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Introduction

Do I contradict myself?

Very well then I contradict myself,

(I am large, I contain multitudes.)

—WALT WHITMAN, “SONG OF MYSELF”

On a clear winter day the world starts to spin backward. The sun rises over New York City, sputters at its midday height, and then sets eastward over the Atlantic. The trade winds reverse course; the ocean currents turn retrograde. Rain begins to fall in the Sahara and stops over the Amazon. Within a year the rainforest is burning, leaving behind scorched ground that will soon be desert. Pack ice forms along the western coast of France. The king delivers a Christmas message from a London palace blanketed in snow. Russia turns balmy and pleasant. Soon, the first Siberian wines make their way to market. But only the lucky ones can afford them. Most people are on the move, searching for food, water, or home, carried backward together into an uncertain future.

The world ends. Another begins. It hums along happily for decades, then centuries, until suddenly the ground shudders. An enormous volcanic eruption smears sulfuric acid into the stratosphere, where it crystallizes into dust particles that block out the sun. The world is plunged into gloom. In some places, it rains every day for months. Crops fail, food prices spike, and everyone looks for someone else to blame. Obliging demagogues step up with lies and scapegoats, promising to restore the beautiful world that used to be.

Another world spins up. Its weather changes with the seasons and the random back-and-forth movement of air and water. There are hot days and cold ones, stretches of pleasant weather interrupted by the occasional catastrophe. But none of it matters, because this is an empty world. There is no one to enjoy it. There is no one to change it.

More worlds come into existence. Some are completely covered in water; others have none. There are cold planets that look like giant cosmic snowballs and warmer worlds with high seas and no ice. Their atmospheres are different: Some have no ozone layer, or less oxygen, or more gases that trap the heat escaping from the planet below. The worlds proceed until the inevitable catastrophe: volcanic eruptions that blot out the sun, ice ages, abrupt changes to the composition of the sky. They run their course and end when I tell them to.

I made these worlds, all of them. I’m an Earth scientist, and I study the planet using climate models made from equations and code. On these digital worlds, I can set off volcanoes, take away the wind, and make the world spin backward. I can blot out the sun at will. I can change the chemistry of the atmosphere with a few keystrokes. I can imagine people living in these worlds. Every day, I do terrible things to them. No one cares at all. None of it is real. It’s impossible to feel sad or angry or frightened about things that happen to an Earth that exists only on a hard drive.

But these fake planets are the best way we have of understanding the real one, both as it is now and how it will be. Scientists have used climate models for decades to see possible futures. Now these long-predicted changes are coming to pass. It’s not just the digital atmosphere that’s full of greenhouse gases; it’s our atmosphere. It’s not a toy planet burning; it’s our beloved Earth. Climate change isn’t just happening to ones and zeros encoded on electronic switches. It’s happening here. It’s happening to me—to us. And believe me, I have feelings about that.

I’m angry that we’ve known that greenhouse gases cause global warming for more than a century and have done very little to stop emitting them. And then I remember where these emissions come from and feel appropriately guilty. I’m sad, desperately so, when I think about all the things we’ll lose. I’m afraid of the disasters I know are coming. I’m proud and surprised and hopeful and utterly in love with our beautiful world. I feel so much.

Isn’t this unscientific? Aren’t researchers supposed to be perfectly objective, unemotional, and neutral about the world we study? I can’t be. I need to declare a conflict of interest regarding Earth: Everyone I love lives here. But I do worry that by saying this, I’ll leave myself vulnerable to attack, maybe even undermine climate science more broadly. I can imagine plenty of bad actors claiming that my humanity clouds my judgment. I’m also aware that I live in a culture that has words for emotional women, none of which are compliments. Still, I am a scientist at heart, which means I always want more data. I haven’t been trained to ignore things this important. So I think we should be as honest about observing and documenting our emotions as we are about measuring rainfall or soil moisture. Pretending we feel nothing about our changing world doesn’t make us objective. It makes us liars.

I wrote this book for three reasons. First, I wanted to share some of the science behind climate change, to show what we know and how we know it. Second, I wanted to explain a little about how it feels to do this science in a rapidly changing world. Third, I wanted to write about everything I felt. Stories about climate change often demand a single, specific emotional response: panic, outrage, despair. But I don’t think there’s any “right” way to feel about what’s happening. I’ve been studying Earth for years, and it’s a complicated place: vulnerable and resilient, wonderful and awful. How could it ever be possible to collapse a planet’s worth of feelings into something small and simple?

I called this book Human Nature because it feels like a good description of our interfered-with little planet. Human beings have changed the atmosphere and the land surface and the oceans; there is no place on Earth untouched by our influence. But the title is also a provocation. I don’t believe there’s any such thing as “human nature”—at least not in the sense of immutable characteristics that make a particular outcome inevitable. I’m quite familiar with things that behave in a fixed way: laws of physics, equations that will always hold true, objects without emotions. But people can’t be forced into equations like these. An object in motion will remain in motion until its trajectory is altered by an outside force, but a person in motion will go on until she feels like stopping. There are no hard physical laws that precisely determine the futures of human beings or human societies. Humans are stupid and mean but also brilliant, kind, and rule abiding, and sometimes all of these things within the course of an hour. We feel anger, grief, hope, love, guilt, surprise, pride, fear, and wonder. We break the laws. We’re hard to predict. But it’s we who will shape the future.

A world begins. In its acidic oceans float the corpses of suffocated sea creatures. The coastlines are swamped by rising waters. In between wide swaths of wasteland are a few burning forests. The Mediterranean is almost as dry as the Sahara, and the west coast of North America swings wildly between drought and flood. The sky is laden with carbon dioxide and methane, and the temperature steadily rises. Terrible things come to pass.

I end that world. I start another. It’s similar in many ways to the previous nightmare planet. There are heat waves and droughts, a thousand-year flood every decade or so. Sea levels are still high. But after decades of work, humans have finally ceased to put carbon dioxide and methane in the atmosphere. The temperature, still dangerously high, no longer climbs. This is a planet coming to a new equilibrium, slowly adjusting to its new reality, making peace with the way it is now.

Another world exists, a better one, maybe the best of all possible worlds. By the middle of the century, human beings not only emit no carbon dioxide but have also learned how to remove a little from the atmosphere. Nearly every structure is covered in solar panels, as are roads, canals, parking lots, even some farms. Most people live in pleasant green cities. On the urban outskirts, restored forests thrive. The world is far from perfect: It’s hotter than now, more dangerous, with higher seas. Even in Utopia, the climate conditions under which human civilization developed are gone forever.

I don’t know which of these worlds is more likely. Science says that as long as human beings emit greenhouse gases by cutting down trees and burning fossil fuels, the planet will keep getting warmer. Physics says this will mean higher sea levels, heavier rainfall, worse and longer droughts. It says nothing about how we should feel about this. And it says nothing about what we’ll decide to do. The future remains uncertain. But I’m sending my children there, and they are never coming back. I think about it every day. And then, I feel.




One

Wonder

it is a serious thing // just to be alive / on this fresh morning / in this broken world.

—MARY OLIVER, “INVITATION”

The sun rises over the doomed city. Outside the walls is ten years of wreckage, the mechanical skeletons of burned chariots and the white bones of men and horses. Cassandra stands on the ramparts, drinks her morning coffee, and tries to forget last night’s visions. When she allows her mind to rest, Cassandra sees things. Over and over, she has seen the fall of Troy. She has seen the murder of her family. She has seen her own capture and enslavement by the victorious Greek general and then her own murder at the hands of his wife. She has—and this is some consolation—seen his as well.

It’s a calm morning. The Greeks are gone, and the wooden horse they left behind has not yet been brought inside the city walls. Cassandra knows what they’re up to, understands this is only the uneasy quiet before the final spasm. She closes her eyes. The future rushes up before her like the rising tide, warm and salty and visceral, and she lets it in. She sees the conquerors, fresh from the sack of the city, turn outward into the wine-dark water. She sees them lost in a world of sea nymphs and monsters, full of a strange magic they do not understand. Such weak men, thinks Cassandra, these soldiers who call themselves heroes. The winds gust and lull, the ocean swirls into frothing knots, the storms wreck their ships, and none of them understand a thing.

Cassandra knows better. She alone can see the logic behind the world, the invisible threads that weave together the oceans and the sky. To know the future, you must know the present from which it springs, and she fixes her mind on that, savors it, this last wondrous morning over Troy. The sun is fully above the horizon now, and she knows it will rise again tomorrow, and tomorrow, and tomorrow, until it exhausts its fuel and engulfs the world in its red and bloated death throes. No one will believe her if she tells them this. This is her curse: to be always right, but never believed. Apollo, the sun god, has made it so. That asshole, she thinks, and comes briefly unmoored in time. In her unguarded mind, the future storms in: hers, Troy’s, the fates of the oceans and the sky. She feels the sun’s warmth on her skin, the mundane light of an ordinary star, and lets it bring her back to the present.

Thousands of years later, the early-afternoon sun vanishes behind a tall building in New York City and I see nothing. My office faces the brick wall of a taller building, and the sunlight that scuttles rat-like down the facade and through my window arrives too weak to light the room. In its place a blue-white bulb flickers morosely next to a water stain on the ceiling. On my desk is a stack of printed scientific papers and a computer and a pile of mail, journals I will never read and forms I have forgotten to fill out and the occasional missive explaining, in oddly large font, that I am stupid or evil or wrong. I put my mail in the recycling bin. I step outside and am surprised by how time has passed. It’s dark already? It’s raining?

It’s not my job to understand today’s weather. It is my job to understand the climate. As an expert in the physics of air, water, ice, and land, I can manipulate all of these things (and more) in the digital safety of climate models. In them, I see the future coming into view. My computer shows me heat waves, the positions of clouds, maps whose coastlines are shrunken and blurred by rising seas. The temperature climbs. New York is deluged with rainfall. The Mediterranean is plunged into a drought from which it will never emerge. The century passes its midpoint and then ends. The next one begins. On the computer is a vision of the world to come. It is a prophecy of doom. It is a dire warning. It is, more than anything, a miracle.

There is an obvious comparison between the mythical Cassandra and modern-day climate scientists like me. We see the tragedy that awaits; we try to warn of it. There have been six comprehensive climate reports commissioned by the United Nations. There have been five U.S. National Climate Assessments. Over and over, we work—unpaid—on these things, and when they are released, the news coverage is the same. “Scientists Concerned About Global Warming.” “Scientists Worried About Ice Sheets.” “Scientists Alarmed by Rise in Emissions.” As if this were a private worry for the scientists. As if everyone else lives on a different planet. And then, in the aftermath, nothing happens—at least nothing commensurate with the scale of the problem. This is our curse: to shout, unheard, into the void. To make predictions that can’t help but come true. To warn and warn and warn again until the entire world is engulfed in needless, predictable flames.

But here is a tiny bit of magic: Our curse is also our gift. The models we use to predict danger and doom also show us amazement and beauty and joy. It’s a wonderful thing to watch the future unfold before you, to filter the world through elegant equations until it gives you something that looks an awful lot like prophecy. But to understand the future of the planet, you must understand its present: the hot tropics and freezing poles, the climb of wet air over a damp mountainside, the gentle breeze blowing in from the sea on a hot day. You must sit there for a while, waiting for the world to show you its beautiful and terrible secrets, listening to the now for the faint echoes of futures to come. The gravity that pulls the tired autumn leaves to the ground is the same force that hurls the world around the sun, the motion of every falling leaf a hard promise that spring will come again. It is a gift to be alive, to be able to notice things. We scientists are among the luckiest creatures on Earth; we are allowed to know. Like Cassandra, we see. But the point is not just that Cassandra was ignored. It’s that she was right.

We’re right, too: Climate scientists can see a little of the future to come. Not because some celestial maniac gifted us the power of prophecy, but because physics lets us. For some indescribably wonderful reason, the universe is made of equations that hold true in every context: on top of a mountain glacier, in the void of space, and in the deepest depths of the darkest sea. Solve them, and you can understand why the world is the way it is: why it rains, which way the winds blow, why Earth has a temperature at all, and why it is rising. Physics is the closest we ever get to magic.

Climate models run on this magic. We build our little worlds from many equations, layering complex structure on top of solid foundations. We start with a star and a rock. Then we make an atmosphere, a tall column of sky in which air may rise and rain can fall. We expand that sky in every direction to give the winds a place to blow. We dig deep pits below and fill them with salt water to understand the ocean currents. Somehow, from a mess of math and code, we find something beautiful and true. We call it a climate model.

Every model of Earth begins with the sun. For the Greeks, the sun was Apollo, a being with many desires, problematic sexual habits, and a fondness for turning innocent people into inconvenient things. Cassandra got off lightly, really. She could have ended up a shrub or a dolphin or a faraway constellation, a mass of lesser stars invisible against the blinding light of day. But once Apollo took an interest, her fate was sealed. No one survives an encounter with the sun unchanged.

Now we know the sun is just a star, one of a hundred billion in the Milky Way, itself an unexceptional galaxy among a hundred billion others. It rises not because a dazzling man drives a golden chariot across the sky but because every twenty-four hours Earth turns on its axis and shows its darkened face to the light. We know the planet is angled on that axis, and as it moves around the sun, winter will come to the tilted-away half. It’s all predictable and ordinary, dictated by rigid laws. But even this regimented order has space for strange and wonderful things.

Our sun is only medium-sized, as stars go, but big enough to shine. Inside its inner core the temperature is so high that the ordinary rules of physics cease to apply and tiny charged particles that should repel one another are instead smashed together. This is the miraculous process of nuclear fusion. The sun is in the constant alchemical business of changing stuff to light, matter to pure and shining energy. We’re lucky that this is the way nature has arranged to sustain our world. If the sun were fueled by coal, it would have burned itself out long ago.

The energy created in the sun’s hot core takes a very long time to come our way. It moves at light speed, the fastest anything has ever moved. But even the best sprinters slow down in the presence of hurdles, and there are many of them in the center of the sun. Light smashes into encircling walls of hot gas, bounces off, crashes again, over and over until it finds a crack from which to seep out. It takes eight minutes for the light to stream from the outer bounds of the sun to our eyes. But each tiny brilliant fragment that warms our skin on a spring day is the survivor of a hundred-thousand-year battle to surface, born from a nuclear reaction that happened before we or our ancestors or our civilization existed.

If Earth were closer to this shining energy source, it would be far too hot to sustain life. Daytime temperatures on Mercury, the closest planet to the sun, are around 430°C (800°F). If we were far away like poor cold Uranus and Neptune, we’d be perpetually frozen. We’re lucky to live in a very particular “Goldilocks” zone the perfect distance from our star. But even this fortunate location is not enough to make our planet livable. Based on its distance from the sun, the average temperature of Earth should be around -18°C (0°F). Too cold, in short, for life to exist.

Clearly, the planet is warmer than this. To understand why, we need to know three things. First, the sun shines, but so do we. Physics says that everything with a temperature—which is to say, everything—radiates its own light out to the world. Hot objects emit far more than cold ones do, but everything everywhere has no choice but to shine. You yourself are doing so right now, incandescent with the power of a 100-watt bulb. The planet on which you live is radiating, too, receiving the sun’s intense light, warming in response, and shedding its borrowed energy back into space.

Second, the planet shines differently than the sun. This is because how something radiates depends on its temperature. A heated object gives off different kinds of light as it warms up, turning red, orange, blue, and then white-hot like the sun, a blazing mix of all the colors. Our eyes have evolved to see the stuff our sun gives us, which we imaginatively call visible light. We can sense a whole spectrum of it: deep red baritones and high shrieking violets and everything in between. But all the colors we can see are only faint notes in a grander cosmic symphony. Beyond us is a whole universe of invisible light, colors more purple than purple or less red than red. Objects much colder or much warmer than the sun radiate in these unseen colors. Our Earth, not even red-hot, shines out something invisible. We call it infrared light.

This is the third thing to know: We exist only because the sky does. A tiny fraction of our atmosphere consists of molecules that absorb infrared light. These are the naturally occurring greenhouse gases: water vapor, carbon dioxide, methane, and nitrous oxide. They capture Earth’s outgoing light because they can dance. When these molecules are hit by outgoing infrared radiation, the bonds that hold their atoms together start to vibrate, turning light energy into motion. Eventually, the dance stops and the light is spat back out in every direction. These greenhouse gases are largely unaffected by visible light, allowing the sun’s rays not blocked by clouds or reflected by ice to come directly to us. But as these gases arrest Earth’s infrared light as it streams out to space, they redirect a portion of it back our way, warming our surface. The net result of these countless little dances is an increase in the temperature of the planet.

Most of the sky is composed of nitrogen and oxygen, stolid two-atom molecules unmoved by infrared light. Greenhouse gases are comparatively sparse, making up far less than 1 percent of the atmosphere. But these little dancers are extraordinarily good at what they do. If they were not there to absorb and reradiate this infrared light, the planet would be well below freezing. With them, the average temperature is around 15°C (60°F).

Here, then, is a simple model for a living planet: Take one ordinary star. Add a small rock ninety-four million miles away. If the rock is too cold, add a sky. Then watch as the magic happens. The sun shines, the planet tries to return its borrowed light to space, and little dancing gases in the atmosphere play a constant game of catch and release, throwing some of the outgoing light back down to its surface. The temperature rises and stabilizes, the rock swings round its mediocre little star, and all the stories on Earth begin.

Daedalus watches the birds circle above his island prison, imagining the delicate bones underneath their wings and counting the feathers that dangle from them like small soft knives. Two days ago, his son Icarus caught one, wringing its neck with his too-strong, newly adult hands. Afterward he was sullen and withdrawn, as if shocked by his own brutal impulse, the pent-up urge to harm a wild free thing. We have to eat, said his father. We have to get out, snapped Icarus, irritable after a long confinement. And then, as if divinely inspired, Daedalus knew. Now, drying in the corner, are two imitation pairs of wings, sticks and twine and wax and borrowed feathers.

When the sun rises, Daedalus and Icarus will tie the wings to their arms and move them up and down until they are floating above the shining sea. The father will warn his son to fly low and safe, away from the warmth of the sun. Daedalus can’t see the future. He has neither Cassandra’s gift nor her curse. He doesn’t see the change that’s coming, as inevitable as the condensation of vapor to droplets in a cold, high cloud. He doesn’t know—but maybe he suspects it, having once been young himself—that his son will immediately forget his warning in the joy and wonder of flight. He doesn’t know that Icarus will ascend, the wax on the imitation wings will melt, and his child will fall to Earth. Tomorrow, a brutal kind of magic will transform his precious real boy into a simple cautionary tale, a forever warning against flying too close to the sun. Poor Icarus. Poor Daedalus. It’s a terrible story—but it’s not true. It can’t be.

Everyone knows it does not, in fact, get warmer as you get closer to the sun: Mountaintops are famously cold and capped with snow. The higher you fly, the less likely your wings are to melt. The atmosphere gets colder with height. This is one of the most obvious and least interesting facts about our planet. But there is wonder hidden in even the most ordinary true thing. Like Daedalus’s ersatz wings, the cooling sky allows things to rise.

When sunlight warms Earth’s surface, heated air moves upward, floating on top of the colder sky like oil on water. As it leaves the warmer ground, the air cools. If it encounters even colder air up high, it will continue to rise. But if it finds itself surrounded by warmer stuff, it will sink back down again. The temperature of the surrounding sky governs the up-and-down motion of the air. It predicts what happens when the rising sky moves closer to the sun.

Why do we care? Because the rising air carries an invisible substance, amazing because of—not in spite of—its ordinariness. Water is perfectly suited to live on a planet like ours. The temperatures at which it takes solid, liquid, and gaseous form are easily found on Earth. This shape-shifting ability makes it an eager traveler, able to make itself at home in the far reaches of the world. It can hitch a ride to the sky on rising air, flow as liquid along the ground, and lock itself up in solid ice. In its gaseous form, it’s a potent trapper of heat: Water vapor accounts for about half of the naturally occurring greenhouse effect that makes the planet livable. So water, that amazing molecule, even knows how to dance.

When water shifts shape, energy changes hands. Whenever it moves between ice, liquid, or vapor, heat is taken from or spat out to the surroundings. Evaporation, for instance, cools a surface because it takes energy to turn a liquid into a gas. This is why your body covers you in liquid perspiration on hot days, hoping evaporation will wick energy away from your overheated skin. It’s such an effective cooling technique that the surface of Earth sweats in the heat as well. Evaporation transfers heat and water from the surface to the sky, buoyed upward on currents of warm air.

Up high, the air cools and sheds its water vapor, condensing into clouds made from liquid droplets and ice crystals. Some of the droplets coagulate into fat pellets and are coaxed back to the surface by the urgent pull of gravity. Rain is old sweat. The surface of the planet perspires in the sunshine, bloating the sky above it with invisible vapor that will one day come crashing back down to Earth.

The first real climate model balanced radiation and convection, shining and stirring, collapsing the world into a single tall column of sky. The model could explain that warm air rises and turns the vapor it carries into clouds and rain as it cools. It showed that the tropics should be rainy because their warm air rises and sheds its moisture. It suggested there should be deserts under subtropical regions of warming, sinking air. In a single column, a climate model can form thick rising thunderclouds and flat decks of leaden stratocumulus. It can tell you what you might feel as you fly higher and higher, like Icarus, leaving the surface behind.

In 2021, Syukuro Manabe, a creator of that first climate model, won the Nobel Prize in Physics. All the climate scientists I spoke to found this strangely moving. I did, too. The prize is usually awarded for inscrutable insights into magical-seeming things far removed from everyday experience. It felt overdue and necessary, the recognition that there is wonder in the everyday, too. There have been prizes for quarks and black holes and dark matter. Now there is one for Earth.

Physics is often described as cold, clinical, and boring, the antithesis of a good story. And the simple cautionary tale of Icarus does indeed fall apart when confronted by reality. But I think there’s something wonderful in knowing how the world works, in understanding that when the sky cools with height, it forms clouds and makes rain. Physics, and the climate models based on it, tell the truth, rich and complex and full of life. Reality is a beautiful canvas for telling stories; I prefer it to any myth. It seems a fair exchange to me: lose one neat cautionary tale, gain a whole world of new possibilities, better futures, happier endings.

In the real world, the one governed by physics, the air grows thinner and colder as Icarus ascends. It’s uncomfortable to be up that high more than a few seconds, so the boy darts around, plunging upward into cold air and down into the safe warmth below. He sees the invisible vapor in the atmosphere cool and turn to droplets of liquid that shimmer iridescent in the sunlight. Like a bird of prey, he spreads his wings and rides the rising warmth of a thermal draft. He sees the ocean dappled with white cloud, threadbare cotton wisps and towering cumulus and the flat anvil tops of thunderheads glinting in the sun. Nothing he hasn’t seen a million times before, but never quite like this. The boy waves at his father and smiles, points at the land now visible in the distance. See, Dad, he says, and rises a last time into the cold sky until, safe and wet and breathless, he sinks gently down to the ground and sheds his borrowed wings.

I began to work on climate science in the early 2010s, having decided to use my theoretical physics doctorate to solve more pressing problems. I loved the big, simple questions we could ask with climate models: What would happen if Earth spun backward? What if there were no land on the planet, only ocean? And my very first research topic: Were we going to run out of wind? It surprised me that we didn’t know this already. It was a highly topical question. In those heady days, it seemed possible that tech companies flush with boom-time cash might invest in any number of crazy technologies, including wind turbines on kites designed to fly in the jet streams. This wasn’t an immediately nonsensical idea. High above the surface of Earth, there are swift-moving rivers of air that could, in theory, be harnessed for steady power. But no one knew what the climate impacts of slurping up the fast-moving winds might be. It seemed possible that in our insatiable demand for energy we might extract too much, slow the winds, and change the weather. I wanted to know if wind was truly a renewable resource. To start, I had to understand where the winds came from in the first place.

In the Odyssey, the wind god Aeolus takes pity on the Greek general Odysseus, who shows up at Aeolus’s island in the midst of his ten-year journey home from Troy. The god calls Zephyr, the gentle west wind, to blow the Greeks home. Aeolus forces the other winds into a sack tied with silver wire and gives it to Odysseus. When you’re safe in port, he says, remember to let them out. One night the crew, convinced the bag contains hidden treasure, untwists the wire. The winds, sick of confinement, rush out, blowing the ship and its hapless crew all the way back to the island. Will you help us again? they ask. Hell no, says Aeolus, because these people are clearly idiots. Everyone knows that air hates to be confined. If you keep it under pressure, it will always find a way to escape.

In physics, we call this the pressure gradient force, the thing that accelerates air and makes it move. Like the pent-up winds tied inside a bag, air wants to flow from areas of high pressure to low. And air pressure varies because the warmth of the sun is not the same everywhere. It shines consistently on the hot tropics and intermittently in the polar regions. Warm moist air rises from the equator and flows toward the poles until it grows cold and dense enough to sink. As it descends, it presses heavily on the surface, forcing the air below to move away. And when it rises, surface air rushes in to fill the void left behind. This means that wind is just solar power, unequally distributed.

Winds demand an even bigger climate model. To make a model that rains, you need to build a tall column of sky and watch the water condense and evaporate, rise and fall, which Manabe and his colleagues had done decades ago. But to make a model contain winds, you need to give them somewhere to go. This means you have to extend the model into three dimensions, building multiple columns of air to the north and south, east and west, lining them up next to one another. Press down on one column, and air will flee to others. Reduce the pressure on another, and air rushes toward it. This three-dimensional grid structure allows air to do more than just rise and fall. Now it can blow.

To have realistic winds, you also need to make the world turn. Air longs for ease and stillness. But such things are hard to come by on a swiftly moving Earth. As Earth spins on its axis, we all go with it. The motion of the planet causes air currents to be deflected: to the right in the Northern Hemisphere, to the left in the South. Try it yourself: Draw a straight line on a spinning globe and see what happens. If your line is anywhere but the equator, it will curve as the globe spins. This is called the Coriolis effect, and it is not really a force, in the sense that gravity or electricity or magnetism is a force. It is simply the consequence of trying to do anything as the world rotates out from under you.

Together, the pressure gradient force and the Coriolis effect reach an uneasy truce that makes all the world’s winds: both the steady ones and the violent storms. When small pockets of low pressure form, air tries to flow toward them. But before it can arrive, it is deflected by Earth’s rotation. The faster the air is moving, the more pronounced the deflection. In the Northern Hemisphere, air spirals counterclockwise around a small region of low pressure. In the South, the motion is clockwise. If the pressure is very low, the air will flow in very quickly, and the deflection will cause it to spiral wildly. This is how a hurricane forms, and why it always spins.

The same forces dictate the motion of the atmosphere on even larger scales. If Earth were not rotating, air would rise from the hot tropics, move toward the cold poles, sink, and return. There would be no such thing as an east or west wind, only twin currents of air flowing toward the equator from the North and South Poles. But because the planet is spinning, the rising air from the tropics is deflected from its poleward journey and is instead forced downward in the subtropics. As the air sinks there, it warms, and the moisture it contains remains as vapor, its surroundings too warm to condense it into rain. Most of Earth’s deserts are found in these latitudes. The rotating Earth deflects the air displaced underneath the downward sinking pressure, creating the trade winds. Near the equator itself, the air rises straight up, no horizontal winds blow, and unlucky sailors find themselves becalmed in the still, wet doldrums.

Sinking polar air flows toward the equator in search of warmer places until it, too, heats and rises. In the upper atmosphere, this rising air is channeled into the fast-flowing rivers we call the jet streams. These always flow from west to east because that is the way Earth spins on its axis. Zephyr the west wind is gentle only at the surface: Five miles above, it blows consistently and quickly, with wind speeds usually above eighty miles an hour. A flight from New York City to Greece takes around ten hours, but the return journey is an hour longer. This is because of the jet stream: a tail wind that helps get you there, a headwind that lengthens your trip back. Every airline takes this into account when planning flight paths and times, inferring the conditions of the future from the things that already exist.

Because I am not divine or all-powerful, I was not allowed to shut off the world’s winds. The university ethics office would have frowned on such an experiment even if there were no practical constraints. But I could do it in the safe digital confines of a climate model. Like a malevolent god, I began to gradually drain the jet stream, filling it with tiny invisible turbines. They turned in the steady stream, shredding the air current with their motion. I put more turbines in, and the jet grew sluggish and uneven until finally it collapsed altogether. Without the winds to carry messages from different areas of the globe, changeable weather ceased to exist. In rainy places, rain fell without end. In dry places, it never came. It was a disaster. There was a natural limit to the amount of wind power we could use.

Fortunately, this calamity happened only at unfathomable levels of extraction: more than enough to meet total global power demand a hundred thousand times over. The terrible things I saw in the model would never realistically come to pass. The climate effects were negligible for any reasonable amount of wind harvesting. But the predictions were not the point; no one was threatening to extract wind power in these insane amounts anywhere outside my model world. What was amazing to me was that we understood the winds at all. We knew which way they would blow, their average speeds, how steady and reliable they would be. We understood why the tropics were wet and the deserts dry, could trace the swirling storms in the middle latitudes and the lazy doldrums. We could see the winds that tied the disparate regions of the world together, bringing news from far-off lands, causing inland places to be rained upon with foreign waters. We could project futures, even crazy hypothetical ones, for the simple reason that we understood the present.

Appeased, I removed the invisible turbines from the climate model’s atmosphere. I watched the air rise from the tropics and flow toward the poles. I saw the dry subtropics reconstitute themselves and imagined the deserts underneath. Up high, the air coalesced and moved with the turning planet, funneled once more into great rivers in the sky. Down below, gentle trade winds moved in curved arcs as the planet spun on its axis, a digital world re-formed and fresh, moving as physics said it must, awaiting the future.

All the gods like to stir things up every now and then. Apollo gives unwanted gifts. Zeus throws tantrums, flings thunderbolts, assaults boys and women. But no one can mess with an island civilization quite like the god of the sea. Poseidon loves this part of the job. All it takes is a little shake of the waters at the surface and the people lose their minds. They pray, they call on heroes, they start sacrificing anything they think might please him. His wife loathes this, starts hollering at him whenever the bloated, fish-bitten corpses of drowned horses and cattle begin to drift down to the underwater palace. What, she asks (not unreasonably), do they think we’re going to do with these? Once, the people tried chaining a naked princess to a rock by the sea, which struck even Poseidon as a little weird. He allowed her to be rescued by some hero who probably never shut up about it for the rest of his short life.

Men need to do crazy things for immortality. Gods don’t. Time moves more slowly when you’re divine. Deep in the dark waters, Poseidon often finds himself behind the times. It takes information many years to worm its way to the depths of the ocean. Sometimes he hears something that makes him rush to the surface, only to find that all those concerned have died. As he descends beneath the waves again, Poseidon watches the constellations blur above the shallow waters overhead and then disappear from view. The stars shine bright over the midnight sea, patterned with stories of heroes long gone.

All the water in Poseidon’s seas was born in that twinkling sky. When a large star dies, it explodes and spreads its guts across space, where they are recycled into new forms and new beings. Oxygen released in the first such explosion combined with ambient hydrogen to make the first water. The water created by many subsequent explosions eventually found its way to us, transported in the frozen surfaces of comets and meteors. This means Earth’s water is older than Earth itself. It’s probably even older than the sun. In five billion years, when the sun exhausts its own fuel, our water will be carried off into the depths of space, ready to nourish some other planet yet to be born.

In the beginning, the new baby Earth was so hot that the water carried by these rocks was turned immediately to vapor suspended in its nascent sky. There would have been no ocean for many years. But then the planet cooled, and the steam cooled and then condensed. There was a primordial rainstorm, which became a deluge and then a flood, covering three-quarters of the planet in water. The oceans came from the sky.

Since then, sea and sky have never lost contact. The ocean absorbs and retains the heat of the sun. It moderates the climates of coastal regions, because water is much slower to warm or cool than land. And the ocean is an effectively boundless source of the water that makes clouds, rain, and snow. The seas are governed by the same physics as the sky: floating, sinking, moving, turning. Together, these motions help the ocean move heat, salt, and moisture around the planet. No model of Earth’s climate would be complete without an ocean, extending the tall columns of atmosphere not just outward into three dimensions but also downward into the deep, letting water rise and sink and flow. The sea and the sky are inseparable. They form the world in which winds blow and rain falls, the background against which life on Earth goes on.

When steady winds blow across the surface of the sea, they drive currents, which twist with the spinning Earth and slam into the boundaries of continents. These form great circular gyres, some parts of which have names. The western boundary of the North Atlantic gyre, for example, is the Gulf Stream, a northward-flowing saltwater river that travels between twenty-five and seventy-five miles a day, bringing warmth from the Gulf of Mexico into the Atlantic Ocean. On the other side of the world the Kuroshio current brings warm Philippine waters to Taiwan and Japan. As long as the wind blows and Earth turns, these currents will continue.

But underneath the surface, something much more gradual is happening. The overturning of the deep ocean is slower, a conveyor belt driven by floating and sinking. Surface waters move northward until they reach the Arctic, where some of them harden into sea ice. The left-behind Arctic waters are saltier and cold; both of these properties make them heavy. They sink resignedly down in the cold polar ocean, pressing down on the deeper waters and forcing them to flow. The deep ocean is a river of failed ice, a bottom-dwelling current moving southward, overshooting the warm places, journeying to the southern pole. The waters around Antarctica move eastward and close, unimpeded by land, in a swift and freezing ring. There, they wait for storms and turbulent seas to bring them once more to the surface. Eventually, the water surfaces again and resumes its long, slow movement around the globe. This is called the thermohaline circulation, driven by temperature and saltiness. It takes around a millennium for water to complete its journey to the depths and back. The ocean is deep; it keeps secrets. Time passes differently in the abyss.

And time is what marks the difference between climate and weather. We don’t need to know much about the deep ocean, or anything else that works as slowly, to forecast the weather. We just need accurate measurements of current atmospheric conditions. If we know enough about the present, physics will tell us what’s coming. The trick is to both gather the right information and hold tight as it’s buffeted by the chaos of the outside world. Weather forecasts are excellent a few hours out, good a few days out, and unreliable after about a week.

Climate is the long-term average of weather: the background conditions in which it happens. Like the weather, the climate changes naturally, but this happens over many millions of years as tectonic plates move, Earth wobbles in its orbit, and the deep ocean currents shift. Weather is what humans experience over our short lives. Climate is a matter for the gods. To understand it, you have to understand all of the forces that shape the world: not just the atmosphere, but the oceans as well. No weather model can tell me with any accuracy what the temperature in New York City will be at ten in the morning two years from today. But I know it is likely to be hot and sticky in the summer and cold and gray in the winter. The New York climate is made by the prevailing winds, a whole continent of land to the west, the chemical composition of the sky, and the slow circulation of the nearby ocean: things that change more slowly. Things that, in a human lifetime, are not supposed to change at all.

The climate models I use every day tell me why the world is the way it is. They tell me that the planet is spherical, watery, and turning. It’s heated by the sun. Air rises from the warm, moist tropics and sinks in the desert subtropics. In sinking, it presses down hard on the surface, forcing the air below to move toward areas of lower pressure. The world turns beneath the moving air, which is deflected into trade winds. The winds move over the sea surface, shoving the water along at the boundary between ocean and sky. The water obeys, but recalcitrantly, slowed by its own choppy roughness and bent at an angle by the spinning world. The ocean layers below the surface are dragged by the moving current above. Water rains into the ocean and evaporates back to the sky. These are the foundations. You can always add more and more complexity, building the model up further. Add swirling confrontations between stray warm air just up from the tropics and cold air dripping down from the poles. Now add the boundaries of continents. Now add mountains. Now add forests that exhale great breaths of cloud. Now add cities, cars, factories. Now add yourself.

The rules, shaped for so long only by physics, are changing now. There are new characters in the story, entities not describable by the laws of physics but still subject to their consequences. They are tiny but powerful, capable of changing the very sky under which they live. These characters can think and feel and read. They are us.

To model a god, you need clay and time and a basic understanding of how gods work. Prometheus has all of these, plus the inclination to make something useful. He molds a clay arm, not strong enough to hurl a thunderbolt, but able to approximate the basic way an arm should move. He makes clay legs that run a little like a god’s legs, but slower. He makes a misshapen head and a scrawny torso and attaches the limbs. After a while he has several of these things, and it’s fun to watch them bump into one another and to see the strange, chaotic behaviors that result from those interactions. The gods laugh when they see what he’s done. Look, says Apollo, giggling, that one looks like me, and calls down to it. The little toy below looks up and stumbles, dazzled by the brightness of the sun, and the gods laugh some more.

Prometheus can already see himself growing fond of the humans he’s made, these crude and feisty little imitation gods. He can see himself fascinated by their emergent behaviors, how they come together and apart, how they stubbornly embark along new and unexpected trajectories. He can see himself beginning to pity them. He can see a lot, actually—his name means “Foresight,” and he has it—but he mostly chooses not to. There isn’t, he thinks, any real point in seeing the future, not if you won’t do anything to change it. This makes it easier for him to make the other choices he does.

You don’t need to be especially clairvoyant to know that stealing fire from vengeful gods is going to end badly, but Prometheus does it anyway, averting his internal eye from whatever weird punishment they’re going to come up with. No one is really paying attention, and it’s easy to light a torch on the sly and watch it sizzle into dancing flame. Prometheus shows the people how to collect dry wood and stack it just so. At first very little happens, but there’s a sudden collective gasp as the flames begin to run over the pile of sticks. The people try to be silent, reverent, but the smoke gets in their eyes and makes them cough. Prometheus gently guides them away and, not without some exasperation, prevents a few of them from plunging their hands into the orange-black char. He thinks they’re grateful for his gift; he sees them cooking their meat and keeping warm in the winter and, later, figuring out how to harness the magic of burning to move and make things. Prometheus knows that all this will come at a cost. He thinks, sometimes, that the people do, too.

Humans have been setting things on fire for a very long time. Given wood, heat, and oxygen, the chemical reaction of combustion produces energy, water vapor, ash, and carbon dioxide. This is not new energy. The wood was once a living tree that captured the power of the sun and used it to grow. In its fiery death, the tree gives back the solar energy it once harvested. So burning wood gives us warmth to heat our homes and cook our food. We did this for thousands of years, sometimes collecting downed branches and dead logs, sometimes cutting down forests. It was only very recently that things began to change.
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