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FOREWORD

David Remnick

In the nineteen-eighties, a writer named Bill McKibben was regarded around The New Yorker office as something of a prodigy. The pieces in the Talk of the Town section in those days were unsigned, but everyone at 25 West Forty-third Street knew that McKibben was often writing half of them, sometimes more. Still in his twenties, he went wherever William Shawn, the editor of the magazine, sent him—to trade shows, ballgames, political rallies, the piers—and, in no time at all, he returned to the office and bashed out something charming or funny or sharp. Some writers in that era did not know what to make of him. McKibben had the laconic bearing of an Episcopal novitiate but worked with the metabolism of a hummingbird. And, as addicted as he had become to turning out his metropolitan dispatches on a snug weekly deadline, he was also eager to write something longer, more deeply reasoned, more far-flung. He had a particular passion for environmental matters and was a devoted reader of Henry David Thoreau and John Burroughs, Wendell Berry and Rachel Carson. Perhaps he’d do something in that mode. After giving the matter considerable thought, he approached Shawn with a proposal.

“Can I write about my apartment?” he asked.

What McKibben had in mind was rather high-concept. He lived in a nothing-special apartment at Bleecker Street and Broadway. What would he learn, he wondered, if he followed every pipe and wire and chute that connected his apartment to the greater world to see where it all led? Where exactly did his water and electricity come from? Where did all his coffee grounds and apple cores go?

With a notebook and a credit card, McKibben flew off to Brazil to see where Con Edison was getting its oil. He visited the La Grande hydroelectric dams in subarctic Quebec; water flowed from there into the James Bay, into the Hudson Bay, and, eventually, into Bill McKibben’s faucet. He saw uranium being extracted at the Hack Canyon mine, in Arizona—and eventually brought to the Indian Point nuclear power plant, the better to provide electricity for the lights and air-conditioners at Bleecker and Broadway. McKibben’s essay on the exploitation of nature and its resources, titled “Apartment,” ran in the March 17, 1986, issue of the magazine.

An important outcome of that piece, for its author, was that it suggested further work. “ ‘Apartment’ had the effect of reminding me, or maybe teaching me for the first time, that the world was physical,” McKibben tells me. “Somehow, I became attuned to the idea that the world and human arrangements were more vulnerable than I had ever thought. I could see what these lifelines looked like. And, at that moment, I also started reading the emerging literature of climate science.”

One voice in particular stood out. In June, 1988, James Hansen, a scientist best known in his early career for the study of Venus and its atmospheric conditions, came before a Senate committee and testified that the Earth was now warmer than it had ever been in recorded history, and that the chief cause was our heedless consumption of fossil fuels. This warming, he said, was intensifying all the time and would soon lead to rising sea levels and extreme weather conditions—powerful hurricanes, ruinous droughts and fires and floods. It would unavoidably threaten natural systems and the social order.

McKibben was paying attention. The next year, he published a long, scrupulously reported, yet meditative piece of writing on climate change and what it could mean for the planet. It was called “Reflections: The End of Nature,” and it was the first truly extensive exploration of climate change in the nonscientific press. At the time, some people viewed the piece as exceedingly pious and comically apocalyptic. Lewis Lapham, the editor of Harper’s Magazine, wrote: “ ‘The End of Nature’ plays to the superstitions of the environmental left. The author, a young man of sensibility named Bill McKibben, strives for sanctimonious effect that is earnest, doom-ridden, precious, and tear-stained.”

Still, the charges levelled against McKibben—of self-righteousness, fear-mongering, exaggeration—did not yet come from more organized and ominous forces. The oil-and-gas industry and right-wing, anti-environmentalist groups would eventually mobilize in an effort to discredit the work of writers like McKibben. Young men with video cameras would try to capture him in acts of hypocrisy, like getting into his car. He would be on the receiving end of death threats. But all of that came later.

When “The End of Nature” first appeared, it felt like speculative literature. The more alarming signs of climate change—melting ice sheets, species disappearing by the thousands—were not yet a matter of constant coverage in the press. Which makes it all the more remarkable that McKibben managed to bring both the science and the politics to a general audience. No corner of the earth, he made plain, could now be considered wild; everything, every ecosystem, was affected by human civilization. He studied the ramifications of a global crisis precipitated by the “awesome power of Man, who has overpowered in a century the processes that have been slowly evolving and changing of their own accord since the earth was born.” McKibben’s classic essay was, in effect, an echo of James Hansen’s lonely testimony, the beginning of the literature on climate change.

THE NEW YORKER has a long tradition of publishing pieces about the natural world and its vulnerability, among them Rachel Carson’s “The Sea” (1951) and “Silent Spring” (1962), John McPhee’s “Encounters with the Archdruid” (1971), and Jonathan Schell’s “The Fate of the Earth” (1982). Carson’s work had a distinct political impact, changing the national mind-set about the dangers of pesticides. McPhee’s work explored the clashing values of those who sought to protect the environment and those who sought to exploit it. Schell dramatized, at the height of the Cold War, the costs to the earth of nuclear conflict. What this anthology aims to represent is the magazine’s efforts, over the past three decades, to examine what is now referred to as the climate emergency—its explanation and origins; the conditions it has already created; the likely consequences if we go on as we have; and (with some measure of hope) the possibilities of mitigation or adaptation.

In the worst sense, we have come a long way since “The End of Nature.” If McKibben presaged a speculative dystopia, we now live in its opening chapters. In the intervening years, the world’s governments have done precious little of the work and the coördination needed to ease the overheating of the atmosphere. The oil companies have conspired to buy off opposition through vast lobbying efforts in Washington and around the world. Awareness of climate change has certainly intensified, but, so far, with little to show by way of reform or results.

Hansen’s early alarms have largely proved accurate or have been grimly overtaken. In September, 2019, the Intergovernmental Panel on Climate Change, a U.N. commission led by a hundred scientists from around the world, issued a report about a crisis that was already upon us—record heat waves, catastrophic fires, devastated coral reefs, monster storms, disappearing glaciers and thinning ice sheets, rising sea levels—with far worse to come if CO2-emission levels were not radically reduced. Floods that were, in the past, freakish, once-in-a-century events will, by 2050, be an ordinary occurrence. Sea levels could rise more than three feet by the end of the century. Coastal cities all over the world will be endangered. Los Angeles, to take but one example, will face not only constant fire seasons but economic devastation along the shore; Marina del Rey and Venice Beach could be swamped. Other jeopardized cities, according to the U.N. report, include Bangkok, Barcelona, Honolulu, Jakarta, Lima, Manila, Miami, San Diego, San Juan, and Sydney. The state of the world’s oceans is perilous, the report said: the water is growing warmer and more acidic, a deadly combination for marine ecosystems. More than five hundred million people already live in areas that are turning into deserts. Certain cities and regions in the Middle East, Africa, and South Asia will become so hot that they will be uninhabitable.

The social and economic concerns are vast. The report noted that, in a world in which more than ten percent of the population is undernourished, climate change could lead to food shortages, mass migrations, and political upheaval. As Jonathan Blitzer has reported in The New Yorker, climate change in Central America, which has devastated farming, is a leading cause of migration north to Mexico and the United States. The implications of all these current and impending conditions beggar the imagination. Profound changes in political and human behavior—in the way we eat, the way dispose of our trash, the way we heat and cool our homes, the way we travel—are necessary.

Citizen activists around the world, many of them very young, have lost patience with the indifference of their elders and the floundering efforts of the political élites. Time, they know, is slipping away. “If you choose to fail us,” Greta Thunberg told a gathering of world leaders at the U.N., “we will never forgive you.”

When I was a young reporter at the Washington Post, I worked under Leonard Downie, a gifted editor who was a consistent champion of investigative reporting. He also had a peculiar fondness for weather stories. Rainstorms, blizzards, heat waves—he was enthralled by them all. On the eve of a storm, he liked nothing more than to deploy a huge cast of reporters and editors to cover it. Then he would give the weather immense front-page play. He was often mocked for this, but, in fact, he understood something significant. The weather is what we have in common; it affects everyone’s life in the most immediate ways.

Weather stories are now of a radically different order and frequency. We already live in a landscape of increasingly common hurricanes, tornadoes, droughts, and fires. For most of us, the penny has dropped: the adverse weather we are facing is no longer just a matter of nature acting on its own. Our behavior—our heedlessness, our inability to alter our patterns of consumption and greed—is the dominant factor. Unless this planet’s human inhabitants change our ways, and swiftly, weather conditions will only worsen. On this score, climate experts are happy to show us their finely calibrated models. Yet how can their findings be made vivid and comprehensible to a broader audience?

In the twenty-first century, The New Yorker’s leading voice on the environment has been Elizabeth Kolbert. Bill McKibben continues to write for this magazine and for other publications; he also publishes books and teaches. Much of his time, however, has been taken up with organizing and activism. As the leader of 350.org, he has led hundreds of climate-related demonstrations around the world. But the beat he established at The New Yorker could not remain empty. Kolbert came to the magazine from the New York Times, in 1999, with the intention of covering City Hall. When she had had her fill of Rudy Giuliani and Michael Bloomberg, though, she turned to climate change; there could be nothing more important for her to pursue. She announced her ambitions, in 2005, with a three-part series called “The Climate of Man.” Since then, she has extensively travelled the world—visiting Arctic glaciers, tropical rain forests, United Nations offices—and charted the forms and forces of its depredation. Her prose is razor-sharp, unforgiving, unillusioned. She aims not to soothe but to state things plainly, unmistakably, with the trenchancy of precision. I remember coming across this paragraph in her 2009 article “The Sixth Extinction” and feeling as if I’d had the wind knocked out of me:

Once a mass extinction occurs, it takes millions of years for life to recover, and when it does it generally has a new cast of characters; following the end-Cretaceous event, mammals rose up (or crept out) to replace the departed dinosaurs. In this way, mass extinctions, though missing from the original theory of evolution, have played a determining role in evolution’s course; as Richard Leakey has put it, such events “restructure the biosphere” and so “create the pattern of life.” It is now generally agreed among biologists that another mass extinction is under way. Though it’s difficult to put a precise figure on the losses, it is estimated that, if current trends continue, by the end of this century as many as half of earth’s species will be gone.

In this anthology, you will find different approaches to climate change, across a range of geographies. To tell the story of the crisis—its past, present, and future—the book will take you from Greenland to the Great Plains, into sepulchral laboratories and emerald rain forests. It will tell you how human beings created this epochal condition, even as early warnings were sounded; it will assess the consequences that climate change has already wrought, describe what the very near future portends; and explore what can be done to either forestall or try to cope with a looming cataclysm. You’ll find science writers, foreign correspondents, essayists, and more engaged in the critical task of trying to think through our predicament. Collectively, their work will underscore what many people have, at long last, come to recognize: that climate change isn’t an “issue” to be considered among a list of others. Rather, it concerns the very preconditions for all species to go on living on this planet. “The Fragile Earth” seeks to illuminate the emergency from a multitude of perspectives. We hope that it contributes to a shared sense of urgency—and to a shared spirit of change.


PART I

A CRACK IN THE ICE

How we got here


REFLECTIONS: THE END OF NATURE

Bill McKibben

September 11, 1989

Nature, we believe, takes forever. It moves with infinite slowness through the many periods of its history, whose names we can dimly recall from high-school biology—the Cambrian, the Devonian, the Triassic, the Cretaceous, the Pleistocene. At least since Darwin, nature writers have taken pains to stress the incomprehensible length of this path. “So slowly, oh, so slowly, have the great changes been brought about,” John Burroughs wrote in 1912. “The Orientals try to get a hint of eternity by saying that when the Himalayas have been ground to powder by allowing a gauze veil to float against them once in a thousand years, eternity will only have just begun. Our mountains have been pulverized by a process almost as slow.” We have been told that man’s tenure is as a minute to the earth’s day, but it is that vast day that has lodged in our minds. The age of the trilobites began six hundred million years ago. The dinosaurs lived for a hundred and fifty million years. Since even a million years is utterly unfathomable, the message is: Nothing happens quickly. Change takes unimaginable—“Geologic”—time.

This idea about time is essentially misleading, for the world as we know it, the world with human beings formed into some sort of civilization, is of quite comprehensible duration. People began to collect in a rudimentary society in the north of Mesopotamia some twelve thousand years ago. Using twenty-five years as a generation, that is four hundred and eighty generations ago. Sitting here at my desk, I can think back five generations—I have photographs of four. That is, I can think back one-ninety-sixth of the way to the start of civilization. A skilled genealogist could easily get me one fiftieth of the distance back. And I can conceive of how most of those forebears lived. From the work of archeologists and from accounts like those in the Bible I have some sense of daily life at least as far back as the time of the Pharaohs, which is almost half the way. Three hundred and twenty generations ago, Jericho was a walled city of three thousand souls. Three hundred and twenty is a large number, but not in the way that six hundred million is a large number, not inscrutably large. And within those twelve thousand years of civilization time is not uniform. The world as we really know it dates back to the Renaissance. The world as we really know it dates back to the Industrial Revolution. The world as we feel comfortable in it dates back to perhaps 1945.

In other words, our sense of an unlimited future, which is drawn from that apparently bottomless well of the past, is a delusion. True, evolution, grinding on ever so slowly, has taken billions of years to create us from slime, but that does not mean that time always moves so ponderously. Over a lifetime or a decade or a year, big and impersonal and dramatic changes can take place. We have accepted the idea that continents can drift in the course of aeons, or that continents can die in a nuclear second. But normal time seems to us immune from such huge changes. It isn’t, though. In the last three decades, for example, the amount of carbon dioxide in the atmosphere has increased more than ten per cent, from about three hundred and fifteen parts per million to about three hundred and fifty parts per million. In the last decade, an immense “hole” in the ozone layer has opened up above the South Pole each fall, and, according to the Worldwatch Institute, the percentage of West German forests damaged by acid rain has risen from less than ten per cent to more than fifty per cent. Last year, for perhaps the first time since that starved Pilgrim winter at Plymouth, America consumed more grain than it grew. Burroughs again: “One summer day, while I was walking along the country road on the farm where I was born, a section of the stone wall opposite me, and not more than three or four yards distant, suddenly fell down. Amid the general stillness and immobility about me, the effect was quite startling. . . . It was the sudden summing-up of half a century or more of atomic changes in the material of the wall. A grain or two of sand yielded to the pressure of long years, and gravity did the rest.”

In much the same comforting way that we think of time as imponderably long, we consider the earth to be inconceivably large. Although with the advent of space flight it became fashionable to picture the planet as a small orb of life and light in a dark, cold void, that image never really took hold. To any one of us, the earth is enormous, “infinite to our senses.” Or, at least, it is if we think about it in the usual horizontal dimensions. There is a huge distance between my house, in the Adirondack Mountains, and Manhattan—it’s a five-hour drive through one state in one country of one continent. But from my house to Allen Hill, near town, is a trip of five and a half miles. By bicycle it takes about twenty minutes, by car seven or eight. I’ve walked it in an hour and a half. If you turned that trip on its end, the twenty-minute pedal past Bateman’s sandpit and the graveyard and the waterfall would take me to the height of Mt. Everest—almost precisely to the point where the air is too thin to breathe without artificial assistance. Into that tight space, and the layer of ozone above it, are crammed all that is life and all that maintains life.

This, I realize, is a far from novel observation. I repeat it only to make the case I made with regard to time. The world is not as large as we intuitively believe—space can be as short as time. For instance, the average American car driven the average American distance—ten thousand miles—in an average American year releases its own weight in carbon into the atmosphere. Imagine every car on a busy freeway pumping a ton of carbon into the atmosphere, and the sky seems less infinitely blue.

Along with our optimistic perceptions of time and space, other, relatively minor misunderstandings distort our sense of the world. Consider the American failure to convert to the metric system. Like all schoolchildren of my vintage, I spent many days listening to teachers explain litres and metres and hectares and all the other logical units of measurement, and then promptly forgot about it. All of us did, except the scientists, who always use such units. As a result, if I read that there will be a rise of 0.8 degrees Celsius in the temperature between now and the year 2000, it sounds less ominous than a rise of a degree and a half Fahrenheit. Similarly, a ninety-centimetre rise in sea level sounds less ominous than a one-yard rise—and neither of them sounds all that ominous until one stops to think that over a beach with a normal slope such a rise would bring the ocean ninety metres (that’s two hundred and ninety-five feet) above its current tideline. In somewhat the same way, the logarithmic scale we use to determine the acidity or alkalinity of our soils and our waters—pH—distorts reality for anyone who doesn’t use it on a daily basis. Normal rainwater has a pH of 5.6. But the acidified rain that falls on Buck Hill, behind my house, has a pH of 4.6 to 4.2, which is from ten to fourteen times as acid as normal.

Of all such quirks, though, probably the most significant is an accident of the calendar: we live too close to the year 2000. Forever we have read about the year 2000. It has become a symbol of the bright and distant future, when we will ride in air cars and talk on video phones. The year 2010 still sounds far off, almost unreachably far off, as if it were on the other side of a great body of water. But 2010 is as close as 1970—as close as the breakup of the Beatles—and the turn of the century is no farther in front of us than Ronald Reagan’s election to the Presidency is behind. We live in the shadow of a number, and that makes it hard to see the future.

Our comforting sense, then, of the permanence of our natural world—our confidence that it will change gradually and imperceptibly, if at all—is the result of a subtly warped perspective. Changes in our world which can affect us can happen in our lifetime—not just changes like wars but bigger and more sweeping events. Without recognizing it, we have already stepped over the threshold of such a change. I believe that we are at the end of nature.

By this I do not mean the end of the world. The rain will still fall, and the sun will still shine. When I say “nature,” I mean a certain set of human ideas about the world and our place in it. But the death of these ideas begins with concrete changes in the reality around us, changes that scientists can measure. More and more frequently, these changes will clash with our perceptions, until our sense of nature as eternal and separate is finally washed away and we see all too clearly what we have done.

Svante Arrhenius took his doctorate at the University of Uppsala in 1884. His thesis earned him the lowest possible grade short of outright failure. Nineteen years later, the same thesis, which was on the conductivity of solutions, earned him a Nobel Prize. He later explained the initial poor reception: “I came to my professor, Cleve, whom I admired very much, and I said, ‘I have a new theory of electrical conductivity as a cause of chemical reactions.’ He said, ‘This is very interesting,’ and then he said, ‘Goodbye.’ He explained to me later that he knew very well that there are so many different theories formed, and that they are almost all certain to be wrong, for after a short time they disappeared; and therefore, by using the statistical manner of forming his ideas, he concluded that my theory also would not exist long.”

Arrhenius’s understanding of electrolytic conduction was not his only shrug-provoking new idea. As he surveyed the first few decades of the Industrial Revolution, he realized that man was burning coal at an unprecedented rate—“evaporating our coal mines into the air.” Scientists already knew that carbon dioxide, a by-product of fossil-fuel combustion, trapped solar infrared radiation that would otherwise have been reflected back to space. The French polymath Jean-Baptiste Joseph Fourier had speculated about the effect nearly a century before, and had even used the hothouse metaphor. But it was Arrhenius, employing measurements of infrared radiation from the full moon, who did the first calculations of the possible effects of man’s stepped-up production of carbon dioxide. The average global temperature, he concluded, would rise as much as nine degrees Fahrenheit if the amount of carbon dioxide in the air doubled from its pre-industrial level; that is, heat waves in mid-American latitudes would run as high as a hundred and thirty degrees, the seas would rise several metres, crops would wither in the fields.

This idea floated in obscurity for a very long time. Now and then, a scientist took it up—the British physicist G. S. Callendar speculated in the nineteen-thirties that rising carbon-dioxide levels could account for the warming of North America and northern Europe which meteorologists had begun to observe in the eighteen-eighties. But that warming seemed to be replaced by a decline, beginning in the nineteen-forties; in any case, we were too busy creating better living through petroleum to be bothered with such long-term speculation. And the few scientists who did consider the matter concluded that the oceans, which hold much more carbon dioxide than the atmosphere, would soak up any excess that man churned out—that the oceans were an infinite sink down which to pour the problem.

Then, in 1957, two scientists at the Scripps Institution of Oceanography, in California, Roger Revelle and Hans Suess, published a paper in the journal Tellus on this question of the oceans. What they found may turn out to be the single most important limit in an age of limits. They found that the conventional wisdom was wrong: the upper layer of the oceans, where the air and sea meet and transact their business, would absorb less than half of the excess carbon dioxide produced by man. “A rather small change in the amount of free carbon dioxide dissolved in seawater corresponds to a relatively large change in the pressure of carbon dioxide at which the oceans and atmosphere are at equilibrium,” they wrote. That is to say, most of the carbon dioxide being pumped into the air by millions of smokestacks, furnaces, and car exhausts would stay in the air, where, presumably, it would gradually warm the planet. “Human beings are now carrying out a large-scale geophysical experiment of a kind that could not have happened in the past nor be repeated in the future,” they concluded, adding, with the morbid dispassion of true scientists, that this experiment, “if adequately documented, may yield a far-reaching insight into the processes of weather and climate.” While there are other parts to this story—the depletion of the ozone, acid rain, genetic engineering—the story of the end of nature centers on this greenhouse experiment, with what will happen to the weather.

When we drill into an oil field, we tap into a vast reservoir of organic matter—the fossilized remains of aquatic algae. We unbury it. When we burn oil—or coal, or methane (natural gas)—we release its carbon into the atmosphere in the form of carbon dioxide. This is not pollution in the conventional sense. Carbon monoxide is pollution—an unnecessary by-product; a clean-burning engine releases less of it. But when it comes to carbon dioxide a clean-burning engine is no better than the motor in a Model T. It will emit about five and a half pounds of carbon in the form of carbon dioxide for every gallon of gasoline it consumes. In the course of about a hundred years, our various engines and industries have released a very large portion of the carbon buried over the last five hundred million years. It is as if someone had scrimped and saved his entire life and then spent everything on one fantastic week’s debauch. In this, if in nothing else, wrote the great biologist A. J. Lotka, “the present is an eminently atypical epoch.” We are living on our capital, as we began to realize during the oil crises of the nineteen-seventies. But it is more than waste, more than a binge. We are spending that capital in such a way as to alter the atmosphere.

There has always been, at least since the start of life, a certain amount of carbon dioxide in the atmosphere, and it has always trapped a certain amount of the sun’s radiation to warm the earth. If there were no atmospheric carbon dioxide, our world might resemble Mars: it would probably be so cold as to be lifeless. A little greenhouse effect is a good thing—life thrives in its warmth. The question is: How much? On Venus, the atmosphere is ninety-seven per cent carbon dioxide. As a result, it traps infrared radiation a hundred times as efficiently as the earth’s atmosphere, and keeps the planet a toasty seven hundred degrees warmer than the earth. The earth’s atmosphere is mostly nitrogen and oxygen; it is only about .035 per cent carbon dioxide, which is hardly more than a trace. The worries about the greenhouse effect are worries about raising that figure to .055 or .06 per cent, which is not very much. But enough, it turns out, to make everything different.

In 1957, when Revelle and Suess wrote their paper, no one even knew for certain whether carbon dioxide was increasing. The Scripps Institution hired a young researcher, Charles Keeling, and he set up monitoring stations at the South Pole and on the side of Mauna Loa, in Hawaii, eleven thousand feet above the Pacific. His data soon confirmed their hypothesis: more and more carbon dioxide was entering the atmosphere. When the first readings were taken, in 1958, the atmosphere at Mauna Loa contained about three hundred and fifteen parts per million of carbon dioxide. Subsequent readings showed that each year the amount increased, and at a steadily growing rate. Initially, the annual increase was about seven-tenths of a part per million; in recent years, the rate has doubled, to one and a half parts per million. Admittedly, one and a half parts per million sounds absurdly small. But scientists, by drilling holes in glaciers and testing the air trapped in ancient ice, have calculated that the carbon-dioxide level in the atmosphere prior to the Industrial Revolution was about two hundred and eighty parts per million, and that this was as high a level as had been recorded in the past hundred and forty thousand years. At a rate of one and a half parts per million per year, the pre-Industrial Revolution concentration of carbon dioxide would double in the next hundred and forty years. Since, as we have seen, carbon dioxide at a very low level largely determines the climate, carbon dioxide at double that very low level, small as it is in absolute terms, could have an enormous effect.

And the annual increase seems nearly certain to go higher. The essential facts are demographic and economic, not chemical. The world’s population has more than tripled in this century, and is expected to double, and perhaps triple again, before reaching a plateau in the next century. Moreover, the tripled population has not contented itself with using only three times the resources. In the last hundred years, industrial production has grown fiftyfold. Four-fifths of that growth has come since 1950, almost all of it based on fossil fuels. In the next half century, a United Nations commission predicts, the planet’s thirteen-trillion-dollar economy will grow five to ten times larger.

These facts are almost as stubborn as the chemistry of infrared absorption. They mean that the world will use more energy—two to three per cent more a year, by most estimates. And the largest increases may come in the use of coal—which is bad news, since coal spews more carbon dioxide into the atmosphere than any other fuel. China, which has the world’s largest hardcoal reserves and recently passed the Soviet Union as the world’s largest coal producer, has plans to almost double coal consumption by the year 2000. A model devised by the World Resources Institute predicts that if energy use and other contributions to carbon-dioxide levels continue to grow very quickly, the amount of atmospheric carbon dioxide will have doubled from its pre-Industrial Revolution level by about 2040; if they grow somewhat more slowly, as most estimates have it, the amount will double by about 2070. And, unfortunately, the solutions are neither obvious nor easy. Installing some kind of scrubber on a power-plant smokestack to get rid of the carbon dioxide might seem an obvious fix, except that a system that removed ninety per cent of the carbon dioxide would reduce the effective capacity of the plant by eighty per cent. One often heard suggestion is to use more nuclear power. But, because so much of our energy is consumed by automobiles and the like, even if we mustered the political will and the economic resources to quickly replace each of our non-nuclear electric plants with nuclear ones our carbon-dioxide output would fall by only about thirty per cent. The same argument would apply, at least initially, to fusion or any other clean method of producing electricity.

Burning fossil fuels is not the only method human beings have devised to increase the level of atmospheric carbon dioxide. Burning down a forest also sends clouds of carbon dioxide into the air. Trees and shrubby forests still cover forty per cent of the land on earth, but the forests have shrunk by about a fifth since pre-agricultural times, and the shrinkage is accelerating. In the Brazilian state of Pará, for instance, nearly seventy thousand square miles were deforested between 1975 and 1986; in the hundred years preceding that decade, settlers had cleared about seven thousand square miles. The Brazilian government has tried to slow the burning, but it employs fewer than nine hundred forest wardens in an area larger than Europe.

This is not news; it is well known that the rain forests are disappearing, and are taking with them a majority of the world’s plant and animal species. But forget for a moment that we are losing a unique resource, a cradle of life, irreplaceable grandeur, and so forth. The dense, layered rain forest contains from three to five times as much carbon per acre as an open, dry forest—an acre of Brazil in flames equals between three and five acres of Yellowstone. Deforestation currently adds about a billion tons of carbon to the atmosphere annually, which is twenty per cent or more of the amount produced by the burning of fossil fuels. And that acre of rain forest, which has poor soil and can support crops for only a few years, soon turns to desert or to pastureland. And where there’s pasture there are cows. Cows support in their stomachs huge numbers of anaerobic bacteria, which break down the cellulose that cows chew. That is why cows, unlike people, can eat grass. The bugs that digest the cellulose excrete methane, the same natural gas we use as fuel. And unburned methane, like carbon dioxide, traps infrared radiation and warms the earth. In fact, methane is twenty times as efficient as carbon dioxide at warming the planet, so even though it makes up less than two parts per million of the atmosphere it can have a significant effect. Though it may come from seemingly “natural” sources—the methanogenic bacteria—the present huge numbers of these bacteria are man’s doing. Mankind owns well over a billion head of cattle, not to mention a large number of camels, horses, pigs, sheep, and goats; together, they belch about seventy-three million metric tons of methane into the air each year—a four-hundred-and-thirty-five-per-cent increase in the last century.

We have raised the number of termites, too. Like cows, termites harbor methanogenic bacteria, which is why they can digest wood. We tend to think of termites as house-wreckers, but in most of the world they are house-builders, erecting elaborate, rock-hard mounds twenty or thirty feet high. If a bulldozer razes a mound, worker termites can rebuild it in hours. Like most animals, they seem limited only by the supply of food. When we clear a rain forest, all of a sudden there is dead wood everywhere—food galore. As deforestation has proceeded, termite numbers have boomed; Patrick Zimmerman, of the National Center for Atmospheric Research, in Boulder, Colorado, estimates that there is more than half a ton of termites for every man, woman, and child on earth. Termites excrete phenomenal amounts of methane: a single mound may give off five litres a minute.

Researchers differ on the importance of termites as a methane source, but they agree about rice paddies. The oxygenless mud of marsh bottoms has always sheltered the methane-producing bacteria. (Methane is sometimes known as swamp gas.) But rice paddies may be even more efficient; the rice plants themselves act a little like straws, venting as much as a hundred and fifteen million tons of methane annually. And rice paddies must increase in number and size every year, to feed the world’s growing population. Then, there are landfills. Twenty per cent of a typical landfill is putrescible: it rots, creating carbon dioxide and methane. At the main New York City landfill, on Staten Island, the methane is pumped from under the trash straight to the stoves of thousands of homes, but at most landfills it just seeps out.

What’s more, some scientists have begun to think that these sources by themselves may not account for all the methane. For one thing, an enormous amount of methane is locked up as hydrates in the tundra and in the mud of the continental shelves. These are, in essence, methane ices; the ocean muds alone may hold ten trillion tons of methane. If the greenhouse effect warms the oceans, if it begins to thaw the permafrost, then those ices could start to melt. Some estimates of the potential methane release from the ocean muds run as high as six hundred million tons a year—an amount that would more than double the present atmospheric concentration. This would be a nasty example of a feedback loop: warm the atmosphere and release methane; release methane and warm the atmosphere; and so on.

When all the sources of methane are combined, we have done an even more dramatic job of increasing methane than of increasing carbon dioxide. Samples of ice from Antarctic glaciers show that the concentration of methane in the atmosphere has fluctuated between 0.3 and 0.7 parts per million for the last hundred and sixty thousand years, reaching its highest levels during the earth’s warmest periods. In 1987, methane composed 1.7 parts per million of the atmosphere; that is, there is now two and a half times as much methane in the atmosphere as there was at any time since the onset of the ice age preceding the most recent one. The level is now increasing at a rate of one per cent a year.

Man is also pumping smaller quantities of other greenhouse gases into the atmosphere. Nitrous oxide, the chlorofluorocarbons—which are notorious for their ability to destroy the planet’s ozone layer—and several more all trap warmth with greater efficiency than carbon dioxide. Methane and the rest of these gases, even though their concentrations are small, will together account for fifty per cent of the projected greenhouse warming. They are as much of a problem as carbon dioxide. And as all these compounds warm the atmosphere it will be able to hold more water vapor—itself a potent greenhouse gas. The British Meteorological Office calculates that this extra water vapor will warm the earth two-thirds as much as the carbon dioxide alone.

Most discussion of the greenhouse gases rushes immediately to their future consequences, without pausing to let the simple fact of what has already happened sink in: the air around us—even where it’s clean, and smells like spring, and is filled with birds—is significantly changed. We have substantially altered the earth’s atmosphere.

That said, the question of what this new atmosphere means must arise. The direct effects are unnoticeable. Anyone who lives indoors breathes carbon dioxide at a level several times the atmospheric concentration without suffering any harm; the federal government limits industrial workers to a chronic exposure of five thousand parts per million, or almost fifteen times the current atmospheric level. A hundred years from now, a child at recess will still breathe far less carbon dioxide than a child in a classroom. This, however, is only mildly good news. Changes in the atmosphere will change the weather, and that will change recess. The weather—the temperature, the amount of rainfall, the speed of the wind—will change. The chemistry of the atmosphere may seem an abstraction, a text written in a foreign language. But its translation into the weather of New York and Cincinnati and San Francisco will change the life of each of us.

Theories about the effects all begin with an estimate of expected warming. The wave of concern that began with Revelle and Suess’s article and Keeling’s Mauna Loa and South Pole data has led to the development of complex computer models of the entire globe. The models agree that when, as has been predicted, carbon dioxide (or the equivalent combination of carbon dioxide and other greenhouse gases) doubles from the pre-Industrial Revolution level, the average global temperature will increase, and that the increase will be one and a half to five and a half degrees Celsius, or three to ten degrees Fahrenheit. Perhaps the most famous of these computer models has been constructed by James Hansen and his colleagues at the National Aeronautics and Space Administration’s Goddard Institute for Space Studies. Even though it remains a rough simulation of the real world, they have improved it to the point where they are willing to forecast not just the effects of a doubling of carbon dioxide but the incremental effects along the way—that is, not just the forecast for 2050 but the one for 2000.

Take Dallas, for instance. According to Hansen’s calculations, the doubled level of gases would increase the annual number of days with temperatures above 100°F. from nineteen to seventy-eight. On sixty-eight days, as opposed to the current four, the nighttime temperature wouldn’t fall below 80°F. A hundred and sixty-two days a year—half the year, essentially—the temperature would top 90°F. New York City would have forty-eight days a year above the ninety-degree mark, up from fifteen at present. And so on. This would clearly change the world as we know it. One of Hansen’s colleagues told reporters, “It reaches a hundred and twenty degrees in Phoenix now. Will people still live there if it’s a hundred and thirty degrees? A hundred and forty?” (And such heat waves are possible even if the average global increase, figured over a year, is only a couple of degrees, since any average conceals huge swings.) These changes, Hansen and his colleagues said in a paper published last fall in the Journal of Geophysical Research, should begin to be obvious to the man in the street by the early nineteen-nineties; that is, the odds of a very hot summer will, thanks to the greenhouse effect, become better than even beginning now.

In recent years, there have, of course, been any number of doom-laden prophecies that haven’t come true—oil is selling at eighteen dollars a barrel, half its price just a few years ago. Is the warming theory valid? The obvious way to check is to measure the temperature and see if it’s going up. But this is easier said than done. In the first place, the warming doesn’t show up immediately. The oceans can hold a lot of heat; the warming so far may be stored there, ready to re-radiate out to the atmosphere, the way the sun’s heat is held through the night by a rock. This “thermal lag” may be as little as ten years, as much as a hundred. And when you check the thermometers it won’t do to measure only a few places for only a few years, because climate is “noisy”—full of random fluctuations. (If you had spent this summer in Tucson, for example, you would have been sure that something was happening: the city set forty-seven high-temperature records. New York, by contrast, has had fairly normal summer temperatures.) To find what climatologists call the “warming signal” through the static of naturally cold and hot years requires an enormous effort. Two such studies have been done—one by Hansen and his NASA colleagues, the other at the University of East Anglia. The studies reach back to 1880, when scientists first began systematic weather observations. To find truly global averages, they include readings from thousands of land-based and shipboard monitoring stations. Both studies conclude that the earth’s temperature increased a little more than a degree Fahrenheit from 1880 to 1980. This is consistent with what most of the greenhouse models indicate. Updates of both studies show that the four warmest years on record occurred in the nineteen-eighties; the rise is accelerating as more gases enter the air, just as the models indicate. The British study lists the six warmest years on record as (in descending order) 1988, 1987, 1983, 1981, 1980, and 1986.

In 1988, the American drought hit the heart of the Grain Belt, where most of the nation’s and much of the world’s food is grown. It followed a dry fall and winter, so its effects were quickly evident; the Mississippi River, for example, sank to its lowest level since 1872, when the Navy began taking measurements. And just about the time that the pictures on television began to grab everyone’s attention it got very, very hot in the urban East, where those in the government and the media establishment, among others, have their homes. It happened that in late June, as the anxiety intensified—newscasters telling us that the next two weeks were crucial for corn pollination, meteorologists issuing pessimistic sixty-day forecasts—the Senate Committee on Energy and Natural Resources held a hearing on the greenhouse effect. It was actually the second part of the hearing. Part I had been held the previous November, when, according to the Louisiana Democrat J. Bennett Johnston, the senators listened with “concern” as they were told that one expected result of the greenhouse effect would be a drying of the Midwest and the Southeast. But now, “as we experience a-hundred-and-one-degree temperatures in Washington, D.C., and [reduced] soil moisture across the Midwest is ruining the soybean crops, the corn crops, the cotton crops,” Senator Johnston said, concern was giving way to “alarm.” Several of the senators said that they had already read the report of Dr. Hansen, the chief witness, and predicted that it would startle listeners. Hansen’s report, Dale Bumpers, of Arkansas, said, should be “cause for headlines in every newspaper in America tomorrow morning.” As it turned out, he was not exaggerating. Hansen testified that he was ready to state that the warming signal was beginning to emerge above the noise of normal weather, that there was only a one per cent chance that the temperature increases seen in the last few years were accidental, and that we now lived in the greenhouse world.

It was a claim no other established scientist had made—certainly not one on a government payroll. The reaction was much as the senators had expected. The next day’s Times, for instance, ran a story at the top of the front page under the headline “GLOBAL WARMING HAS BEGUN, EXPERT TELLS SENATE.” The message was finally getting across, nearly a century after Arrhenius and three decades after Revelle and Suess. But the heat of the day may have been a mixed blessing; though it focussed everyone’s attention on the issue, it also led most people to think that what Hansen had said was that the heat and drought of 1988 were greenhouse-related. Strictly speaking, that is not what he had testified to. “It is not possible to blame a specific heat wave or drought on the greenhouse effect,” he said—and, indeed, some experts think that the drought and heat of 1988 were mainly the result of a fluctuation of tropical ocean currents which steered the North American jet stream, with its cargo of rainstorms, north of the Great Plains.

What we can blame the carbon dioxide and the methane for is a longer-range pattern. Even if the summer of 1988 had been cool and damp, even if there had been mushrooms growing in the wheat fields of Kansas, Hansen would have said the same thing. What had convinced him was not the devastation in the Midwest or the misery in the Eastern cities but the numbers that his computer kept spitting at him. “There are two time scales to consider,” he explained, some months after giving his testimony. “One is the last three complete decades, for which the natural variability in temperature has been calculated—it is about point thirteen degrees Celsius. This coincides roughly with the thirty years for which we have precise measurements of carbon dioxide and other gases. And our readings show that the global mean temperature has risen about point four degrees in the three-decade period. The other is the larger record—the observations back to the eighteen-eighties. Over that period, there’s been about a point-six-degree-Celsius rise. Now, over a longer period there’s also more natural variability—sources like fluctuations in solar activity, deep ocean circulation, and so forth.” The standard deviation over the longer period, he noted, was about .2°C. So in both cases Hansen’s observed rise was almost exactly three times the standard deviation. “There’s no magic point where you pick out the signal,” he said. “But when it gets to three sigma, when it gets to three times the standard deviation—you’re getting to a level where it’s unlikely to be an accidental warming.”

Some recent studies tend to agree with Hansen’s conclusion that the warming has already begun: precipitation appears to have increased above 35 degrees north latitude and decreased below it since the early nineteen-fifties, for instance—a result anticipated in the greenhouse models. And some investigators have found a “variable but widespread” warming of the Alaskan permafrost, which changes temperature much more slowly than the air and thus may provide a better record.

But not all scientists—not even all those committed to the greenhouse theory—believe that the warming has already begun. Hansen, though well respected, is out on a limb, if a fairly stout one. Some have taken issue with his use of statistics, and others with his outspokenness. At a workshop on global warming at Amherst College this spring, the assembled climatologists concluded that while it was “tempting to attribute” the recent warm years to the greenhouse effect “such an attribution cannot now be made with any degree of confidence.” Stephen Schneider, a senior scientist at the National Center for Atmospheric Research and a longtime proponent of the greenhouse theory, offers a gambler’s analogy: the warm years of the nineteen-eighties, he says, are not “proof” of a warming any more than a dealer’ s drawing four aces “proves” that he’s dealing from the bottom of the deck. “Different tastes cause some people to accept the reality of a hypothesized climatic change at a low signal-to-noise ratio, whereas others might not believe in the reality of the change until a large signal has persisted for a very long time,” Schneider told the Senate two months after Hansen testified. “Quite simply, accepting any particular signal-to-noise ratio as ‘proof’ of global warming reflects the personal judgment of the investigator.”

Kenneth Watt, a professor of zoology and environmental studies at the University of California at Davis, says that studies such as Hansen’s fail to correct enough for the “urban-heat island effect”—a phenomenon well known to meteorologists, in which, as cities grow up around thermometers, concrete and exhaust skew readings. There’s also no guarantee that other factors—solar flares, perhaps, which coincide with both warming and cooling trends, or the strong El Niño current of recent years—aren’t skewing the readings. Last January, Tim Barnett, a climatologist at Scripps, correctly forecast much cooler low-latitude temperatures for the first part of this year as a result of “La Niña,” a tropical “cold event” that is the opposite of El Niño. During the summer of 1988, in some parts of the ocean off equatorial South America the water temperature dropped 7°F. Hansen saw the dip in his computer data, and he agrees that it may make this year’s overall readings go down. “But such things are bumps,” he says.

But few of the objections are to the theory as a whole. Everyone in the scientific community agrees that carbon dioxide is on the rise, and almost everyone believes that the rise cannot help having some effect. An occasional scientist says that the onset of the effect may be delayed as much as forty years, but this is considerably different from dismissing it. Last May, Hansen returned to Capitol Hill to tell the Senate’s Science, Technology, and Space Subcommittee that his studies showed a definite danger of future drought. The White House tried to alter his testimony, arguing that, in the words of the Presidential press secretary, Marlin Fitzwater, “there are many points of view on the global warming issue.” But Fitzwater didn’t cite any studies undercutting Hansen’s, and the same day Stephen Schneider assured the subcommittee that “there is virtually no scientific controversy” over the contention that more carbon dioxide in the atmosphere will produce higher temperatures. “That’s not a speculative theory,” he said.

There is debate, though, over the question of what will happen as the heating begins. A large-scale change in the climate will set off a series of other changes, and while some of these would make the problem worse, others might lessen it. Skeptics are inclined to argue that the warming will trigger some natural compensatory brake. S. Fred Singer, a professor of environmental sciences at the University of Virginia, has assumed a part-time role as greenhouse curmudgeon, expressing his doubts to reporters and on various Op-Ed pages. He grants that the earth’s temperature should increase “provided that all other factors remain the same.” But, he says, they won’t. “For example, as oceans warm and more water vapor enters the atmosphere, the greenhouse effect will increase somewhat, but so should cloudiness—which can keep out incoming solar radiation and thereby reduce the warming.” There are other possibilities. “The feedbacks are enormously complicated,” Michael MacCracken, of the Lawrence Livermore National Laboratory, in California, told Time in 1987. “It’s like a Rube Goldberg machine in the sense of the number of things that interact in order to tip the world into fire or ice.”

The computer models have tried to incorporate such factors. In some cases, Hansen admits, we simply don’t have enough knowledge to make more than educated guesses; the behavior of the oceans is something of a wild card, and so are the clouds. (The difficulty of estimating cloud feedback is a major reason that most warming predictions are expressed as a range of temperatures, and not as a single number.) But almost every doubt is double-edged. Low-level stratocumulus clouds reflect a lot of solar radiation and might tend to cool the earth. Monsoon clouds, on the other hand, are long and thin, and let in the sun’s heat while preventing its escape. Hansen’s work suggests that the overall effect of clouds will be to increase the warming.

A variety of other feedback effects have also been identified and tallied up. For instance, every surface has an albedo—a degree to which it reflects light. A polar ice cap, or a white shirt, has a high albedo—a large proportion of the sun’s rays are reflected back into space. If the ice is replaced by dark blue ocean, more heat will be absorbed. Tropical rain forests absorb a lot of heat now; if they turn to deserts, these deserts will reflect heat. The feedbacks are products of the warming signal, and are distinct from phenomena that always have affected and always will affect temperature—volcanoes, say, which can throw up so much dust that it acts as a veil, or EI Niños, or solar flares. In any event, the warming estimates provided by the computer models are not worst-case scenarios. They are the middle ground. Stephen Schneider told the Senate energy committee last year that it was “equally likely” that the warming forecasts were too low as that they were too high.

Some of the potential feedbacks are so enormous that they may someday make us almost forget what originally caused the greenhouse warming. Twenty thousand years ago, the land that surrounds my house in the Adirondacks was covered by glaciers that had spread slowly down from Canada, and eventually retreated there. As the ice disappeared, “the fierce ruthlessness of nature gave way to a benevolent mood,” in the words of a local writer. “Rains came over the years to chasten the harshness of the landscape. The startling gaping holes in the earth were filled with crystal-clear water. Soft green foliage came to clothe the naked rock-hewn slopes.” This was a slow process, and is even now incomplete. Some plant and animal species are still migrating up here. Great forests rose on the glacial till and soon created more soil for greater forests, and so on—a process that was first interrupted a couple of hundred years ago, when men began cutting down most of the Adirondack woods. But this interruption was only temporary; just before the turn of this century, New York State, in an early burst of environmental consciousness, began buying huge tracts of land in the Adirondacks and stipulating that they be “forever kept as wild”—off limits to loggers and real-estate developers alike. As a result, this area, though still threatened, is a happy exception—a reforested, replenished zone, a second-chance wilderness.

But the trees that live here don’t do so because of the laws; they do so because of the climate. They have slowly marched north as the climate warmed since the end of the last ice age, and if it continued slowly warming they would slowly keep marching; the convoy of pines might march right out of here, and the mass of hardwoods found in lower Appalachian latitudes might march in to replace them. But before we get too used to this marching metaphor it is worth recalling that trees are rooted in the ground; forests move only by the slow growth of new trees along their edges. In a year, a forest moves, naturally, a half mile at most. Which is fine, if that’s how slowly the climate is changing. The computer models, however, project an increase in average global temperature as high as one degree Fahrenheit per decade. An increase of one degree in average global temperature moves the climatic zone some thirty-five to fifty miles north. So if the temperature increases one degree per decade the forest surrounding my home would be due at the Canadian border by 2020, which is just about the time that we’d be expecting the trees from a hundred miles south to start arriving. They won’t—half a mile a year is as fast as forests move. The trees outside my window will still be there, but they’ll be dead or dying.

Eventually, perhaps within a few decades, forests—or, at least, scrub better adapted to the new conditions—will replace the forests that expired. But in the meantime those dead forests will release tremendous amounts of carbon to the atmosphere. Last year’s Yellowstone fires released carbon amounting to 2.8 per cent of this country’s annual emissions from fossil fuels; that is, in a dozen weeks, on only about a million and a half acres, the fires released as much carbon as ten days’ worth of driving, home heating, factory production, motorboating, and so on. The world’s forests, plants, and soil (which gives up its carbon much more rapidly as trees die) contain more than two trillion tons of carbon, probably more than a third of it in the middle and high latitudes. By contrast, the atmosphere at present contains only about seven hundred and fifty billion tons. So even a fairly small change in the forests could substantially increase the amount of carbon dioxide in the atmosphere, intensifying the warming.

This vast decline, this forest “dieback,” is not some distant proposition. A 1988 study issued by the World Meteorological Organization and the United Nations Environmental Program found that, given a fairly rapid warming, “reproductive failure and forest dieback is estimated to begin between 2000 and 2050.” A University of Virginia study predicts what Michael Oppenheimer, of the Environmental Defense Fund, calls “biomass crashes” in the pine forests of the southeastern United States over the next forty years if the warming continues. Last September, James Hansen told reporters that the birch trees and many of the evergreens of the Northeast “may have a hard time surviving, even in the next ten to twenty years.” There are signs—frightening signs—that some of the feedback loops are starting to kick in. In May, George Woodwell, a biologist at the Woods Hole Research Center, told the Senate’s science-and-technology subcommittee that the annual one-and-a-half-parts-per-million increase in atmospheric carbon dioxide seemed to have surged upward in the last eighteen months to two and a half parts per million. “I’m suggesting that the warming of the earth is increasing the decay of organic matter,” he said, adding that such an event had not been worked into the computer climate models—in other words, their estimates of future warming might well be too low.

For the moment, though, forget about the higher temperatures and the dead trees and the other effects. The physical consequences of increasing the level of carbon dioxide will be staggering, but no more staggering than the simple fact of what we have already done. Carbon-dioxide levels have gone up significantly, and globally. Elevated levels can be measured far from industry and miles above the ground. And the changes are irrevocable. They are not possibilities. They cannot be wished away, and they cannot be legislated away. To prevent them, we would have had to clean up our collective act many decades ago. We have done this ourselves—by driving our cars, running our factories, clearing our forests, growing our rice, turning on our air-conditioners. In the years since the Civil War, and especially in the years since the Second World War, we have changed the atmosphere—changed it enough so that the climate will change dramatically. Most of the major events of human history gradually lose their meaning: wars that seemed at the time all-important are now a series of dates that schoolchildren don’t even try to remember; great feats of engineering crumble in the desert. But now the way of life of one part of the world in one half century is altering every inch and every hour of the planet.

[ . . . ]

The single most talked-about consequence of a global warming is probably the expected rise in sea level as a result of polar melting. For the last several thousand years, sea level has been rising, but so slowly that it has almost been a constant. In consequence, people have extensively developed the coastlines. But a hundred and twenty thousand years ago, during the previous interglacial period, sea level was twenty feet above the current level; at the height of the last ice age, when much of the world’s water was frozen at the poles, sea level was three hundred feet below what it is now. Scientists estimate that the world’s remaining ice cover contains enough water so that if it should all melt it would raise sea level more than two hundred and fifty feet. This potential inundation is stored in the Greenland Ice Sheet (if it melts, it will raise the world’s oceans twenty-three feet), the West Antarctic Ice Sheet (another twenty-three feet), and East Antarctica (more than two hundred feet), with a smaller amount—perhaps half a metre—in the planet’s alpine glaciers. (Melting the ice currently over water, such as the sea ice of the Arctic Ocean, won’t raise sea level, any more than a melting ice cube overflows a gin-and-tonic.) The East Antarctic is relatively safe; the direst fears of a rising sea came as the result of a 1968 study concluding that the Ross and Filchner-Ronne ice shelves, which support the West Antarctic Ice Sheet, could disintegrate within forty years. Subsequent investigations, however, seem to have demonstrated that such a disintegration would take at least two centuries, and probably more like five (though several investigators have speculated that it might become irreversible within the next century).

But the salvation of the West Antarctic does not mean the salvation of Bangladesh, or even of East Hampton. A number of other factors may raise sea level significantly. Glaciers bordering the Gulf of Alaska, for example, have been melting for decades, and constitute a source of fresh water about the size of the entire Mississippi River system. And even if nothing at all melted, the increased heat would raise sea level considerably. Warm water takes up more
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