Students who can begin early in their lives to think of things as connected, even if they revise their views every year, have begun the life of learning.


MARK VAN DOREN


Why Is It Important to Study Environmental Science? Learning How the Earth Works


Environmental science may be the most important course you will ever take.


Welcome to environmental science—an interdisciplinary


study of how nature works and how things in nature are interconnected. This book is an integrated and science-based study of environmental problems, connections, and solutions.


Environmental issues affect every part of your life and are an important part of the news stories presented on television and in newspapers and magazines. Thus, the concepts, information, and issues discussed in this book and the course you are taking should be useful to you now and in the future.


Understandably, I am biased. But I strongly believe that environmental science is the single most important course in your education. What could be more important than learning how the earth works, how we are affecting its life support system, and how we can reduce our environmental impact? In India every college student must take an introductory course in environmental science.


We live in an incredibly challenging era. There is a growing awareness that during this century we need to make a new cultural transition in which we learn how to live more sustainably by not degrading our life support system.


I hope this book and the course you are taking will help you learn about the exciting challenges we face. More important, I hope it will stimulate you to become involved in this change in the way we view and treat the earth that sustains us, other life, and all economies.


How Did I Become Involved with Environmental Problems? Individuals Matter


I became involved in environmental science and education after hearing a scientific lecture in 1966 by Dean Cowie.


In 1966, I heard Dean Cowie, a physicist with the U.S.


Geological Survey, give a lecture on the problems of population growth and pollution. Afterward I went to him and said, “If even a fraction of what you have said is true, I will feel ethically obligated to give up my research on the corrosion of metals and devote the rest of my life to research and education on environmental problems and solutions. Frankly, I do not want to change my life, and I am going into the literature to try to show that your statements are either untrue or grossly distorted.” After 6 months of study I was convinced of the seriousness of these and other environmental problems.


Since then, I have been studying, teaching, and writing about them. This book summarizes what I have learned in more than three decades of trying to understand environmental principles, problems, connections, and solutions.


How Can You Improve Your Study and Learning Skills? Becoming an Efficient and Effective Learner


Learning how to learn is life’s most important skill.


Maximizing your ability to learn should be one of your most important lifetime educational goals. This involves continually trying to improve your study and learning skills.


This has a number of payoffs. You can learn more and do this more efficiently. You will also have more time to pursue other interests besides studying without feeling guilty about always being behind. It can also help you get better grades and live a more fruitful and rewarding life.


Here are some general study and learning skills


Get organized. Becoming more efficient at studying gives you more time for other interests.


Make daily to-do lists in writing. Put items in order of importance, focus on the most important tasks, and assign a time to work on these items. Because life is full of uncertainties, you will be lucky to accomplish half of the items on your daily list. Shift your schedule as needed to accomplish the most important items.


Set up a study routine in a distraction-free environment.


Develop a written daily study schedule and stick to it. Study in a quiet, well-lighted space. Work
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sitting at a desk or table—not lying down on a couch or bed. Take breaks every hour or so. During each break take several deep breaths and move around to help you stay more alert and focused.


Avoid procrastination—putting work off until another time. Do not fall behind on your reading and other assignments. Accomplish this by setting aside a particular time for studying each day and making it a part of your daily routine.


Do not eat dessert first. Otherwise, you may never get to the main meal (studying). When you have accomplished your study goals then reward yourself with play (dessert).


Make hills out of mountains. It is psychologically difficult to climb a mountain such as reading an entire book, reading a chapter in a book, writing a paper, or cramming to study for a test. Instead, break such large tasks (mountains) down into a series of small tasks (hills).


Each day read a few pages of a book or chapter, write a few paragraphs of a paper, and review what you have studied and learned.As Henry Ford put it, “Nothing is particularly hard if you divide it into small jobs.”


Look at the big picture first. Get an overview of an assigned reading by looking at the main headings or chapter outline. In this textbook, I provide a list of the main questions that are the focus of each chapter.


Ask and answer questions as you read. For example, what is the main point of this section or paragraph?


To help you do this I start each subsection with a question that the material is designed to answer. Then to help you further I follow this question with a brief headline to give you an idea of how the question will be answered. Then I provide a one-sentence summary of the key material in the subsection. This provides you with a running summary of the text. I find this type of summary to be more helpful than providing a harder to digest summary at the end of each chapter.


My goal is to present the material in more manageable bites. You can also use the one-sentence summaries as a way to review what you have learned.


Putting them all together gives you a summary of the chapter.


Focus on key terms. Use the glossary in your textbook to look up the meaning of terms or words you do not understand. Make flash cards for learning key terms and concepts and review them frequently. This book shows all key terms in boldfaced type and lesser but still important terms in italicized type. Flash cards for testing your mastery of key terms for each chapter are available on the website for this book.


Interact with what you read. I do this by marking key sentences and paragraphs with a highlighter or pen. I put an asterisk in the margin next to an idea I think is important and double asterisks next to an idea I think is especially important. I write comments in the margins, such as Beautiful, Confusing, Misleading, or Wrong.


I fold down the top corner of pages with highlighted passages and the top and bottom corners of especially important pages. This way, I can flip through a chapter or book and quickly review the key ideas. The website for this book has a list of review questions and a multiple-choice practice quiz.


Use the audio version of this book for study and review.


You can listen to the chapters in this book while walking, traveling, sitting in your room, or working out. You can use the pin code enclosed in every new copy of this book to download book chapters free from the Web to any MP3 player.


Review to reinforce learning. Before each class review the material you learned in the previous class and read the assigned material. Review, fill in, and organize your notes as soon as possible after each class.


Become a better note taker. Do not try to take down everything your instructor says. Instead take down main points and key facts using your own shorthand system. Fill in and organize your notes after class.


Write out answers to questions to focus and reinforce learning. Answer questions at the end of each chapter or those assigned to you and the review questions on the website for each chapter. Do this in writing as if you were turning them in for a grade. Save your answers for review and preparation for tests.


Use the buddy system. Study with a friend or become a member of a study group to compare notes, review material, and prepare for tests. Explaining something to someone else is a great way to focus your thoughts and reinforce your learning. If available, attend review sessions offered by instructors or teaching assistants.


Learn your instructor’s test style. Does your instructor emphasize multiple choice, fill-in-the-blank, trueor- false, factual, thought, or essay questions? How much of the test will come from the textbook and how much from lecture material? Adapt your learning and studying methods to this style. You may disagree with this style and feel that it does not adequately reflect what you know. But the reality is that your instructor is in charge.


Become a better test taker. Avoid cramming. Eat well and get plenty of sleep before a test. Arrive on time or early. Calm yourself and increase your oxygen intake by taking several deep breaths. Do this about every 10–15 minutes. Look over the test and answer the questions you know well first. Then work on the harder ones. Use the process of elimination to narrow down the choices for multiple-choice questions. Getting it down to two choices gives you a 50% chance of guessing the right answer. For essay questions, or-
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ganize your thoughts before you start writing. If you have no idea what a question means, make an educated guess. You might get some partial credit and avoid a zero. Another strategy for getting some credit is to show your knowledge and reasoning by writing: “If this question means so and so, then my answer is ________.”


Develop an optimistic outlook. Try to be a “glass is half-full” rather than a “glass is half-empty” person.


Pessimism, fear, anxiety, and excessive worrying (especially over things you have no control over) are destructive and lead to inaction. Try to keep your energizing feelings of optimism slightly ahead of your immobilizing feelings of pessimism. Then you will always be moving forward.


Take time to enjoy life. Every day take time to laugh and enjoy nature, beauty, and friendship. Becoming an effective and efficient learner is the best way to do this without getting behind and living under a cloud of guilt and anxiety.


How Can You Improve Your Critical Thinking Skills? Detecting Baloney


Learning how to think critically is a skill you will need throughout your life.


Every day we are exposed to a sea of information, ideas, and opinions. How do we know what to believe and why? Do the claims seem reasonable or exaggerated?


Critical thinking involves developing skills to help you analyze and evaluate the validity of information and ideas you are exposed to and to make decisions.


Critical thinking skills help you decide rationally what to believe or what to do. This involves examining information and conclusions or beliefs in terms of the evidence and chain of logical reasoning that supports them. Critical thinking helps you distinguish between facts and opinions, evaluate evidence and arguments, take and defend an informed position on issues, integrate information and see relationships, and apply your knowledge to dealing with new and different problems. Here are some basic skills for learning how to think more critically.


Question everything and everybody. Be skeptical, as any good scientist is. Do not believe everything you hear or read, including the content of this textbook.


Evaluate all information you receive. Seek other sources and opinions. As Albert Einstein put it, “The important thing is not to stop questioning.”


Do not believe everything you read on the Internet.


The Internet is a wonderful and easily accessible source of information. It is also a useful way to find alternative information and opinions on almost any subject or issue—much of it not available in the mainstream media and scholarly articles. However, because the Internet is so open, anyone can write anything they want with no editorial control or peer evaluation—the method in which scientific or other experts in an area review and comment on an article before it is accepted for publication in a scholarly journal.


As a result, evaluating information on the Internet is one of the best ways to put into practice the principles of critical thinking discussed here. Use and enjoy the Internet, but think critically and proceed with caution.


Identify and evaluate your personal biases and beliefs.


Each of us has biases and beliefs taught to us by sources such as parents, teachers, friends, role models, and experience. What are your basic beliefs and biases?


Where did they come from? What basic assumptions are they based on? How sure are you that your beliefs and assumptions are right and why? According to William James, “A great many people think they are thinking when they are merely rearranging their prejudices.”


Be open-minded, flexible, and humble. Be open to considering different points of view, suspend judgment until you gather more evidence, and be capable of changing your mind. Recognize that there may be a number of useful and acceptable solutions to a problem and that very few issues are black or white. There are usually valid points on both (or many) sides of an issue. One way to evaluate divergent views is to get into another person’s head or walk in his or her shoes.


How do they see or view the world? What are their basic assumptions and beliefs? Is their position logically consistent with their assumptions and beliefs? And be humble about what you know. According toWill Durant, “Education is a progressive discovery of our own ignorance.”


Evaluate how the information related to an issue was obtained. Are the statements made based on firsthand knowledge or research or on hearsay? Are unnamed sources used? Is the information based on reproducible and widely accepted scientific studies (sound


or consensus science, p. 36) or preliminary scientific results that may be valid but need further testing (frontier science, p. 36)? Is the information based on a few isolated stories or experiences (anecdotal information) instead of carefully controlled studies? Is it based on unsubstantiated and widely doubted scientific information or beliefs (junk science or pseudoscience)? You need to know how to detect junk science, as discussed on p. 36.


Question the evidence and conclusions presented.


What are the conclusions or claims? What evidence is presented to support them? Does the evidence support them? Is there a need to gather further evidence to test the conclusions? Are there other, more reasonable conclusions?
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Try to identify and assess the assumptions and beliefs of those presenting evidence and drawing conclusions.


What is their expertise in this area? Do they have any unstated assumptions, beliefs, biases, or values? Do they have a personal agenda? Can they benefit financially or politically from acceptance of their evidence and conclusions? Would investigators with different basic assumptions or beliefs take the same data and come to different conclusions?


Do the arguments used involve common logical fallacies or debating tricks? Here are six of many examples. First, attack the presenter of an argument rather than the argument itself. Second, appeal to emotion rather than facts and logic. Third, claim that if one piece of evidence or one conclusion is false, then all other pieces of evidence and conclusions are false.


Fourth, say that a conclusion is false because it has not been scientifically proven (scientists can never prove anything absolutely but they can establish degrees of reliability, as discussed on p. 35). Fifth, inject irrelevant or misleading information to divert attention from important points. Sixth, present only either/or alternatives when there may be a number of alternatives.


Become a seeker of wisdom, not a vessel of information.


Develop a written list of principles, concepts, and rules to serve as guidelines in evaluating evidence and claims and making decisions. Continually evaluate and modify this list on the basis of experience.


Many people believe that the main goal of education is to learn as much as you can by concentrating on gathering more and more information—much of it useless or misleading. I believe that the primary goal is to know as little as possible. This is done by learning how to sift through mountains of facts and ideas to find the few nuggets of wisdom that are the most useful in understanding the world and in making decisions.


This takes a firm commitment to learning how to think logically and critically and continually flushing less valuable and thought-clogging information from our minds. This book is full of facts and numbers, but they are useful only to the extent that they lead to an understanding of key and useful ideas, scientific laws, concepts, principles, and connections. A major goal of the study of environmental science is to find out how nature works and sustains itself (environmental wisdom) and use principles of environmental wisdom


to help make our human societies and economies more sustainable and thus more beneficial and enjoyable.


As Sandra Carey put it, “Never mistake knowledge for wisdom. One helps you make a living; the other helps you make a life.” If you want more detailed information on study habits and critical thinking, see the booklet Essential Study Skills for Science Students by Daniel D. Chiras that comes with most versions of this book.


How Have I Attempted to Achieve Balance?


Evaluate Trade-Offs


There are no simple answers to the environmental problems we face.


There are always trade-offs involved in making and implementing environmental decisions. My challenge is to give a fair and balanced presentation of different viewpoints, advantages and disadvantages of various technologies and proposed solutions to environmental problems, and good and bad news about environmental problems without injecting personal bias.


Studying a subject as important as environmental science and ending up with no conclusions, opinions, and beliefs means that both the teacher and student have failed. However, such conclusions should be based on using critical thinking to evaluate different ideas and to understand the trade-offs involved.


How Can You Improve This Book? Keep Those Ideas Coming


I welcome your help in improving this book.


Researching and writing a book that covers and connects ideas in such a wide variety of disciplines is a challenging and exciting task. Almost every day I learn about some new connection in nature.


In a book this complex, there are bound to be some errors—some typographical mistakes that slip through and some statements that you might question based on your knowledge and research. My goal is to provide you with an interesting, accurate, balanced, and challenging book that furthers your understanding of this vital subject. I have also attempted to provide balance in presenting various sides of key environmental issues.


I invite you to contact me and point out any remaining bias, correct any errors you find, and suggest ways to improve this book. Over decades of teaching some of my best teachers have been students taking my classes and reading my textbooks. Please e-mail your suggestions to me at


http://mtg89@hotmail.com


Now start your journey into this fascinating and important study of how the earth works and how we can leave the planet in at least as good a shape as we found it. Have fun.


Study nature love nature, stay close to nature. It will never fail you.


FRANK LLOYD WRIGHT
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