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    Geologic evidence plainly teaches that Earth's climate has changed through staggering extremes of balmy warmth to bitter cold. And that's not just a description of ancient history, when dinosaurs roamed the world. Instead, it's the clear record of climate change during recent times, when fully modern Homo sapiens left Africa, spread around the world, and ultimately founded our varied cultures and civilizations.


    What's even more alarming than the recent dates and staggering scale of climate upheavals is how quickly they have swept over the Earth. Many of these have not been gradual events, unfolding over dozens of centuries or millennia. Indeed, as we now know, most major climate changes in geologically recent times have occurred in a mere twenty or thirty years. In other words, in the span of a single human lifetime, Earth's climate has crashed from warm times much like the present to Ice Age conditions—or rocketed back again to warmth. In between these catastrophic changes there have been numerous smaller, but still substantial, climate shifts. Even these lesser events have been more than sufficient to quickly alter entire ecosystems, and most of them have been devastatingly fast.


    The more scientists learn about the natural climate revolutions woven into the fabric of the planet, the greater our awe about how supremely fickle is climate on Earth. And climate upheavals have rearranged more than just entire temperature charts. Wind, precipitation, and other elements of weather have been as varied as temperature change. For example, what is now the driest part of the Sahara Desert was only four thousand years ago a lush and verdant landscape with lakes, fish, crocodiles, turtles, and people. But when climate turned yet another corner in Earth's long history, the rains shifted far to the south and the green splendor vanished, along with the people. Today, in the same spot, there is nothing but sand.


    No full climate crash has occurred in the span of written history. That may be chance, or it may be that if there had been a fully global and rapid climate revolution, early civilizations would not have survived, so we would not be here. But, in any event, the simple fact that we don't have written records of natural and extreme global climate revolutions accounts for a large measure of the ignorance of even the educated public about the behavior of climate on Earth. But geologists can read the physical record of the enormous changes that swept over the globe before civilization was established and our written history commenced. The signs are plain once you learn to see them: Earth's global climate reverses, staggers, and stumbles, again and again, sometimes with changes that occur within the span of a single human life. What's worse, the Earth looks like she may be overdue for another, fully natural, climate revolution, as well as for more moderate and ongoing climate shifts.


    The public has heard a great deal in recent years from the ranks of climate science, a discipline that's partially distinct from geology. There's much to be valued in the complex computer models that climate scientists use. But climate science is quite a recent branch of research, and climate scientists are not the only ones with professional opinions about the Earth. For almost two hundred years geologists have studied the basic evidence of how climate has changed on our planet. We don't generally traffic in computer models so much as direct physical evidence left in the muck and rocks of our planet. From those kinds of grubby facts, which this book will explain at a level any interested citizen can follow, we know a great deal about how climate has actually changed. As geologists, we also have evidence from many millennia and even millions of years under our belts, from periods of complete cycles of bitter cold to balmy warmth and back again to deep-freeze conditions.


    Regardless of American energy policies and our greenhouse gas emissions, changes in climate—including both massive and moderate upheavals in temperature and precipitation—are going to be a part of Earth's future, just as they have been the bedrock of the past. That's why the public and American policymakers need to understand what geologists know of past climate changes. Failing to discuss the evidence of both massive and moderate natural climate change is like speeding downhill on a bicycle at fifty miles per hour while wearing a blindfold. We can, if we wish, spend the next minute tightening the strap on our helmet. But ripping off the blindfold seems a wiser first step toward giving us a chance of survival. And the only way to start to see around us clearly is to look at the record of what climate has done in Earth's past. Some of the facts we can draw out from the Earth's records are encouraging, while many are quite challenging. But it's surely better to be informed about how climate on Earth behaves than to willfully wear a blindfold at this critical crossroads of our history.


    Please understand, geologists are not Luddites who say we should have no concern about our production of greenhouse gases, nor do we argue that what you've heard in the popular press about global warming is hogwash. But some of us believe you've been told only one isolated part of a much longer and richer climate story. To understand what might come next for climate—no matter our carbon policies or lack thereof—you need to understand what geologists know about Earth's past climates.


    Here's a simple analogy: if you were facing a crippling medical condition, you might be well advised to seek the opinion of differently trained medical professionals—perhaps surgeons, internists, and pharmacists. In the same way, you are well advised to listen to what geologists—as well as climate and environmental scientists—have to say about Earth's recent temperature and precipitation changes. The framework of geological knowledge is different than that of many climate and environmental scientists, and the advice we offer may differ from that of our colleagues in these younger disciplines. It's not that any one group has a monopoly on everything that's valuable, any more than cardiologists are always right and internists are always useless. Rather, before you make decisions about a route to follow, it's to your advantage to be informed about the lay of the land around you.


    At the end of the day, many geologists feel strongly that the best guide we have to the future is the evidence of the past. The Earth's past is the part of the picture that's most clear, providing the data that are least in dispute. The past is also the realm in which geologists excel; it's the part of the puzzle to which we've been devoted for many generations.


    As it happens, many geologic principles can be quickly learned by amateurs. In just a few pages, this book will show you how geologists can literally see Earth's recent climates when we look out the window. You, too, can master this skill set, and you'll be able to understand the basic outline of climate, as Nature herself can show it to you around your house or during your summer vacation in the Rockies, New England, or around the Great Lakes. And I'll teach you what you need to know not through a list of facts, but by explaining the story of how geologists learned the basic principles that guide our science. In other words, this isn't a textbook, but a narrative, the story of what real-life geologists—complete with human limitations and foibles—learned as they examined the parts of the natural world influenced by climate change. It's an interesting detective story in its own right, but it will also give you the basic tools to see the climate evidence that, indeed, lies all around you.


    Here's a warning: you may have to unlearn a couple of things you think you know. For example, many educated Americans live with the assumption that Earth's climate is quite static under natural conditions. The weather of our childhood, after all, felt like it was right and proper, the way the Earth was meant to be—and remain. But thinking of climate as a constant is grossly misguided. The weather of our childhood, in fact, was different from the weather endured by the passengers on the Mayflower and also different from that in which Viking raiders harassed the people of Europe a thousand years ago. The weather we knew when we were children—perfect and proper though it seemed—was but a single snapshot of the ceaseless and unfolding process of ongoing climate change.


    The notion that climate should remain the same over time is at the core of much of the recent discussion in the public square. Change—including fully natural climate revolutions and more frequent and moderate climate shifts—is understandably frightening. We naturally shy away from it. That's why it's actually comforting to believe the message of extreme environmentalists in recent years. Their argument is that we humans are in the process of destroying the world as we know it through our production of greenhouse gases, that we are the sole cause of current climate change. From that premise it follows that if we slash emissions of carbon dioxide greatly enough, climate will stop changing. That's actually reassuring compared to the view offered to us by the Earth herself. The fact is, if human beings had remained hunter-gatherers throughout our entire history, never producing a single molecule of greenhouse gases through agriculture or industry, climate today would still be changing. It would be lurching toward higher temperatures, crashing toward vastly colder temperatures, or at least swinging toward something different from what has been. That's just the nature of Earth's climate. It's not to our liking, and it's not to say we should do nothing about curtailing greenhouse gas emissions, but surely we must look the basic facts of natural change in the face if we are to have useful policy debates in the public square.


    Fortunately, most Americans have another and more useful childhood touchstone for memories when it comes to climate. Many of us recall the gist of books about the Ice Age that we read in grade-school libraries. Those books were decorated with images of saber-toothed tigers, giant ground sloths, and woolly mammoths. Behind a mammoth or two, in the distance, there was likely to be a sketch of a great glacier, perhaps with fissures lacing its edges. The world, it was clear in the books, had once been quite different, in terms of both climate and species.


    Although such library treasures gave us some significant information about climate, it's also true that there's much more that's now known to science than the mere outline of the deep freeze you saw in grade school. In the past twenty years, scientists have found a richly detailed record of climate change in materials as humble as lakebed mud in North America and as pristine as glacial ice in Greenland and Antarctica. That physical record has shown us that major climate crashes are interspersed with the history of milder fluctuations. But “milder” is a comment based on the Earth's standards, not ours, because even milder changes have led to famines.


    Here's just one example: a dose of natural climate change once hit the mightiest empire of the Bronze Age, the Egyptian kingdom of the River Nile and its broad delta. Some 4,300 years ago (2300 BCE), Egyptian civilization was flourishing, built on agriculture enriched by organized irrigation, rather than just the scratch-in-the-dirt approach to farming. Egypt's agriculture had led to population growth, big cities with educated elites, and well-trained and equipped armies. But, quite out of the blue, natural climate change hit the Egyptian empire, and it hit hard.


    It wasn't that temperatures changed much in North Africa but that precipitation patterns were altered. We have basic written accounts of this “small” change in climate—small by the Earth's standards. As one written account makes plain, the famine and cultural collapse triggered by this relatively mild climate shift was so great that wealthy families in Egypt ate their own children. Thus, rapid climate change quickly brought the superpower of the day to the point that parents resorted to cannibalism—just so the adults could survive a few more weeks.


    While Egyptians were eating their offspring, climate change was affecting other parts of the Earth, too. In general, the higher latitudes of the planet are likely to experience more temperature changes during dynamic times. It is possible that global temperature changes—and their related precipitation changes in Egypt—were one part of what reshaped ecosystems in and around the arctic of that day. It was around that same point that the last, isolated bands of woolly mammoths disappeared from Wrangel Island, off the Siberian coast. The mammoths, that great symbol of the Ice Age in your childhood, had clung on for several thousand years after the enormous climate upheaval that occurred ten thousand years ago, but they didn't make it through the blip that hit them in the Bronze Age.


    For animals and for people, Earth's climate is an adversary the like of which many policymakers and environmentalists have not yet dreamed. Natural climate change is the elephant in the room within our public discussion of climate. In our rush to start thinking about limiting our production of greenhouse gases—a goal we will surely undertake to some degree—we've unfortunately left behind the reality of the history of Earth's climate. Natural climate change is fearsome to contemplate, to be sure. But the time has come to acknowledge the geologic elephant that's standing so near us. While we cannot tame or control the beast, we owe it to ourselves to recognize the facts of what Earth's climate is like. Planning for and adapting to climate change is as worthy a goal as limiting greenhouse gases, once we acknowledge how frequent and profound natural climate change is. No matter our political commitments, we can all surely come to better policy judgments about energy and climate by acknowledging the facts regarding how climate behaves. Doing so would certainly be better than prolonging our collective denial of what we are up against.


    Here's a first, preliminary sketch of what climate on Earth has been like in the period so crucial to us. Consider it an overview to the facts of life when it comes to climate on Earth, and rest assured this book will explain how this sketch is known to geologists from the same basic physical evidence you will learn to see for yourself in your own backyard.


    In recent geologic history, climate has been characterized by long periods of bitter cold during which enormous glaciers covered half of North America. Huge volumes of glacial ice formed during these frigid times. Ice sheets buried almost all of Canada, reaching down into the American Great Plains. The northern parts of the Midwest, the northern strip of the Pacific Northwest, and most of New England were engulfed in ice for tens of thousands of years at a time. As far south as California, glaciers in Yosemite National Park slowly formed at high elevations and flowed downhill, creating the majestic landscape that tourists appreciate today. Even sea level was different during these times of bitter cold. Ocean levels were much lower because so much water was “locked up” on land in the glacial ice. One important effect of the low seas was that people, and animals like the brown bear, were able to walk to North America from the Siberian end of Asia—changing whole ecosystems as they did so.


    The public knows of the events just sketched as the Ice Age. Geologists don't use the term Ice Age because the interval actually encompassed both ice-cold periods and some vastly warmer times. To geologists, then, Ice Age is misleading, so we call the period the Pleistocene (pronounced Ply-stow-seen) Epoch.1


    Geologists have been studying the evidence of the Pleistocene's climate for upward of two hundred years. The subject is relatively easy for us to learn about because the glacial evidence lies at the surface of the Earth. Geologists have cataloged hundreds of thousands of pieces of evidence about the timing, movement, and extent of glaciers from around the world. The glaciers, obviously, tell us about precipitation and vastly colder temperatures. From basic evidence, geologists have constructed a detailed nomenclature that describes the many different times within the Pleistocene during which glaciers retreated, advanced again, and then melted away to nothing at all. In short, we have a clear and detailed picture of the worldwide extent of Pleistocene glaciation and various intermittent warm spells that occurred along the way. And, finally, we have a whole library of facts about how very different most of the Pleistocene's climate was compared to the time during which the whole history of human civilization unfolds.


    Let's start at the beginning. The worldwide glaciers of the Pleistocene Epoch were born in severe cold about 1.8 million years ago. That date presents an immediate problem for communicating effectively with many people. While geologists are used to considering great expanses of time, it can be a challenge for others to think about ancient dates measured in millions of years. A simple analogy might help. Imagine an empty, one-hundred-yard football field. The length of the football field will give us a way of visualizing the time during which extreme climate change has played out. Now add to the image a single referee standing in the end zone. The end zone with the referee will mark the present day for our analogy. The Pleistocene Epoch begins at the opposite end of the football field, away from the referee. That's one hundred yards down the field, at the point representing approximately 1.8 million years ago in time.


    Most of the whole football field corresponds to times of bitter cold—with enormous ice sheets covering Canada, New England, the upper Great Plains, and so forth. But the Pleistocene was not a time of only monotonous cold. In fact, it alternated between long periods of cold—lasting roughly 100,000 years—and short periods of considerably warmer times—lasting about 10,000 years. To visualize this, imagine starting at the distant end zone of the football field, at the start of the Pleistocene. We can count out 5.5 yards in the direction of the present day and the referee. That's the distance that corresponds to about 100,000 years. Those 5.5 yards represent times of cold and worldwide glaciers. But the next half of a yard—just 1.5 feet—is a warm time, with glaciers melting away to nothing. That thin, warm slice of time is similar to present-day Earth. Again, the warm period lasts for only half a yard, compared to the preceding 5.5 yards of bitter cold, and the warm times are followed by a return to a long period of cold.


    The alternation of cold and warm periods repeats down the entire length of the football field. The cycle is always a long period of cold followed by a much shorter period of warmth. The exact time intervals are not the same with each cycle, but the basic pattern remains as we move toward the present day, where our referee stands.


    The final few yards of the football field are particularly important to us. About 6.5 yards away from our end zone is the next-to-last warm time on the field. Glaciers melted back to nothing during this time. Conditions were a bit warmer than the present day. One geologic name for this time is the Eemian. (Geological science is full of difficult names, and often even has multiple names for what is essentially the same period of time. The Eemian has some other names, too, but they are even more challenging to read or say, so we will stick with the simplest option and call that time by one name, the Eemian.)


    If we were transported back to the Eemian, we would feel pretty much at home as far as temperature and climate. If anything, the Eemian would feel one full notch warmer than what we are used to in the present—an example, if you will, of natural global warming. In addition to the warmer global conditions, however, what would likely strike us as most odd would be many enormous herbivores and carnivores, much larger than anything we know today. The Eemian, if you will, is much like what you learned as a child about the Ice Age in terms of many species of flora and fauna, but minus the ice and the cold temperatures.


    The warm Eemian time lasts for about half a yard, as usual, after which the Earth returned to bitter cold, with glaciers advancing over continents. The cold continues for several yards on the football field. Then, just 1.5 feet from the end zone where the referee waits, we reach another enormous climate change. Temperatures warm and glaciers retreat radically.


    It is in this balmy time, the last half yard on the football field, that something special happens. We don't know exactly why, but it is at this time that we humans change our way of living. Instead of just being hunter-gatherers, we start to deliberately plant and tend crops. We domesticate animals. Soon after those major milestones appear along the roadway of our common history, people make pots, weave cloth, and then record their thoughts with abstract symbols. After that, as you know, we are off to the races as civilized peoples all around the world.


    Because of our accomplishments during this last, warm interval, scientists long ago gave this narrow slice of time at the end of the football field a special name: the Holocene Epoch (pronounced Hole-oh-seen).2


    From the Earth's point of view, the Holocene is no different at all from other brief, warm intervals in the Pleistocene, like the first one we mentioned, all the way back near the far end zone of the field, or the Eemian, which is only 6.5 yards from the referee. So, calling the current warm times by a different epoch name is a clear mistake! It simply makes no sense as far as the Earth is concerned. Nevertheless, we gave these last few inches of the football field an exalted status and a new label because we are so enamored with civilization. And because the present warm time is known the world around as the Holocene Epoch, we will use the term in this book.


    We've just sketched a whole football field's worth of massive climate changes that occur in a roughly cyclic pattern. But there are also smaller but still staggering climate shifts that occur within the long times of bitter cold or the brief times of warmth. That's an important point, because those changes are more numerous and more frequent than the megatrends we've just spread out onto the football field. And frequent changes, of course, are not a good thing for us people. Beyond all that, some of the changes are rapid—so fast we sometimes call them rapid climate change events or RCCEs (pronounced “Rickies”). If we asked our referee to mark RCCEs on the football field by putting down a flag for each one, we'd have to provide him with scores of marker flags—real work for him, and not a comfortable picture for us.


    Another disturbing point you may have noted is that the Holocene has already run for about ten thousand years. That means the Holocene is already a bit longer than a good many of the warm times on the football field. Thus, if the Earth continues to behave as she has for the past two million years, we must expect a return to bitter cold at some point, with ice sheets that reach as far south as Nebraska once again. And, as scientists have recently learned, the change to that bitterly cold climate regime is likely to be fast, happening over the course of a generation or two.


    That, as they say, is the bad news.


    But facts are facts, and they are worth facing squarely rather than trying to ignore in the confusion of bad faith. And, as you know, modern civilization may be changing Earth's climate history by putting such a quantity of greenhouse gases in the air that we are altering climate. In that case, we ourselves may break the cycle represented by the football-field analogy of time. Our own activities may inadvertently help us to avoid a return to crushing cold. That, on the whole, would be a good thing, as cold would end agriculture in most of the world's breadbasket regions, resulting in the deaths of potentially billions of people.


    But it's important to note that if we do change climate through our airborne effluents, such a result would be simply chance. We surely didn't produce industrial carbon dioxide with climate modification in mind. And if we raise Earth's temperature substantially, we shall have to adjust to what Earth's climate was like before the Pleistocene Epoch, when there were no glaciers at all, anywhere on the globe. Much of Earth history, in fact, has unfolded in exactly such a hot climate, so it would not be a “new day” from the point of view of the Earth. But our civilization would surely be severely challenged to adapt to pre-Pleistocene levels of warmth, just as it would be hard-pressed to adapt to a return to the Pleistocene's bitter cold.


    The last possibility we must note for the future is that the sudden change in greenhouse gas concentrations we humans have produced could “push” the inherently fragile climate system too far, causing it to snap. An analogy sometimes used to illustrate this point goes like this: A profoundly drunk man is pretty likely to fall down as he walks home from the bars. We can wait for such an event, watching the drunk as he staggers and careens down the sidewalk, or we can increase the chance of his falling sooner rather than later by giving him a shove. In the terms of this analogy, climate careens around chaotically on its own. We humans were not responsible for the many times it has “fallen” into dramatic changes in the past. But by increasing greenhouse gas concentrations rapidly in a short period of time, we have “pushed the drunk.” Climate may become a lot warmer in response to the spike in greenhouse gases we have created. But, as we shall see in this book, Earth's climate has many different elements that are always in play, influencing one another. Because of that, our emissions could actually make the climate stagger and fall in one of several different directions.


    But while it makes sense to feel real concern about pushing the drunk, there is a framework to aid your thinking that geology can give you but that climate science simply lacks. Just for example, there is one special plea about carbon-dioxide production that geologists know well, a call to action we have long been making. We'll explore the idea more fully toward the end of this book, but here is the gist of it: we would readily eliminate a significant amount of carbon-dioxide production if we could put together an international effort to extinguish the almost-biblical plague of unwanted coal fires in mining districts around the world. Particularly in Asia, raging and smoldering coal fires both above and below the ground are a curse the world's poor endure each day. Most people don't even know these fires exist, but geologists do—we live and work in the mines with miners—and from Pennsylvania to Alaska in the United States, as well as in mining districts abroad, these smoldering fires are common.


    Just as Americans put out the petroleum-well fires of Kuwait at the end of the First Gulf War, we could extinguish many or most of the world's unwanted coal fires, doing both local residents and Earth's climate a major favor. Such work would be vastly cheaper than decreasing carbon-dioxide emissions by putting solar panels on roof tops or sequestering carbon underground next to coal-fired electrical plants. You must allow a geologist a direct appeal that we immediately address the coal-fire problem, for we could benefit the globe at a tiny fraction of the cost of other ways of limiting greenhouse gas production. That's the kind of practical thinking you can get from geologists, and it's one of the reasons you need to hear from us, not just from climate scientists making computer models.


    One truth above all stands out in geology. If we think of climate change as our enemy, we will always be defeated. That's because climate will always evolve, lurching to new warmer states or crashing into much colder ones. To geologists, it's death, taxes, and climate change that are the true constants of life on Earth. Our goal should not be to hold climate static, but to understand its fully natural but menacing and manic moods. Above all, we must adapt to climate. Included in that adaptation, of course, should be limiting human activities that provoke climate—like pouring greenhouse gases into the skies. But it's also true that we must be honest with ourselves, knowing that the climate of Earth will always change for fully natural reasons regardless of our energy choices. That kind of honesty should allow us to temper at least some of our climate and energy policies in light of their great costs to our economy. It behooves us, therefore, to keep our economy running as best we can so that we can afford to make the transition to a necessarily uncertain future.


    And there is much climate science the public has not heard about. One recent hypothesis from an eminent climate scientist deserves special mention because it has not received nearly the attention in the media that the Intergovernmental Panel on Climate Change reports have—but it's actually much more fundamental and significant to our situation. There is plausible evidence that man-made climate change may not be new at all. The hypothesis now being vetted in the climate-science community is that human activities throughout thousands of years of the Holocene have changed climate—essentially fending off a return to giant glaciers here in North America. The argument is that human agriculture—even early farming done with slash-and-burn techniques and hand tools—was enough to increase the two principal greenhouse gases so that we crossed just over a critical climate threshold. Due to these agriculture effects over thousands of years, the argument goes, we've stayed just warm enough that glacial ice masses have not been able to re-form in Canada. We'll address that argument in a special chapter of this book, both because it's so significant in itself and because it's a good example of how science—at its best—unfolds through evidence and argumentation.


    Through it all, this book will make clear to you the major assumptions that lie behind all climate predictions—the beliefs about what will happen next that may collapse when the Earth turns yet another small corner in the geologic history of climate. The past is our best guide to the future, and the past is the realm of geology. Personally, I can see the evidence of bitter cold winds of the Pleistocene just outside my house's windows in rural Washington State, and by the time you finish reading this book, you'll understand a great deal about the evidence of geologically recent and dramatic climate change, too; the evidence is available for your inspection from New England to New York and across the Midwest, from the plains of Nebraska to Colorado and Wyoming, and also in such places as the Sierra Nevada of California. If evidence matters to your view of the world, let me show you abundant and clear evidence of natural climate change, all of which is part of the framework needed for understanding recent climate shifts.


    We humans can successfully move forward in the face of both natural and man-made climate change. But to do so intelligently and effectively, we must understand and acknowledge the dynamic nature of climate. Let us begin, then, with the story of how geologists learned about the Ice Age that came before the balmier times in which we now live.
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    Carroll Livingston Riker was an American engineer, inventor, and sometimes politician. He lived in the glorious time when engineers were widely respected—like rock stars are today. Riker worked on the Panama Canal—the greatest engineering success of his age—and he held more than twenty patents at the time of his death at seventy-eight in 1931. Among Riker's smaller accomplishments was fitting the first ships with refrigeration devices for the shipment of perishable goods across the Atlantic. The larger feathers in Riker's cap came in two kinds: technical engineering contributions and helping to inspire bills before Congress for major civil-engineering projects.


    Riker's first and lasting love was the water of Earth: the ways, the powers, and the meanderings of the ocean and river currents of the world over time. In that sense, he was close to being a proto-oceanographer—a field not yet fully invented in his day. That also made him the watery equivalent of a geologist, a field that happened to have started to develop a good bit earlier simply because we humans live on land rather than under the sea.


    Born on Staten Island, Riker spent a portion of his youth being educated by private tutors—and he had the good fortune to teach himself about currents and waves from firsthand study. While still a teenager, he designed the hull of a steamboat. His adult career then included major civil-engineering projects in Panama and on the Potomac River. In the latter project, he created the first powerful pumping dredge to fill the Potomac flats. Most notably, he did so for less than half the cost the federal government had first estimated the work would cost, a feat perhaps not repeated in the history of major governmental projects since that time.


    Riker was not just a hypomanic professional and politician active on a variety of fronts, he was also a man who naturally sketched out the very largest of ideas. Applying the lessons he knew of ocean currents and the engineering prowess he had seen America pull together in Panama, he came to the conclusion that civil-engineering projects could favorably influence regional climates. In 1912 Riker published an argument for diverting the Gulf Stream as a means of changing climate in eastern Canada. He argued that for $190 million, less than the cost of building the Panama Canal, Americans could build a two-hundred-mile-long jetty running east from Newfoundland across the relatively shallow Great Banks. This would turn the cold Northern Labrador current that flows southward along the margin of Canada, making the cold waters then flow toward the east. (Technically, the structure Riker planned would be a “groin,” not a “jetty,” but in common usage most Americans think of groins as jetties.)


    Riker's plan hinged on diverting the warm Gulf Stream. The natural path of the great current pushes warm water from the Gulf of Mexico northeast on a slanting trajectory across the Atlantic, contributing to the moderation of the climate of Britain and northwest Europe. But if even part of the Gulf Stream could be turned to run straight northward up the western side of Greenland, it would warm both eastern Canada and western Greenland. The change in regional weather would be dramatic. Those in favor of the plan believed that much could be gained from a balmier climate in Canada and—after the Greenland ice cap melted—that great expanse of land could become useful.


    Turning such a great force as a major ocean current isn't something to be done by brute force. But that is where Riker's knowledge of the sea came to the fore. When water currents are forced into sharp turns, such as his plan proposed with the jetty, they slow down. As their speed is retarded, the sand they've been moving is deposited. Because the Labrador current carries a lot of sand, Riker calculated it would soon stabilize the narrow jetty he envisioned, making it into a wide feature with a backbone of jetty material but a broad northern slope of sand. (This is the same, well-known phenomenon you can see at work on jetties all along the eastern seaboard of the United States today, where sand “piles up” on the up-current side. It's also something Riker would have observed from his childhood onward throughout life—and it's a fact still taught in introductory geology and oceanography classes in colleges throughout the land.)


    The important net result of Riker's jetty would be that the cold Labrador current would encounter the warmth of the Gulf Stream in much deeper waters than it does now, and the depth would mean that the cold water could sink below the warm current—rather than clashing with it and pushing it east. Riker's jetty would thus produce a sinking cold current, disappearing into the vast depths of the Atlantic, and a warm Gulf Stream at the surface headed northward between western Greenland and eastern Canada—with enormous regional climate changes as a result. Riker maintained his plan would create a mild climate for eastern Canada, end the endless winter fogs off the Newfoundland and Labrador coasts, and eliminate iceberg hazards to shipping in the North Atlantic. Bringing the benefits of warmth to Greenland, Canada, and the heart of the polar ice pack all the way to the North Pole looked like the next great achievement to come after uniting the Pacific and Atlantic Oceans in Central America via the Panama Canal.


    Had Riker's jetty been constructed, and had it worked as intended, it would have helped Canada more than perhaps any other nation. This certainly suggested that Canada should have undertaken to pay for the project. But Canada, then as now, was a small nation compared to the United States. Just as Canada had not reached out and claimed land in Panama to build a canal there, it didn't seem likely that Canadians would put the needed $190 million and thousands of working men and engineers into the jetty project. There were other problems with Riker's plan. The New York Times editorial board argued against it, pointing out that if the Gulf Stream were diverted, Great Britain (and the rest of Europe) would suffer horrible climate change, being suddenly thrust into a major cooling trend. That argument was significant to many Americans, both those with relatives in Europe and those with business dealings there. Thus, for a combination of political, moral, and technical reasons, the Riker plan failed to gain a critical aggregate of support. When World War I started in 1914, Riker's idea dropped off the collective agenda, and the engineer put his energies into other projects. Today, many citizens don't know Riker's name, let alone the history of his plans and calculations for deliberately changing climate.


    In later decades other engineers pursued some of the same general goals that Riker had embraced, but in quite different ways or with other intentions. Amid the Cold War, for example, various efforts to change the weather were not only planned, but also executed. Blending military matters with climate and environmental concerns was sometimes known by the ugly acronym “EnMod,” the deliberate modification of the environment either as a weapon of war or in response to natural climate change. Programs like POP EYE, Project Skywater, and Project Cirrus were just a few of the efforts that resulted from the general understanding that climate and weather are crucial for both our civilian lives and our military activities.


    Southeast Asia was the US military's laboratory for testing the principles of environmental and weather modification. Between 1967 and 1972 the Pentagon spent millions of dollars each year to seed rain clouds in that region, in particular near the roads and trails over which resistors brought supplies into South Vietnam. The plan was to bog down the enemy in mud. At the time, military planners and a number of weather and climate scientists believed strongly in the efficacy of seeding clouds to create rain. But, with hindsight, it's highly likely the whole effort had only marginal impact on precipitation.


    The cloud-seeding program was undertaken to lessen the bloodbath toward which our efforts in Vietnam were sliding, saving both American and Vietnamese lives. But the program and its supposed results were kept a secret from the American public until Dr. Daniel Ellsberg released a classified internal history of the war known as the Pentagon Papers and Senator Claiborne Pell held hearings about EnMod in Southeast Asia. Partly as a result of that secrecy, and also due to the influence of the growing environmental movement here at home, waging war through weather modification quickly acquired an odious repute.



    Efforts to improve weather in the United States were another matter. Many people, scientist and laypersons alike, believed in such projects or hoped for their success.


    Then, as now, people living along warm-water coasts fear hurricanes for much of each year, so it was natural for them to ask if anything could be done to modify, break up, or divert the massive and destructive storms. Project Cirrus and Project Stormfury seeded rain clouds to try to break up hurricanes' vast energy patterns. The storms were not clearly diminished, however, and sometimes the hurricanes changed course in unexpected ways after seeding. Naturally, national leaders feared hurricanes could be made more likely to reach land due to the interference of humans. Of course, hurricane paths always change, and sometimes markedly so. But the very real political dangers of messing with Mother Nature became clear to Congress—and the efforts were eventually dropped.


    In the upper Great Plains, however, federal- and even state-based programs of cloud seeding were generally much better received. They were undertaken during the growing season to increase rains for crops. Farmers in the Dakotas, in particular, were glad for the efforts, crediting the seeding with at least some raindrops. But again, in hindsight, it's not clear that any of these programs changed the weather to a significant degree. If they did affect natural precipitation, they did so only in small proportions, and few would argue that the scattered raindrops they created were worth the millions of dollars spent to generate them.


    The effort invested in American weather and environmental modification programs at home and abroad in the 1960s and early 1970s is testimony to the desire Americans had in that era to bring weather and climate under human control. As with Riker in 1912, that spirit was clearly quite different from our own, twenty-first-century perspective. It's worth noting that, in matters of climate, and as late as the 1960s, Americans didn't view nature as necessarily benign or beneficial. Instead, many people thought our task as humans was to harness nature for our own interests, to shape it in accord with human values. For myself, I hold no opinion about which view is right or wrong. I am simply trying to point out that we Americans held quite different views of climate and nature just fifty years ago—not terribly far back in our deep, dark past.



    If you had asked scientists, around the time that the Vietnam War was winding down, what naturally lay ahead for regional weather and global climate patterns, most of them would have voiced general concern about two issues. One concern, based on evidence from Earth's past, was that our current warm times, the Holocene Epoch, would likely be coming to a close, and sooner rather than later. Whether the end would come in the twenty-first century, or not until many centuries later, wasn't clear. But the passing of the Holocene—with a return to Ice Age bitter cold and mile-thick glaciers covering Canada, the northern United States, and Scandinavia—was definitely on the horizon somewhere.


    At the same time, there was another factor to consider. Scientists knew that by burning fossil fuels our societies were adding lots of carbon dioxide and other greenhouse gases to the atmosphere—and we were doing so at an increasing rate. Greenhouse gases, of course, would tend to warm the whole Earth. A few technical people saw such warming as potentially very fortunate, an event that could help delay the onset of the next Ice Age. Some others, however, were deeply concerned that the warming would become pronounced and be more of a problem than anyone fully realized. We will devote the next chapter to greenhouse warming, where we can give it the space and time it deserves. That chapter, indeed, will be a long and detailed one, in some ways the most demanding of this book. But, for now, we will set aside warming concerns. Here, our main attention will be focused on global cooling, about which some serious scientists of the 1960s and 1970s were truly concerned—for good, empirical reasons.


    It was in the context of a fear of global cooling, as well as warming, that the National Academy of Sciences—the nation's most prestigious groups of scientists from all disciplines—published its volume Understanding Climatic Change: A Program for Action in 1975.1 The “action” in question was expanding study of climate and funding for climate research. If regional and global temperature and precipitation determined the course of so much human history, and if science stood on the brink of understanding climate more thoroughly, then this—the prestigious National Academy of Sciences argued—was the time for society to pony up and fund major climate research as had never been done in the past.



    Possible global warming and global cooling in the twenty-first century are both mentioned in the book. It is global cooling that gets some telling attention with respect to the natural end of the Holocene Epoch and a return of the Earth to Pleistocene levels of bitter cold. And the report points out that not all the cooling the Earth seemed to be experiencing in the 1970s was natural. Human-made particulate pollution in the atmosphere, the scientists warned, would tend toward cooling the planet by decreasing the effective amount of sunlight received at the surface of the Earth. At the same time, however, human-made carbon-dioxide contributions to the atmosphere would push the planet toward warming. At the time the report was written, the authors judged the carbon-dioxide factor to be more significant. But if both carbon dioxide and particulate pollution were to grow at equal rates, the authors warned that the effect of particulates would grow compared to that of carbon dioxide, an eventuality that would push the planet in the colder direction.


    As one might expect, some scientists in the then Soviet Union were even more deeply alarmed about cooling than their American counterparts. Most of the Soviet Union lay at extreme northern latitudes and far from the climate-moderating effects of warm-water oceans. If some American scientists were concerned about the post–World War II cooling trend, it's easy to guess what Soviet scientists thought might well be in the cards for their nation. Borrowing the goal of the old Riker jetty-building project, if not the specific methods, the Soviets developed plans to melt the ice of the polar sea by spreading black coal dust over the ice in the summer to make it absorb, rather than reflect, the sun's heat. The plans were perhaps partially based on an old, peasant tradition in Russia, that of sprinkling ashes and dirt on snowdrifts in the spring. The dark material helped the snow and ice melt faster, freeing valuable spaces like garden plots from the last effects of each winter.


    Sadly, the basic reason there was real fear of global cooling in the 1970s wasn't that government officials clearly remembered the lessons of geology you have mastered in this book. Instead, the visceral concern was based on the weather pattern of three decades, from the early 1940s to the early 1970s. In that period, weather stations all over the land's surface showed that the Northern Hemisphere—where most of humanity lived and most crops were grown—cooled significantly. In particular, here in the United States, where we had many good weather stations with highly automated and reliable measurements, temperatures clearly and sharply declined. There was simply no way to dispute the trend, and it was disturbing.


    Temperature changes on Earth tend to be greatest at high latitudes (near the poles) and much less at lower latitudes. In keeping with that fact, the cooling effect of the 1940s through the1970s was the strongest in the arctic, where some stations saw an average temperature drop of about 3.6 degrees Fahrenheit each decade or about 10.8 degrees Fahrenheit in total. That's a staggering drop into the frozen abyss. In Iceland, the drop was a bit less than 4 degrees Fahrenheit over the thirty years. Lower latitudes saw more modest cooling, but the trend was clear.


    Colder and longer winters and cooler summers have very real effects on people. Cold kills. Far, far more people die on cold winter nights than on hot summer days. The thirty-year cooling trend acted on the world as if the land itself had been moved northward, pushing heating bills up and threatening people with the simple but very real physical stress of cold. The impact on agriculture was significant and even more fearful to many. Measurements showed that the growing season in Great Britain had been reduced by at least two weeks during the thirty years of cooling—a horticultural impact that every gardener can relate to.


    For its part, the news media reported a blizzard of cold weather events, some so odd they made even the general public take notice and seriously consider the prospect of a coming Ice Age. Among the reports were:


    

    
      	frost and even snow in Brazil that destroyed most of that nation's coffee crop, sending prices sky high


      	an “armada” of ships bringing supplies to the oilfield near Prudhoe Bay, which was trapped in arctic ice


      	the winter of 1975–76 for the lower forty-eight states was dominated by what the National Weather Service called “record cold”; San Francisco experienced its heaviest snowfall in eighty-nine years


      	most ominously for worldwide food productivity, the globe seemed to slide into a period of major changes in precipitation patterns, with major to massive droughts in India, Central America, the Caribbean, South Africa, and Northern Australia

    



    

    It's no wonder that popular magazines famously put the Ice Age threat on their covers. It was only a short—if rather hysterical—jump from data about the weather to fear of global climate change and a return to the Pleistocene. And while it's now easy enough to criticize the people of the 1970s for what they thought, fear of a slide into a frigid world was founded on the hard facts of the daily news, on decades-long weather patterns, and on the lessons
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    It's a pleasure to acknowledge the scientists who have helped shape my understanding of Earth's recent climates and the scholars who have guided my path as I learned how geologists originally advanced our understanding of climate. It's also a pleasure to thank those remarkably patient friends and family members who supported me on a personal level as I labored for far too long over the manuscript of this book.


    Long ago the late professor Sheldon Judson of Princeton University's Geology Department taught me the basic outline of how radically different were parts of the Pleistocene Epoch from what we experience on Earth today. He explained the geologic evidence for the episodic cold-warm-cold-warm pattern of Earth's recent climates presented in the first chapter of this book. He made it clear to me that we are actually simply in one of the warm times of the misleadingly named Ice Age. After I returned from an East Coast education to my native Pacific Northwest, I started to study the field evidence for Ice Age glacial-outburst flooding near my home. Sheldon became a firm supporter of my work, corresponding to me faithfully about it in detail, even in the days before e-mail. When he visited me one summer, we toured part of the Channeled Scablands, a region scarred by climate effects discussed in chapter 3. I took him to the finest gravel quarry in the whole west, where we stealthily trespassed on a Sunday to see the natural record of the back flooding from Glacial Lake Missoula as well as earlier flooding from Glacial Lake Bonneville. Sheldon doffed his hat at the beauty of what lay before us, clear evidence of the truly violent effects of geologically recent variations in climate.


    After Sheldon's death, his widow Pamela Judson-Rhodes helped me in my fieldwork one summer, navigating our journeys on a profusion of topographic maps and helping me collect sediment samples shaped by fluctuations in climate. It's a pleasure to publicly thank Pamela for her direct help that summer and for earlier lending me a considerable part of Sheldon's time during his retirement.


    Lincoln and Sarah Hollister, also of Princeton, have supported me as an author for many years now, sending warm words across three thousand miles as I sat through various snowy and bitter Northwest winters at the desk of my basement study. They also read an early draft of this book and sent me valuable comments about it.


    Washington State University has given me several colleagues whom it's a pleasure to publicly thank with respect to this book. Kent Keller, a geohydrologist, helped me when I was on WSU's teaching faculty, and he has shared with me some of his ideas and concerns about climate and greenhouse gases in more recent years. Talking with Kent about natural and anthropogenic climate change and related questions of energy policy has always been a pleasure, and I've learned a lot from our discussions. Gary Webster, David Gaylord, and Mike Pope, all of WSU's Geology Department, visited me in the field when I studied the late Pleistocene and Holocene sediments of northeastern Washington State while on sabbatical. That interval was the period of my life I was able to devote simply to exploring natural evidence of stupendous, natural climate change and the side effects entailed by such changes. Later, when I was teaching an interdisciplinary science course with Lisa Carloye, I reviewed my earlier field experiences to use them in freshmen-level lectures. Working with Lisa was itself a pleasure, and it was out of our common efforts to talk to nonscience majors about climate change that the idea for this book was formed. After the writing was well underway, George Mount helped me by critically reading the manuscript of what became chapter 11 of this book; I deeply appreciate both his technical corrections and how quickly he read what I gave him.


    A colleague from outside technical life at WSU has also been of great assistance to me. At some point in the 1990s I was fortunate to fall into a series of conversation with Jerry Gough of WSU's History Department. Those talks led me to sit in on the classes Jerry taught for years on the history of science. The history of geology had been an interest of mine since my days as a teaching assistant for Stephen J. Gould at Harvard University. Jerry quickly took up my education where I had left it in New England, and over many years now he has been an excellent teacher. With respect to this book, Jerry outdid himself, reading and editing both an early draft organized in one framework and a later and quite different draft. I don't think I would have persevered to the end of this project without Jerry's constant and cheerful encouragement.


    The librarians at WSU's Owen Science and Engineering Library were essential to the preparation of this volume. The circulation librarians fetched obscure volumes for me via interlibrary loan. They also calmly coped with my ability to misplace the books I check out. Then there are the true heroines of the story, the reference librarians of Owen. Time and time again, they rescued me when I was about to give up hope of learning a bit more about a nineteenth-century geologist or tracking down something that was alleged to be in the Congressional Record but failed to appear there. My joy at finding pieces of good material for this book was shared by a revolving set of reference librarians who manned the help desk at Owen, and I appreciate their assistance more than I can say. When I am finally called home by the Lord, I firmly believe it will be to an enormous library, one staffed by dedicated librarians like we have here on Earth.


    The last chapter of this book, which discusses in part the worldwide plague of unwanted coal fires around the world, was enriched by my correspondence with geologist Glenn B. Stracher of East Georgia College. Glenn is an authority on such fires, which burn out of control like forest fires but are scarcely reported in the news. My concern about the fires and their effects is surpassed only by my gratitude to those specialists who have done the careful work of showing just how detrimental such fires are to both local environments and the global atmosphere.


    Turning to my more personal debts, it's a pleasure to note that several friends conspired to help me with this project. Dean Ritchie read and responded to the outline I first put together to organize my thinking. Karl and Mary Anne Boehmke generously read the entire first draft of the manuscript, as did Sharon Rogers. My loyal friends Mary Elisabeth Rivetti, Julia Pomerenk, and Susan Bentjen put up with my tedious reports about how the project was proceeding over the several years it unfolded. My friends, I suspect, may have suffered even more than I did during some of the difficult chapters, but they remained steadfast to the belief that one day we would all be released from this effort.


    My colleagues at Prometheus Books have been helpful, prompt, and always professional. Brian McMahon deserves special mention for patiently copyediting the manuscript, finding many ways to improve the text.


    Finally, but perhaps most importantly, Russell Galen in New York took me on as an author and pushed me to improve what I produced. We had to turn several corners together to reach a manuscript we hope might be useful to the reader. I sincerely thank Russ for his time, his criticisms, and above all his implicit encouragement.


    Writing anything at all about climate is complex, and it is almost bound to be controversial in some quarters. It's therefore worth explicitly noting that although many colleagues and friends have helped shape my thinking about Earth's climate, I alone am responsible for the shortcomings of this volume.
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    Dr. E. Kirsten Peters majored in geology at Princeton University and earned her doctorate in geology from Harvard. She has published technical abstracts and articles in her field of expertise as well as essays about science, religion, and the challenges of teaching college students to write. She has taught geology and interdisciplinary science classes at Washington State University, where she is a faculty member. She is the author of two textbooks in geological science and has been a freelance editor for college-level materials in oceanography, environmental science, and geology. In recent years she has created a nationally syndicated newspaper column called “The Rock Doc” that explains topics in science and technology to a general audience. The Whole Story of Climate is her eighth book.
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