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            Foreword

         
         Every fall, I collect a list of recommendations for the incoming guest editor (this year, the wonderful Bill McKibben), a
            starting point for their readings and selections for the book. This year was the first time I found myself wondering whether
            all the publications whose work we’re honoring would still exist by the time the book comes out.
         

         
         It is essentially luck that every piece in this collection comes from a publication still extant at the time of my writing.
            Among the notable essays listed at the back of the book—almost a hundred excellent pieces—are pieces from publications that
            have essentially shuttered, magazines that laid off their science desks or their entire staff of writers. There are journalists
            who luckily avoided a wave of layoffs, and surely more who worry what the next year might bring. It’s impossible to look back
            on the past year of science and nature writing without this sense of absence and eulogy.
         

         
         This isn’t the first time we’ve seen such cullings. Pacific Standard, which covered social and environmental justice with tenacity and elegance, stopped publication in 2019. Pacific Standard was even a nonprofit, a hopeful alternative to business models that leave magazines subject to market whims. But that meant
            it was subject to the whims of its funder. The winds changed, the funder withdrew, the magazine shut down. We have to consider
            ourselves lucky that the archives—which include several pieces featured in past issues of this collection—are still online
            at all, after Grist acquired the magazine.
         

         
         We thought for a long time that the internet would kill journalism. In plenty of ways, it hasn’t helped: Google’s monopoly
            on search funnels and ads, Facebook’s inflated stats that led the doomed pivot to video, the death of classifieds and other
            newsprint revenue sources. Readers often now expect to access journalism for free and balk at paywalls, seeking workarounds
            rather than paying for what they read, and websites are so clogged with ads as to be almost unreadable. Writers are still
            consistently paid far less for work published online than in print, even at the same publication, which seems to come down
            to little more than prestige and what publications can get away with.
         

         
         We thought the internet would kill journalism. We didn’t see the vultures coming.

         
         They came for local newspapers first. The hedge fund Alden Global Capital innovated a model that McKay Coppins, writing in
            The Atlantic in 2021, called “strip-mining local-news outfits.” He elaborated: “The model is simple: Gut the staff, sell the real estate,
            jack up subscription prices, and wring as much cash as possible out of the enterprise until eventually enough readers cancel
            their subscriptions that the paper folds, or is reduced to a desiccated husk of its former self.” It didn’t matter if a newspaper
            was struggling or stable when Alden bought it, the vicious playbook was the same.
         

         
         As of 2019, Alden was running over a hundred newspapers, and they’d cut two of every three jobs. It’s a model known as “vulture
            capitalism,” though a former Chicago Tribune reporter who’d seen Alden’s impact firsthand told Coppins the name didn’t quite fit. “A vulture doesn’t hold a wounded animal’s
            head underwater. This is predatory.”
         

         
         The predators have come for online news, too. Gawker Media is a classic example, first undermined by Peter Thiel’s vindictive,
            opportunistic funding of the lawsuit that would bankrupt the company. After a few years owned by Univision, the group of websites
            now called Gizmodo Media Group was sold to private equity firm Great Hill Partners. Megan Greenwell was editor-in-chief of
            Deadspin, GMG’s sports and culture website. In 2019, upon her resignation, she wrote, “A metastasizing swath of media is controlled
            by private-equity vultures and capricious billionaires.”
         

         
         Newspapers and magazines have been reduced to figures on a spreadsheet. A business is a business—that part’s not new—but the men who run Alden Global Capital never even pretend to care about journalism. When they bought the Chicago Tribune in 2021, Coppins writes, “The new owners did not fly to Chicago to address the staff, nor did they bother with paeans to
            the vital civic role of journalism. Instead, they gutted the place.” Greenwell wrote of GMG’s owners: “They want a quick cash-out
            rather than the growth that comes from a well-run business.” It’s impossible to know how much science writing has been lost
            at the hundreds of local papers now owned by financial firms, by Alden and those aping their mercenary model.
         

         
         But here’s some of what we do know: 2023 was a bloodbath year for science journalism. National Geographic, owned by Disney, laid off its last staff writers; Gizmodo laid off its last climate writer (so we know what Great Hill Partners
            did there); CNBC disbanded its climate desk; and Wired laid off around twenty employees. According to SFGate, “The Wired layoffs hit reporters who covered labor, health, artificial
            intelligence, space and science and had written about such topics as AI regulation, autoworker organizing, new vaccine developments
            and more. Several editors also received pink slips, including those in the features and science divisions.” Writers, editors,
            production staff—gone. And with perhaps the most dramatic sign of the state of the industry, Popular Science, which had just celebrated its 150th anniversary in 2022, ceased publication. Popular Science was bought by the private equity firm Recurrent Ventures in 2021.
         

         
         I grew up reading science magazines. My grandfather subscribed to Scientific American, and I pored over the small print and elegant diagrams trying to access the rarefied knowledge I knew they held. I subscribed,
            myself, to Discover, a more accessible but just as expansive and exciting magazine. But, as Sabrina Imbler writes in Defector, “The loss of Popular Science also means one less major publication where emerging science journalists can learn the craft and build their careers.” Midcareer
            writers lost an outlet paying decent rates, and new writers lost an internship opportunity. And, a former social media editor
            at Popular Science who was laid off amid the closure told Imbler, scientists lost a prominent venue to have their work featured. “Where are
            the scientists going to get public investment in their research?”
         

         
         I grew up reading science magazines because I loved the world and its wonder, but science is much more than awe. Imbler writes, “Science journalism has arguably never been more important, as the harsh impacts of climate change are hitting the planet faster than many scientists expected and the biodiversity crisis threatens all corners of life on Earth.” Climate change, pandemics, reproductive rights—there is no untangling science from the urgent issues in our lives. There is also, though, still the ineffable value of art, of beautiful writing, of knowledge, of joy. All of that, the urgent and the ornamental—the vultures have their claws in it all. 

         
         I wish I had a good way to end this foreword. I wish I had a call to action, a rousing plan, a sense of hope. If you’re a
            billionaire, go buy a local paper, steward it with care, trust that the editors who run it know how to do their jobs. There’s
            hope in worker-owned publications, like Imbler’s own Defector, an employee-owned publication founded by former Deadspin staffers,
            or The Sick Times, a newer, scrappier, independent news site covering the Long Covid crisis, founded by two journalists and
            supported by donations and nonprofit funds. This may be the way forward. This may be the growing pains of a new kind of news
            industry being born. Popular Science was 150 years old, after all. One hundred fifty years ago the telephone and lightbulb were new technologies, and the germ
            theory of disease was newborn. Popular Science was once new, and there are still new things to be made, new ways of telling stories, reaching audiences, and thinking and
            writing about what science means in the world. But that doesn’t make living through what feels like a mass extinction any
            easier.
         

         
         Jaime Green

         
         And now for a post-script with a whiplash tone shift: If you’d like to submit your work for consideration for a future edition
            of this anthology, you can find guidelines and a submission form at jaimegreen.net/BASN.
         

         
         
      
   
      
      
      
         
            Introduction

         
         This volume is called The Best American Science and Nature Writing 2024, because that’s the year it comes out, but of course that means the writing is from 2023. I know this is a familiar concept—you’ve
            watched the Oscars, after all—and I bring it up simply to emphasize that, in this case, the year really matters: 2023 was
            the most anomalous year (so far) in human history, the year in which the relationship between people and planet showed its
            most dramatic signs yet of unraveling.
         

         
         To review: As the year began, oceanographers started pointing out—with increasing urgency—that sea surface temperatures were
            higher than they’d ever measured, in pretty much every ocean basin, and by margins that far exceeded what they’d seen before.
            As the months rolled on, the numbers became increasingly ludicrous, until by late spring they were not just off the chart,
            but off the wall the chart was tacked to. In June, buoys off the Florida Keys registered ocean temperatures in excess of 101
            degrees Fahrenheit, which is what you set your hot tub to. (But you don’t keep a coral reef in your hot tub.)
         

         
         The seas are where most of the planet’s extra heat is stored (if they didn’t exist, the carbon and methane we’ve poured into the atmosphere would have already raised the planet’s average temperature above 120 Fahrenheit), and as they warm, many things happen. Ice melts, for one, especially at the poles. And when the Arctic Ocean opens, it leads to, again among many other things, earlier snowmelt at higher latitudes. Northern Canada, in other words, dried out a lot sooner than usual in 2023, and then—as land temperatures began to soar—it caught on fire. Caught on fire in ways we’ve never seen before: vast fires were raging in every province before long. By the time snow finally put them out in late autumn, those fires had produced several times more carbon than all the cooking and heating and cooling and driving and flying done by all the people in Canada, which is what we call a feedback loop. But it had also produced something else equally important: a huge cloud of smoke that drifted south across the border and soon was choking the cities of perhaps the world’s most powerful corridor, from Boston and New York south to Washington. As it happens, I was sitting in front of the White House, part of a protest against a gas pipeline, on the day that Washington recorded its worst air quality in recent history; we could barely make out the building we were protesting, though it was a few hundred yards away. It was, I think, useful that the men and women who have allowed America to become the biggest fossil fuel exporter on earth got even a temporary taste of what so many have to deal with day in and day out. 

         
         If nothing else, it provided a bit of context for what came next: literally, the hottest day on planet earth in at least 125,000
            years. A global chain of satellites and thermometers and ocean buoys offer up a global average temperature each day; the hottest
            days of the earth year cluster around our summer solstice, because the northern hemisphere has most of the planet’s land mass.
            And this year the numbers beat—by large margins—any day for which we have records. Thermometer data only goes back a couple
            of centuries, but scientists are masterful at figuring out proxies (ice cores, lake sediments) that extend that record far
            into paleohistory, which is how we know the true extent of this remarkable stretch of days. They were hotter not than any
            day in human history, but than any day in much of human prehistory. No members of our species with societies anything like
            the ones we know have ever lived on an earth so hot.
         

         
         And, as it turns out, it’s not enormous fun living on a world tending toward the hellish. For instance, warm air holds more water vapor than cold, which is my nominee for basic physical fact of the century. That means more evaporation—and hence more drought and fire—in dry places. But once that water is up in the atmosphere, it’s going to come down, increasingly in buckets. New England, where I live, is one of those wet places—we’ve had a huge increase in gully-washer storms over the past few decades, and this summer in my state of Vermont, it seemed never to stop. Our capital city, Montpelier, was basically closed for months after water surged through most of the town’s businesses; there’s active talk about somehow relocating the center of the city to higher ground. I live on higher ground, in a tiny town on the spine of the Green Mountains, which got more rain than anywhere else in the course of the summer—a home a mile away was lost in a landslide, and the roads east and west out of town were closed for weeks. And we were lucky—we’re a relatively prosperous place. Libya had the biggest rainstorm in its history as summer came to an end, and there the deluge washed away two dams, and then washed away ten thousand people in a single city. They were swept out to sea and drowned. 

         
         In case this seems anecdotal to you, the tally at year’s end was forty-two weather disasters across the globe that did more
            than a billion dollars in damage—that’s $360 billion dollars total, and less than 40 percent of it covered by insurance. It
            was the second costliest year on record for drought; flooding in Pakistan did damage equivalent to 9 percent of its GDP. We
            know that forty thousand people died in Europe from the epic heatwaves that kept sweeping across the continent, but that’s
            because Europe can afford to keep good records of excess mortality. Who knows how many people died because Pakistan had to
            spend all that money on flood relief and had less left for immunization or education or women’s health? Who knows how many
            people fled their homes for good because there wasn’t grass enough left to keep goats alive? We can’t count, save by stories,
            and some of them are in this volume.
         

         
         We don’t know for certain all the reasons the temperature jumped so jaggedly in 2023. An El Niño warming current developed
            in the Pacific in midyear, and ships kept switching to cleaner fuels, which ironically meant less smoke to reflect the sun’s
            heat back to space. But these paled next to the main trigger: the ongoing accumulation of carbon dioxide, methane, and a few
            other greenhouse gases in the atmosphere. The project of heating the earth—by far the largest project humans ever contrived—continued
            its uninterrupted advance. We poured more carbon into the air than ever before, and the concentration of CO2 in the atmosphere ratcheted past 420 parts per million, another grim milestone. Worse, it felt more than ever as if the most basic physical systems of the planet were starting to strain. If you think about our earth, there are a few overwhelming features: the poles, which are now melting fast (and new data from the Antarctic and Greenland this past year emphasized how much we’ve underestimated that rate of loss); the great rainforest of South America, where we seem on the brink of savannafication as drought starts to entrench across the Amazon; the boreal forest of the north (which was burning not just in Canada but in Siberia); and the jet stream and the great ocean currents like the Gulf Stream. The jet stream in 2023 was clearly behaving very oddly—driven by the temperature differences between pole and equator, it now gets stuck for long stretches, and oscillates at a greater amplitude, surging heat and cold into unlikely places. And the ocean currents, driven by density differences between saltier and fresher water, seem clearly to be flickering as that same polar ice disappears. 

         
         We are rapidly wrecking the earth that has supported us. Not wrecking “the planet,” since the third rock from the sun will
            be there till the sun, in a few billion years, enters its violent dotage. But wrecking the world that we, and all other humans,
            have known. I want to say once again: In 2023 it got hotter on this earth than it’s gotten in at least 125,000 years, roughly
            the same time as the first evidence of humans etching symbols onto bone. As 2024 began, the researchers were predicting that
            this year could quite possibly break last year’s record.
         

         
         And yet. And yet. Something else happened in 2023, with the kind of dramatic congruence that strains credulity. In midsummer,
            in the same stretch of weeks that our instruments were recording those never-seen temperatures, energy analysts were reporting
            that we had crossed another barrier: we were now installing a gigawatt’s worth of solar panels around the world each day.
            That is to say, we were installing the rough equivalent of a nuclear power plant every single day, but the nuclear power was
            coming from that giant reactor 93 million miles up in the sky. That’s an extraordinary feat—the rapid scaling of this most
            basic technology for the survival of our species. Solar power has always been seen as “alternative” energy, but now, alongside
            its sturdy partner Wind, and supported by their companion Battery, the Sun was ready for . . . it’s place in the sun? I guess.
         

         
         This achievement had something to do with policy—half that solar power was going up in China, where governments really do
            decide these things, and some of the rest was destined for the US, where the hundreds of billions of dollars in President
            Biden’s Inflation Reduction Act had begun to kick in. But it was a reflection of the work done over decades by scientists
            and engineers, who had managed to make renewable power the cheapest power. Forget alternative energy—this is not the Whole
            Foods of power, it’s the Costco. We live on a planet where the cheapest way to produce energy is to point a sheet of glass
            at the sun, and that, potentially, changes everything.
         

         
         It means that if we wanted to we could move with dispatch now. It would not be easy or free, though in economic terms it’s
            mostly gravy: over the past few years, one analysis after another has shown that simply because you’d no longer need to pay
            for endless shipments of coal and gas and oil, the transition to renewable energy would more than pay for itself. There will
            be costs in terms of mining: there are few higher tasks right now on planet earth than trying to ensure that the hunt for
            lithium and cobalt and the rest exacts as small a human and environmental toll as possible, and returns as much as possible
            to the people and places who will be harmed. But those human and environmental costs do not compare with the damage from continuing
            to rely on fossil fuel a day longer than necessary. It’s not just the existential climate damage I have described (though
            surely that would be enough); it’s also the fact that one death in five on this planet—nine million people a year—stems from
            breathing the combustion byproducts of fossil fuel. And the fact that relying on energy only available in a few deposits means
            the people who control them develop wealth and power that usually is abused. Meet the king of Saudi Arabia. Meet the Koch
            brothers. Meet Vladimir Putin.
         

         
         Here’s a way to picture this change. At the moment, 40 percent of all ship traffic on earth consists solely of shipping coal and oil and gas back and forth around the world to burn. (And the US is the biggest exporter.) That’s no longer necessary. Once you’ve built a solar panel or a wind turbine, the sun and wind deliver the energy for free. Every time the sun rises above the horizon it performs the work of those great ships (and when it sinks below the horizon, a battery can now ensure that the lights stay on). This is a moment of enormous promise—the moment when we can move combustion, with all its dangers, off the surface of the earth and confine it to the heavens. And for cheap. 

         
         But that description contains the solution to the riddle of why this simple transition is so hard. It’s precisely because
            the historically richest industry in the world rests on those ships plying the seas, and the pipelines and tanker trucks crisscrossing
            continents. The fossil fuel industry has prospered like no other for a century simply because you have to pay it every month
            for a new delivery. If you’re Exxon, then the sun delivering your energy for free is the stupidest business model of all time.
            And if you’re Exxon, you have the accrued wealth and power to—well, not to stop this transition. Eventually economics will
            have its way. But to slow it down. Which is precisely what’s happening: we’ve moved from an era of outright climate denial
            (save for Donald Trump) to an era of climate delay, when Big Oil works overtime to come up with reasons we should keep burning
            something. They’ve secured enormous subsidies for schemes like carbon capture, which would allow them to (at great expense, borne by
            the taxpayer) catch the carbon coming out of their smokestacks and pump it underground. Even if you could make it work, you’d
            be far better off spending the money building more solar panels. Unless you had a potential fortune in oil and gas reserves
            that would stay stranded beneath the soil if we did the right thing.
         

         
         Which is where, and admittedly it’s been a winding road, we get to writing. The great question before us as a planet is: Can
            we make this transition speedily enough to matter? Unlike the other political questions that we face, this one comes with
            a sharp time limit. If this transition takes too long, then the damage will be unrecoverable: no one really has much of a
            plan for refreezing the Arctic after it’s melted. And so the fight of activists—and I am one—is to try and catalyze this transition
            so it happens faster. The job of writers—and I am one of those as well—is not quite that. It is to tell the story of our moment
            as honestly and vividly and beautifully as possible, so as to reach our hearts, our imaginations, our self-interest. I am
            confident that if we manage that then we will prevail.
         

         
         Or maybe confident is the wrong word. We don’t know. I fear I’ve written more words about global warming than anyone in the English language, and by a considerable margin—which, given the state of the thermometer, might make me the least successful writer in history. But as I say, in 2023, you could sense the tide beginning to turn; the question now is how fast that tide will run. If it races we have a chance. 

         
         If this seems too political a role for artists to play—and doubtless even for many writers included in this volume that would
            be the case—I offer only this. One job of every art form is to help preserve itself. Which is to say, I hope very much that
            there is a Best American Science and Nature Writing 2124, though I will not be here to enjoy it.
         

         
         In the roughest terms, this collection is divided into two sections. The first is about the problem itself, and the second
            about the world on which it is taking place. If you can work your way through the first, you will be rewarded with the second—with,
            above all, a reminder that this world is still a lovely and deep place, well worth the fighting for. (More than most years,
            the nature follows the science.)
         

         
         My schema isn’t perfect, and it’s also unfair. There were myriad wonderful pieces of writing in the last year that I couldn’t
            shoehorn into my vision for this volume, and so they have been cast aside. They include echoes of the Covid pandemic (which
            dominated this book in recent years) and foreshadowings of the AI revolution, and a dozen other topics fascinating and important.
            But I knew what I was getting into—some years ago I edited, for the Library of America, a volume called American Earth that has become one of the standard collections of environmental literature. That experience taught me that the job of the
            anthologist is woeful, discarding one gem after another, always with the bitter sense of the injustice one is performing.
            In my defense I offer only the excuse that we are living in extraordinary times—indeed, as I have said, that 2023 may be the
            most extraordinary of years. Until, perhaps, 2024.
         

         
         At any rate, we begin with a few pieces from the newspaper. Magazine essays tend to dominate these volumes, and for good reasons—that’s
            usually where one has the room to stretch out and do some real reporting and writing, less constrained by space and by the
            conventions of style that dominate the broadsheets. But one of the remarkable developments of the last few years—spurred,
            I think, by the rise of Greta Thunberg and the youth climate movement a few years ago—is that the great metropolitan newspapers
            (which in the American case at least means the New York Times, the Washington Post, and the Los Angeles Times) built dedicated climate desks with superb reporters, and with backup from savvy practitioners of the new art of data visualization.
            Time and again they have produced reports with those cascades of pictures or illustrations of statistics come to life—your
            fire risk by zip code, say. We can’t re-create those in these more old-school static pages, but I wanted to give some sense
            of just how professional, comprehensive, and depth-defined this reporting has become. And it’s also unafraid, no longer as
            bound by the devotion to false balance that for two decades developed into a he-said/she-said story that left readers less
            sure than they should have been of the state of the science. So the two reporting pieces from the Times and the Post, and a perceptive and gutsy column from the invaluable LA Times climate analyst Sammy Roth, give you a sense of how this story is being covered by those who have to deal with it daily.
         

         
         Even if the basic science behind the climate crisis has been well understood for nearly four decades (and in some ways for
            the better part of three centuries), remarkable research continues, much of it in places that make the work crushingly hard.
            Consider, for instance, Sarah Kaplan’s account of drilling ice cores up on the Greenland ice shelf, or Douglas Fox’s chronicle
            of how scientists are coming to understand the complex biology of the Amazon rainforest. (Think vines, not trees.) There are
            only a few physical features on this planet so large that their failure affects the globe; it’s no wonder, then, that the
            Amazon is also the setting for Alex Cuadros’s much larger look at what might happen as that lush jungle turns to savanna.
            And this seems like the right place for Amanda Gefter’s look at what we’re coming to understand about plant-based intelligence.
         

         
         What to do about climate change is conceptually simple—above all, replace fossil fuels with renewable energy—but this is the
            largest single economic transition humanity has ever tried: basically we’re rebuilding the engine while the plane is in the
            air. If renewable energy is cleaner than coal, gas, and oil, that doesn’t mean it’s without problems, and Nick Bowlin gives
            a thorough tour of the pitfalls around lithium, a crucial green mineral. This transition will also require so much cash that
            it attracts hustles and grifts of all kinds. Heidi Blake offered New Yorker readers a classic account of carbon offsets and how they grew into a global scandal.
         

         
         In the end, though, climate change is most likely to reach us through the stories of human tragedy that now arrive almost
            daily. Veteran climate writer Carolyn Kormann offers a particularly nuanced account of the Lahaina wildfire tragedy.
         

         
         It was a brutal year on planet earth. But, of course, it was also a glorious, beautiful, buzzing, mysterious, wonderful year
            on planet earth, like every other year. Because even though we’re doing huge damage, there remains vital life bursting out
            all over. I want to mark the transition to this part of the book with a lovely essay from Ian Frazier. When I was a young
            writer a week out of college, I shared an office at the New Yorker with Mr. Frazier, who was already a legend within the magazine—the writer’s writer. This piece—about the largest beaver dam
            on earth—was on the Yale E360 website, and if it doesn’t make you grin then you need to read it twice.
         

         
         Ben Goldfarb—another beaverphile, given his award-winning book Eager—has switched to birds this year, and his account of Chicagoans working to prevent birds from crashing into the city’s expanse
            of glass buildings is a good reminder that, while we struggle with the very large question of climate change, there are some
            things closer to hand that are easier to fix. (Easier, not easy.)
         

         
         Douglas Fox, this time writing in Science News, brings us an account of the astonishing life being discovered beneath Antarctic glaciers (a reminder of the maxim that the
            least hospitable inch of our earth is a hundred times more hospitable to life than anywhere else we know of out there in the universe).
         

         
         Along somewhat the same lines, Brendan Egan reports on the nature that exists even in the “total shit land” behind his Midland
            Texas home. “A chunk of it was irrigated for grazing a herd of maybe a dozen cattle, there were high tension powerlines, a
            submerged gas pipeline, and some lots slated to be fracked and drilled, but mostly it was mesquite, bunchgrass, and plastic
            bags.” And yet.
         

         
         The poet B. M. Owens describes another desolate place—the inside of the aquarium where a poor whale lives out a “life.”

         
         Dan Musgrave takes us inside the mind of another animal—a bonobo named Nathan—in a long and satisfyingly complicated account
            of interlocking lives.
         

         
         Reading each of those made me think immediately of Elizabeth Kolbert’s essay in the New Yorker about whether or not we will be able to use AI to speak across the boundaries of species. And Isobel Whitcomb offers a marvelous chronicle of the efforts of the Klamath tribes to protect the suckerfish of the Pacific Northwest, while Joe Spring takes us to the largest protected area in the country, though with precious little land to support the animals that try to call it home. It’s all complicated, and all beautiful, as Emma Marris reminds us in her account of the eagles returned to Scotland and the complications they cause. 

         
         We’re getting to the end now, and the underlying theme of this volume, more clearly glimpsed, is life and death—the attempts
            to stave off the death of a lively planet. But death is natural, too, or at least it can be—Lindsay Ryan wrestles with the
            conundrum in an account of her mother’s decision to use her state’s Death with Dignity Act.
         

         
         Rachel May offers some notes on the relation between the natural world and our own sanity in her recollections of a tree at
            one of the country’s most famous mental institutions.
         

         
         But I wanted to leave the final word to a scientist intimately involved in the fight to avert the tragedies we face. Ayana
            Elizabeth Johnson, the marine biologist and activist, now living in down east Maine, offered the commencement address at my
            college, Middlebury, in the spring of 2023, and a week later Time magazine reprinted her address in full—a wise choice, I think, as it lays out a serious case for a certain kind of hope.
         

         
         “To address the climate crisis, the all-encompassing challenge that will touch whatever life and work you will go on to, requires
            that we not just change or adapt, but that we transform society, from extractive to regenerative,” she said. “This is a monumental task. And it requires that we focus not on endless
            analysis of the problem, but on summoning an expansive sense of possibility, on harnessing our imaginations and our creativity.” That, I think, could be the epigraph for this volume, and maybe for
            every volume in this charmed series.
         

         
         Bill McKibben

         
         
      
   
      
      
      
         
            Climate-Linked Ills Threaten Humanity

            Annie Gowen

         
         
         from Washington Post

         
         The floods came, and then the sickness.

         
         Muhammad Yaqoob stood on his concrete porch and watched the black, angry water swirl around the acacia trees and rush toward
            his village last September, the deluge making a sound that was like nothing he had ever heard. “It was like thousands of snakes
            sighing all at once,” he recalled.
         

         
         At first, he thought villagers’ impromptu sandbags, made from rice and fertilizer sacks, had helped save their homes and escape
            Pakistan’s worst floods on record. But Yaqoob—whom villagers call a wadero, or chief—soon realized it was just the beginning
            of a health disaster. The temperatures rose to triple digits, as the water that would not recede festered in the sun.
         

         
         An elderly woman died in a boat on the way to the hospital, overcome by heat and dehydration. Dark clouds of mosquitoes bit
            through even the toughest donkey’s hide, spreading malaria to Yaqoob and four dozen of his neighbors. People came down with
            itchy dermatitis from walking through the floodwaters. Farmers who could not plant in drenched fields began cutting back their
            simple meals of vegetables and rice from three a day to two. And then, for some, just one.
         

         
         “I had no idea what miseries this flood would bring for us,” said Yaqoob, whose village is in Sindh, the hardest hit province
            in a disaster that left a third of the country underwater.
         

         
         Pakistan is the epicenter of a new global wave of disease and death linked to climate change, according to a Washington Post analysis of climate data, leading scientific studies, interviews with experts and reporting from some of the places bearing
            the brunt of Earth’s heating. This examination of climate-fueled illnesses—tied to hotter temperatures, and swifter passage
            of pathogens and toxins—shows how countries across the globe are ill-prepared for the insidious, intensifying risks to almost
            every facet of human health.
         

         
         To document one of the most widespread threats—extreme heat—the Post and CarbonPlan, a nonprofit that develops publicly available climate data, used new models and massive data sets to produce
            the most up-to-date predictions of how often people in nearly 15,500 cities would face such intense heat that they could quickly
            become ill—in the near-term and over the coming decades. The analysis is based on a measure called wet-bulb globe temperature
            (WBGT), which takes into account air temperature, humidity, radiation and wind speed, and is increasingly used by scientists
            to determine how heat stresses the human body.
         

         
         The Post analysis showed that by 2030, 500 million people around the world, particularly in places such as South Asia and the Middle
            East, would be exposed to such extreme heat for at least a month—even if they can get out of the sun. The largest population—270
            million—was in India, followed by nearly 190 million in Pakistan, 34 million across the Arabian Peninsula and more than 1
            million apiece in Mexico and Sudan.
         

         
         The results show how the risk has been growing and will escalate into the future. The number of people exposed to a month
            of highly dangerous heat, even in the shade, will be four times higher in 2030 than at the turn of the millennium.
         

         
         By 2050, the number of people suffering from a month of inescapable heat could further grow to a staggering 1.3 billion. At
            this point, vast swaths of the Indian subcontinent will swelter under extreme humid heat, as will parts of Bangladesh and
            Vietnam. Only those who can find cooling will find respite.
         

         
         To reach these estimates, the Post and CarbonPlan combined one of the most detailed sets of historic heat data with the latest climate projections produced by NASA supercomputers, offering one of the most detailed estimates of current and future heat stress at a local level ever produced. The projections assume countries make steady progress toward cutting planet-warming emissions, as they have committed to do. 

         
         The Post defined its dangerous heat threshold as more than 89.6 degrees Fahrenheit wet-bulb globe temperature, equal to a temperature
            of 120 degrees on a dry day, or mid-90s temperature on a very humid day. Spending more than fifteen or so minutes beyond that
            limit, many researchers say, exacts a harsh toll on even a healthy adult; many deaths have occurred at much lower levels.
         

         
         Extreme heat, which causes heatstroke and damages the heart and kidneys, is just one of the ways that climate change threatens
            to cause illness or kill.
         

         
         So far this year, more than 235,000 Peruvians have come down with dengue fever and at least 399 died, according to Peru’s
            national center for disease control, the most in that nation’s history. Smoke from record-breaking Canadian wildfires billowed
            across the United States, triggering asthma attacks that forced hundreds to seek hospital care. And East Africa’s worst drought
            in at least forty years, which has spurred widespread risk of famine, is 100 times more likely to have happened because of
            human-caused warming, researchers say.
         

         
         The number of heat-related deaths of people over sixty-five increased by 68 percent from 2017 and 2021 compared with between
            2000 and 2004, according to a peer-reviewed report from the Lancet last year, while the months of favorable conditions for malaria in the Americas’ highlands rose by 31 percent between 2012
            and 2021 compared with sixty years earlier.
         

         
         “We can say now that people are dying from climate change, and that’s a different kind of statement than we would have made
            before,” said Kristie L. Ebi, a professor in the Center for Health and the Global Environment at the University of Washington
            who co-authored the 2022 Lancet Countdown report. “Climate change is not a distant threat to health, it’s a current threat
            to health.”
         

         
         Many of the most affected countries have contributed the least to the climate crisis, and are ill-prepared to manage the rapidly
            multiplying threats.
         

         
         Last year in Pakistan, dangers piled one atop the other. First, the country suffered a record-breaking heat wave beginning in March. Fires rampaged through its forests. Record high temperatures melted glaciers faster than normal, triggering flash floods. And then heavy monsoon rains caused unprecedented floods, which left 1,700 dead, swept away 2 million homes and destroyed 13 percent of the country’s health-care system. 

         
         “Pakistan’s crisis was almost prophetic,” said Sherry Rehman, Pakistan’s outgoing climate minister, in a phone interview.
            “Look at this summer.” As the world shatters temperature records—this year is now likely to be the warmest in recorded history—she
            said, “countries like us, the hot spots, are going to feel the burn immediately.”
         

         
         
            Inside the Ward

            On a recent 109-degree day, babies wailed and adults vomited into buckets in the crowded heatstroke ward of Syed Abdullah
               Shah Institute of Medical Sciences, a 350-bed government medical center in central Sindh. With just seven beds for heatstroke
               victims, patients’ parents and relatives crowded together on the mattresses. Nurses in green scrubs attached bags of intravenous
               hydration fluids to the arms of even the tiniest patients as fans whirled and two air conditioners dripped and chugged.
            

            
            The number of heatstroke patients coming to the hospital in summer has increased around 20 percent a year in the last five
               years, according to M. Moinuddin Siddiqui, the hospital’s medical director, at a time when Pakistan experienced three of its
               five hottest years on record.
            

            
            The changing climate has affected people in painful ways, Siddiqui said, including high-grade fevers, vomiting, diarrhea and
               related diseases such as gastroenteritis. “I have been a doctor here for two decades and such climate changes I have not seen
               before. It’s disheartening,” he said.
            

            
            The proliferation of climate ills has taxed this regional hospital center at the same time it has taken in patients from twelve
               nearby clinics and medical dispensaries swept away in the flood, he said.
            

            
            The hospital has taken a variety of “special measures” to support the heat patients, including creating the small stroke unit, where patients are treated before either being admitted or sent home with electrolyte powder packets for rehydration. They also added air conditioners in every ward, but sometimes even those don’t cool enough to make patients comfortable. 

            
            Despite such preparations, he said, last year’s heat wave shocked the whole system. The air conditioning shut down under intense
               use and a huge crowd amassed inside the hospital, creating a “panic-like situation” for both the patients as well as health-care
               providers.
            

            
            Farm laborers are routinely brought in unconscious with high fevers and may even end up on a ventilator, the doctor said.
               Outdoor workers are at increasing risk of heat-related illness, but their low-wage jobs are a lifeline. About half of Sindh’s
               population lives in rural areas, according to a World Bank report, and 37 percent of that population lives below the poverty
               line.
            

            
            Siddiqui finds it difficult to tell them to avoid working in the oppressive heat when they earn the equivalent of just a few
               dollars a day.
            

            
            “If they take rest in the house they go hungry!” he said.

            
            Around Sindh, women and child specialists and nurses say that they are seeing a rise in miscarriages, low-birth-weight babies
               and decreased production of breast milk—that they blame on the stress from the floods, along with rising summer temperatures.
            

            
            “Miscarriages have been increasing because of the intense heat,” said Zainab Hingoro, a local health-care worker. When she
               once would have three out of ten pregnant patients miscarry, she now has five to six out of ten. The number of low-birth-weight
               babies is “drastically increasing,” she added.
            

            
            Sughra Bibi, thirty-eight, who was about to deliver her sixth child, said she suffered frequent kidney pain and gastrointestinal
               upset from drinking unsafe water.
            

            
            “I am not well,” she said, adding that her husband, a laborer, struggled to get enough food to sustain her pregnancy. The
               couple still lives in a temporary tent nearly a year after the floods, and she wept as she showed photos of her children,
               ages nine and six, who died in the floods’ chaotic aftermath.
            

            
            Insect-borne diseases are also on the rise. Siddiqui said his hospital saw a “very unusual” influx of malaria patients during
               February through June, a time not generally considered peak malaria season.
            

            
            After the floods, Pakistan grappled with over 3 million suspected malaria cases, up from 2.6 million in 2021, according to the World Health Organization. The outbreak was spurred on by standing water and other circumstances making it easier for mosquitoes to breed, reversing decades of progress of reducing cases. 

            
            Malaria kills more than 600,000 people a year around the world, and studies show that climate change is driving the once tropical
               disease to higher altitudes and new areas. A study last year by Pakistan’s Global Climate-Change Impact Studies Center showed
               that dengue—another mosquito-borne illness—will begin appearing in far higher altitudes by the end of this decade.
            

            
            Yaqoob, sixty-two, the chief of Bagh Yusuf village, has made two trips to the hospital’s malaria ward in the past year.

            
            Yaqoob, a retired primary schoolteacher, moves around Bagh Yusuf’s rocky lanes on crutches, after he lost a leg a decade ago
               when bandits shot him while trying to steal his scooter.
            

            
            The village of concrete and thatched roof dwellings sits up on a dune, so people there can catch cooling breezes in the summer.
               On hot nights, they sleep outside on string cots, called charpoys, covered in the colorful quilts the region is known for.
               Still, the heat can be brutal. Villagers drink a combination of jaggery—sugar cane—and black pepper water they say wards off
               heatstroke.
            

            
            When the floodwaters lapped at their doorsteps last fall, villagers kept them at bay and Yaqoob held out his crutch to help
               save several people from drowning.
            

            
            But three months of living surrounded by contaminated water that smelled like the corpses of dead animals took its toll. First,
               one of his neighbors sparked a fever, then another. Getting sick in Bagh Yusuf was never easy, even before the flood. Villagers
               go to a small dispensary if they fall ill: A private doctor costs too much and a trip to the hospital is a last resort.
            

            
            After fifteen days, it was Yaqoob’s turn.

            
            He was overcome with a fever stronger than he had ever experienced and began bleeding from his nose. Relatives had to take
               him out by boat to the hospital.
            

            
            Once there, he remained unconscious most of the time. “I hallucinated that the water had reached my house and I had to keep
               my family members safe. Another time, I thought my siblings were in bad condition and living in a roadside shelter,” he said.
            

            
            He recovered after about a week, but relapsed in July, spending two more days in the hospital before doctors said he was strong enough to go home. 

            
         
         
            “Hotter and Hotter”

            One June afternoon, a bread maker in Jacobabad, Pakistan—which has temperature highs in the summer months so extreme it’s
               often called “the hottest place on Earth”—sat outside when it was 111 degrees, flipping rounds of dough into the air and toasting
               them over hot coals.
            

            
            The air around his workspace outside a downtown restaurant is always several degrees hotter than the normal air temperature,
               Dil Murad said, which can often be overwhelming. He said he feels trapped in his job as the summer heat intensifies, and tries
               to keep as cool as he can by drinking large amounts of water every hour.
            

            
            “It’s difficult because this scorching heat has become unbearable,” said Murad, twenty-five. “I don’t have any other source
               of income, and I have to feed my kids. It’s the only craft I know.”
            

            
            During a devastating heat wave last year that lasted weeks and vented misery across Pakistan and India, the temperature in
               Jacobabad soared to a world high of 123.8 degrees on May 14. Human-caused climate change made this record-breaking heat wave at least thirty times more likely, according to
               modelers at the World Weather Attribution initiative. About fifty people died in Jacobabad alone, according to one estimate.
            

            
            When temperatures soar life slows to a near halt in this city of 170,000, where the streets are crowded with men wearing loose
               white cotton clothes and women in headscarves who jostle for space with farmers driving donkey carts. Residents who can’t
               afford air conditioning try to not move and stay indoors or search for a patch of shade. Sometimes their only respite is a
               slow-moving fan run by a single solar panel—which only works during the day.
            

            
            Sweaty rickshaw drivers and construction workers crowd around volunteers passing out cooling herbal drinks made of the bluish-red
               falsa berries, and residents buy blocks of ice from the area’s busy ice factories to keep themselves—and their food—cool.
            

            
            In villages outside the city, farmworkers still venture into the rice, wheat and fodder fields, but try to rest during the hottest part of the day, from noon until about 3 p.m. Even then, some become dizzy and collapse. Cows and buffalo—their ribs visible—take refuge in ponds. 

            
            The number of days when Jacobabad’s temperature surpassed 113 degrees rose from 12 between 2011 and 2015 to 32 between 2016
               to 2020, according to an analysis by Aga Khan University.
            

            
            “It has gotten hotter and hotter,” said Muhammad Yousif Shaikh, the deputy commissioner for the Jacobabad District. “For some
               vulnerable communities, the weather has become simply unbearable.”
            

            
            Shaikh said the district is working to put in place long-term solutions to rising temperatures, such as shoring up the community’s
               shaky water infrastructure and planting shade trees lost to unplanned development.
            

            
            But residents have said that they have done little to help them during the hottest days. The district had no permanent heatstroke
               center until the height of the heat wave last May, when a local NGO, the Community Development Foundation, helped establish
               one in a local hospital. It has only eight beds.
            

            
            “During last year’s heat the government did not do anything for us, not even water, nothing,” said Mukhtiar Bhatti, the head
               of Pir Bux Bhatti, a village about 11 miles north of Jacobabad.
            

            
            Researchers who have formed a group dubbed the Climate Impact Lab found in a recent study that heat-related mortality will
               expand dramatically in the coming decades and in the world’s poorest and hottest places, exacerbating inequality.
            

            
            They projected that higher temperatures will lead to a staggering 150,000 added deaths per year in Pakistan by 2040—unless
               the country can grow substantially more wealthy and better adapt to frequent bouts of extreme heat. The rising death rate,
               50 per 100,000, is higher than that of nearly all other countries, barring some of the least developed parts of Africa and
               the Middle East. It is more than twice the number estimated for neighboring India, which has more financial resources to shield
               its population from the worst climate impacts.
            

            
            “The way the rich countries are going to respond is by spending more to protect ourselves, and in many parts of the world
               those opportunities don’t exist,” said Michael Greenstone, a University of Chicago economist and the study’s co-author.
            

            
            In many cases, improving odds of survival means one thing—access to air conditioning. A study led by scientists at the University of California at Berkeley projects that less than one in ten Pakistani households will have air conditioning in 2030, compared with 25 percent of Indian homes. In the United States, 92 percent of residents had air-conditioned homes as of 2021. 

            
            Jacobabad has always had high temperatures in the summer but climate change is fueling heat waves that arrive earlier and
               last longer than ever before, which may eventually make the area uninhabitable for even healthy humans, experts say. In Jacobabad,
               a wet-bulb globe temperature of at least 90 degrees will prevail for a third of the year by 2030, the Post analysis found.
            

            
            Scientists say the higher the wet-bulb globe temperature climbs, the more difficult it becomes to keep cool and the heart
               and the kidneys can fail as they work overtime to maintain blood pressure and the flow of fluid in the body.
            

            
            “As the temperature begins to rise, in order to lose enough heat, you have to sweat,” said Zac Schlader, an associate professor
               at Indiana University at Bloomington who studies the physiological impact of extreme heat. “And that evaporation of that sweat
               is dependent on the amount of water vapor that’s in the air.”
            

            
            If the air is too moist to absorb sweat, a person’s internal body temperature will continue to rise. The heart pumps faster
               and blood vessels expand to move more blood closer to the skin, in order to cool off. At the same time, the brain sends a
               signal to send less blood to the kidneys to stop losing liquid through urine, which deprives the kidneys of oxygen.
            

            
            The wet-bulb globe temperature combines the regular air temperature (“dry-bulb”), the humidity-adjusted temperature (“wet-bulb”)
               and the radiant heat from the sun and hot surfaces (“globe temperature”) to capture heat stress.
            

            
            While every human body is different, many experts and institutions cite just under 90 degrees as the wet-bulb globe temperature
               beyond which the risks of heat illness become very severe. The U.S. Marine Corps cancels all physical training at 90 degrees. The National Weather Service says that in much of the United States, that threshold represents an “extreme threat” to health
               and it will stress the body after working in direct sunlight for just 15 minutes. A study in Taiwan found that on days reaching a wet-bulb globe temperature of at least 89.6 Fahrenheit (32 Celsius), heat-related
               emergency hospital visits increased by about 50 percent compared to other warm season days.
            

            
            Even lower temperatures pose “a very real risk to human health,” Schlader said, especially for vulnerable people.

            
            Temperatures had reached 122 degrees one day in Pir Bux Bhatti during last year’s heat wave when Fazeela Mumtaz Bhatti, forty-six,
               rose to prepare breakfast for her husband, Mumtaz Ali, fifty, and their eleven children.
            

            
            Bhatti—who was otherwise healthy—had made a bit of potato and charred bread, working in a poorly ventilated brick room on
               an open fire fueled by dung patties. Around 1 p.m., she began to complain she wasn’t feeling well, her daughter Naheed, eighteen,
               recalled.
            

            
            Bhatti left the house to walk a few dozen yards and collapsed, face first, in the dust. In a panic, Naheed ran to help, cradling
               her mother’s head in her arms and trying to ply her with water combined with sugar and salt to help her rehydrate. Other women
               in the village rushed to assist, moving the woman back into the small house and onto a string cot, where they doused her body
               with water from a nearby pump and tried to keep her calm.
            

            
            “She was fire to the touch,” Naheed recalled. “She just kept saying, ‘Don’t you worry about anything, I’ll be okay. Just make
               sure your father and siblings are fed.’”
            

            
            But Bhatti’s condition worsened, and her husband raced to borrow a car to take her to the hospital in the city, some distance
               away. By the time they reached the hospital, she was already dead.
            

            
            Naheed mourns the loss of her mother, who often spoke of finding Naheed a good man to marry, and used to tease her eldest
               daughter by saying, “You are only a guest here, you only have so much time to live in your father’s house.” In quieter moments,
               she would tell Naheed, “You have to find courage within yourself because life is difficult.”
            

            
            Now, Naheed is left to manage the housework and care for the large family on her own.

            
            “We just couldn’t keep her safe and alive,” she said quietly. “It’s difficult for me, but I have to take care of my brothers
               and sisters. I just try and cope with it.”
            

            
         
         
            “People Have Forgotten Us”

            In Bagh Yusuf, life has returned to some semblance of normalcy after the floods, but several aftershocks remain. All but about six of the families who had fled returned. The residents were able to clear the cemetery and have their annual religious festival, where they pray to their ancestors and celebrate with a mutton feast. The farmers who live in their village revved up their gaily decorated red tractors and began planting again. 

            
            But hunger remains a problem.

            
            Muhammad Ishaq, forty-two, lost his cotton crop during the flood, along with the $81 he’d invested in seed and insecticide.
               After the floods, the debt made farming impossible, so he began laboring as a stone crusher for about $3 a day. In April,
               he was able to sow his cotton crop, he said, but water is scarce.
            

            
            “We hardly eat two times a day,” he said. They generally eat bread, okra or potatoes for breakfast, lentils for lunch and
               goat milk and bread for dinner. The younger of his five children often whimper and cry from hunger, he said.
            

            
            His oldest son, Tariq, seventeen, has been working in construction which has allowed them to buy more food. But it also puts
               him more at risk, because he’ll be laboring outdoors.
            

            
            Pakistan—a fast-growing country of 241 million—had myriad challenges even before the floods, with a high percentage of poverty,
               low literacy rate, vanishing water supply, rising inflation and ongoing political turmoil after last year’s ouster of former
               prime minister Imran Khan, now jailed, with elections set for the coming months.
            

            
            Officials in Pakistan say that the scale of the flood disaster was so epic—“biblical” in the words of Rehman—that it was beyond
               their ability to respond, with total damage to the economy estimated at $30 billion. They say they now need $13 billion in
               additional international support—on top of $16 billion already pledged—to prepare their country for future disasters.
            

            
            Pakistan wants to use the additional money to expand its network of hospitals in rural areas, move residents out of flood
               plains and bolster its water supply. The government of Sindh is already working with the World Bank to replace lost mud brick
               dwellings with 350,000 homes that will have rainwater harvesting systems and latrines.
            

            
            Ali Tauqeer Sheikh, a climate change specialist based in Islamabad, said the country needs to upgrade construction standards to withstand more extreme weather, shore up its reserves of emergency food and water for the next crisis and develop heat action plans for its cities and provinces. The only city with a significant plan to address a heat wave emergency is Karachi, with one he helped write after a deadly heat wave there killed more than 1,200 in 2015. 

            
            Muhammad Jaohar Khan, a health specialist with UNICEF in Islamabad, said that the floods—which submerged more than 2,000 health-care
               facilities—ratcheted up pressure on a system that was already burdened and failing to reach the poor in rural provinces like
               Sindh. Even before the floods, poor nutrition had stunted the growth of 40 percent of the children under five in Pakistan.
            

            
            “These districts were already deprived, and had been hit several times by floods and droughts,” he said. “They went from the
               bad to worse category.”
            

            
            Samuel S. Myers, a principal research scientist at the Harvard T.H. Chan School of Public Health, says that one of the biggest
               threats South Asia faces is malnutrition, as climate change harms crops. The global rate is rising again after years of declines,
               with more than 800 million people at risk for malnutrition in 2022.
            

            
            Children are among the most vulnerable to rising temperatures, which affect pregnant women and disrupt food production.

            
            At the Jacobabad Institute of Medical Sciences, Kamala Bakht, a doctor in the infant nutrition center, said that the number
               of low-birth-weight babies entering the feeding program had been steadily increasing since 2018—from about forty to fifty-five
               a month.
            

            
            She says more intense heat—which exacerbates dehydration, putting mothers at risk for miscarriages—has played a role, as well
               as the floods, which had a “great impact” on her patients and their ability to properly nourish themselves and their newborns.
            

            
            Inside one of the feeding rooms, a woman named Pathani cradled her tiny son, Allah Dino. She had worked for three of her earlier
               pregnancies, she said, harvesting rice in the heat, and had miscarried each time. With this latest pregnancy, she had stayed
               indoors, but then came down with typhoid and delivered the baby prematurely—at eight months. When she first arrived at the
               feeding center, Allah Dino weighed 2.4 pounds, she said. Ten days later, his weight was 2.6 pounds.
            

            
            If Pathani’s son lives to be twenty-seven years old, at that point Pakistan will experience more than two months of highly
               dangerous heat each year, even in the shade.
            

            
            After years of resistance by richer nations, Pakistan and other developing nations also pushed through a breakthrough “loss and damage” fund at global climate talks last year, where richer countries like the United States—which have contributed the bulk of the world’s greenhouse gas emissions—will give money to poorer nations bearing the brunt of the impacts. 

            
            In the coming months, as countries gather for the UN Climate Change Conference in Dubai, delegates will push wealthy nations
               to spell out how the loss and damage fund will work.
            

            
            But Rehman says that with so many countries now facing their own climate emergencies, they will be less likely to want to
               help.
            

            
            “Already I hear ministers saying we need to spend money in our country now,” she said. “People have forgotten us.”

            
            
               Originally published in the Washington Post with photographs by Saiyna Bashir and data visualization by Niko Kommenda
               

            

         
         
      
   
      
      
      
         
            The Grand Canyon, a Cathedral to Time, Is Losing Its River

            Raymond Zhong

         
         
         from New York Times

         
         Down beneath the tourist lodges and shops selling keychains and incense, past windswept arroyos and brown valleys speckled
            with agave, juniper and sagebrush, the rocks of the Grand Canyon seem untethered from time. The oldest ones date back 1.8
            billion years, not just eons before humans laid eyes on them, but eons before evolution endowed any organism on this planet
            with eyes.
         

         
         Spend long enough in the canyon, and you might start feeling a little unmoored from time yourself.

         
         The immense walls form a kind of cocoon, sealing you off from the modern world, with its cell signal and light pollution and
            disappointments. They draw your eyes relentlessly upward, as in a cathedral.
         

         
         You might think you are seeing all the way to the top. But up and above are more walls, and above them even more, out of sight
            except for the occasional glimpse. For the canyon is not just deep. It is broad, too—18 miles, rim to rim, at its widest.
            This is no mere cathedral of stone. It is a kingdom: sprawling, self-contained, an alternate reality existing magnificently
            outside of our own.
         

         
         And yet, the Grand Canyon remains yoked to the present in one key respect. The Colorado River, whose wild energy incised the
            canyon over millions of years, is in crisis.
         

         
         As the planet warms, low snow is starving the river at its headwaters in the Rockies, and higher temperatures are pilfering more of it through evaporation. The seven states that draw on the river are using just about every drop it can provide, and while a wet winter and a recent deal between states have staved off its collapse for now, its long-term health remains in deep doubt. 

         
         Our species’ mass migration to the West was premised on the belief that money, engineering and frontier pluck could sustain
            civilization in a pitilessly dry place. More and more, that belief looks as wispy as a dream.
         

         
         The Colorado flows so far beneath the Grand Canyon’s rim that many of the four million people who visit the national park
            each year see it only as a faint thread, glinting in the distance. But the river’s fate matters profoundly for the 280-mile-long
            canyon and the way future generations will experience it. Our subjugation of the Colorado has already set in motion sweeping
            shifts to the canyon’s ecosystems and landscapes—shifts that a group of scientists and graduate students from the University
            of California, Davis, recently set out to see by raft: a slow trip through deep time, at a moment when Earth’s clock seems
            to be speeding up.
         

         
         John Weisheit, who helps lead the conservation group Living Rivers, has been rafting on the Colorado for over four decades.
            Seeing how much the canyon has changed, just in his lifetime, makes him “hugely depressed,” he said. “You know how you feel
            like when you go to the cemetery? That’s how I feel.”
         

         
         Still, every year or so, he comes. “Because you need to see an old friend.”

         
          

         The lands of western North America know well of nature’s cycles of birth and growth and destruction. Eras and epochs ago,
            this place was a tropical sea, with tentacled, snail-like creatures stalking prey beneath its waves. Then it was a vast sandy
            desert. Then a sea once again.
         

         
         At some point, energy from deep inside the Earth started thrusting a huge section of crust skyward and into the path of ancient
            rivers that crisscrossed the terrain. For tens of millions of years, the crust pushed up and the rivers rolled down, grinding
            away at the landscape, up, down, up, down. A chasm was cleaved open, which the meandering water joined over time with other
            canyons, making one. Weather, gravity and plate tectonics warped and sculpted the exposed layers of surrounding stone into
            fluid, fantastical forms.
         

         
         The Grand Canyon is a planetary spectacle like none other—one that also happens to host a river that 40 million people rely on for water and power. And the event that crystallized this odd, uneasy duality—that changed nearly everything for the canyon—feels almost small compared with all the geologic upheavals that took place before it: the pouring, 15 miles upstream, of a wall of concrete. 

         
         Since 1963, the Glen Canyon Dam has been backing up the Colorado for nearly 200 miles, in the form of America’s second-largest
            reservoir, Lake Powell. Engineers constantly evaluate water and electricity needs to decide how much of the river to let through
            the dam’s works and out the other end, first into the Grand Canyon, then into Lake Mead and, eventually, into fields and homes
            in Arizona, California, Nevada and Mexico.
         

         
         The dam processes the Colorado’s mercurial flows—a trickle one year and a roaring, spiteful surge the next—into something
            less extreme on both ends. But for the canyon, regulating the river has come with big environmental costs. And, as the water
            keeps dwindling, plundered by drought and overuse, these costs could rise.
         

         
         As recently as a few months ago, the water in Lake Powell was so low that there almost wasn’t enough to turn the dam’s turbines.
            If it fell past that level in the coming years—and there is every indication that it could—power generation would cease, and
            the only way water would be released from the dam is through four pipes that sit closer to the bottom of the lake. As the
            reservoir declined further, the amount of pressure pushing water through these pipes would diminish, meaning smaller and smaller
            amounts could be discharged out the other end.
         

         
         If the water dropped much more beyond that, the pipes would begin sucking air, and in time Powell would be at “dead pool”:
            Not a drop would pass through the dam until and unless the water reached the pipes again.
         

         
         With these doubts about the Colorado’s future in mind, the UC Davis scientists rigged up electric-blue inflatable rafts on
            a cool spring morning. Slate-gray sky, low clouds. Cowboy coffee on a propane burner. At Mile 0 of the Grand Canyon, the river
            is running at around 7,000 cubic feet per second, rising toward 9,000—not the lowest flows on record, but far from the highest.
         

         
         Cubic feet per second can be a little abstract. As the group paddles toward the canyon’s first rapids, Daniel Ostrowski, a master’s student in agronomy at Davis, says it helps to think of basketballs. Lots of them. A regulation basketball fits loosely inside a foot-wide cube. Draw a line across the canyon, and imagine 9,000 basketballs tumbling past it every second. 

         
         At Mile 10, the scientists float by a more tangible visual aid. Ages ago, a giant slab of sandstone plunged into the riverbed
            from the cliffs above, and now it looms over the water like a hulking Cubist elephant. Or at 9,000 basketballs per second
            it looms. At higher flows—12,600 basketballs, say—it’s submerged to its knees. At three times that, the water comes up to
            its head. And at 84,000, which is how much ran through in July 1983, the elephant is all but invisible, a ripple at the river’s
            surface.
         

         
          

         The big problem with low water in the canyon, the one that compounds all others, is that things stop moving. The Colorado
            is a sort of circulatory system. Its flows carved the canyon but also sustain it, making it amenable to plants, wildlife and
            boaters. To understand what’s happened since the dam started regulating the river, first consider the smallest things that
            its water moves, or fails to move.
         

         
         The Colorado picks up immense amounts of sand and silt charging down the Rockies, but the dam stops basically all of it from
            continuing into the Grand Canyon. Downstream tributaries, including the Paria and Little Colorado, add some sediment to the
            river, but not nearly as much as gets trapped in Lake Powell. Plus, when river flows are weak, more sediment settles on the
            riverbed.
         

         
         The result is that the canyon’s sandy beaches, where animals live and boaters camp at night, are shrinking. Beaches that were
            once as wide as freeways are today more like two-lane roads. Others are even scrawnier. The sandy space that remains is also
            becoming overgrown with vegetation: cattail and brittlebush, arrowweed and seepwillow, bushy tamarisk and spiny camelthorn.
            Before the dam came in, the river’s springtime floods regularly washed this greenery away.
         

         
         A lusher, less-barren canyon might not sound like a bad thing. But grasses and shrubs block the wind from blowing sand onto the slopes and terraces, where hundreds of cultural sites preserve the history of the peoples who lived in and around the canyon. Sand shields these sites, which include stone structures, slab-lined granaries and craterlike roasting pits, from weather and the elements. With less sand drifting up from the riverside, the sites are more exposed to erosion and trampling by visitors. 

         
         Also, not every place in the canyon is becoming greener. Drought can sap the water that courses within the porous stone walls,
            water that, where it spurts out, sometimes feeds eye-popping bursts of plant life. Lately, some of these springs, like Vasey’s
            Paradise at Mile 32, have dried to a dribble for long stretches. But a few bends downriver, the UC Davis scientists spot several
            hanging gardens that, for now, are still thriving.
         

         
         Besides sand, the Colorado is failing to move larger objects in the canyon. Cobbles and boulders periodically tumble in from
            hundreds of tributaries and side canyons, often during flash floods, creating bends and rapids in the river. With fewer strong
            flows to whisk this debris away, more of it is piling up at those bends and rapids. This has made many rapids steeper and
            narrowed boaters’ paths for navigating them.
         

         
         Today, when the water is low, more boulders in the river are exposed at certain rapids, making them trickier to negotiate
            for the 30-to-40-foot-long motor rigs that are popular for canyon tours. In a future of prolonged low flows, tour companies
            might find it harder to run such large boats safely, cutting off one main way to experience the canyon intimately.
         

         
          

         Drought and low water aside, there’s another aspect of the canyon’s future that worries Victor R. Baker, a geologist at the
            University of Arizona. Dr. Baker has spent four decades exploring alcoves, high ledges and tributary mouths in the Colorado
            Basin. He scours them for the very particular patterns of sand and silt left by giant floods. The stories they tell are startling.
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