C. Wesley Wood, Auburn
University

David T. Wyatt, Sacramento City
College



Getting the Most from This Book

Daily life is filled with decisions large and small that affect our environment. From
the food we eat, to the cars we drive or choose not to drive, to the chemicals we
put into the water, soil, and air. The impact of human activity is wide-ranging
and deep. And yet making decisions about the environment is often not easy or
straightforward. Is it better for the environment if we purchase a new, energy-
efficient hybrid car or should we continue using the older car we already own?
Should we remove a dam that provides electricity for 70,000 homes because it
interferes with the migration of salmon? Are there alternatives to fossil fuel for
heating our homes?

The purpose of this book is to give you a working knowledge of the big ideas
of environmental science and help you to prepare for the AP® Environmental
Science Exam. The book is designed to provide you with a strong foundation in
the scientific fundamentals, to introduce you to the policy issues and conflicts that
emerge in the real world, and to offer you an in-depth exploration of all the topics
covered on the advanced placement exam in environmental science.

Like the first edition, Friedland and Relyea Environmental Science for AP®, Sec-
ond Edition, is organized to closely follow the AP® environmental science course
description. Every item on the College Board’s “Topic Outline” is covered thor-
oughly in the text. Look inside the front cover for a detailed alignment guide. The
textbook offers comprehensive coverage of all required AP® course topics and will
help you prepare for success on the exam by:

* providing chapter opening case studies that will help you to see how envi-
ronmental science is grounded in your daily life and in the world around
you

* dividing each chapter into manageable modules that will help you to be or-
ganized and keep up with the challenging pace of the AP® environmental
science course

* using the same terminology, language, and formulas that you will see on the
AP® environmental science exam

* using expertly selected and artistically rendered figures, photographs,
graphs, and visuals that will help you to understand and remember the big
ideas and important concepts that will be on the exam

* providing you with many opportunities to practice for the exam through-
out the year, including end-of-module AP® review questions, chapter AP®
practice exams, unit AP® practice exams, and a cumulative AP® practice
exam at the end

The next few pages offer you a brief tour of the features of this book that have
been designed to help you succeed in the course and on the exam.

xvii



|Explore the world around you through science.

Chapter Opening Case Study

Earth Systems

Read the intriguing case study that begins each
chapter and think about the environmental
challenges and trade-offs that are introduced.
The subjects of these studies often will spark
spirited class discussion.

As you can see from case studies like this
one from Chapter 8, it’s not always easy to
make sustainable choices.

Module 24 Mineral Resources and Geology

Module 25 Weathering and Soil Science

Are Hybrid Electric Vehicles as Environmentally

Friendly as We Think?

Many people in the environmental sci-
ence community believe that hybrid
electric vehicles (HEV) and all-electric
vehicles are some of the most exciting
innovations of the last decade. Cars
that run on electric power or on

a combination of electricity and
gasoline are much more efficient in
their use of fuel than similarly sized
internal combustion (IC) automo-
biles. Some of these cars use no
gasoline at all, while others are able
1o run as much as twice the distance
as a conventional IC car on the same
amount of gasoline.

Although HEV and all-electric vehi-
cles reduce our consumption of liquid
fossil fuels, they do come with environ-
mental trade offs. The construction
of HEV vehicles uses scarce metals,
including neodymium, lithium, and
lanthanum. Neodymium is needed to

form the magnets used in the electric
motors, and lithium and lanthanum are
used in the compact high-performance
batteries the vehicles require. At present,

Although HEV and all-electric
vehicles reduce our
consumption of liquid fossil
fuels, they do come with
environmental trade offs.

there appears to be enough

Bolivia, Canada, and elsewhere, but
most of these deposits have not yet been
developed for mining. Until this h:
some scientists believe that the pri
tion of HEVs and all-electric ve|
will eventually be limited b!
availability of lanthanum.

In addition to the scarc
metals needed to make HEY
all-electric vehicles, we hal
consider how we acquire
metals. Wherever mining occt
has a number of environ
consequences. Material extre

leaves a

available in the world to meet the
demand of the Toyota Motor Corporation,
which has manufactured more than
3 million Prius HEV vehicles. Toyota
obtains its lanthanum from China. There
are also supplies of lanthanum in various
geologic deposits in California, Australia,

holes, and road construction nece
for access to and from the minin|
further alters the habitat. Erosiof
water contamination are also cor|
results of mining.

A typical Toyota Prius HEV
approximately 1 kg (2.2 poun

Module Structure

Chapters are divided into short Modules to
help keep you on pace. Each module opens
with a brief description of what topics will be

covered.

Learning Objectives

A list key ideas at the beginning of the module
help to keep you focused as you read.

xviii

Patterns of Energy Use

4

In this module we begin our study of nonrenewable energy sources by looking at
patterns of energy use throughout the world and in the United States. We will see how
evaluating energy efficiency can help us determine the best application for different
energy sources. Finally, because electricity accounts for such a large percentage of
our overall energy use, we will examine the ways in which electricity is generated.

Learning Objectives

After reading this module, you should be able to

« describe the use of nonrenewable energy in the world and in the United States.
« explain why different forms of energy are best suited for certain purposes.
« understand the primary ways that electricity is generated in the United States.

Nonrenewable energy is used
worldwide and in the United States

Fossil fuels are fucls derived from biological material
that became fossilized millions of years ago. Fuels from
this source provide most of the energy used in both
developed and developing countries. The vast majority
of the fossil fuels we use—coal, oil, and natural gas—
come from deposits of organic matter that were formed
50 million to 350 million years ago. As we saw in
Chapter 3 (see Figure 7.2 on page 83), when organisms
die, decomposers break down most of the dead biomass
aerobically, and it quickly reenters the food web.
However, in an anacrobic environment—for example
in places such as swamps, river deltas, and the ocean
floor—a large amount of detritus may build up quickly.
Under these conditions, decomposers cannot break
down all of the detritus. As this material is buried under
succeeding layers of sediment and exposed to heat and
pressure, the organic compounds within it are chemi-
cally transformed into high-energy solid, liquid, and

gaseous that are easily 1t d. Because

fossil fuel cannot be replenished once it is used up, it is
known as a nonrenewable energy resource. Nuclear
fuel, derived from radioactive materials that give off
energy, is another major source of nonrenewable energy
on which we depend. The supplies of these energy
types are finite.

Every country in the world uses energy at different
rates and relies on different energy resources. Factors
that determine the rate at which energy is used include
the resources that are available and affordable. In the
past few decades, people have also begun to consider
environmental impacts in some energy-use decisions.

Fossil fuel A fuel derived from biological material
that became fossilized millions of years ago.
Nonrenewable energy resource An energy
source with a finite supply, primarily the fossil fuels
and nuclear fuels.

Nuclear fuel Fuel derived from radioactive materials
that give off energy.

MODULE 34 = Patterns of Energy Use 399

Running glossary

Important key terms are set in bold type in the text and defined at
the bottom of the page on which they are introduced. Key terms
are also defined in the glossary at the end of the book.

Getting the Most from This Book




|Math practice makes perfect.

Do the Math

Among the biggest challenges on the AP® Environmental Science Exam are
questions that ask you to solve environmental science math problems. “Do
the Math” problems help you practice the math skills that you’ll need to
tackle these problems on the exam.

é N

d O ‘th e Calculating Energy Supply
According to the U.S. Department of Energy, a typical home in the United States
uses approximately 900 kWh of electricity per month. On an annual basis, this is

m at h 900 kWh/month X 12 months/year = 10,800 kWh/year

How many homes can a 500 MW power plant with a 0.9 capacity factor support?
Begin by determining how much electricity the plant can provide per month:

500 MW X 24 hours/day X 30 days/month X 0.9 = 324,000 MWh/month

1 MWh equals 1,000 kWh, so to convert MWh per month into kWh per month,
we multiply by 1,000:

324,000 MWh/month X 1,000 kWh/MWh = 324,000,000 kWh/month

So
324,000,000 kWh/month
900 kWh/month/home

On average, a 500 MW power plant can supply roughly 360,000 homes with
electricity.

= 360,000 homes

Your Turn During summer months, in hot regions of the United States, some
homes run air conditioners continuously. How many homes can the same power
plant support if average electricity usage increases to 1,200 kWh/month during

K summer months? j

Your Turn

Each “Do the Math” box has a “Your Turn” practice problem to help you
review and practice the math skills introduced.

f )
do the Converting Between Hectares and Acres

In the metric system, land area is expressed in hectares. A hectare (ha) is 100 meters

by 100 meters. In the United States, land area is most commonly expressed in
m at acres. There are 2.47 acres in 1 ha. The conversion from hectares is relatively easy
to do without a calculator; rounding to two significant figures gives us 2.5 acres

in 1 ha. If a nature preserve is 100 ha, what is it size in acres?
100 ha X 2.5 acres = 250 acres

Your Turn A particular forest is 10,000 acres. Determine its size in hectares.

N

Prepare for the Exam

J

Once you are comfortable with the math skills introduced, you’ll be prepared
for quantitative problems on the exam.

Getting the Most from This Book Xix



Analyze and interpret visual data.

(b) Uniform distribution

Photos and lllustrations

The photos and illustrations in this book are more than just
pretty pictures. They have been carefully chosen and devel-
oped to help you comprehend and remember the key ideas.

o
Excfmnge Respiration ombustion
CO, in the atmosphere Sugars are converted Fossil fuels and

and GO, dissolved in
water are constantly,
exchanged.

back into CO,. plant matter are
converted into CO,
Photosynthesis
CO, is converted
into sugars.

Sedimentation
Calcium carbonate
precipitates out of the

4 Fossil fuels
water as sediments.

TABLE 3 Comparison of nonrenewable energy fuels

Pollutant and
greenhouse gas Energy return on energy G
Energy Type Advantages Disadvantages emissions Electricity (cents/kWh)  investment* Tables and raphs
Oilgasoline o Ideal for mobile o Significant refining o Second highest » Relatively itle electriciy 4.0 (gasoling)
combustion (high required emitter of CO, is generated from ol 5.7 (dlesel) : :
Sy Olspptntlfet amorg ol s To understand environmental science and succeed on
« Quick ignition/turn-off  on habitats near drling » Hydrocarbons . . 2 5
bty fes * Hogen e the exam, you need to engage in the scientific practice
* Cleaner burning than e Significant dust and >
coal emissions from fossil o o o o
Tt of analyzing and interpreting a variety of tables, graphs,
power earth-moving d h
equipment
o Human rights/ and charts.
environmental
Justice issues in
developing countries
that export oil
* Will probably be much
less avallable n the next
40 years o s0
Coal o Energy-denseand  Mining practices « Highest emitte of s
abundant—U.S. frequently risk human ~ CO, among energy GRS o wuctoar noray Roshliees 424
resources willlastat ives and sources
least 200 years dramatically atter natural  Sufur
* No refining necessary landscapes * Trace amounts of
o Easy, safe {0 transport  Coal power plants are  toxic metals such
o Economic backbone of  slow to reach full as mercury
some small towns ‘operating capacity
o Alarge
contributing factor to
acid rain in the United
Sates 250 250
Natural Gas « Cogeneration power  Risk of leaks/ « Methane 6-8 cents/kiWh 8
plants can have explosions o Hydrocarbons » »
efficiencies up to  Twenty-five times o Hydrogen sulfide ® 2004 T 200 o K=195  P. aurelia
o more effective as a 3 ]
o Efficient for cooking, ~ greenhouse gas than = A ) 7 2
home heating, etc. €0, S 150 o aramecium aurelia 5 1504 _
 Fewer impurities than e Not available g .g alSiaBacaudatim
coal or oi everywhere because it = K=105 P, aurelia =
is tansported by S 100+ ° 100
pipelines 3 3
Nuclear Energy ~ » Emits 10CO,once Very unpopuar; + Radicactive waste 12-15 cents/kWh £ 8 K=64 P. caudatum £
plant is operational generates protests is dangerous for 3 50 S 50+
o Offers independence  ® Plants are very hundreds of z z
from imported oil expensive to build thousands of Paramecium caudatum
o High energy density,  because of legal years 0 . . . . . . . | 0 - : o - - - : . ]
D G EED © LBLIHEm N 0o 2 6 8 10 12 14 16 18 0O 2 4 6 8 10 12 14 16 18
* Meltdown could be currently in place:
catastrophic to manage Days Days
 Possible target for radioactive waste (a) Low-food supply (b) High-food supply
terrorist attacks No air
pollution during . - o
production FIGURE 18.3 Gause’s experiments. (a) Under low-food conditions, the population sizes of two
species of Paramecium initially increased rapidly, but then leveled off as their food supply became
limiting. (b) When twice as much food was provided, both species attained population sizes that were
*Estimates vary widely. nearly twice as large, but they again leveled off. (Data from Gause, 1932)
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|Review and practice for quizzes and tests.

3

REVIEW

In this module, we have seen how specific aspects of the
scientific method are used to conduct field and labora-
tory evaluations of how human activity affects the nat-
ural environment. The scientific method follows a pro-
cess of observations and questions, testable hypotheses
and predictions, and data collection. Results are inter-

Module 3 AP® Review Questions

1. The first step in the scientific process is
(a) collecting data.
(b) observations and questions.
(¢c) forming a hypothesis.
(d) disseminating findings.
(e) forminga theory.

Use the following information for questions 2 and 3:

Two new devices for measuring lead contamina-
tion in water are tested for accuracy. Scientists test
each device with seven samples of water known to
contain 400 ppm of lead. Their data is shown below.
Concentration is in parts per billion.

‘Water

Sample 1 2 3 4 5 3 7
Device 1 415 417 416 417 415 416 416
Device 2 398 401 400 402 398 400 399

2. The data from device 1 is
(a) accurate, but not precise.
(b) precise, but not accurate.
(c) both accurate and precise.
(d) neither accurate nor precise.
(e) not clear enough to support any conclusion
about accuracy or precision.

3. Assuming the devices were used correctly,and
assuming we want to choose a device that
accurately reflects the true concentration of lead in

preted and shared with other researchers. Experiments
can be either controlled (manipulated) experiments or
natural experiments that make use of natural events.
There are often challenges in environmental science
including the lack of baseline data and the interactions
with social factors such as human preferences.

the water samples, which conclusion does the data

support?

(a) Device 1is superior to device 2 because it is
more precise.

(b) Device 2 is superior to device 1 because it is
more precise.

(¢) Device 1 is superior to device 2 because it is
more accurate.

(d) Device 2 is superior to device 1 because it is
more accurate.

(e) Both devices are equally effective at measuring
contaminates.

4. Chall in the study of em
clude all of the following except
(a) dangers of studying natural systems.
b) lack of baseline data.
) subjectivity of environmental impacts.
d) complexity of natural systems.
) complex interactions between humans and the
environment.

I science in-

5. A control group is

(a) a group with the same conditions as the
experimental group.

) a group with conditions found in nature.

) a group with a randomly assigned population.

) a group with the same conditions as the

experimental group except for the study variable.

a group that is kept at the same condition

throughout the experiment]

=22z

(e

Chapter Review

At the end of each chapter, take time to review

the main ideas and key terms.

REVIEW

| Key Terms

Throughout this chapter, we have outlined principles,
techniques, and methods that will allow us to approach
environmental science from an interdisciplinary per-
spective as we evaluate the current condition of Earth
and the ways that human beings have influenced it. We
identified that we can use environmental indicators to
show the status of specific environmental conditions in

Module Review

Solidity your understanding by reviewing the
main ideas in each module review.

Exam Prep All Year

Each module ends with multiple-choice ques-
tions similar to those on the AP® exam.
Practicing your test-taking strategies for
multiple-choice questions throughout the year
will pay oft when you take the exam.

the past, at present, and, potentially, into the future.
These indicators and other environmental metrics
must be measured using the same scientific process
used in other fields of science. Environmental science
does contain some unique challenges because there is
no undisturbed baseline—humans began manipulating
Earth long before we have been able to study it.

Fracking

Environment
Environmental science
Ecosystem

Biotic

Abiotic
Environmentalist
Environmental studies
Ecosystem services
Environmental indicators
Biodiversity

Genetic diversity

| Learning Objectives Revisited

Species Hypothesis
Species diversity Null hypothesis
Speciation Replication

Background extinction rate Sample size

Greenhouse gases Accuracy
Anthropogenic Precision
Development Uncertainty
Sustainability Theory

Sustainable development
Biophilia

Ecological footprint
Scientific method

Control group

Natural experiment

Module 1

Environmental Science

¢ Define the field of environmental science and
discuss its importance.

Module 2 Environmental Indicators and

Sustainability

« Identify key environmental indicators and
their trends over time.

Learning Objectives Revisited

Check your notes against summaries of the
learning objectives for each module in the
chapter.

Environmental science is the study of the interac-
tions among human-dominated systems and natural
systems and how those interactions affect environ-
ments. Studying environmental science helps us

Five important global-scale environmental indica-
tors are biological diversity, food production, aver-
age global surface temperature and atmospheric CO,

identify, understand, and respond to antt

changes.

Identify ways in which humans have altered
and continue to alter our environment.

The impact of humans on natural systems has been
significant since early humans hunted some large

uman pop and resource
depletion. Biological diversity is decreasing as a
result of human actions, most notably habitat
destruction and habitat degradation. Food produc-
tion appears to be leveling off and may be decreas-
ing. Carbon dioxide concentrations are steadily
increasing as a result of fossil fuel combustion and

animal species to However, tech 2
and population growth have dramatically increased
both the rate and the scale of human-induced
change.

land ¢ . Human population continues to
increase and probably will continue to do so
throughout this century. Resource depletion for
most natural resources continues to increase.

Getting the Most from This Book
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Prepare and practice for the AP® Environmental

Science Exam.

Chapter AP® Environmental Science Practice Exam

When you finish a chapter take the practice exam to check your understanding
of the main ideas. The practice exam will help you become familiar with the
style of questions on he AP® Environmental Science Exam.

| Chapter 1 AP® Environmental Science Practice Exam

Section 1: Multiple-Choice Questions
Choose the best answer for questions 1-11.

1. Which of the following events has increased the
impact of humans on the environment?
I advances in technology
II. reduced human population growth
III. use of tools for hunting

) Tonly

) Tand II only

) Il and III only
) TandIII only
) LILand III

2. Asdescribed in this chapter, environmental indicators

(a) always tell us what is causing an environmental
change.

(b) can be used to analyze the health of natural
systems.

(c) are useful only when studying large-scale
changes.

(d) do not provide information regarding
sustainability.

(e) take into account only the living components of
ecosystems.

3. Which statement regarding a global environmental
indicator is NOT correct?

(a) Concentrations of atmospheric carbon dioxide
have been rising quite steadily since the
Industrial Revolution.

(b) World grain production has increased fairly

(c) For the past 130 years, average global surface M u Iti ple_Ch oice Questi ons

temperatures have shown an overall increase that
seems likely to continue.

(d) World population is expected to be between Each Chapter exam begins with
8.1 billion and 9.6 billion by 2950. . ) multiple—choice questions mod—
(e) Some natural resources are available in finite S
amounts and are consumed during a one-time eled after those you 1I see on the

use, whereas other finite resources can be used
multiple times through recycling.

exam. Many of the questions ask

Figure 2.5 (on page 12) shows atmospheric carbon you £ analyze or lnterpret

dioxide concentrations over time.The measured tables, graphs, or ﬁgures.

concentration of CO, in the atmosphere is an

example of

(a) asample of air from over the Antarctic.

b) an environmental indicator.

c) replicate sampling.

d) calculating an ecological footprint.

e) how to study seasonal variation in Earth’s
temperatures.

(
(
(
(

Environmental metrics such as the ecological footprint
are most informative when they are considered along
with other environmental indicators. Which indicator,
when considered in conjunction with the ecological
footprint, would provide the most information about
environmental impact?

(a) biological diversity

(b) food production

(¢) human population
C)

(

CO, ) .
o) water Section 2: Free-Response Questions

Free-Response Questions

Inscience  [iite your answer to each part clearly. Support your
answers with relevant information and examples.
Where calculations are required, show your work.

1. Your neighbor has fertilized her lawn. Several weeks
later, she is alarmed to see that the surface of her
ornamental pond, which sits at the bottom of the
sloping lawn, is covered with a green layer of algae.

(a) Suggest a feasible explanation for the algal bloom

Chapter exams include two free-response in the pond. (2 points)
questions. Points are assigned to indicate how (b) Design an experiment that would enable you to

a complete, correct answer would be scored on

validate your explanation. Include and label in

® 5 o your answer:
thg AP exam. The more practice you have in () a testable hypothesis (2 points)
writing answers to free-response questions, the (i) the variable that you will be testing

better you will do on the exam.

XX| Getting the Most from This Book

(1 point)

(iii) the data to be collected (1 point)

(iv) a description of the experimental
procedure (2 points)

(v) adescription of the results that would
validate your hypothesis (1 point)

(c) Based on the data from your experiment and
your explanation of the problem, think of and
suggest one action that your neighbor could take
to help the pond recover. (1 point)



Unit AP® Environmental
Science Practice Exam

The textbook is divided into 8
major units. At the end of each
unit, you are provided with a lon-
ger practice exam containing 20
multiple-choice questions and 2
free-response questions.
exams give you a chance to review
material across multiple chapters
and to practice your test-taking

skalls.

These

Unit 1 AP® Environmental Science Practice Exam

Section 1: Multiple-Choice Questions

Choose the best answer for questions 1-20.

1.

‘Which best describes how humans have altered
natural systems?

I.  Overhunted many large mammals to extinction.

II. Created habitat for species to thrive.
III. Emitted greenhouse gases.

(a) Tonly
(b) TandII only
(c) I andIII only

(d) TandIII only
(e) LII,and III

‘Which does NOT describe a benefit of biodiversity?

(a) Genetic biodiversity improves the ability of a
population to cope with environmental change.

(b) Ecosystems with higher species diversity are
more productive.

(c) Species serve as environmental indicators of
global-scale problems.

(d) Speciation reduces natural rates of species
extinction.

(e) Humans rely on ecological interactions among
species to produce ecosystem services.

Which of the following is NOT a consequence of’
human population growth?
(a) Depletion of natural resources

6. The greatest value of the scientific method is best

stated as:

(a) The scientific method permits researchers a
rapid method of disseminating findings.

(b) The scientific method removes bias from
observation of natural phenomenon.

(c) The scientific method allows findings to be
reproduced and tested.

(d) The scientific method promotes sustainable
development.

(e) The scientific method reduces the complexity of
experimental results.

7. Researchers conducted an experiment to test the
hypothesis that the use of fertilizer near wetlands is
associated with increased growth of algae. An
appropriate null hypothesis would be:

(a) The use of fertilizer near wetlands is associated
with an increase in fish biomass.

(b) Growth of algae in wetlands is never associated
with increased fertilizer use.

(c) Application of fertilizers near wetlands is always
associated with increased growth of algae.

(d) Fertilizer use near wetlands has no association
with growth of algae.

(e) Fertilizer use near wetlands leads to increased
growth of algae as a result of elevated nutrient
concentrations.

Cumulative AP® Environmental Science Practice Exam

At the end of the text you will find a cumulative exam with 100 multiple-choice
questions and 4 free-response questions. This exam matches the actual AP®
Environmental Science exam in length and scope.

cumulative AP® environmental science practice exam

Section 1: Multiple-Choice Questions

Choose the best answer for questions 1—100.

1.

Primary production is an example of
1. an ecosystem service.

II. an environmental indicator.

III. heterotrophic activity.

(a) Tonly
(b) I only

() landII

(d) IIandIIT
(e) I,II,and III

Which of the following is likely to increase
biodiversity within a biome?

(a) Landscape fragmentation

(b) Introduction of an invasive species

(c) Immigration of humans
(d) Speciation
(e) A disease epidemic

The United States produces 8 million tons of orange:
in a single year. However, many orange crops are
succumbing to a deadly invasive bacteria. If 10,000
hectares of orange cropland are lost in a year to this
bacteria, and a single acre can produce 20 tons of
oranges, what percentage of the total orange crop is
lost to the disease in a year? (Note that 1 hectare =
2.5 acres.)

(a) 2 percent

(b) 6 percent

(c) 10 percent

(d) 20 percent

(e) 24 percent

4. Which is a flaw of this experiment?

5.

(a) The experiment lacks a control treatment.

(b) 10 ppm is a negligible increase of CO, relative to
ambient concentrations.

(c) The hypothesis is actually a null hypothesis.

(d) The measured response variable does not relate
to the hypothesis.

(e) N,O gas is not a greenhouse gas.

As hypothesized, the researchers found that plants
exposed to elevated CO, had increased biomass after 2

Section 2: Free-Response Questions

Write your answer to each part clearly. Support your
answers with relevant information and examples. Where
calculations are required, show your work.

The City of Philadelphia recently replaced one out of
every 10 trash bins with solar-powered trash
compactors. The compactor is an enclosed unit with
a door that opens for trash disposal. The compactor
automatically detects when the bin is full and uses a
solar-powered mechanical crusher to compact the
contents. When the compactor needs to be emptied,
it sends an electronic signal. Use of solar-powered
compactors has increased the capacity of public trash
bins and has reduced the number of trash collection
visits to each bin from 17 times per week to 5 times
per week.

(a) Describe four positive externalities of installing
solar-powered trash compactors. (2 points)

(b) Describe six cradle-to-grave components of
solar-powered trash compactors. (2 points)

(c) Suggest one way that the installation of solar-
powered trash compactors can reverse the effects
of urban blight. (2 points)

1
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2. The country of Costa Rica has an abundance of
climactic, geographic, and biological diversity.
However, in the last century intensive farming and
population growth have led to a 75 percent reduction
in its forests. In the 1980s, the government of Costa
Rica began to address concerns about the loss of
forest with a series of political and environmental
programs. These programs, designed to generate
more sustainable economic development, include
land protection and conservation of biodiversity.

(a) Costa Rica lies just north of the equator and
contains a series of mountain ranges that run the
entire length of the country.

(1) Given its geographic location, what is likely
to be the prevailing wind pattern across the
country? (1 point)

(i) Describe how mountain ranges contribute to
the climactic, geographic, and biological
diversity observed in Costa Rica. (1 point)

Given that Costa Rica is bordered by the

Atlantic and Pacific Oceans, how are weather

patterns in the country likely to be affected by

the El Nifio—Southern Oscillation (ENSO)?

(2 points)

(b
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|Be inspired by individuals making a difference.
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sustainability

A New Cook Stove Design

In China, India, and sub-Saharan Africa, people in
80 to 90 percent of households cook food using wood,
animal manure, and crop residues as their fuel. Since
women do most of the cooking, and young children
are with the women of the houschold for much of the
time, it is the women and young children who receive
the greatest exposure to carbon monoxide and particu-
late matter. When biomass is used for cooking,
concentrations of particulate matter in the home can

Two innovators from the United States developed
a cook stove for backpackers and other outdoor
enthusiasts who needed to cook a hot meal with little
impact on the environment. They described their
stove as needing no gasoline and no batteries, both
desirable features for people carrying all their belong-
ings on their backs. They soon realized that their
stove, which could burn wood, animal manure, or
crop residue, could make an important contribution in

Working Toward Sustainability

At the end of each chapter read about
people and organizations that are making
a difference.

be 200 times higher than the exposure limits recom-
mended by the EPA. A wide range of diseases has been
associated with exposure to smoke from cooking.
Earlier in this chapter, we described that indoor air
pollution is responsible for 4 million deaths annually
around the world, and indoor cooking is a major
source of indoor air pollution.

There are hundreds of projects underway around
the world to enable women to use more efficient
cooking stoves, ventilate cooking areas, cook outside
whenever possible, and change customs and practices
that will reduce their exposure to indoor air pollution.
The use of an efficient cook stove will have the added
benefit of consuming less fuel. This improves air qual-

ity and reduces the amount of fuel needed, which has
: 11 1 3 '

the developin
physically sep:

form when th 1.
burn the gases.
inside the stov

countries?

2. How can technology offer solutions to cooking over

open fires?

References
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Critical Thinking Questions

Why are women and children often the ones most
exposed to indoor air pollution in developing

Bilger, B. 2009. Annals of Invention, Hearth Surgery, The
New Yorker, December 21, p. 84; http://www.newyorker
.com/reporting/2009/12/21/091221fa_fact_bilger#ixzz

www.biolitestove.com, homepage of BioLite stove.

Critical Thinking Questions

Working Toward Sustainability provides questions that give you a chance to hone

your critical thinking and

|Science in the real

writing skills.

world.

What Happened to the

At the beginning of the twentieth century, the City of
Los Angeles needed more water for its inhabitants. As
we saw at the beginning of Chapter 2, in 1913 the city
designed a plan to redirect water away from Mono Lake
in California. Before the Los Angeles Aqueduct was
built, approximately 120 billion liters of stream water
(31 billion gallons) flowed into Mono Lake in an aver-
age year. The City of Los Angeles altered the water
balance of Mono Lake and at the same time caused a
series of changes to the Mono Lake system that led to
an increase in the salt concentration in Mono Lake.

Science Applied

At the end of each unit, the “Science
Applied” feature ofters you an oppor-
tunity to read about how the science
you are learning is used to make deci-
sions about environmental issues.

applied

Missing Salt?

water from streams must be equal to the outpu
through evaporation.

How did the salt balance change
at Mono Lake?

Although we can make the assumption that
in Mono Lake is in steady state in a typical
salt balance in the lake is not. By applying s
principles we have learned in the first two ch
can make observations and draw conclusi
what has probably happened at Mono L

Free-Response Question

Water that flows into Mono Lake contains a much
smaller concentration of salt than the water already in
the lake. This inflow tends to stratify, or float on top
of existing water, because fresh water is less dense that
salt water. As salt from the lower layer dissolves into
the upper layer, nutrients from the bottom of the lake
also rise to the surface. This exchange of nutrients is
critical for the growth of algae in the surface waters.
Recent research suggests that the reduction of water
diversion from Mono Lake had unexpected results:

In 1995, the reduction of stream diversions from
Mono Lake, combined with greater than average
quantities of fresh water from snowmelt runoft,
led to a rapid rise in water level. The large volume

Practice Free-Response Questions

Science Applied includes a free-response question related to the topic in

the article.
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Module 1 Environmental Science

Environmental Science:
Studying the State of
Our Earth

Module 2 Environmental Indicators and Sustainability
Module 3 Scientific Method

To Frack, Or Not to Frack

The United States—like other devel-
oped countries—is highly dependent
on fuels such as coal and oil that come
from the remains of ancient plants and
animals. However, the use of these fos-
sil fuels is responsible for many envi-
ronmental problems that include land
degradation and the release of pollut-
ants into the air and water. Natural
gas, also known as methane, is the
least harmful producer of air pollution
among the fossil fuels; it burns more
completely and cleanly than coal or oil,
and it contains fewer impurities.

Due to advances in technology, oil and
mining companies have recently
increased their reliance on fracking.

Fracking, short for hydraulic fracturing, is
a method of oil and gas extraction that
uses high-pressure fluids to force open
existing cracks in rocks deep under-
ground. This technique allows extraction

Footage of flames shooting
from kitchen faucets became
popular on YouTube.

of natural gas from locations that were
previously so difficult to reach that extrac-
tion was economically unfeasible. As a re-
sult, large quantities of natural gas are
now available in the United States at a

lower cost than before. A decade ago, 40

percent of energy in the United States was

used to generate electricity with half of that

energy coming from coal. As a result of

fracking, electricity generation now uses
less coal and more natural gas. Since
coal emits more air pollutants—includ-
ing carbon dioxide—than does natural
gas, increased fracking initially ap-
peared to be beneficial to the envi-
ronment.

Fracking Hydraulic fracturing, a
method of oil and gas extraction
that uses high-pressure fluids to
force open cracks in rocks deep
underground.



However, reports soon began ap-
pearing both in the popular press and
in scientific journals about the negative
consequences of fracking. Large
amounts of water are used in the frack-
ing process with millions of gallons of
water taken out of local streams and
rivers and pumped down into each gas
well. A portion of this water is later re-
moved from the well and must be
properly treated after use to avoid con-
taminating local water bodies.

A variety of chemicals are added to
the fracking fluid to facilitate the re-
lease of natural gas. Mining companies
are not required to publicly identify all
of these chemicals. Environmental sci-
entists and concerned citizens began
to wonder if fracking was responsible
for chemical contamination of under-
ground water and, in one case, the
poisoning of livestock. Some drinking-
water wells near fracking sites became
contaminated with natural gas, and
homeowners and public health officials
asked if fracking was the culprit. Water
with high concentrations of natural gas
can be flammable, and footage of
flames shooting from kitchen faucets
after someone ignited the water be-
came popular on YouTube, in docu-
mentaries, and in feature films.

However, it wasn’t clear if fracking
caused natural gas to contaminate well
water or if some of these wells con-
tained natural gas long before fracking
began. Several reputable studies
showed that drinking-water wells near
some fracking sites were contaminat-
ed, with natural gas concentrations in
the nearby wells being much higher
than in more distant wells. These is-
sues need further study, which may
take years.

Scientists have begun to assess how
much natural gas escapes during the
fracking and gas extraction process. As
we will learn in Chapter 19, methane is
a greenhouse gas and is much more ef-
ficient at trapping heat from Earth than
carbon dioxide, which is the greenhouse
gas most commonly produced by hu-
man activity. As the number of potential
environmental issues associated with
fracking began to increase, environ-
mental scientists and activists began to
ask whether fracking was making the
greenhouse problem and other environ-
mental problems worse. By 2014, it ap-
peared that opponents of fracking were
as numerous as supporters.

Certainly, using natural gas is better
for the environment than coal, though
using less fossil fuel—or using no

fossil fuel at all—would be even better.
However, at present it is difficult to
know whether the benefits of using
natural gas outweigh the problems that
extraction causes. Many years may
pass before the extent and nature of
harm from fracking is known.

The story of natural gas fracking pro-
vides a good introduction to the study of
environmental science. It shows us that
human activities that are initially
perceived as causing little harm to the
environment can in fact have adverse
effects, and that we may not recognize
these effects until we better understand
the science surrounding the issue. It
also illustrates the difficulty in obtaining
absolute answers to questions about the
environment and demonstrates that
environmental science can be contro-
versial. Finally, it shows us that making
assessments and choosing appropriate
actions in environmental science are not
always as clear-cut as they first appear.
Sources:

S. G. Osborn et al., Methane contamination of
drinking water accompanying gas-well drilling
and hydraulic fracturing, Proceedings of the
National Academy of Sciences 108 (2011):
8172-8176; Drilling down. Multiple authors in
2011 and 2012. New York Times, viewed at:

http://www.nytimes.com/interactive/us
/DRILLING_DOWN_SERIES.html.

he process of scientific inquiry builds on previous work and careful, sometimes

lengthy, investigations. For example, we will eventually accumulate a body of

knowledge on the effects of hydraulic fracturing of natural gas, but until we have

this knowledge, we will not be able to make a fully informed decision about the policies

of energy extraction. In the meantime, we may need to make interim decisions based

on incomplete information. This uncertainty is one feature —and an exciting aspect—of

environmental science.

To investigate important topics such as the extraction and use of fossil fuels, environ-

mental science relies on a number of indicators, methodologies, and tools. This chapter

introduces you to the study of the environment and outlines some of the important foun-

dations and assumptions you will use throughout your study.

2  CHAPTER 1

Environmental Science: Studying the State of Our Earth
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Environmental Science

Humans are dependent on Earth’s air, water, and soil for our existence. However,
we have altered the planet in many ways, both large and small. The study of
environmental science can help us understand how humans have changed the
planet and identify ways of responding to those changes.

Learning Objectives

After reading this module you should be able to

¢ define the field of environmental science and discuss its importance.
* jdentify ways in which humans have altered and continue to alter our environment.

Environmental science offers
important insights into our world
and how we influence it

Stop reading for a moment and look up to observe
your surroundings. Consider the air you breathe, the
heating or cooling system that keeps you at a comfort-
able temperature, and the natural or artificial light that
helps you see. Our environment is the sum of all the
conditions surrounding us that influence life. These
conditions include living organisms as well as nonliv-
ing components such as soil, temperature, and water.
The influence of humans is an important part of the
environment as well. The environment we live in
determines how healthy we are, how fast we grow,
how easy it is to move around, and even how much
food we can obtain. One environment may be strik-
ingly different from another—a hot, dry desert versus
a cool, humid tropical rainforest, or a coral reef teem-
ing with marine life versus a crowded city street.

We are about to begin an examination of environ-
mental science, the field of study that looks at inter-
actions among human systems and those found in
nature. By system we mean any set of interacting com-

ponents that influence one another by exchanging
energy or materials. We have already seen that a
change in one part of a system—for example, fracking
in a particular geologic formation—can cause changes
throughout the entire system, such as in a nearby well
that supplies drinking water.

An environmental system may be completely
human-made, like a subway system, or it may be
natural, like weather. The scope of an environmental
scientist’s work can vary from looking at a small popu-
lation of individuals, to multiple populations that make
up a species, to a community of interacting species, or
to even larger systems, such as the global climate sys-
tem. Some environmental scientists are interested in
regional problems. The specific case of fracking at a
particular location in the United States, for example, is
a regional problem. Other environmental scientists

Environment The sum of all the conditions
surrounding us that influence life.

Environmental science The field of study that looks
at interactions among human systems and those found
in nature.

MODULE 1 = Environmental Science 3
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Environmental
studies

FIGURE 1.1 Environmental studies. The study of environmental
science uses knowledge from many disciplines.

work on global issues, such as species extinction and
climate change.

Many environmental scientists study a specific type
of natural system known as an ecosystem. An ecosystem
is a particular location on Earth with interacting com-
ponents that include living, or biotic, components and
nonliving, or abiotic, components.

As a student of environmental science, you should
recognize that environmental science is different from
environmentalism, which 1s a social movement that seeks
to protect the environment through lobbying, activ-
ism, and education. An environmentalist is a person
who participates in environmentalism. In contrast, an
environmental scientist, like any scientist, follows the
process of observation, hypothesis testing, and field
and laboratory research. We’ll learn more about the
process of science later in this chapter.

Ecosystem A particular location on Earth with
interacting biotic and abiotic components.

Biotic Living.

Abiotic Nonliving.

Environmentalist A person who participates in
environmentalism, a social movement that seeks

to protect the environment through lobbying,
activism, and education.

Environmental studies The field of study that
includes environmental science and additional
subjects such as environmental policy,
economics, literature, and ethics.

4  CHAPTER 1

So what does the study of environmental science
actually include? As FIGURE 1.1 shows, environmental
science encompasses topics from many scientific disci-
plines, such as chemistry, biology, and Earth science.
Environmental science is itself a subset of the broader
field known as environmental studies, which
includes additional subjects such as environmental
policy, economics, literature, and ethics. Throughout
the course of this book you will become familiar with
these and many other disciplines.

We have seen that environmental science is a
deeply interdisciplinary field. It is also a rapidly grow-
ing area of study. As human activities continue to
affect the environment, environmental science can
help us understand the consequences of our interac-
tions with our planet and help us make better decisions
about our actions.

Humans alter natural systems

Think of the last time you walked in a wooded area.
Did you notice any dead or fallen trees? Chances are
that even if you did, you were not aware that living
and nonliving components were interacting all around
you. Perhaps an insect pest killed the tree you saw and
many others of the same species. Over time, dead trees
in a forest lose moisture. The increase in dry wood
makes the forest more vulnerable to intense wildfires.
But the process doesn’t stop there. Wildfires trigger
the germination of certain tree seeds, some of which
lie dormant until after a fire. And so what began with
the activity of insects leads to a transformation of the
forest. In this way, biotic factors interact with abiotic
factors to influence the future of the forest. All of these
factors are part of a system.

Systems can vary in size. A large system may con-
tain many smaller systems within it. FIGURE 1.2 shows
an example of complex, interconnecting systems that
operate at multiple space and time scales: the fisheries
of the North Atlantic. A physiologist who wants to
study how codfish survive in the North Atlantic’s
freezing waters must consider all the biological
adaptations of the cod that enable it to be part of one
system. In this case, the fish and its internal organs are
the system being studied. In the same environment, a
marine biologist might study the predator-prey rela-
tionship between cod and herring. That relationship
constitutes another system, which includes two fish
species and the environment they live in. At an even
larger scale, a scientist might examine a system that
includes all of these systems as well as people, fishing
technology, policy, and law. The global environment
is composed of both small-scale and large-scale
systems.

Environmental Science: Studying the State of Our Earth



To a physiologist,
a cod is a system.

To a marine
biologist, the
predator-prey
relationship
between two fish
species forms a
system.

For an
oceanographer,
the system might
consist of ocean
currents and their
effects on fish
populations.

A fisheries manager
is interested in a
larger system,
consisting of fish
populations as well
as human activities
and laws.

FIGURE 1.2 Systems within systems. The boundaries of

an environmental system may be defined by the researcher’s point of
view. Physiologists, marine biologists, oceanographers, and fisheries
managers would all describe the North Atlantic Ocean fisheries system
differently.

Humans manipulate the systems in their environment
more than any other species. We convert land from its
natural state into urban, suburban, and agricultural areas.
We change the chemistry of our air, water, and soil, both
intentionally—for example, by adding fertilizers—and

unintentionally—for example, by our activities that gen-
erate pollution. Even where we don’t manipulate the
environment directly, the simple fact that there are so
many of us affects our surroundings.

Humans and our direct ancestors (other members of
the genus Homo) have lived on Earth for about 2.5 million
years. During this time, and especially during the last
10,000 to 20,000 years, we have shaped and influenced
our environment. As tool-using, social animals, we have
continued to develop a capacity to directly alter our
environment in substantial ways. Homo sapiens—
genetically modern humans—evolved to be successtul
hunters; when they entered a new environment, they
often hunted large animal species to extinction. In fact,
early humans are thought to be responsible for the
extinction of mammoths, mastodons, giant ground
sloths, and many types of birds. More recently, hunting
in North America led to the extinction of the passenger
pigeon (Ectopistes migratorius) and nearly caused the loss
of the American bison (Bison bison).

But the picture isn’t all bleak. Human activities
have also created opportunities for certain species to
thrive. For example, for thousands of years Native
Americans on the Great Plains used fire to capture
animals for food. The fires they set kept trees from
encroaching on the plains, which in turn created a
window for an entire ecosystem to develop. Because
of human activity, this ecosystem—the tallgrass
prairie—is now home to numerous unique species.

During the last two centuries, the rapid and wide-
spread development of technology, coupled with
dramatic human population growth, has substantially
increased both the rate and the scale of our global
environmental impact. Modern cities with electricity,
running water, sewer systems, Internet connections,
and public transportation systems have improved
human well-being, but they have come at a cost.
Because cities cover land that was once natural habi-
tat, species that relied on that habitat must adapt,
relocate, or go extinct. Human-induced changes in
climate—for example, in patterns of temperature and
precipitation—affect the health of natural systems on
a global scale. Current changes in land use and cli-
mate are rapidly outpacing the rate at which natural
systems can evolve. Some species have not “kept up”
and can no longer compete in the human-modified
environment.

Moreover, as the number of people on the planet
has grown, their effect has multiplied. Six thousand
people can live in a relatively small area with only
minimal effects on the environment. But when
roughly 4 million people live in a modern city like Los
Angeles, their combined activity will cause environ-
mental damage that will inevitably pollute the water,
air, and soil as well as introduce other adverse conse-
quences (FIGURE 1.3).

MODULE 1 = Environmental Science 5



(b)

FIGURE 1.3 Human impact on Earth. Itis impossible for millions of people to inhabit an area without
altering it. (a) In 1880, fewer than 6,000 people lived in Los Angeles. (b) In 2013, Los Angeles had a population
of 3.9 million people, and the greater Los Angeles metropolitan area was home to nearly 13 million people.

(a: The Granger Collection, New York; b: LA/AeroPhotos/Alamy)
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REVIEW

In this module we have seen that the study of
environmental science helps us understand the role
humans have played in the natural environment,
and how that role has changed over time. There are
specific approaches to the study of environmental

Module 1 AP® Review Questions

1. Impacts of fracking include
I contamination of ground water.
II increased use of coal.
IIT lower natural gas prices.
(a) Tonly
(b) TandII only
(c) IIandIII only
(d) TandIII only
(¢) LIIandIII
2. Which of the following is an abiotic component?
an eagle
arock
atree
a human
a virus

e oe

(
(
(
(
(

€

science, some of which utilize terms and concepts
from other disciplines. To study environmental sci-
ence, we utilize specific techniques and environ-
mental indicators, the focus of the next module.

3. Which of the following is NOT true about
ecosystems?
(a) They include biotic components.
(b) They can be a wide range of sizes.
(¢) They include no human components.
(d) Many interactions among species occur in them.
(e) They include abiotic components.

4. Each of the following is an example of how humans
have negatively affected the environment except
(a) hunting large mammals.
(b) conversion of arid land to agricultural use.
(c) the use of fire to create the Great Plains.
(d) slash-and-burn forest clearing.
(e) fertilizer additions to lakes and rivers.
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Environmental Indicators
and Sustainability

As we study the way humans have altered the natural world, it is important to have
techniques for measuring and quantifying human impact. Environmental indicators
allow us to assess the impact of humans on Earth. The use of these indicators help
us determine whether or not the quality of the natural environment is improving and
inform discussions on the sustainability of humans on the planet.

Learning Objectives

After reading this module you should be able to

¢ identify key environmental indicators and their trends over time.
e (define sustainability and explain how it can be measured using the ecological

footprint.

Environmental scientists monitor
natural systems for signs of stress

One critical question that environmental scientists
investigate is whether the planet’s natural life-support
systems are being degraded by human-induced changes.
Natural environments provide what we refer to as
ecosystem services—the processes by which life-
supporting resources such as clean water, timber, fish-
eries, and agricultural crops are produced. Although
we often take a healthy ecosystem for granted, we
notice when an ecosystem is degraded or stressed
because it is unable to provide the same services or
produce the same goods. To understand the extent of
our effect on the environment, we need to be able to
measure the health of Earth’s ecosystems.

To describe the health and quality of natural systems,
environmental scientists use environmental indicators. Just
as body temperature and heart rate can indicate whether
a person is healthy or sick, environmental indicators
describe the current state of an environmental system.

These indicators do not always tell us what is causing a
change, but they do tell us when we might need to look
more deeply into a particular issue. Environmental indi-
cators provide valuable information about natural sys-
tems on both small and large scales. Some of these
indicators and the chapters in which they are covered
are listed in TABLE 2.1.

In this book we will focus on the five global-scale
environmental indicators listed in TABLE 2.2: biological
diversity, food production, average global surface tem-
perature and carbon dioxide concentrations in the
atmosphere, human population, and resource depletion.
Throughout the text we will cover each of these five
indicators in greater detail. Here we take a first look.

Ecosystem services The processes by which life-
supporting resources such as clean water, timber,
fisheries, and agricultural crops are produced.

Environmental indicator An indicator that describes
the current state of an environmental system.
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1 =8 =5 Some common environmental indicators

Environmental indicator Unit of measure Chapter

Human population Individuals 7

Ecological footprint Hectares of land 1

Total food production Metric tons of grain 11

Food production per unit area Kilograms of grain per 11
hectare of land

Per capita food production Kilograms of grain per person 11

Carbon dioxide Concentration in air (parts 19
per million)

Average global surface temperature Degrees centigrade 19

Sea level change Millimeters 19

Annual precipitation Millimeters 4

Species diversity Number of species 5,18

Fish consumption advisories Present or absent; number of 17
fish allowed per week

Water quality (toxic chemicals) Concentration 14

Water quality (conventional pollutants) Concentration; presence or absence 14
of bacteria

Deposition rates of atmospheric Milligrams per square meter per year

compounds 15

Fish catch or harvest Kilograms of fish per year or weight 11
of fish per effort extended

Extinction rate Number of species per year B

Habitat loss rate Hectares of land cleared or “lost” per year 18

Infant mortality rate Number of deaths of infants under 7
age 1 per 1,000 live births

Life expectancy Average number of years an infant born 7
today can be expected to live under current
conditions

17-\:18 =22  Five key global indicators

Indicator

Recent trend

Outlook for the future

Overall impact on
environmental quality

Biological diversity

Food production

Average global surface
temperature and CO,
concentration

Human population

Resource depletion

Large number of
extinctions, extinction
rate increasing

Per capita production
possibly leveling off

CO, concentrations and
temperatures increasing

Still increasing, but
growth rate slowing

Many resources being depleted

at rapid rate, but human ingenuity
develops “new” resources, and
efficiency of resource use is
increasing in many cases

Extinctions will continue

Unclear

Probably will continue to
increase, at least in the
short term

Population leveling off;
resource consumption rates
also a factor

Unknown

Negative

May affect the number of
people Earth can support

Effects are uncertain and varied
but probably detrimental

Negative

Increased use of most resources
has negative effects
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Biological Diversity

Biological diversity, or biodiversity, is the diversity
of life forms in an environment. It exists on three
scales: ecosystem, species, and genetic, illustrated in
FIGURE 2.1. Each level of biodiversity is an important
indicator of environmental health and quality.

Genetic Diversity

Genetic diversity is a measure of the genetic varia-
tion among individuals in a population. Populations
with high genetic diversity are better able to respond
to environmental change than populations with lower
genetic diversity. For example, if a population of fish
possesses high genetic diversity for disease resistance, at
least some individuals are likely to survive whatever
diseases move through the population. If the popula-
tion declines in number, however, the amount of
genetic diversity it can possess is also reduced, and this
reduction increases the likelihood that the population
will decline further when exposed to a disease.

Species Diversity

A species is defined as a group of organisms that is
distinct from other groups in its morphology (body
form and structure), behavior, or biochemical proper-
ties. Individuals within a species can breed and produce
fertile offspring. Scientists have identified and cataloged
approximately 2 million species on Earth. Estimates of
the total number of species on Earth range between
5 million and 100 million, with the most common esti-
mate at 10 million. This number includes a large array
of organisms with a multitude of sizes, shapes, colors,
and roles.

Species diversity indicates the number of species
in a region or in a particular type of habitat. Scientists
have observed that ecosystems with more species—
that is, higher species diversity—are more productive
and resilient—that is, better able to recover from dis-
turbance. For example, a tropical forest with a large
number of plant species growing in the understory is
likely to be more productive, and better able to with-
stand change, than a nearby tropical forest plantation
with one crop species growing in the understory.

Environmental scientists often focus on species
diversity as a critical environmental indicator. The
number of frog species, for example, is used as an indi-
cator of regional environmental health because frogs
are exposed to both the water and the air in their eco-
system. A decrease in the number of frog species in a
particular ecosystem may be an indicator of environ-
mental problems there. Species losses in several ecosys-
tems can indicate environmental problems on a larger
scale. Not all species losses are indicators of environ-
mental problems, however. Species arise and others go
extinct as part of the natural evolutionary process. The

(c) Genetic diversity

FIGURE 2.1 Levels of biodiversity. Biodiversity exists at
three scales. (a) Ecosystem diversity is the variety of ecosystems
within a region. (b) Species diversity is the variety of species within
an ecosystem. (c) Genetic diversity is the variety of genes among
individuals of a species.

Biodiversity The diversity of life forms in an
environment.

Genetic diversity A measure of the genetic variation
among individuals in a population.

Species A group of organisms that is distinct from
other groups in its morphology (body form and
structure), behavior, or biochemical properties.

Species diversity The number of species in a region
or in a particular type of habitat.
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