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For Koreti Tiumalu, 1975–2017—and for the thousands of other beloved colleagues who fight so hard for the planet’s future








An Opening Note on Hope


Thirty years ago, in 1989, I wrote the first book for a wide audience on climate change—or, as we called it then, the greenhouse effect. As the title indicates, The End of Nature was not a cheerful book, and sadly its gloom has been vindicated. My basic point was that humans had so altered the planet that not an inch was beyond our reach, an idea that scientists underlined a decade later when they began referring to our era as the Anthropocene.

This volume is bleak as well—in some ways bleaker, because more time has passed and we are deeper in the hole. It offers an account of how the climate crisis has progressed and of the new technological developments in fields such as artificial intelligence that also seem to me to threaten a human future. Put simply, between ecological destruction and technological hubris, the human experiment is now in question. The stakes feel very high, and the odds very long, and the trends very ominous. So, I have no doubt that there are other books that would offer readers a merrier literary experience.

I know, too, that this bleakness cuts against the current literary grain. Recent years have seen the publication of a dozen high-profile books and a hundred TED talks devoted to the idea that everything in the world is steadily improving. They share not only a format (endless series of graphs showing centuries of decreasing infant mortality or rising income) but also a tone of perplexed exasperation that any thinking person could perceive the present moment as dark. As Steven Pinker, the author of the sanguine Enlightenment Now, explained, “None of us are as happy as we ought to be, given how amazing our world has become.” People, he added, just “seem to bitch, moan, whine, carp and kvetch.”1

I’m grateful for those books because, among other things, they remind us precisely how much we have to lose if our civilizations do indeed falter. But the fact that living conditions have improved in our world over the last few hundred years offers no proof that we face a benign future. That’s because threats of a new order can arise—indeed, have now arisen. Just as a man or woman can grow in strength and size and wealth and intelligence for many years and then be struck down by some larger force (cancer, a bus), so, too, with civilizations. And—to kvetch and whine a little further—because of the way power and wealth are currently distributed on our planet, I think we’re uniquely ill-prepared to cope with the emerging challenges. So far, we’re not coping with them.

Still, there is one sense in which I am less grim than in my younger days. This book ends with the conviction that resistance to these dangers is at least possible. Some of that conviction stems from human ingenuity—watching the rapid spread of a technology as world-changing as the solar panel cheers me daily. And much of that conviction rests on events in my own life over the past few decades. I’ve immersed myself in movements working for change, and I helped found a group, 350.org, that grew into the first planetwide climate campaign. Though we haven’t beaten the fossil fuel industry, we’ve organized demonstrations in every country on the globe save North Korea, and with our many colleagues around the world, we’ve won some battles. At the moment, we’re helping as friends and colleagues push hard for a Green New Deal in the United States and similar steps around the world. (This book is dedicated to one of my dearest colleagues in that fight, Koreti Tiumalu, who died much too early, in 2017.) I’ve been to several jails, and to a thousand rallies, and along the way I’ve come to believe that we have the tools to stand up to entrenched power.

Whether that entrenched power can actually be beaten in time I do not know. A writer doesn’t owe a reader hope—the only obligation is honesty—but I want those who pick up this volume to know that its author lives in a state of engagement, not despair. If I didn’t, I wouldn’t have bothered writing what follows.








PART ONE

The Size of the Board
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If you viewed Earth from far above (and for better or worse, this book will often take a high, wide perspective), roofs would probably be the first feature of human civilization you’d notice. A descending alien would see many shapes, often corresponding to the local weather: A-frames for shedding snow, for instance. There are gambrel roofs, mansards, hipped and gabled roofs. Pagodas and other Asian temples often sport conical tops; Russian churches come with onion domes; Western churches sit beneath spires.

Palm leaves probably topped the earliest houses, but as humans began to grow grain in the Neolithic era, the leftover straw became a reliable roofing material. Some homes in Southern England have thatch roofs five hundred years old; new layers have been added over centuries till, in some cases, the roofs are seven feet thick. Though it is harder to find good stuff to work with—the introduction of short-stemmed wheat varieties and the widespread use of nitrogen fertilizer have weakened straw—thatch is now growing more popular with rich Europeans looking for green roofs; in Germany, for instance, you can now get a degree as a “journeyman specialist thatcher.” But at least since the third century BC (perhaps beginning with Greek temples deemed valuable enough to protect from fire) humans have been tending toward hard roofs. Terra-cotta tiles spread rapidly around the Mediterranean and to Asia Minor; slate roofs became popular for their low maintenance; where trees are plentiful, wood shakes and slabs of bark work well. Given that the average human being currently resides in an urban slum, it is possible that corrugated iron shelters more sleepers than anything else.

Do you find this a little dull? Good. What I want to talk about is the human game—the sum total of culture and commerce and politics; of religion and sport and social life; of dance and music; of dinner and art and cancer and sex and Instagram; of love and loss; of everything that comprises the experience of our species. But that’s beyond my powers, at least till I’m warmed up. So, I’ve looked for the most mundane aspect of our civilization I can imagine. Almost no one thinks about her roof from one year’s end to another, not unless it springs a leak. It’s a given. And so, it will illustrate my point—even the common and boring roof demonstrates the complexity, the stability, and the reach of this human game.

Consider the asphalt shingle, which tops most homes in the West and is itself, doubtless, the dullest of all forms of roofing. The earliest examples date to 1901, and the first manufacturer was the H.M. Reynolds Company of Grand Rapids, Michigan, which sold its product under the slogan “The Roof That Stays Is the Roof That Pays.” Asphalt occurs naturally in a few places on Earth—the tar sands of Alberta, for instance, are mostly bitumen, which is the geologist’s word for asphalt. But the asphalt used in shingles comes from the oil-refining process: it’s the stuff that still hasn’t boiled at five hundred degrees Fahrenheit. Vacuum distillation separates it from more valuable products such as gasoline, diesel, and naphtha; it then is stored and transported at high temperatures until it can be used, mostly for making roads. But some of it is diverted to the plants that make shingles, where manufacturers add granules of some mineral (slate, fly ash, mica) to improve durability. The CertainTeed Corporation, the world’s biggest shingle manufacturer, has produced a video showing what it rightly calls “this underappreciated process” at its plant in Oxford, North Carolina, one of sixty-one facilities it operates around the country. The video shows a ballet of pouring and dumping and conveying, as limestone arrives by rail car to be crushed and mixed with hot asphalt and then coated onto hundreds of thousands of miles of fiberglass mat. A thin mist of water is sprayed, and as it evaporates, the sheet cools, ready to be cut and then bundled onto pallets in a giant warehouse, to await distribution.1

Marvel for a moment at the thousands of events that must synchronize for all this to work: the oil drilled (maybe deep undersea, or in the equatorial desert); the pipelines and rail lines laid; the refineries constructed (and at each step, the money raised). The limestone and the sand need mining, too, and the miles of fiberglass net must be fabricated on some other production line. The raw materials are all sucked into the North Carolina factory, and then the finished shingles must be spewed back out again, across rail lines and truck routes and into a network of building supply stores, where contractors can haul them to building sites, confident that they’ve been rated for resistance to wind, fire, and discoloration. Think, again, of the sheer amount of human organization required for the American Society for Testing and Materials to produce directive D3462-87 (“Asphalt Shingles Made from Glass Felt and Surfaced with Mineral Granules”) and then to enforce its mandates.

We could, clearly, repeat this exercise for everything you see around you, and everything you hear, and everything you smell—all the infinitely more interesting activities always under way beneath all those roofs. As I write, for instance, I’m listening to Orchestra Baobab on Spotify. It was the house band at a Dakar nightclub in the 1970s, where its music reflected the Cuban beats that came with sailors to West Africa in the 1940s; eventually the group recorded its best album at a Paris studio, and now it somehow resides on a computer server where 196,847 people from across the planet listen to it each month. Try to parse the play of history and technology and commerce and spirituality and swing that make up the sound pouring into my headphones—the colonialisms layered on top of one another; the questions of race, identity, pop, purity. Or consider what I’m going to have for dinner, or what you’re wearing on your back—everything comes with strings attached, and you can follow those strings into every corner of our past and present.

What I’m calling the human game is unimaginably deep, complex, and beautiful. It is also endangered. Indeed, it is beginning to falter even now.



I’ll spend this book explaining that danger and, at the end, pointing to some ways we might yet avert it. But I think it’s best to begin by stressing not the shakiness of the human game but, instead, its stability. For humans, all of us together, have built something remarkable, something we rarely stand back and simply acknowledge. The sum of the projects of our individual lives, the total of the institutions and enterprises we have created, the aggregate of our wishes and dreams and labors, the entirety of our ceaseless activity—it is a wonder. I call it a game because it has no obvious end. Like any game, it doesn’t really matter how it comes out, at least in the largest sense of Our Place in the Universe, and yet, like any game, it absorbs the whole concentration of those involved. And even if it has no ultimate aim that doesn’t mean it lacks rules, or at least an aesthetic: by my definition, the game is going well when it creates more dignity for its players, and badly when that dignity diminishes.

Dignity, in the context of the human game, can be measured in many ways: enough calories, freedom from fear, clothes to wear, useful work. And by plenty of those measures, we’re on a roll. Extreme poverty (life on two dollars a day or less) is far rarer than it used to be. Many of the diseases that poverty helped spread have lessened, too: worms in your gut, say. Even compared to the twentieth century, violence is now far less likely to kill us—of the more than 55 million people who died around the world in 2012, war killed just 120,000 of them.2 Eighty-five percent of adults can read now, a staggering increase inside two generations.3 Women, with more education and at least a modicum of equality, have gone from having more than five kids apiece on average in 1970 to having fewer than two and a half today, probably the most rapid and remarkable demographic change the planet has ever witnessed. In the year 1500, humans managed to produce goods and services worth $250 billion in today’s dollars—five hundred years later, that number is $60 trillion, a 240-fold increase.4 The chorus of affirmation swells, from Steven Pinker insisting we’re in an age of unprecedented enlightenment to Donald Trump tweeting, “There is an incredible spirit of optimism sweeping the country right now—we’re bringing back the JOBS!”

We’re quite accustomed to this idea of progress, so accustomed that some can’t imagine anything else: the former chief economist of the World Bank, Kaushik Basu, recently predicted that, in fifty years, global GDP will be growing 20 percent a year, meaning that income and consumption will be doubling every four years or so.5 There are, each day, more ideas hatched, more songs sung, more pictures taken, more goals scored, more schoolbooks read, more money invested.



And yet. There are other authorities almost as highly placed as the former chief economist of the World Bank. Pope Francis, in his landmark 2015 encyclical on the environment and poverty, said, “The earth, our home, is beginning to look more and more like an immense pile of filth.” Don’t consider popes sufficiently authoritative? Consider this: In November 2017, fifteen thousand scientists from 184 countries issued a stark “warning to humanity.” Just like Pinker, they had charts, but theirs depicted everything from the decline in freshwater per person to the spread of anaerobic “dead zones” in the world’s seas. As a result, the scientists predicted, we face “widespread misery and catastrophic biodiversity loss”; soon, they added, “it will be too late to shift course away from our failing trajectory.” (Within six months, that warning was already the sixth-most-discussed academic paper in history.)6 The worries have grown severe enough that a NASA-funded group recently created the Human and Nature DYnamics (HANDY) program to model the fall of the Roman, Han, Mauryan, and Gupta Empires, and when they pushed the button, it spit out a disquieting forecast: “Global industrial civilization could collapse in coming decades due to unsustainable resource exploitation and increasingly unequal wealth distribution.” (The fact that I’d never even heard of the Mauryan Empire gave me a quiet shiver.) In this model, by the way, one of the greatest dangers came from elites who argued against structural change on the grounds that “so far” things were working out.7

That “so far” is always the problem, as the man who fell off the skyscraper found out. If you want to fret, you can find plenty of indications that the pavement is approaching with discouraging speed. A third of the planet’s land is now severely degraded, with “persistent declining trends in productivity,” according to a September 2017 report.8 We’ve displaced most everything else: if you weigh the earth’s terrestrial vertebrates, humans account for 30 percent of their total mass, and our farm animals for another 67 percent, meaning wild animals (all the moose and cheetahs and wombats combined) total just 3 percent.9 In fact, there are half as many wild animals on the planet as there were in 1970, an awesome and mostly unnoticed silencing. In 2018, scientists reported that the planet’s oldest and largest trees were dying fast, “as climate change attracts new pests and diseases to forests.” The baobab—Africa’s tree of life, in whose shade people first hunted and gathered—can live as long as 2,500 years, but five of the six oldest specimens on the planet have died in the last decade.10 Before century’s end, climate change may kill off the cedars of Lebanon—plundered by Gilgamesh, name-checked in the Bible—as snow cover disappears and sawflies hatch earlier in the heat.11

Even our arks are leaking: with a burst of foresight, the world’s agronomists designed a Global Seed Vault in an Arctic mountain, an impregnable bank where they could save a million varieties of seed covering all the Earth’s important food crops. Eight years after it opened, during the hottest year ever recorded on the planet, melting snow and heavy rain flooded the entrance tunnel and then froze. The seeds weren’t damaged, but the builders were no longer confident that they’d constructed a stronghold that would last into deep time. “It was not in our plans to think the permafrost would not be there and that it would experience extreme weather like that,” a Norwegian government spokesman said.12

And yet nothing slows us down—just the opposite. By most accounts, we’ve used more energy and resources during the last thirty-five years than in all of human history that came before.13 Every economic assumption our governments make about the future requires doubling the size of the economy again, and then again, and then again during the lives of the youngest people on the planet. So, it’s hard to make the argument that past performance indicates much about the future—it looks like the same game, but it’s on new ground.

In part, that’s because the past is so short. We are the first acutely self-conscious species, so wrapped up in our own story that we rarely stop to remember how short that story really is. Day to day, we forget that if the billions of years of life on Earth were scaled to a twenty-four-hour day, our settled civilizations began about a fifth of a second ago.14 That short burst covers the taming of fire, the development of language, the rise of agriculture. On the time scale of a human life, these changes seemed to take forever, but in geological reality, they occupied the blink of an eye. And now we see shifts (the development of nuclear weapons, the rise of the internet) that change many of our assumptions in real time. So, the fact that even over this short span we’ve seen the routine and often sudden collapse of one civilization after another might give us pause. And in some ways, it does—books such as Jared Diamond’s Collapse intrigue us with their stories of past calamities, from Greenland to Easter Island.

But these warnings also somehow seem to give us confidence, because, after all, things continued. Rome fell, and something else rose. The Fertile Crescent turned to desert, but we found other places to grow our food. The cautionary tales about transcending our limits (the apple in Eden, the Tower of Babel, Icarus) seem silly to us because we’re still here, and we keep transcending one limit after another.

Sometimes we scare ourselves for a season, but then we shake it off. As the postwar explosion in consumption spread across much of the planet, for instance, modern environmentalism also took shape, questioning whether this trajectory was sustainable. That movement reached its first height in 1972, with the publication of a slim book called The Limits to Growth. Without specifying precisely how and when, the authors of that book, and the computer models they built, predicted that our pell-mell growth would, “sometime within the next hundred years,” collide with many natural limits, and that without dramatic change, “the most probable result will be a rather sudden and uncontrollable decline in both population and industrial capacity.” Alternately, they said, the nations of the world could “create a condition of ecological and economic stability that is sustainable far into the future,” a task that would be easier the sooner we began.15 Needless to say, we’ve not done that. Though we’ve taken the environmental idea semi-seriously, passing the laws that cleaned air and water, we’ve never taken it anywhere near as seriously as we’ve taken further growth. On his way to the theoretically groundbreaking Rio environmental summit in 1992, the first President Bush famously declared, “The American way of life is not up for negotiation,”16 and as it turns out, he was correct—and speaking for much of the world. And so far, we’ve gotten away with it: even as we keep accelerating, the game spins on.



So, why should you take seriously my fear that the game, in fact, may be starting to play itself out? The source of my disquiet can be summed up in a single word, a word that will be repeated regularly in this book: leverage. We’re simply so big, and moving so fast, that every decision carries enormous risk.

Rome’s collapse was, of course, a large-ish deal. But given that there were vast swaths of the world that didn’t even know there was a Roman Empire, it wasn’t a big deal everywhere. Rome fell, and the Mayans didn’t tremble, nor the Chinese, nor the Inuit. But an interconnected world is different. It offers a certain kind of stability—everyone in every country can all hear the scientists warning of impending climate change, say—but it removes the defense of distance. And the sheer size of our consumption means we have enormous leverage of a different sort—no Roman emperor could change the pH of the oceans, but we’ve managed that trick in short order. And, finally, the new scale of our technological reach amplifies our power in extraordinary ways: much of this book will be devoted to examining the godlike powers that come with our rapid increases in computing speed, everything from human genetic engineering to artificial intelligence.

We are putting the human game at risk, that is, from things going powerfully wrong and powerfully right. As we shall see, humans have now emerged as a destructive geologic force—the rapid degradation of the planet’s physical systems that was still theoretical when I wrote The End of Nature is now under way. Indeed, it’s much farther advanced than most people realize. In 2015, at the Paris climate talks, the world’s governments set a goal of holding temperature increases to 1.5 degrees Celsius and, at the very least, below 2 degrees; by the fall of 2018 the IPCC reported that we might go past that 1.5 degree mark by 2030. That is to say, we will have drawn a line in the sand and then watched a rising tide erase it, all in a decade and a half.

And humans have simultaneously emerged as a massive creative force, in ways that threaten the human game not through destruction but through substitution. Robots are not just another technology, and artificial intelligence not just one more improvement like asphalt shingles. They are instead a replacement technology, and the thing’s that’s going obsolete may well be us. If we’re not humans, then the human game makes no sense.

Over our short career as a species, human history has risen and fallen, gotten stuck and raced ahead, stagnated and flourished. Only now, though, have we achieved enough leverage that we can bring it to an end, both by carelessness and by design. As a team of scientists pointed out recently in Nature, the physical changes we’re currently making by warming the climate will “extend longer than the entire history of human civilization thus far.”17 And as the Israeli historian and futurist Yuval Harari recently wrote, “Once technology enables us to re-engineer human minds, Homo sapiens will disappear, human history will come to an end, and a completely new process will begin, which people like you and me cannot comprehend.”18 That is to say, the game that we’ve been playing may end with neither a bang nor a whimper, but with the burble of a rising ocean and the soft beep of some digital future being birthed.

The outsize leverage is so crucial because, for the first time, we threaten to cut off our own lines of retreat. When Rome fell, something else was there. We had, to draw on pinball, perhaps the most delightfully pointless of games, another silver ball, another chance. But our current changes are so big that they’re starting to tilt the whole machine, at which point it will fall silent. And as we shall see, because of the radical inequality we’ve allowed to overtake our society, the key decisions have been and will be made by a handful of humans in a handful of places: oil company executives in Houston, say, and tech moguls in Silicon Valley and Shanghai. Particular people in particular places at a particular moment in time following a particular philosophic bent: that’s leverage piled on top of leverage. And their ability to skew our politics with their wealth is one more layer of leverage. It scares me.

It scares me even though the human game is not perfect—in fact, no one gets out of it alive, and no one without sadness and loss. For too many people, it’s much more tragic than it needs to be—indeed, it’s wretched, and often because its rules have been rigged to favor some and damage others. Given that I’ve been in the luckier fraction, the game may seem more appealing to me than to others. And perhaps its loss will not feel as acute to those being born now: certainly, they will not mourn the absence of things they did not know, just as we are not wrenched by the loss of the dinosaurs. If you back up far enough, it’s possible to be philosophical about anything—the sun is going to blow up eventually, after all. But that’s more philosophy than I can manage; for me, and for many others, the loss of this game is the largest conceivable tragedy, if, indeed, we can conceive it.

And so, we will fight—some of us already are fighting. And we can, I think, see some of the ways out, even if the odds of their succeeding are not great. Success would require real changes in thinking from both conservatives and progressives. (Conservatives, oddly, tend not to worry about conservation; progressives tend to think all progress is good.) But if those changes came fast enough, the game could roll on: scientists estimate that we have five billion years until the sun turns into a red giant and expands past Earth’s orbit. I’m neither optimistic nor pessimistic, just realistic—enough to know engagement is our only chance.

I said before that the human game we’ve been playing has no rules and no end, but it does come with two logical imperatives. The first is to keep it going, and the second is to keep it human.
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To walk the roads through even a corner of Alberta’s vast tar sands complex is to visit a kind of hell. This may be the largest industrial complex on our planet—the largest dam on Earth holds back one of the many vast settling “ponds,” where sludge from the mines combines with water and toxic chemicals in a black soup. Because any bird that landed on the filthy water would die, cannons fire day and night to scare them away. If you listen to the crack of the guns, and to the stories of the area’s original inhabitants, whose forest was ripped up for the mines, you understand that you are in a war zone. The army is mustered by the Kochs (the biggest leaseholders in the tar sands) and ConocoPhillips and PetroChina and the rest, and their enemy is all that is wild and holy. And they are winning.

It is hideous, a vandalism of the natural and human world that can scarcely be imagined. I’ve spent years working to end it, and my efforts have been small compared to the unending fight of the people who live there. And yet, giant as this scar is, in itself it represents no real threat to the human game. The Earth is not infinite, but it is very large, and if you retreat far enough, even this scab (the single ugliest sight I’ve witnessed in a lifetime of traveling the planet) gets swallowed up in the vastness that is Canada’s boreal forest, and that in the vastness of North America, and that in the vastness of the hemisphere.

Likewise, to wake up in Delhi at the moment is to wake up in a gray, grim purgatory. The clatter and smell of one of the planet’s most crowded cities assail you as always, but some days the smog grows so thick you can’t see the end of the block. Walking down the pavement, you seem almost alone, and the city noise seems as if it must be made by ghosts. When the air is at its worst, when the smoke from the region’s farms burning off stubble combines with the exhaust of cars and buses and the cooking fires of the slums, it’s almost unbearable: in one recent outbreak, the international airlines scrubbed their flights into Delhi because the runway was invisible, and then cars began crashing on the highways, and then the city’s trains were cancelled due to poor visibility. Imagine how bad the air must be to cancel a train, which runs on a track. At a big international cricket match the next month, with pollution levels fifteen times the global standard for safety, players began “continuously vomiting.” After halting play for twenty minutes, the umpire said, “There aren’t too many rules regarding pollution.”1

Delhi’s air pollution may currently be the worst in the world, besting even the smoke-racked Chinese cities where the authorities installed giant LED screens to show video of the sun rising. Or maybe Lahore, in Pakistan, deserves the crown: particulate levels there have reached thirty times the safe level, producing a soupy brown haze likened by one journalist to a “giant airport smokers’ lounge.”2 Asian authorities routinely close schools because of the bad air, but because most homes lack filters, that doesn’t help much. A large-scale study found that, of the 4.4 million children in Delhi, fully half had irreversible lung damage from breathing the air.3 Around the world, pollution kills 9 million people a year, far more than AIDS, malaria, TB, and warfare combined.4 In the worst years, a third of the deaths in China can be blamed on smog, and by 2030, it may claim 100 million victims worldwide.5

It is sick, sad, unnecessary—the biggest public health crisis on the planet. And yet, even it represents no existential threat to the human game. If the devastation of the tar sands is limited in space, this assault is limited in time. It can and will be solved, too slowly, with far too much human anguish, but that is the lesson from London, from Los Angeles, even from Beijing, which has begun, haltingly, to clear its air.

The list of such severe environmental problems grows ever longer: dead zones in the oceans where fertilizer pours off farms along with irreplaceable topsoil; great gyres of plastic waste spinning in the seas; suburbs spilling across agricultural land, and agricultural land overrunning tropical forest; water tables quickly sinking as aquifers drain. These issues rightly demand, and even rightly monopolize, our attention because the threats they represent are so stark and so immediate. And yet, one imagines that we will survive them as a species, impoverished in many ways, but not threatened in our basic existence. People, and other creatures, will be robbed of dignity—they’re all signs of a game badly played—but the game goes on.

But not every threat is like that. There’s a small category (a list with three items) of physical threats so different in quantity that they become different in quality, their effects so far-reaching that we can’t be confident of surviving them with our civilizations more or less intact. One is large-scale nuclear war; it’s always worth recalling J. Robert Oppenheimer’s words as he watched the first bomb test, quoting from Hindu scripture: “Now I am become Death, the destroyer of worlds.” So far, the cobbled-together and jury-rigged international efforts to forestall an atomic war have worked, and indeed, for much of the last fifty years those safeguards, formal and informal, have seemed to be strengthening. That we have nuclear nightmares again is mostly testimony to the childishness of President Trump and his pal in North Korea—they seem nearly alone in not understanding “why we can’t use them.”

Second on that list of threats is the small group of chemicals that, just in time, scientists discovered were eroding the ozone layer, a protective shield that 99 percent of us didn’t even know existed. Had those scientists not sounded the alarm, we would have walked blindly off a cliff—literally, in many cases, as cataracts are one of the most common symptoms of being bathed in the ultraviolet radiation that the ozone layer blocks. Within a decade, the chemical companies had ceased their obstruction and the Montreal Protocol began removing chlorofluorocarbons from the atmosphere. The ozone hole over the Antarctic now grows smaller with each decade, and now scientists expect it will be wholly healed by 2060.

And the third, of course, is climate change, perhaps the greatest of all these challenges, and certainly the one about which we’ve done the least. It may not be quite game-ending, but it seems set, at the very least, to utterly change the board on which the game is played, and in more profound ways than almost anyone now imagines. The habitable planet has literally begun to shrink, a novel development that will be the great story of our century.



Climate change has become such a familiar term that we tend to read past it—it’s part of our mental furniture, like urban sprawl or gun violence. So, let’s remember exactly what we’ve been up to, because it should fill us with awe; it’s by far the biggest thing humans have ever done. Those of us in the fossil fuel–consuming classes have, over the last two hundred years, dug up immense quantities of coal and gas and oil, and burned them: in car motors, basement furnaces, power plants, steel mills. When we burn them, the carbon atoms combine with oxygen atoms in the air to produce carbon dioxide. The molecular structure of carbon dioxide traps heat that would otherwise have radiated back out to space. We have, in other words, changed the energy balance of our planet, the amount of the sun’s heat that is returned to space. Those of us who burn lots of fossil fuel have changed the way the world operates, fundamentally.

The scale of this change is the problem. If we just burned a little bit of fossil fuel, it wouldn’t matter. But we’ve burned enough to raise the concentration of carbon dioxide in the atmosphere from 275 parts per million to 400 parts per million in the course of two hundred years. We’re on our way, on the present trajectory, to 700 parts per million or more. Because none of us knows what a “part per million” feels like, let me put it in other terms. The extra heat that we trap near the planet because of the carbon dioxide we’ve spewed is equivalent to the heat from 400,000 Hiroshima-sized bombs every day, or four each second.6 As we will see, this extraordinary amount of heat is wreaking enormous changes, but for now, don’t worry about the effects; just marvel at the magnitude: the extra carbon released to date, if it could be amassed in one place, would form a solid graphite column twenty-five meters in diameter that would stretch from here to the moon.7 There are perhaps four other episodes in Earth’s 4.5-billion-year history where carbon dioxide has poured into the atmosphere in greater volumes, but never at greater speeds—right now we push about forty billion tons into the atmosphere annually. Even during the dramatic moments at the end of the Permian Age, when most life went extinct, the carbon dioxide content of the atmosphere grew at perhaps one-tenth the current pace.8

The results, already, have been extraordinary. In the thirty years I’ve been working on this crisis, we’ve seen all twenty of the hottest years ever recorded. So far, we have warmed the earth by roughly two degrees Fahrenheit, which in a masterpiece of understatement the New York Times once described as “a large number for the surface of an entire planet.”9 This is humanity’s largest accomplishment, and indeed the largest thing any one species has ever done on our planet, at least since the days two billion years ago when cyanobacteria (blue-green algae) flooded the atmosphere with oxygen, killing off much of the rest of the archaic life on the planet. “Faster than expected” is the watchword of climate scientists—the damage to ice caps and oceans that scientists (conservative by nature) predicted for the end of the century showed up decades early. “I’ve never been at a climate conference where people say ‘that happened slower than I thought it would,’” one polar expert observed in the spring of 2018.10 At about the same time, a team of economists reported that there was a 35 percent chance that the United Nations’ previous “worst-case scenario” for global warming was in fact too optimistic.11 In January 2019 scientists concluded the Earth’s oceans were warming 40 percent faster than previously believed.

“We are now truly in uncharted territory,” said the director of the World Meteorological Organization in the spring of 2017, after final data showed that the previous year had broken every heat record.12 He was speaking literally, not metaphorically—we were off the actual charts. That summer, an Atlantic hurricane developed well to the east of where any such storm had ever been seen before. Instead of crashing into Mexico and Louisiana and Florida, it spent its fury on Ireland and Scotland. When the National Oceanic and Atmospheric Administration showed the storm forecast on its computerized maps, the image looked odd: the cone of winds stopped abruptly in a straight line at latitude 60 degrees north—because, it turns out, it had never occurred to the people programming the forecasting models that a hurricane would reach that line. “That’s a pretty unusual place to have a tropical cyclone,” the programmer said. “Maybe that’s something we’ll have to go back and revisit what the boundary is.”13 Maybe so.



If you find a stout enough man, you can give him a pretty hefty shove and not much happens (unless, with some justification, he gets mad). When the global warming era began, we did not know how stout the planet was—it was possible that its systems would tolerate a lot of pushing without much change. The earth seems, after all, like a robust place: its ice sheets are miles thick, its oceans miles deep. But the lesson of the last thirty years is unequivocal: the planet was actually finely balanced, and the shove we’ve given it has knocked it very much askew. Let’s look for a long minute at what has happened so far, remembering always that we’re still in the early stages of global warming and that things will proceed inevitably from worse to worse yet and then keep on going.

Consider something fairly simple: the planet’s hydrology, the way water moves around the earth. Water evaporates off the surface of the earth and the ocean, and then falls as rain and snow, an endless pump for keeping the earth’s essential fluid in constant motion. But if you increase the amount of heat (of energy) in the system, it’s like turning the dial on that machine to the right: it does more work. Evaporation increases when the temperature rises, and hence arid places grow drier. We call this phenomenon drought, and now we see it everywhere. Cape Town, among the most beautiful cities on earth, spent 2018 flirting with going completely dry. Its four million residents were rationed twenty-three gallons per person per day, enough for a shower, as long as you didn’t want to take a drink or flush the toilet. Why? Because of a three-year drought that scientists said, based on past history, should be expected about once a millennium.14 But of course the phrase “based on past history” no longer makes sense, because that history took place on what was essentially a different planet with a different atmospheric chemistry.

That’s why there are versions of the Cape Town story on every continent. A couple of years earlier it was São Paulo, home to twenty million Brazilians, that was turning off the taps. Bangalore may be the highest-tech city in the developing world, with nearly two million IT professionals, but it’s also faced drought every year since 2012.15 The Po River Valley is Italy’s agricultural heartland, supplying 35 percent of its crops, but its average temperature is almost four degrees Fahrenheit higher than it was in 1960, and its rainfall has fallen by a fifth. So, by the summer of 2017, an enormous drought forced mayors and governors there to start rationing water. “The Po Plain used to be extraordinarily water-rich, and hence we got used to a situation where water has always been available,” said one local official.16 Most of Italy was affected—Rome shut off its network of public drinking fountains, the largest in the world, and the Vatican turned off the water in the Baroque fountains of St. Peter’s Square. But none of it was enough—by September, the source of the Po, on Monviso, in the Cottian Alps, was dry.17 Petrarch talked about the source of the Po, and so did Chaucer and Dante. But they lived on a planet with 40 percent less carbon dioxide.

As land dries out, it often burns. Humans have converted more and more forest into farmland, which reduces the number of fires overall,18 but where there’s something to combust, fire has become a menace of a different kind. Jerry Williams, the former head firefighter for the U.S. Forest Service, told a conference not long ago that “my first experience with a really unimaginable fire was in Northern California late in August in 1987,” when a thousand blazes broke out simultaneously. “I remember saying, ‘Jesus, we will never see anything like that again.’ And the next year we saw Yellowstone.” Now, he said, “it seems like every year we see a ‘worst’ one. And the next year we see a worse one yet. They’re unbounded.”19 As Michael Kodas reports in his recent book, Megafire, fire season is on average seventy-eight days longer across the American West than it was in 1970, and in some parts, it essentially never ends; since 2000, more than a dozen U.S. states have reported the largest wildfires in their recorded histories.20 We know about those fires because there are reporters nearby, and urban populations to smell the smoke, but there are also now much vaster blazes virtually every spring and summer across Siberia, which we can track only with satellite photos. In fact, by this point there’s an obvious rhythm to the global danger: prolonged drought, then a record heat wave, then a spark. Australia’s McArthur Forest Fire Danger Index used to top out at 100, but in 2009, after a month of record heat and the lowest rainfalls ever measured, the index reached 165, and 173 people died in a blaze that raced through the suburbs.21 In 2016, the city at the heart of Alberta’s tar sands complex, Fort McMurray, had to be entirely evacuated after a low snowpack gave way to a record spring heat wave and, soon, a May blaze that spread to a million and a half acres, chasing 88,000 people from their homes.22 In 2018, 80 people died in Attica, in the heart of classical Greece, when a firestorm took off amid record heat; those who survived did so only by diving into the Aegean Sea, even as “flames burned their backs.” Two dozen people who couldn’t make it to the beach just formed a circle and embraced one another as they died.23

Sometimes humans start the fires—sparks from golf clubs hitting rocks have set off several Southern California blazes, and in Utah, target shooters managed to ignite twenty blazes during the drought of 2012.24 But in a deeper sense, humans help start all of them: each degree Fahrenheit we warm the planet increases the number of lightning strikes by 7 percent,25 and once fires get going in our hot, dry new world, they are all but impossible to fight. These blazes “make up a new category of fire,” Kodas writes, “exhibiting behaviors rarely seen by foresters or firefighters. The infernos can launch fusillades of firebrands miles ahead of the conflagration to ignite new blazes in unburnt forests and communities. The flames create their own weather systems, spinning tornadoes of fire into the air, filling the sky with pyrocumulus clouds that blast the ground with lightning to start new fires, and driving back firefighting aircraft with their winds.” They “cannot be controlled by any suppression resources that we have available anywhere in the world,” said one Australian researcher.26

And the devastation they leave behind—well, you’ve seen the rows of burned-out houses on your Facebook feed. But imagine all the other effects. In the spring of 2017, after the obligatory deep drought and record heat, Kansas saw the largest wildfire in its history. There weren’t many houses in the way, but there was lots and lots of barbed-wire fencing, and all those wooden posts burned to stumps. New fence costs ten thousand dollars a mile, and at many ranches, that alone meant two million dollars or more in uninsured losses. Far worse were the cattle: At a ranch outside Ashland, “dozens of Angus cows lay dead on the blackened ground, hooves jutting in the air. Others staggered around like broken toys, unable to see or breathe, their black fur and dark eyes burned, plastic identification tags melted to their ears,” the New York Times reported. A sixty-nine-year-old rancher walked among them with a rifle. “They’re gentle,” he said. “They know us. We know them. You just thought, ‘Wow, I am sorry.’ You think you’re done and the next day you got to go shoot more.”27



That global pump I’ve described doesn’t just suck water up; it also spews it back out. An easy rule of thumb is that for every drought, a flood. Occasionally they’re in the same places a few months apart, but another rule of thumb: dry places get dryer, and wet places wetter.

So: ocean temperatures had risen about a degree Fahrenheit off the Texas coast in recent years, which means, on average, about 3 to 5 percent more water in the atmosphere.28 And when Hurricane Harvey wandered across the Gulf in August 2017, it crossed a particularly warm and deep eddy, intensifying “at near record pace” into a Category 4 storm. But it wasn’t its winds that tied it with Katrina as the most economically damaging storm in American history; it was the rain, which came down in buckets. Not in buckets—in football stadiums. Thirty-four trillion gallons, enough to fill 26,000 New Orleans Superdomes. That’s 127 billion tons, enough weight that Houston actually sank by a couple of centimeters. In places, the rainfall topped fifty-four inches, by far the largest rainstorm in American history. “Harvey’s rainfall in Houston was ‘biblical’ in the sense that it likely occurred around once since the Old Testament was written,” one study concluded.29 Because we’ve warmed the atmosphere, the odds of a storm that could drop that much rain on Texas have gone up sixfold in the last twenty-five years.30 Three months after the storm, another study found that the rainfall was as much as 40 percent higher than it would have been from a similar storm before we’d spiked the carbon dioxide levels in the atmosphere.31 When Hurricane Florence hit the Carolinas in September 2018, it set a new record for East Coast rainfall—the storm dumped the equivalent of all the water in Chesapeake Bay.32

This isn’t something that happens just in Houston. In Calcutta, home to fourteen million people, none of whom is an oil baron and a third of whom reside in flood-prone slums, the number of “cloudburst days” has tripled in the last five decades. “This is what we say to God,” one pavement-dwelling mother of four explained. “If a storm comes, kill us and our children at once so no one will be left to suffer.”33 In the Northeast United States, where I live in landlocked Vermont, we’ve watched extreme precipitation (two inches or more of rain in twenty-four hours) grow 53 percent more common since 1996.34 (Since 1996, when the first flip phone was sold.) All that water cascades over all that we’ve built these last few centuries—a 2018 New York Times survey showed that 2,500 of America’s toxic chemical sites lie in flood-prone areas.35 Harvey, for instance, swamped a factory that spilled huge quantities of lye. In effect, we’ve put the planet on a treadmill, and we keep pushing up the speed. We’re used to the idea that geologic history unfolds over boundless eons at a glacial pace, but not when you’re changing the rules.

Actually, perhaps it is proceeding at a glacial pace; it’s just that “glacial” means something different now. All those Hiroshimas’ worth of heat are thawing ice at astonishing speed. Much of the sea ice that filled the Arctic in the early pictures from space is gone now—viewed from a distance, Earth looks strikingly different. Everything frozen is melting. A few years ago, the mountaineer and filmmaker David Breashears took his camera into the Himalayas to retake the first images sent home from the roof of the world, during the Mallory expedition of 1924. He spent days climbing to the same crags, and catching the same glaciers from the same angles. Only, now they were hundreds of vertical feet smaller—a Statue of Liberty shorter. And once ice starts to thaw, it’s hard to slow down the process. A 2018 study concluded that even if we stopped emitting all greenhouse gases today, more than a third of the planet’s glacial ice would melt anyway in the coming decades.36



For the moment, though, don’t think about the future. Just think about what we’ve done so far, in the early stages of this massive transformation. Climate change is currently costing the U.S. economy about $240 billion a year,37 and the world, $1.2 trillion annually, wiping 1.6 percent each year from the planet’s GDP.38 That’s not much yet—we’re rich enough as a planet that it doesn’t profoundly change the overall game—but look at particular places: Puerto Rico, say, after Hurricane Maria ripped it from stem to stern with Category 5 winds. It was the worst natural disaster in a century in America—in the spring of 2018, a Harvard study estimated it had killed nearly five thousand people, twice the number who died in Katrina39—and the economic toll guaranteed it would go on stunting lives for years: the total cost was north of $90 billion, for an island whose pre-storm GDP was $100 billion a year. Economists calculated that it would take twenty-six years for the island’s economy to get back to where it had been the day before the storm hit40—if, of course, another hurricane didn’t strike in the meantime.

Or look at people living so close to the margin that small changes make a huge difference. I noted earlier that we’ve seen a steady decline in extreme poverty and hunger. “Our problem is not too few calories but too many,” Steven Pinker wrote smugly.41 But late in 2017, a UN agency announced that after a decade of decline, the number of chronically malnourished human beings had started growing again, by 38 million, to a total of 815 million, “largely due to the proliferation of violent conflicts and climate-related shocks.”42 In June 2018, researchers said the same sad thing about child labor: after years of decrease, it, too, was on the rise, with 152 million kids at work, “driven by an increase in conflicts and climate induced disasters.”43

Those “conflicts,” too, are ever more closely linked to the damage we’ve done to the climate. By now, it’s a commonplace that record drought helped destabilize Syria, sparking the conflict that sent a million refugees sprawling across Europe and helped poison the politics of the West. (And a 2018 World Bank study predicted that further climate change would displace as many as 143 million people from Africa, South Asia, and Latin America by 2050. The authors whimsically urged cities to “prepare infrastructure, social services, and employment opportunities ahead of the influx.”)44 But there are a hundred smaller examples. On top of Mount Kenya, two-thirds of the ice cover has disappeared; ten of the eighteen glaciers that once watered the surrounding region are gone altogether. Herders, whose pastures are turning to dust, have started driving their cattle into the farmland nearer the mountain. “Our cows had nothing to eat,” explained one man. “Would you let your cow die if there is grass somewhere near?” The farmers who till that land (traditionally from different ethnic groups) have fought back hard, and people have died. “I have not slept for two days,” one farmer said. “If I do, they will bring their cows and let them loose in our farms. They are lurking, waiting for us to sleep, then bring their cows and goats to eat our cabbages and maize.”45 There are studies that try to quantify these changes—one standard deviation increase in temperature supposedly increases conflicts between groups by 14 percent46—but you hardly need them. Common sense will do. The planet is crowded. As we begin to change it, people are pushed closer together. We know what happens next.



There was hope, thirty years ago, that global warming might somehow limit itself, that raising the temperature might trigger some other change that would cool the planet. Clouds, perhaps: as the atmosphere grew moister with increased evaporation, more clouds might form, blocking some of the incoming sunlight. No such luck; if anything, the kinds of clouds we’re producing on a hotter planet seem to be trapping more heat and making it hotter still.47

Such feedback loops, it turns out, lie buried in all kinds of earth systems, and so far, they’re all making the problem worse, not better. When the white ice melts in the Arctic, it stops reflecting the sun’s rays back out to space: a shiny mirror is replaced with dull blue seawater, which absorbs the sun’s heat. The sea surface temperature has gone up by seven degrees Fahrenheit in recent years in parts of the Arctic.48 Hidden ice, locked beneath the soils of the Arctic, is now starting to melt fast, too, and as that permafrost thaws, microbes convert some of the frozen organic material into methane and carbon dioxide, which cause yet more warming—perhaps, say scientists, enough to add a degree and a half Fahrenheit or more to the eventual warming.49

New studies also show that degradation of tropical woodlands, from wildfire, drought, and selective logging, has turned them from sinks for carbon into sources of more carbon dioxide. This transition is important. When economists scoffed at books such as Limits to Growth, insisting that scarcity, and the resulting higher prices, would spur the search for new sources, they had a point: we haven’t run out of copper; and oil obviously keeps flowing. But places to put our waste? Those are ever harder to come by, as the increasing temperature weakens the ability of forests and oceans to soak up carbon. Should this weakening continue, the New York Times noted, “the result would be something akin to garbage workers going on strike, but on a grand scale: The amount of carbon dioxide in the atmosphere would rise faster, speeding global warming even beyond its present rate.”50 And that’s what seems to be happening. Even as our emissions rise more slowly, the amount of carbon dioxide in the atmosphere keeps spiking faster.

But, again, we’re getting ahead of the story. Right now, just focus on what we’ve already done, how much we’ve already changed our world. Consider California, the Golden State, long the idyllic picture of the human future. It endured a horrific five-year drought at the start of this decade, the deepest in thousands of years—so deep that the state was tapping into groundwater that was twenty thousand years old, rain that fell during the last Ice Age;51 so deep that the state’s Sierra Nevada range rose an inch just because sixty-three trillion gallons of water had evaporated;52 so deep that it killed 102 million trees, a blight “unprecedented in our modern history,” in the words of the Los Angeles Times. (Sugar pines should live five hundred years, but “everywhere you walk, through certain parts of the forest, half these big guys are dead,” said one forester.53) The drought ended in the winter of 2017, when the rains finally came, an endless atmospheric river that poured off the hot Pacific into the high mountains. Everyone breathed a sigh. California’s authorities said, of course, that they understood the reprieve was only temporary, but they could be forgiven for relaxing a little as the hills turned lush and green. (Anyway, they were having enough trouble with the floods that the record rainfall produced: the deluge caused almost a billion dollars in damage, for instance, to the nation’s highest dam.)

The summer of 2017, though, proved hotter and drier than even in the worst years of the drought, and all that green grass soon browned up, and in October, a firestorm swept through Napa and Sonoma.
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