
EIGHTH EDITION

Environmental
Science
International Student Version

Daniel B. Botkin

Professor Emeritus

Department of Ecology, Evolution, and Marine Biology-
University of California, Santa Barbara

President

The Center for the Study of the Environment

Santa Barbara, California

Professor of Environmental Studies and Earth Science

University of California, Santa Barbara

WILEY JOHN WILEY & SONS, INC.

Edward A. Keller



Contents

Chapter 1

Introduction to

Environmental Sciences 1

CASE STUDY Amboseli National Park:

Disturbance, Change, and Environment Connectivity 2

1.1 Major Themes of Environmental Science 4

A CLOSER LOOK 1.1 A Little Environmental History 5

1.2 Human Population Growth 6

Our Rapid Population Growth 6

Famine and Food Crisis 6

1.3 Sustainability and Carrying Capacity 8

Sustainability: The Environmental Objective 8

Moving toward Sustainability: Some Criteria 9

The Carrying Capacity of the Earth 10

1.4 A Global Perspective 10

1.5 An Urban World 11

1.6 People and Nature 12

1.7 Science and Values 13

The Precautionary Principle 14

Placing a Value on the Environment 15

,) CRITICAL THINKING ISSUE*
* EASTER ISLAND

Summary 16

Key Terms 16

Study Questions 17

Further Reading 17

Chapter 2

The Scientific Method and

Environmental Sciences 18

CASE STUDY Birds at Mono Lake: Applying Science to

Solve an Environmental Problem 19

2.1 Understanding What Science Is -

and What It Isn't 20

Science as a Way of Knowing 21

Disprovability 21

2.2 Observations, Facts, Inferences,
and Hypotheses 22

Controlling Variables 23

The Nature of Scientific Proof 23

Theory in Science and Language 25

Models and Theory 25

A CLOSER LOOK 2.1 The Case of the Mysterious
Crop Circles 26

Some Alternatives to Direct Experimentation 26

Uncertainty in Science 27

Leaps of Imagination and Other Nontraditional Aspects of the

Scientific Method 27

2.3 Measurements and Uncertainty 28

A Word about Numbers in Science 28

Dealing with Uncertainties 28

Accuracy and Precision 28

A CLOSER LOOK 2.2 Measurement of Carbon Stored

in Vegetation 29

2.4 Misunderstandings about Science and Society 30

Science and Decision Making 30

Science and Technology 30

Science and Objectivity 31

Science, Pseudoscience, and Frontier Science 31

2.5 Environmental Questions and the

Scientific Method 32

CRITICAL THINKING ISSUE* HOW DO WE DECIDE WHAT
W TO BELIEVE ABOUT ENVIRONMENTAL ISSUES?

Summary 32

Key Terms 33

Study Questions 33

Further Reading 34

Chapter 3

How to Think About Complex
Systems 35

CASE STUDY Shrimp, Mangroves, and Pickup Trucks:

Local and Global Connections Reveal Major
Environmental Concerns 36

3.1 Basic Systems Concepts 37

Static and Dynamic Systems 37

Open Systems 38

A CLOSER LOOK 3.1 Simple Systems 38

The Balance of Nature: Is a Steady State Natural? 39

Residence Time 39

WORKING IT OUT 3.1 AVERAGE RESIDENCE TIME (ART) 40

Feedback 41

3.2 System Responses: Some Important
Kinds of Flows 43

Linear and Nonlinear Flows 43

Lag Time 43

Selected Examples of System Responses 43

A CLOSER LOOK 3.2 Exponential Growth Defined, and Putting
Some Numbers on it 45

WORKING IT OUT 3.2 EXPONENTIAL GROWTH 46

3.3 Overshoot and Collapse 46

3.4 Irreversible Consequences 46

3.5 Environmental Unity 47

3.6 Uniformitarianism 47

3.7 Earth as a System 48

3.8 Types of Change 48

CRITICAL THINKING ISSUE* IS THE GAIA
¥ HYPOTHESIS SCIENCE?

* CRITICAL THINKING ISSUE sections are available online at www.wiley.com/go/global/botkin.



Contents xvii

Summary 49

Key Terms 49

Study Questions 50

Further Reading 50

Chapter 4
Introduction to Populations
and to the Human Population 51

CASE STUDY Death in Bangladesh 52

4.1 Basic Concepts of Population Dynamics 53

The Human Population as an Exponential Growth Curve 53

A CLOSER LOOK 4.1 A Brief History of Human

Population Growth 55

4.2 Projecting Future Population Growth 56

Exponential Growth and Doubling Time 56

Human Population as a Logistic Growth Curve 56

WORKING IT OUT 4.1 FORECASTING POPULATION CHANGE 57

A CLOSER LOOK 4.2 The Prophecy of Malthus 58

4.3 Age Structure 59

4.4 The Demographic Transition 60

Potential Effects of Medical Advances on the

Demographic Transition 62

4.5 Longevity and Its Effect on Population Growth 62

Human Death Rates and the Rise of Industrial Societies 62

4.6 The Human Population's Effects

on the Earth 64

4.7 The Human Carrying Capacity of Earth 64

4.8 Can We Achieve Zero Population Growth? 65

Age of First Childbearing 65

Birth Control: Biological and Societal 66

National Programs to Reduce Birth Rates 66

CRITICAL THINKING ISSUE* WILL THE DEMOGRAPHIC

TRANSITION HOLD IN THE UNITED STATES?

Summary 67

Key Terms 67

Study Questions 67

Further Reading 68

Chapter 5

Ecosystems: The Unit that

Sustains Life 69

CASE STUDY Sea Otters, Sea Urchins, and Kelp: Indirect

Effects of Species on One Another 70

5.1 The Ecosystem: Sustaining Life on Earth 72

Basic Characteristics of Ecosystems 72

5.2 Ecological Communities and Food Chains 73

A Simple Ecosystem 73

An Oceanic Food Chain 74

Food Webs Can Be Complex: The Food Web of the

Harp Seal 74

A CLOSER LOOK 5.1 Land and Marine Food Webs 75

5.3 Ecosystems as Systems 77

5.4 Biological Production and Ecosystem

Energy Flow 78

The Laws of Thermodynamics and the Ultimate Limit on the

Abundance of Life 79

WORKING IT OUT 5.1 SOME CHEMISTRY OF

ENERGY FLOW 80

5.5 Biological Production and Biomass 82

Measuring Biomass and Production 82

WORKING IT OUT 5.2 GROSS AND NET PRODUCTION 83

5.6 Energy Efficiency and Transfer Efficiency 83

5.7 Ecological Stability and Succession 84

Patterns in Succession 85

5.8 Chemical Cycling and Succession 88

5.9 How Species Change Succession 88

Facilitation 88

Interference 89

Life History Differences 89

CRITICAL THINKING ISSUE* SHOULD PEOPLE EAT LOWER

ON THE FOOD CHAIN?

Summary 90

Key Terms 90

Study Questions 90

Further Reading 91

Chapter 6

The Chemistry of Life 92

CASE STUDY Canada's Melting Glaciers 93

6.1 Earth Is a Peculiar Planet 94

Space Travelers and Our Solar System 94

The Fitness of the Environment 95

The Rise of Oxygen 95

Life Responds to an Oxygen Environment 96

6.2 Life and Global Chemical Cycles 98

6.3 General Aspects of Biogeochemical Cycles 99

6.4 The Geologic Cycle 100

The Tectonic Cycle 100

The Hydrologic Cycle 102

The Rock Cycle 103

6.5 Some Major Global Biogeochemical Cycles 104

The Carbon Cycle 104

The Carbon-Silicate Cycle 106

The Nitrogen Cycle 107

The Phosphorus Cycle 107

- CRITICAL THINKING ISSUE* HOW ARE HUMAN

%J ACTIVITIES LINKED TO THE PHOSPHORUS AND

NITROGEN CYCLES?

Summary m

Key Terms 111

Study Questions 112

Further Reading 112



xviii Contents

Chapter 7

Environmental Economics 113

CASE STUDY Sport-Utility Vehicles (SUVs):

A Fuelish Trend 114

7.1 Overview of Environmental Economics 114

7.2 Public-Service Functions of Nature 115

7.3 The Environment as a Commons 116

7.4 Low Growth Rate and Therefore Low Profit as a

Factor in Exploitation 117

Scarcity Affects Economic Value 118

7.5 Externalities 118

7.6 Valuing the Beauty of Nature 119

7.7 How Is the Future Valued? 120

7.8 Risk-Benefit Analysis 121

CRITICAL THINKING ISSUE* GEORGES BANK: HOW CAN

U.S. FISHERIES BE MADE SUSTAINABLE?

Summary 124

Key Terms 124

Study Questions 124

Further Reading 125

Chapter 8

Diversity of Life 126

CASE STUDY Wolves Removed from the Endangered

Species Act — Success or Failure in the Conservation

of an Endangered Species? 127

8.1 What Is Biological Diversity? 128

Why Do People Value Biodiversity? 128

8.2 Biological Diversity Basics 129

The Number of Species on Earth 130

8.3 Biological Evolution 131

The Four Key Processes of Biological Evolution 132

A CLOSER LOOK 8.1 Natural Selection: Mosquitoes and the

Malaria Parasite 133

Biological Evolution as a Strange Kind of Game 136

8.4 Competition and Ecological Niches 137

The Competitive Exclusion Principle 137

Niches: How Species Coexist 138

Measuring Niches 139

8.5 Symbiosis 140

A Broader View of Symbiosis 140

A Practical Implication 141

8.6 Predation and Parasitism 141

A Practical Implication 141

8.7 How Geography and Geology Affect

Biological Diversity 141

Wallace's Realms: Biotic Provinces 143

Biomes 144

Convergent and Divergent Evolution 145

8.8 Invasions, Invasive Species, and

Island Biogeography 146

Biogeography and People 147

CRITICAL THINKING ISSUE* POLAR BEARS AND THE

REASONS PEOPLE VALUE BIODIVERSITY

Summary 148

Key Terms 149

Study Questions 149

Further Reading 150

Chapter 9

Restoring Damaged
Ecosystems 151

CASE STUDY The Florida Everglades 152

9.1 What Is Ecological Restoration? 153

9.2 Goal of Restoration: What Is "Natural"? 154

9.3 What Is Usually Restored? 154

Rivers, Streams, and Wetlands Restoration:

Some Examples 155

Prairie Restoration 158

A CLOSER LOOK 9.1 Island Fox on Santa Cruz Island 159

9.4 Applying Ecological Knowledge to Restore Heavily

Damaged Lands and Ecosystems 161

9.5 Criteria Used to Judge the Success

of Restoration 162

CRITICAL THINKING ISSUE* HOW CAN WE EVALUATE

CONSTRUCTED ECOSYSTEMS?

Summary 162

Key Terms 162

Study Questions 163

Further Reading 163

Chapter 10

How the Environment

Affects our Health 164

CASE STUDY Toxic Air Pollution and Human Health: Story

of a Southeast Houston Neighborhood 165

10.1 Some Basics 166

Terminology 167

Measuring the Amount of Pollution 168

10.2 Categories of Pollutants 168

Infectious Agents 168

A CLOSER LOOK 10.1 Sudbury Smelters: A Point Source 168

Environmentally Transmitted Infectious Disease 169

Toxic Heavy Metals 170

Toxic Pathways 170

Organic Compounds 172

A CLOSER LOOK 10.2 Mercury and

Minamata, Japan 172

Persistent Organic Pollutants 173

A CLOSER LOOK 10.3 Dioxin: How

Dangerous Is It? 174

Hormonally Active Agents (HAAs) 175

A CLOSER LOOK 10.4 Demasculinization and

Feminization of Frogs 175

Nuclear Radiation 177

Thermal Pollution 177



Contents xix

Particulates 178

Asbestos 178

Electromagnetic Fields 178

Noise Pollution 179

Voluntary Exposure 180

10.3 General Effects of Pollutants 180

Concept of Dose and Response 180

Dose-Response Curve (LD-50, ED-50, and TD-50) 182

Threshold Effects 183

Ecological Gradients 184

Tolerance 184

Acute and Chronic Effects 184

10.4 Risk Assessment 184

CRITICAL THINKING ISSUE* IS LEAD IN THE

URBAN ENVIRONMENT CONTRIBUTING TO

ANTISOCIAL BEHAVIOR?

Summary 186

Key Terms 186

Study Questions 186

Further Reading 187

Chapter 11

Farming and the Environment 188

CASE STUDY Food for China 189

11.1 An Ecological Perspective on Agriculture 190

The Plow Puzzle 191

11.2 Can We Feed the World? 191

How We Starve 193

11.3 What We Grow on the Land 195

Crops 195

Livestock: The Agriculture of Animals 195

11.4 Soils 198

Restoring Our Soils 199

A CLOSER LOOK 11.1 The Great American Dust Bowl 200

11.5 Controlling Pests 201

Pesticides 201

11.6 The Future of Agriculture 204

Increased Production per Acre 204

Increased Farmland Area 204

New Crops and Hybrids 204

Better Irrigation 205

Organic Farming 205

Eating Lower on the Food Chain 205

11.7 Genetically Modified Food: Biotechnology,

Farming, and Environment 205

New Hybrids 206

The Terminator Gene 206

Transfer of Genes from One Major Form of Life to Another 206

11.8 Aquaculture 207

Some Negatives 208

CRITICAL THINKING ISSUE* WILL THERE BE

ENOUGH WATER TO PRODUCE FOOD FOR

A GROWING POPULATION?

Summary 208

Key Terms 208

Study Questions 209

Further Reading 209

Chapter 12

Forests and the Environment 210

CASE STUDY Jamaica Bay National Wildlife Refuge:
Nature and the Big City 211

12.1 Forests and Forestry 212

How People Have Viewed Forests 212

Forestry 213

Modern Conflicts over Forestland and Forest Resources 213

World Forest Area and Global Production and Consumption of

Forest Resources 214

How Forests Affect the Whole Earth 216

The Ecology of Forests 218

A CLOSER LOOK 12.1 The Life of a Tree 218

Forest Management 219

Can We Achieve Sustainable Forestry? 221

Deforestation 222

12.2 Parks, Nature Preserves, and Wilderness 223

What's the Difference between a Park and

a Nature Preserve? 224

A CLOSER LOOK 12.2 A Brief History of Parks Explains Why

Parks Have Been Established 225

Conflicts Relating to Parks 226

12.3 Conserving Wilderness 227

What It Is, and Why It Is of Growing Importance 227

Conflicts in Managing Wilderness 228

CRITICAL THINKING ISSUE* CAN TROPICAL FORESTS

SURVIVE IN BITS AND PIECES?

Summary 229

Key Terms 229

Study Questions 230

Further Reading 230

Chapter 13

Wildlife and the Environment 231

CASE STUDY Stories Told by the Grizzly Bear and

the Bison 232

13.1 Traditional Single-Species
Wildlife Management 234

Carrying Capacity and Sustainable Yields 234

An Example of Problems with the Logistic Curve 236

13.2 Improved Approaches to Wildlife Management 237

Time Series and Historical Range of Variation 237

Age Structure as Useful Information 238

Harvests as an Estimate of Numbers 238

13.3 Fisheries 239

The Decline of Fish Populations 241

Can Fishing Ever Be Sustainable? 243

A CLOSER LOOK 13.1 King Salmon Fishing Season Canceled:

Can We Save Them from Extinction? 243



XX Contents

13.4 Endangered Species: Current Status 245

A CLOSER LOOK 13.2 Reasons for Conserving Endangered

Species—and All Life on Earth 246

13.5 How a Species Becomes Endangered
and Extinct 248

Causes of Extinction 249

13.6 The Good News: We Have Improved the Status of

Some Species 250

A CLOSER LOOK 13.3 Conservation of Whales and Other

Marine Mammals 251

13.7 Can a Species Be Too Abundant? If So,

What to Do? 253

13.8 How People Cause Extinctions and Affect

Biological Diversity 253

13.9 Ecological Islands and Endangered Species 254

13.10 Using Spatial Relationships to Conserve

Endangered Species 255

CRITICAL THINKING ISSUE* SHOULD WOLVES BE

REESTABLISHED IN THE ADIRONDACK PARK?

Summary 255

Key Terms 256

Study Questions 256

Further Reading 257

Chapter 14

Energy Concepts Important in

Environmental Science 258

CASE STUDY National Energy Policy: From

Coast-to-Coast Energy Crisis to Promoting

Energy Independence 259

14.1 Outlook for Energy 260

Energy Crises in Ancient Greece and Rome 260

Energy Today and Tomorrow 260

14.2 Energy Basics 261

14.3 Energy Efficiency 262

A CLOSER LOOK 14.1 Energy Units 263

14.4 Energy Sources and Consumption 265

Fossil Fuels and Alternative Energy Sources 265

14.5 Energy Conservation, Increased Efficiency,
and Cogeneration 266

Building Design 267

Industrial Energy 268

Values, Choices, and Energy Conservation 268

14.6 Sustainable-Energy Policy 269

Energy for Tomorrow 269

A CLOSER LOOK 14.2 Micropower 271

CRITICAL THINKING ISSUE* USE OF ENERGY TODAY

AND IN 2030

Summary 272

Key Terms 272

Study Questions 272

Further Reading 273

Chapter 15

Oil, Natural Gas, and Coal 274

CASE STUDY Peak Oil: Are We Ready for It? 275

15.1 Fossil Fuels 276

15.2 Crude Oil and Natural Gas 277

Petroleum Production 277

Oil in the 21 st Century 279

Natural Gas 280

Coal-Bed Methane 280

Methane Hydrates 281

The Environmental Effects of Oil and Natural Gas 282

A CLOSER LOOK 15.1 The Arctic National Wildlife Refuge:
To Drill or Not to Drill 283

15.3 Coal 285

Coal Mining and the Environment 287

Mountaintop Removal 288

A CLOSER LOOK 15.2 The Trapper Mine 289

Underground Mining 290

Transporting Coal 290

The Future of Coal 291

15.4 Oil Shale and Tar Sands 292

Oil Shale 292

Tar Sands 293

CRITICAL THINKING ISSUE* WHAT WILL BE THE

CONSEQUENCES OF PEAK OIL?

Summary 293

Key Terms 294

Study Questions 294

Further Reading 294

Chapter 16

Wind, Solar, and Other

New Sources of Energy 295

CASE STUDY Solar Power Even Where It Is Not So

Sunny 296

16.1 Introduction To Alternative Energy Sources 296

16.2 Solar Energy 297

Passive Solar Energy 297

Active Solar Energy 297

Solar Thermal Generators 300

Solar Energy and the Environment 300

16.3 Converting Electricity From Renewable Energy
Into A Fuel For Vehicles 301

A CLOSER LOOK 16.1 Fuel Cells-An Attractive Alternative 302

16.4 Water Power 303

Small-Scale Systems 303

Water Power and the Environment 304

16.5 Ocean Energy 304

16.6 Wind Power 304

Basics of Wind Power 305

Wind Power and the Environment 306

The Future of Wind Power 306



Contents xxi

16.7 Biofuels 307

Biofuels and Human History 307

Biofuels and the Environment 307

16.8 Geothermal Energy 308

Geothermal Systems 309

Geothermal Energy and the Environment 310

The Future of Geothermal Energy 310

CRITICAL THINKING ISSUE* SHOULD WIND TURBINES BE

INSTALLED IN NANTUCKET SOUND?

Summary 31 o

Key Terms 311

Study Questions 311

Further Reading 311

Chapter 17

Nuclear Power 312

CASE STUDY Indian Point: Should a Nuclear

Power Installation Operate Near One of America's

Major Cities? 313

17.1 Current Role of Nuclear Power Plants in World

Energy Production 313

17.2 What Is Nuclear Energy? 315

Conventional Nuclear Reactors 315

A CLOSER LOOK 17.1 Radioactive Decay 317

17.3 Nuclear Energy and the Environment 320

Problems with the Nuclear Fuel Cycle 320

17.4 Nuclear Radiation in the Environment, and Its

Effects on Human Health 321

Ecosystem Effects of Radioisotopes 321

A CLOSER LOOK 17.2 Radiation Units and Doses 323

Radiation Doses and Health 325

17.5 Nuclear Power Plant Accidents 325

Three Mile Island 325

Chernobyl 326

17.6 Radioactive-Waste Management 327

Low-Level Radioactive Waste 327

Transuranic Waste 328

High-Level Radioactive Waste 328

What Should the United States Do with Its Nuclear

Wastes? 329

17.7 The Future of Nuclear Energy 330

Possible New Kinds of Nuclear Power Plants 331

CRITICAL THINKING ISSUE* SHOULD THE UNITED STATES

INCREASE OR DECREASE THE NUMBER OF NUCLEAR

POWER PLANTS?

Summary 331

Key Terms 332

Study Questions 332

Further Reading 332

Chapter 18

How We Obtain and Use Water 333

CASE STUDY Removal of a Dam:

A Quebec Case Study 334

18.1 Water 335

A Brief Global Perspective 335

Groundwater and Streams 337

Interactions between Surface Water and Groundwater 337

18.2 Water Supply: A U.S. Example 338

Precipitation and Runoff Patterns 340

Droughts 340

Groundwater Use and Problems 340

Desalination as a Water Source 341

18.3 Water Use 341

Transport of Water 343

Some Trends in Water Use 344

18.4 Water Conservation 345

Agricultural Use 345

Public Supply and Domestic Use 348

Industry and Manufacturing Use 349

18.5 Sustainability and Water Management 349

Sustainable Water Use 349

Groundwater Sustainability 349

Water Management 349

A Master Plan for Water Management 349

Water Management and the Environment 350

Virtual Water 351

Water Footprint 352

18.6 Wetlands 352

Natural Service Functions of Wetlands 353

Restoration of Wetlands 354

18.7 Dams and the Environment 355

Removal of Dams 357

18.8 Global Water Shortage Linked to Food Supply 358

CRITICAL THINKING ISSUE* WHAT IS YOUR WATER

FOOTPRINT?

Summary 359

Key Terms 359

Study Questions 360

Further Reading 360

Chapter 19

Water Pollution and Treatment 361

CASE STUDY America's "First River":

A Success Story 362

19.1 Water Pollution 363

A CLOSER LOOK 19.1 What Is the Value of Clean Water to

New York City? 365

19.2 Biochemical Oxygen Demand (BOD) 366

19.3 Waterborne Disease 367

Fecal Coliform Bacteria 367

19.4 Nutrients 368

Eurtrophication 368



xxii Contents

A CLOSER LOOK 19.2 Cultural Eutrophlcation in the

Gulf of Mexico 370

19.5 Oil 371

19.6 Sediment 371

19.7 Acid Mine Drainage 372

19.8 Surface-Water Pollution 373

Reducing Surface-Water Pollution 373

19.9 Groundwater Pollution 375

Principles of Groundwater Pollution: An Example 375

Long Island, New York 376

A CLOSER LOOK 19.3 Water for Domestic Use:

How Safe Is It? 377

19.10 Wastewater Treatment 377

Septic-Tank Disposal Systems 378

Wastewater Treatment Plants 378

Primary Treatment 379

Secondary Treatment 379

Advanced Wastewater Treatment 380

Chlorine Treatment 380

A CLOSER LOOK 19.4 Boston Harbor: Cleaning Up a

National Treasure 380

19.11 Land Application of Wastewater 381

Wastewater and Wetlands 381

Louisiana Coastal Wetlands 382

Phoenix, Arizona: Constructed Wetlands 382

19.12 Water Reuse 383

19.13 Conditions of Stream Ecosystems in the

United States 384

19.14 Water Pollution and Environmental Law 384

CRITICAL THINKING ISSUE* IS WATER POLLUTION FROM

PIG FARMS UNAVOIDABLE?

Summary 386

Key Terms 386

Study Questions 387

Further Reading 387

Chapter 20

Global Warming 388

CASE STUDY What Does History Tell Us about Global

Warming's Potential Consequences for People? 389

20.1 Fundamental Global Warming Questions 390

20.2 Weather and Climate 391

The Climate Is Always Changing at a Variety of

Time Scales 392

20.3 The Origin of the Global Warming Issue 393

20.4 The Atmosphere 394

Structure of the Atmosphere 394

Atmospheric Processes: Temperature, Pressure, and Global

Zones of High and Low Pressure 395

Energy and the Atmosphere: What Makes the

Earth Warm 396

20.5 How We Study Climate 398

The Instrumental Record 398

The Historical Record 398

The Paleo-Proxy Record 398

Proxy Climate Methods 398

20.6 The Greenhouse Effect 401

How the Greenhouse Effect Works 401

20.7 The Major Greenhouse Gases 403

Carbon Dioxide 403

Methane 404

Chlorofluorocarbons 404

Nitrous Oxide 404

20.8 Climate Change and Feedback Loops 404

Possible Negative Feedback Loops for Climate Change 404

Possible Positive Feedback Loops for Climate Change 405

20.9 Causes of Climate Change 405

Milankovitch Cycles 405

Solar Cycles 406

Atmospheric Transparency Affects Climate and Weather 406

The Surface of Earth and Albedo (reflectivity) Affects Climate

and Weather 407

Roughness of the Earth's Surface Affects the

Atmosphere 407

The Chemistry of Life Affects the Atmosphere 407

Climate Forcing 407

20.10 The Oceans and Climate Change 408

El Nino and Climate 409

20.11 Forecasting Climate Change 410

Past Observations and Laboratory Research 410

Computer Simulations 410

20.12 Potential Rates of Global Climate Change 411

20.13 Potential Environmental, Ecological, and Human

Effects of Global Warming 411

Changes in River Flow 411

Rise in Sea Level 412

Glaciers and Sea Ice 412

A CLOSER LOOK 20.1 Some Animals and Plants in Great Britain

Are Adjusting to Global Warming 414

Changes in Biological Diversity 415

Agricultural Productivity 415

Human Health Effects 416

20.14 Adjusting to Potential Global Warming 416

International Agreements to Mitigate Global Warming 416

CRITICAL THINKING ISSUE* WHAT IS VALID SCIENCE IN

THE GLOBAL WARMING DEBATE?

Summary 417

Key Terms 418

Study Questions 418

Further Reading 418

Chapter 21

Air Pollution 419

CASE STUDY London Smog and Indonesian Fires 420

21.1 Air Pollution in the Lower Atmosphere 421

A Brief Overview 421

Stationary and Mobile Sources of Air Pollution 421

General Effects of Air Pollution 421

The Major Air Pollutants 422

Criteria Pollutants 423

A CLOSER LOOK 21.1 Acid Rain 427

Air Toxics 429

Variability of Air Pollution 431



Contents xxiii

Urban Air Pollution: Chemical and

Atmospheric Processes 431

Future Trends for Urban Air Pollution 434

Developing Countries 434

21.2 Controlling Common Pollutants of the

Lower Atmosphere 435

Particulates 435

Automobiles 435

Sulfur Dioxide 435

Air Pollution Legislation and Standards 436

The Cost of Controlling Outdoor Air Pollution 437

21.3 High-Altitude (Stratospheric) Ozone Depletion 439

Ultraviolet Radiation and Ozone 439

Measuring Stratospheric Ozone 440

Ozone Depletion and CFCs 441

Simplified Stratospheric Chlorine Chemistry 441

The Antarctic Ozone Hole 442

Polar Stratospheric Clouds 442

Environmental Effects of Ozone Depletion 442

The Future of Ozone Depletion 444

21.4 Indoor Air Pollution 444

Sources of Indoor Air Pollution 445

Pathways, Processes, and Driving Forces 447

Symptoms of Indoor Air Pollution 449

21.5 Controlling Indoor Air Pollution 449

Making Homes and Other Buildings Radon Resistant 451

Design Buildings to Minimize Indoor Air Pollution 451

CRITICAL THINKING ISSUE* SHOULD CARBON DIOXIDE

BE REGULATED ALONG WITH OTHER MAJOR

AIR POLLUTANTS?

Summary 451

Key Terms 452

Study Questions 452

Further Reading 453

Chapter 22

Cities as Environment 454

CASE STUDY New York's High Line Park in the Sky 455

22.1 City Life 456

22.2 The City as a System 456

22.3 The Location of Cities: Site and Situation 457

The Importance of Site and Situation 457

A CLOSER LOOK 22.1 Should We Try to Restore

New Orleans? 460

Site Modification 461

22.4 An Environmental History of Cities 462

The Rise of Towns 462

The Urban Center 462

The Industrial Metropolis 462

The Center of Civilization 462

22.5 City Planning and the Environment 463

City Planning for Defense and Beauty 463

The City Park 463

A CLOSER LOOK 22.2 A Brief History of City Planning 465

22.6 The City as an Environment 465

The Energy Budget of a City 465

The Urban Atmosphere and Climate 466

Solar Energy in Cities 466

Water in the Urban Environment 466

Soils in the City 467

Pollution in the City 467

22.7 Bringing Nature to the City 468

Cities and Their Rivers 468

A CLOSER LOOK 22.3 Design wfth Nature 468

Vegetation in Cities 469

Urban "Wilds": The City as Habitat for Wildlife and

Endangered Species 470

Animal Pests 471

CRITICAL THINKING ISSUE* HOW CAN URBAN SPRAWL

BE CONTROLLED?

Summary 473

Key Terms 473

Study Questions 473

Further Reading 474

Chapter 23

Materials Management 475

CASE STUDY Treasures of the Cell Phone 476

23.1 The Importance of Resources to Society 477

23.2 Materials Management: What it Is 478

23.3 Mineral Resources 479

How Mineral Deposits Are Formed 479

23.4 Figuring Out How Much Is Left 480

Mineral Resources and Reserves 480

Availability and Use of Our Mineral Resources 480

U.S. Supply of Mineral Resources 481

23.5 Impacts of Mineral Development 482

Environmental Impacts 482

Social Impacts 483

Minimizing the Environmental Impact of Mineral

Development 483

A CLOSER LOOK 23.1 Golden, Colorado: Open-Pit Mine

Becomes a Golf Course 485

23.6 Materials Management and Our Waste 485

History of Waste Disposal 485

23.7 Integrated Waste Management 486

Reduce, Reuse, Recycle 486

Recycling of Human Waste 487

23.8 Municipal Solid-Waste Management 488

Composition of Solid Waste 488

Onsite Disposal 488

Composting 488

Incineration 489

Open Dumps (Poorly Controlled Landills) 489

Sanitary Landfills 489

Reducing the Waste that Ends Up in a Landfill 492

23.9 Hazardous Waste 493

A CLOSER LOOK 23.2 "e-waste": A Growing

Environmental Problem 494

23.10 Hazardous-Waste Legislation 495

Resource Conservation and Recovery Act 495

Comprehensive Environmental Response, Compensation, and

Liability Act 496

23.11 Hazardous-Waste Management:
Land Disposal 496



xxiv Contents

23.12 Alternatives to Land Disposal of

Hazardous Waste 498

Source Reduction 498

Recycling and Resource Recovery 498

Treatment 498

Incineration 498

23.13 Ocean Dumping 499

A CLOSER LOOK 23.3 Plastics in the Ocean 500

23.14 Pollution Prevention 501

23.15 Sustainable Resource Management 502

CRITICAL THINKING ISSUE* CAN WE MAKE RECYCLING A

t MORE FINANCIALLY VIABLE INDUSTRY?

Summary 502

Key Terms 503

Study Questions 503

Further Reading 504

Chapter 24

Our Environmental Future 505

CASE STUDY The Oil Spill in the Gulf of Mexico

in 2010 506

24.1 Imagine an Ecotopia 509

24.2 The Process of Planning a Future 51 o

24.3 Environment and Law: A Horse, a Gun,
and a Plan 511

The Three Stages in the History of U.S.

Environmental Law 511

24.4 Planning to Provide Environmental Goods

and Services 512

24.5 Planning for Recreation on Public Lands 513

Who Stands for Nature? Skiing at Mineral King 514

How Big Should Wildlands Be? Planning a

Nation's Landscapes 515

24.6 How You Can Be an Actor in the Environmental

Law Processes 516

Citizen Actions 516

Mediation 516

24.7 International Environmental Law

and Diplomacy 517

24.8 Global Security and Environment 517

24.9 Challenges to Students of the Environment 518

CRITICAL THINKING ISSUE* IS IT POSSIBLE TO DERIVE

^' SOME QUANTITATIVE STATEMENTS ABOUT THRESHOLDS
BEYOND WHICH UNACCEPTABLE ENVIRONMENTAL

CHANGE WILL OCCUR?

Summary 519

Study Questions 519

Appendix a-1

Glossary g-1

Notes n-i

Photo Credits p-i

Index 1-1


