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Heat Index





30 million


Number of people who live in extreme heat today


(above 85 degrees mean annual temperature)






2 billion


Number of people who are likely to live in extreme heat in 2070






1 mile per year


Average speed at which land animals are moving to higher, cooler latitudes






2.5 miles per year


Average speed at which malaria-carrying mosquitoes are moving to higher, cooler latitudes






210 million


Increase in number of people facing acute food insecurity since 2019






21%


Loss in global agricultural production in last 20 years due to climate-driven heat and drought






250,000


Annual worldwide deaths from firearms






489,000


Annual worldwide deaths from extreme heat



















Fuckin’ heat… I… oh, man, I just… can’t… fuckin’… make it!


—Michael Herr, Dispatches

















PROLOGUE: THE GOLDILOCKS ZONE






WHEN HEAT COMES, it’s invisible. It doesn’t bend tree branches or blow hair across your face to let you know it’s arrived. The ground doesn’t shake. It just surrounds you and works on you in ways that you can’t anticipate or control. You sweat. Your heart races. You’re thirsty. Your vision blurs. The sun feels like the barrel of a gun pointed at you. Plants look like they’re crying. Birds vanish from the sky and take refuge in deep shade. Cars are untouchable. Colors fade. The air smells burned. You can imagine fire even before you see it.


In the summer of 2021, weathercasters in the Pacific Northwest warned people that a heat wave was on the way. Workers in Washington’s Yakima Valley were summoned to cherry orchards at 1 a.m. so the ripe fruit could be picked before it turned to mush. Air-conditioning contractors were deluged with calls. Electric fans sold out at Home Depot and Lowe’s. The Red Cross activated its heat alert network, blasting out warnings to people to drink water and check on family and friends who lived alone. Libraries and churches set up cooling centers for the homeless or anyone who needed refuge. In Portland, Chris Voss, the emergency management director for Multnomah County, decided to open the Oregon Convention Center, which was capable of providing a cool retreat for hundreds of people. “What’s coming is not just uncomfortable heat,” Jennifer Vines, the lead health officer for the region, advised Voss. “This is life-threatening heat.”


Nevertheless, the heat hit with a force that few people anticipated. The Pacific Northwest, after all, has long been seen as a climate refuge. It was the place you moved to if you wanted to live somewhere that was “safe” from climate change. There are beaches and lakes and stately trees and volcanic soil where anything grows, from blueberries to boxwood to grapes that are crushed into world-class Pinot Noir. There are glaciers in the Cascades and lush temperate rain forests in Olympic National Park and more than a few fragments left of the Edenic paradise that pulled so many settlers over the Oregon Trail. In the 1970s, Steve Jobs picked apples on a farm in the region and loved it so much he named a computer company after it. Heat wave? No big deal. This was not Phoenix, where heat owns the city. Or New Delhi, where heat is both a goddess and a demon. In the Pacific Northwest that summer, everyone might have known the heat was coming, but nobody thought it would be a searing, ghostly force that would melt asphalt and kill loved ones and force a new reckoning with the world they live in.


The heat wave had been born over the Pacific a week or so earlier. Atmospheric waves wobbled across the Northern Hemisphere, creating a high-pressure lid that allowed heat radiating up from the ocean to gather beneath it. As this pile of heat drifted to the coast, it grew quickly in size and intensity (land reflects and amplifies heat much more efficiently than water), creating what scientists called a heat dome. In a twenty-four-hour period, the temperature in downtown Portland jumped from 76 degrees to 114 degrees, the hottest temperature in 147 years of observations.1 Suddenly, the ferny salamander-land of the Northwest felt like the hard-baked steel and sand of Dubai.


Ice, nature’s most exquisite thermometer, registered the heat first. The last of the winter snow in the Cascades vanished from shady hollows in the forests and atop the glaciers near the peaks. With the protective snowpack gone, the blue glacial ice itself began to melt, rushing down streambeds and canyons in a swirl of silty gray water, carrying ancient sediment from before the fossil fuel age, before books, before the pyramids. The rush of meltwater flooded roads and towns as it rolled down to the rivers and out to the sea. In the Columbia River, which is the largest river in the Northwest, the wash of sediment was so enormous that satellites circling the Earth photographed a gray plume flowing several miles into the Pacific.


In streams and rivers, migrating salmon immediately sensed the changes in water temperature. They had spent three or four years in the cold, salty Pacific and now were swimming upstream in freshwater back to where they were born to lay eggs and begin the cycle anew. The salmon’s journey is one of the great wonders of nature. But it is also a fragile one. Warm runoff in the rivers—shallow water can heat up quickly as it flows down out of the mountains—made it difficult for the struggling salmon to breathe (the warmer the water, the faster oxygen molecules vibrate with kinetic energy, allowing them to flee their molecular bonds and escape into the air. “It leaves fish feeling like they are breathing with a plastic bag over their heads,” one wildlife biologist told me). Their iridescent silvery skin broke out in red lesions. Cottony puffs of fungus grew on their backs. Some escaped to cooler tributaries. But tens of thousands of others, exhausted and suffocating and literally disintegrating in the warmth, became meals for other fish or washed up on the riverbanks, where they were picked apart by racoons and eagles.


In the mountains and valleys, every plant and tree was assaulted by the heat, rooted in place and unable to move, creators of shade that were themselves unable to seek refuge. As the temperature rose, they struggled with the heat just as humans do, trying to preserve water while the sun and the heat sucked it out of the soil and the flesh of their leaves and trunks. All across the Pacific Northwest there was a great clenching as the plants closed the pores on the undersides of their leaves, in effect holding their breath, hoping the heat would pass quickly. Blackberry and blueberry plants drank the moisture out of their own fruit, leaving it dry and withered on the stalk. On broadleaf trees like ash and maple, leaves brittled and curled. As temperatures rose, some of the most sun-exposed trees opened their pores, desperately trying to cool off by sweating. Their roots worked to pull water out of the dry soil, but instead sucked air bubbles into the veins that ran up their trunks, causing them to rupture. If you’d had the right kind of microphone, scientists say, you could have heard the trees screaming.


In the mountains, bighorn sheep headed for higher elevations. Doves rested on shady branches and opened their wings to aerate their bodies. And like dogs, they panted. Baby hawks, hot and fuzzy in their nests, faced the choice of overheating with their siblings or jumping out before they were ready to fly. Many jumped. Dozens of fluttering, broken bodies were found by hikers and taken to wildlife rehabilitation centers.


For some animals, however, these were good times. Caterpillars basked in the heat to kill pathogens in their bodies. Maggots hatched in the mouths of the dead salmon on the riverbanks. For pine bark beetles, an invasive species that is decimating western forests, the heat was like guzzling Red Bull. Their metabolism revved up, their appetite grew, and they moved like a marauding army through thousand-acre stands of Jeffrey pines.


In the cities and suburbs, air-conditioning units whirred. Overloaded power lines hummed and sagged. In the grid control centers, dispatchers sent urgent messages to power companies, who fired up idle natural gas plants, which can quickly generate electricity (and profits) during desperate times. In Oregon’s Multnomah County, outdoor sporting events and concerts were canceled. Volunteers made thousands of calls to check in on disabled people and senior citizens. In Vancouver, British Columbia, police answered a surge of calls from people with difficulty breathing or in cardiac arrest. Sirens wailed and hospital emergency rooms were crowded with panting, red-faced people. Desperate to lower their body temperatures as quickly as possible, doctors filled body bags with ice and zipped them inside.


Vivek Shandas, a professor of urban studies and planning at Portland State University, drove around in his Prius with his eleven-year-old son, Suhail, measuring the temperature in different parts of the city. In Lents, one of Portland’s poorest neighborhoods, where trees are few and concrete is plentiful, Shandas measured an air temperature of 124 degrees, the highest temperature he had ever recorded in fifteen years of chronicling heat. “When I stopped and opened my car door, the first thing I felt was my eyes burning,” Shandas recalled. “My skin was on fire. It just feels like you’re melting.” He drove to Willamette Heights, a tree-lined suburb with parks and lots of greenery where the median house price is about $1 million. He measured the air temperature again: 99 degrees. In a heat wave, wealth can afford twenty-five degrees of coolness.


Nobody knows for sure how many people died during the seventy-two hours of extreme heat in the Pacific Northwest. The official count was 1,000, but heat is a subtle killer and doesn’t always make it onto death certificates. The actual number is likely far higher. Whatever the true toll was, it certainly included Rosemary Anderson, sixty-seven, whose neighbor had texted her, “Good night, sleep tight, may you find lots of angel wings upon your pillow,” the night before she was found dead in her house, where the indoor temperature measured 99.5 degrees. It also included Jollene Brown, sixty-three, who lived alone in an apartment a few miles away from Anderson, who was found by her son Shane sitting in her La-Z-Boy rocker with one foot on the footrest, one foot on the floor, as if she’d been about to stand up but couldn’t because of the wall of heat in her tiny un-air-conditioned living room. As with most heat waves today, the people who died first were elderly folks who lived alone, or who were too poor to afford air-conditioning, or who had a medical problem that left them vulnerable. In this sense, a heat wave is a predatory event, one that culls out the most vulnerable people. But that will change. As heat waves become more intense and more common, they will become more democratic.


Even before this heat wave hit the Pacific Northwest, the forests were burning, dried to tinder by years of rising heat and declining rainfall. But in British Columbia, the heat brought something like spontaneous combustion to Lytton, an old mining camp (pop. 250) at the confluence of the Fraser and Thompson Rivers where First Nations people have lived for thousands of years. In the 1970s, the town was reborn as a whitewater rafting mecca due to its proximity to the spectacular flow of water through the black granite walls of Thompson Canyon. On the third day of the heat wave, temperatures in Lytton reached an unholy 121 degrees. Lorna Fandrich remembers looking out the window at the Chinese history museum in town—an institution she and her husband founded to commemorate and honor the Chinese workers who built the railroad and worked in the mining camps—and seeing leaves dropping off a tree, as if it were an autumn day, though it was only June. “I thought, How strange,” she said later. Then wind kicked up and a spark jumped out from the steel wheel of a passing freight train. Within minutes, the town was aflame. Mayor Jan Polderman raced his Honda minivan through the village, begging skeptical residents to flee. He picked up one of the last stragglers, a man running down a road with his cat in a cage.


Jeff Chapman, who lived with his parents outside of town, was just starting to cook dinner when he saw the smoke and fire approaching. “Ten minutes later, our house was fully engulfed,” he said. “There was nothing we could do. We had nowhere to go.” As the blaze swallowed the house and the trees around it, Chapman rushed his parents, who were both in their sixties, into a trench that had been dug a few days earlier to repair a septic system. It wasn’t big enough for all three of them, so he grabbed a sheet of metal roofing nearby and laid it over them. Then he took refuge on some nearby railroad tracks, hoping the fire would pass.


That’s when the power line crashed down across the trench where his parents were sheltering. “I knew my parents were in that hole and I’m watching the house burn and I’m thinking, Oh my God.” Chapman survived the inferno. His parents did not.


A few days later, as if by some miracle, it was blue skies and cool weather again in Lytton. The entire town was smoldering, burned to the ground. A few pieces of porcelain pottery survived in the ashes of the Chinese history museum. Douglas fir trees on the edge of town looked like black spears. There was grief and horror about what had happened, and vows to rebuild. Meanwhile, out on the coast, limp starfish and the shells of mussels and clams washed ashore by the millions. Chris Harley, a zoologist at the University of British Columbia, estimated that the three-day heat wave killed more than a billion sea creatures.


But as June came and went and summer turned to fall, life went back to normal, and the memory of the heat wave faded, as memories of heat waves always do, until they become like the fleeting images of a nightmare you’re not quite sure you had. Or a future you don’t want to imagine.


You probably think of heat on a temperature scale, either Fahrenheit or Celsius. You think of it as a gradual, linear thing, a quality of the air around you that moves up and down in increments, or that can be controlled by a thermostat. Seventy degrees is a little hotter than 68 degrees, which is a little hotter than 65 degrees. The change of seasons also plays into this incremental perception of heat—winter gradually warms into spring, spring into summer. Yes, there are some days that are noticeably hotter or colder than others, but we crank up the air-conditioning or throw on a sweater. We trust it will pass and things will return to normal. Temperature is a merry-go-round that we are used to riding.


This sense of incrementalism also holds true with the climate crisis. The Earth is getting hotter due to the burning of fossil fuels. This is a simple truth, as clear as the moon in the night sky. So far, thanks to 250 years of hell-bent fuel consumption, which has filled the atmosphere with heat-trapping carbon dioxide (CO2), global temperatures have risen by 2.2 degrees since the preindustrial era and are on track to warm by 6 degrees or more by the end of the century. The more oil, gas, and coal we burn, the hotter it will get.


Right now we’re more than halfway to 3.6 degrees (2 degrees Celsius) of warming from preindustrial temperatures, which scientists have long warned is the threshold for dangerous climate change. The reports of the UN’s Intergovernmental Panel on Climate Change are full of harrowing details of what might happen to our world with 3.6 degrees of warming, from collapsing ice sheets to crop-killing drought. But to nonscientists—which is to say, most humans on the planet—3.6 degrees of warming does not sound dangerous at all. Who can tell the difference between a 77-degree day and an 81-degree day? Then there are folks who argue that extreme cold kills people and causes all kinds of weather-related problems too so maybe a hotter world isn’t such a bad thing after all.2 Even the phrase “global warming” sounds gentle and soothing, as if the most notable impact of burning fossil fuels will be better beach weather.


The difficulty of understanding the consequences of heat is amplified by conventional notions of what it means to be hot. In pop culture, hot is sexy. Hot is cool. Hot is new. Websites publish “hot lists” of the latest books, movies, TV shows, and actors. Facebook started in Mark Zuckerberg’s Harvard dorm as a hot-or-not website called FaceMash, which ranked the attractiveness of Harvard women. Heat is an expression of passion—you feel hot for the guy at the bar or engage him in a heated debate. A person who is quick to anger is hot-blooded. Near the house where I live in Austin is a gym called Heat Bootcamp. Here, sweat is purifying, a sign of inner strength (a throwback to medieval times, perhaps, when heat was linked to masculinity through what philosopher Thomas Aquinas called “the elemental heat of the semen”). In Miami, one of the hottest cities in the US, where heat is a lethal threat to outdoor workers and where the city regularly floods due to rising seas caused by the melting ice sheets of Greenland and Antarctica, the basketball team is named, without irony, the Miami Heat.


In this book, my goal is to convince you to think about heat in a different way. The kind of heat I’m talking about here is not an incremental bump on the thermometer or the slow slide of spring into summer. It is heat as an active force, one that can bend railroad tracks and kill you before you even understand that your life is at risk. Scientists don’t fully understand how fast this heat can move or where it will appear next (until it happened, a killer heat wave in the Pacific Northwest seemed about as likely as snow in the Sahara). But there is one thing scientists do know: this is a form of heat that has been unleashed upon us through the burning of fossil fuels. In this sense, extreme heat is an entirely human artifact, a legacy of human civilization as real as the Great Wall of China.


The amount of heat generated by our consumption of fossil fuels is difficult to grasp: by one measure, the ocean absorbs the equivalent of the heat released from three nuclear bombs every second. And because CO2 stays in the atmosphere for thousands of years, it’s not going to cool off when we finally stop emitting CO2 into the atmosphere. All that will do is stop the increase in warming. It will not reverse it. Until we figure out a way to suck massive amounts of CO2 out of the sky, we will be stuck with a hotter planet.


This heat we are pumping into the sky is the prime mover of the climate crisis. The climate impacts you hear about most often, from sea-level rise to drought to wildfires, are all second-order effects of a hotter planet. The first-order effect is heat. It is the engine of planetary chaos, the invisible force that melts the ice sheets that will flood coastal cities around the world. It dries out the soil and sucks the moisture out of trees until they are ready to ignite. It revs up the bugs that eat the crops and thaws the permafrost that contains bacteria from the last ice age. When the next pandemic hits, the chances are good it will be caused by a pathogen that leapt from an animal that was seeking out a cooler place to live.


As a force, heat is mysterious because its effects are both slow and fast. Think of parched wheatfields, slowly dried out by months of heat that pulls moisture out of the ground and lifts it into the sky. Then think of heat waves that are the cosmic equivalent of a bug zapper that kills you before you understand what’s happening. Extreme heat penetrates every living cell and melts them like a Popsicle on a summer sidewalk. It reverses evolution, driving entropy and disorder. It is the widening gyre that the poet W. B. Yeats wrote about,3 an extinction force that takes the universe back to its messy beginnings. Before there was light, there was heat. It is the origin of all things and the end of all things.


You don’t need to be a Hollywood screenwriter to imagine how our world will be changed by extreme heat. A few things are self-evident.


As the temperature rises, it will drive a great migration—of humans, of animals, of plants, of jobs, of wealth, of diseases. They will all seek out cooler ecological niches where they can thrive. Some will fare better than others. Robins can migrate more easily than elephants. Poison ivy can move more quickly than an oak tree. Farmers who grow wheat have more options than farmers who grow peaches. And some creatures have nowhere to go. Polar bears in the Arctic can’t migrate farther north. Frogs in Costa Rica aren’t going to hop up to Canada.


Humans are better off than many plants and animals. With the help of technology, we can adjust to a lot of things. As one architect told me, “If you have enough money, you can engineer your way out of anything.” And in some ways, he’s right. If we can send photos through the air and drive a rover around on Mars, we can design new ways to live in hot places. You can see it happening right now in Paris and Los Angeles and many other cities around the world, where shade trees are being planted and streets painted white to deflect sunlight. Plant geneticists are developing new strains of corn and wheat and soybeans that can better tolerate high temperatures. Air-conditioning is becoming cheaper and more widely used. Communication from public health officials about how to protect yourself during a heat wave is improving. Clothing companies are developing new high-tech fabrics to reflect away sunlight and dissipate heat more quickly.


But even for the wealthy and privileged, adaptation to extreme heat has its limits. And the notion that eight billion people are going to thrive on a hotter planet by simply cranking up the air-conditioning or seeking refuge under a pine tree is a profound misunderstanding of the future we are creating for ourselves. In western Pakistan, where only the richest of the rich have air-conditioning, it’s already too hot for humans several weeks a year. Planting a few thousand trees is not going to save them. In India, I talked with families who live in concrete slums that are so hot they burn their hands opening doors. Holy cities like Mecca and Jerusalem, where millions gather on religious pilgrimages, are caldrons of sweat. In the summer of 2022, nine hundred million people in China—63 percent of the nation’s population—suffered under a two-month-long extreme heat wave that killed crops and sparked wildfires. “There is nothing in world climatic history which is even minimally comparable to what is happening in China,” one weather historian declared.


In a world of heat-driven chaos, heat exposes deep fissures of inequity and injustice. Poverty equals vulnerability. If you have money, you can turn up the air-conditioning, stock up on food and bottled water, and install a backup generator in case there’s a blackout. If things get bad enough, you can sell your house and move to a cooler place. If you’re poor, on the other hand, you swelter in an uninsulated apartment or trailer with no air-conditioning or an old, inefficient machine that you can’t afford to run. You can’t move somewhere cooler because you’re afraid of losing your job and you don’t have the savings to start over. “We’re all in the storm, but we’re not in the same boat,” Heather McTeer Toney, the former mayor of Greenville, Mississippi, said during testimony before the US Congress. “Some of us are sitting on aircraft carriers while others are just bobbing along on a floatie.”


Researchers at Dartmouth College estimate that since the 1990s, extreme heat waves amped up by climate change have cost the global economy $16 trillion. Heat lowers children’s test scores and raises the risk of miscarriage in pregnant women. Prolonged exposure increases death rates from heart and kidney disease. When people are stressed by heat, they are more impulsive and prone to conflict. Racial slurs and hate speech in social media spike. Suicides rise. Gun violence increases. There are more rapes and more violent crime. In Africa and the Middle East, studies have found a link between higher temperatures and the outbreak of civil war.


The harshest truth about life on a superheated planet is this: as temperatures rise, a lot of living things will die, and that may include people you know and love. A study in The Lancet, a prestigious medical journal, estimated that 489,000 people worldwide died from extreme heat in 2019. That’s far more than all other natural disasters combined, including hurricanes and wildfires. It is also more than the number of deaths from guns or illegal drugs. And those are only the deaths that are directly attributable to heat. There are also deaths caused by the heat-related amplification of ground-level ozone pollution (aka smog), or the smoke from wildfires in desiccated forests. The smoke can drift thousands of miles, lofting tiny particulates into the atmosphere. When you inhale them, they can trigger a variety of health problems, from asthma to heart attacks. The toll is enormous: globally, between 260,000 and 600,000 people die each year inhaling smoke from wildfires. Smoke pollution doesn’t only kill people near fires either. Wildfires in western Canada have been directly linked to spikes in hospitalizations three thousand miles away on the East Coast of the US.


Earth’s history is full of wild temperature swings, driven by volcanic eruptions, meteor strikes, and geologic mayhem. There have been palm trees in the Arctic and two thousand feet of ice over New York City. But for the last three million years or so, while humans evolved, the climate has been relatively stable. Stable enough, anyway, that our ancestors could migrate, adapt, and thrive.


But those days may be over. The last time the Earth was hotter than it is today was at least 125,000 years ago, long before anything that resembled human civilization appeared. Since 1970, the Earth’s temperature has spiked faster than in any comparable forty-year period in recorded history. The eight years between 2015 and 2022 were the hottest on record. In 2022, 850 million people lived in regions that experienced all-time high temperatures. Globally, killer heat waves are becoming longer, hotter, and more frequent. One recent study found that a heat wave like the one that cooked the Pacific Northwest is 150 times more likely today than it was before we began loading the atmosphere with CO2 at the beginning of the industrial age. The ocean, which hundreds of millions of people depend on for their food supply and which has a big influence on weather, was the hottest ever recorded in 2022. Even Antarctica, the coldest place on Earth, is not immune. In March of 2022, a heat wave invaded the ice-bound continent, pushing temperatures seventy degrees—seventy degrees!—above normal.


Extreme heat is remaking our planet into one in which large swaths may become inhospitable to human life. One recent study projected that over the next fifty years, one to three billion people will be left outside the climate conditions that gave rise to civilization over the last six thousand years. Even if we transition fairly quickly to clean energy, half of the world’s human population will be exposed to life-threatening combinations of heat and humidity by 2100. Temperatures in parts of the world could rise so high that just stepping outside for a few hours, another study warned, “will result in death even for the fittest of humans.”


Life on Earth is like a finely calibrated machine, one that has been built by evolution to work very well within its design parameters. Heat breaks that machine in a fundamental way, disrupting how cells function, how proteins unfold, how molecules move. Yes, some organisms can thrive in higher temperatures than others. Roadrunners do better than blue jays. Silver Saharan ants run across superhot desert sands that would kill other insects instantly. Microbes live in 170-degree hot springs in Yellowstone National Park. A thirty-year-old triathlete can handle a 110-degree day better than a seventy-year-old man with heart disease. And yes, we humans are remarkable creatures with a tremendous capacity to adapt and adjust to a rapidly changing world.


But extreme heat is a force beyond anything we have reckoned with before. It may be a human creation, but it is godlike in its power and prophecy. Because all living things share one simple fate: if the temperature they’re used to—what scientists sometimes call their Goldilocks Zone—rises too far, too fast, they die.


Footnotes


1 Unless otherwise noted, all temperature references in this book are in Fahrenheit.


2 For more about extreme heat vs. extreme cold mortality, see note on p. 329.


3 The opening lines of Yeats’ “The Second Coming,” written in 1919, soon after the end of World War I: “Turning and turning in the widening gyre/ The falcon cannot hear the falconer/Things fall apart; the centre cannot hold”

















1. A CAUTIONARY TALE






WHEN THE BABYSITTER arrived to take care of Miju at around 11 a.m. on Monday, August 16, 2021, she was surprised to find the house empty. Miju was the one-year-old daughter of Jonathan Gerrish and Ellen Chung, who had recently fled the Bay Area to start a new life in California’s Sierra Nevada foothills, not far from the old Gold Rush town of Mariposa. Their modern three-bedroom house sat on ten acres of lightly forested land. It had wood floors and a big stone chimney and tall rectangular windows that looked over a rugged treeless canyon called Devil’s Gulch. From the second-floor bedroom, you could just see the top of El Capitan, the iconic granite formation in Yosemite Valley, about thirty-five miles to the east. The house was their refuge from the hustle of Silicon Valley, where Gerrish worked as a software engineer at Snapchat, the instant messaging app company.


The babysitter, who had a key, let herself in and called out their names. No response. It had been a hot weekend, but the inside of the house was cool, thanks to the air conditioner, which was going strong. Oddly, Chung and Gerrish had left behind their wallets. Even more confusing, the diaper bag that the couple always took with them was there.


The babysitter had last seen them the previous Friday when she had finished straightening up the house. That evening, Chung had happily texted her a video of Miju starting to walk. She had made no mention of plans to be away that Monday. Gerrish and Chung, who doted on Miju and seemed deliriously happy with their new life in the Sierra foothills, were not the kind of people who would disappear for a last-minute road trip to Las Vegas.


Worried, the babysitter called the construction manager who was working with Gerrish on another home he owned, and whom she knew was in frequent contact with him. The construction manager was not initially concerned because Chung and Gerrish were a “very active family,” an investigator later wrote in the police report. Nevertheless, the babysitter and the construction manager started making calls and sending texts to friends, asking if anyone had seen the couple. Steve Jeffe, a friend who lived in Mariposa, posted on Facebook: “Hi, please has anyone been in contact with Jonny Gerrish or Ellen Chung in the last two days… Please.” By 5 p.m. that day, several friends began driving around looking for the family. At 11 p.m., they called the Mariposa County sheriff.


A few hours later, a deputy sheriff found Gerrish’s truck at the Hites Cove trailhead a few miles from their home. By 4 a.m., a search and rescue team was on the scene. They headed down the trail in an ATV, flashlights cutting through the darkness. They radioed back that they had found tracks on the trail. But when they followed the tracks down to the Merced River, the tracks disappeared. By that time, the sun was rising. A helicopter was called in. More search and rescue teams arrived. One team headed down a steep trail with numerous switchbacks toward the river. They were a mile and a half down the trail when, at about 9:30 a.m., they discovered the bodies of Gerrish, Miju, and their dog, Oski. Gerrish was in a seated position, with Miju and Oski beside him.


At first, the search and rescue team saw no sign of Chung. About a half hour later, a deputy walking back up the trail from where Gerrish was found noticed “some disturbed dirt on the uphill side of the trail that appeared that something or someone had tried to go up the hill.” He spotted a shoe, then Chung’s body. Investigators would later conclude that the family had been hiking up the trail when they died. The location of Chung’s body indicated that she had abandoned the trail and was climbing straight up the mountainside—a sign, investigators believed, of the urgency of their situation and her desperate attempt to reach their truck.


But even if Chung had made it to the truck, she might not have been able to get in. During a search of the area, investigators discovered a Ford key fob on the trail about a hundred feet below Gerrish’s body. Had it accidentally fallen out of his pocket? Or did he have it in his hand and drop it and not realize it—perhaps a sign that he had been panicked or disoriented?


Rescuers found no signs of foul play. No marks on the bodies, no obvious signs of struggle. Because of the remote location and the difficulty of the terrain, the bodies could not be removed immediately. Instead, two deputies spent the night at the scene, guarding the bodies from bears and coyotes. The next morning, a California Highway Patrol helicopter airlifted the family off the trail.


Gerrish and Chung had moved to Mariposa about a year and a half earlier, just before Miju, their first child, was born. They had been living in San Francisco, where Chung taught yoga while finishing her degree in counseling psychology, and Gerrish wrangled computer code at Snapchat. But then Miju came along and the Covid-19 pandemic erupted and they needed a change. They decided they wanted to get out of the city and raise Miju closer to nature. Mariposa, which is just an hour outside the entrance to Yosemite National Park, was an ideal mix of wilderness and charm. “They fell in love with the Mariposa area,” one friend of the family said.


Gerrish was born in Grimsby, an old fishing port in the northeast of England, where his father was an elementary school teacher and his mother a receptionist in a doctor’s office. His brother Richard, who was two years younger, recalled their mother and father dragging them on long walks when they were kids. “My brother and I built dams across mountain streams and played manhunt (a more exciting version of hide and seek) in the woods,” Richard wrote in an essay about his childhood. “But usually we ended up complaining about the distance we walked and crying because I was tired, hungry and my feet were sore.” After high school, Gerrish attended Newcastle University, majoring in computer science. He worked for a few software companies in England, then got a job with Google in London. When the company offered him the chance to move to California, he jumped at it. “Jonny was somewhat awkward in his own skin growing up,” Richard told me. “When he moved to San Francisco, he found his people. He loved it there.”


Gerrish was six foot four and a bit shaggy, with a beard and longish hair that looked like a comb had never run through it. He wore Vans and supported Greenpeace and listened to techno and deep house music. Burning Man, the clothing-optional psychedelic super-rave that is held in the Nevada desert during the late summer, was his most holy holiday. His friends (of whom there were many) called him Jonny, a name that captured his boyish enthusiasm and charm. “You don’t see many men happier than Jonny,” a friend told me.


Chung grew up in Orange, California, and graduated from University of California, Berkeley in 2012. Her parents had immigrated from South Korea in the 1970s and eventually opened a successful restaurant in Orange. After graduation, she worked for a few years in marketing at a tech company but decided she wanted a change. She enrolled in classes at the California Institute of Integral Studies, a private university in San Francisco with roots in Eastern culture and philosophy, where she discovered she was drawn to—and good at—helping people talk about their problems. She wore stylish straw hats and loved the way the light filtered through the redwoods on the California coast and the long, open vistas at Zion National Park in Utah.


Gerrish and Chung both doted on Miju. You can see it in every photo of them together, the big beaming happy-father smile on Gerrish’s face, the joy and new-mother exhaustion on Chung’s. And Miju, waking up to the world, her eyes wide. She was just beginning to walk, to track birds flying across the sky, to take in all the wonders around her. Gerrish and Chung were protective of their young daughter, and careful about her surroundings. At one point, they asked a local contractor to make their daughter’s bedroom cooler because it was “too stuffy.”


The day before their hike, Gerrish mapped out the route using the AllTrails app on his Google Pixel 4. The app helps users find local trails, giving maps and elevations, as well as a place for other hikers to leave comments. Gerrish had logged sixteen hikes in 2021, most of them three or four miles long, all of them in the mountains and canyons near his house.


The hike he planned for his family was not a remote wilderness adventure. It started at a trailhead a few minutes’ drive from their house and ended at the top of Devil’s Gulch, which was practically in their front yard. The trail went along a ridge, then down fairly steeply to the south fork of the Merced River, which flowed out of Yosemite and through the canyons toward Mariposa. The trail wandered along the flat ground on the banks of the river for about three miles. From there, Gerrish plotted a right turn, which would take them on a steep 2,300-foot climb through Devil’s Gulch and back to their truck. All in all, it was an eight-mile loop.


Gerrish loved nature, but he was not a serious outdoorsman. His brother Richard, who now lives in Scotland with his wife and four children, had spent years as an Outward Bound leader, guiding teenagers on adventures into the wilderness. Richard had also rappelled into some of the deepest caves in the world (including one in Austria called Fit for Insane Worms and Geckos). Gerrish, in contrast, was more of a weekend adventurer. The construction manager who worked with him renovating one of his houses called Gerrish and Chung “city folk,” pointing out that Gerrish would go to the store and get firewood rather than chopping his own.


As it happened, Gerrish called Richard the day before the hike for some parenting advice. Gerrish mentioned to his brother that he had been out exploring the property that day and that it had been unusually hot. Gerrish also mentioned that he was planning a family hike the next day to scout out possible swimming holes on the Merced River. Richard, who was well aware of the dangers of hiking in the heat, cautioned his brother, telling him to carry plenty of water and get an early start. Gerrish agreed, and promised they would be off the trail before it got too hot.


On Sunday morning, Gerrish and Chung were up at dawn. They skipped breakfast and gathered up their gear: hiking poles, baby carrier, diapers and sippy cup for Miju, and a leash for eight-year-old Oski, a big strong dog that was part Akita. For drinking water, Chung carried an Osprey hydration pack, which held 85 ounces (about two and a half quarts) of water. Gerrish wore dark shorts, a yellow T-shirt, and tennis shoes. Chung wore hiking boots, spandex shorts, and a yellow tank top. They woke up Miju and dressed her in a short-sleeved onesie and pink shoes. Then they loaded everything into their 2020 gray Ford Raptor, an off-road version of the F-150 pickup, and headed out for the five-minute drive to the trailhead.


At about 7:30 a.m., a woman walking her dogs along Hites Cove Road, which was not much more than a narrow dirt track, saw their truck drive past and park at the trailhead. Gerrish took their first selfie of the family on the trail at 7:44 a.m. The temperature was in the midseventies, not humid, a warm but lovely morning. Under normal conditions, Gerrish might well have calculated that the eight-mile loop might take four or five hours to complete. If all went well, they would be off the trail by 1 p.m., just as the afternoon sun began to blaze.


The Sierra foothills are still marked by the California Gold Rush of the 1850s and 1860s. You see piles of old tailings along the rivers, abandoned mining shacks and sluices. In the Mariposa area, quartz veins—the geological homeland of gold—run twelve feet thick through the mountains. Hites Cove, where Gerrish and Chung were hiking, was once a mining camp with over a hundred people. Gold Rush fever is long gone, but you still occasionally run into prospectors with metal detectors wandering through the area. These days, most hikers come for the spring wildflowers, especially the spectacular fields of orange California poppies, which thrive in hot, dry, rocky soil. While hiking, you might see a bear, bobcat, or coyote (or, more likely, their scat). At the bottom of the canyon, big rainbow trout rest in the deep pools and eddies of the Merced.


In recent years, climate-driven heat and drought have turned the area into a tinderbox. The area was badly burned in the 2018 Ferguson Fire, which consumed almost a hundred thousand acres and forced Yosemite National Park to close for the first time in decades. Two firefighters died. The fire, caused by a spark from the catalytic converter of a vehicle, turned the dry grass and bark-beetle-infested trees into an inferno. In the three years since the fires, wildflowers had returned and a few saplings were rising out of the rocky soil, but most of the trees were charred sticks poking up at the sky and offering little shade for hikers or wildlife on a hot afternoon.


Even before the 2018 fire, the trail that Gerrish had selected for the hike was a risky choice. The steep ascent out of the canyon was along a southeastern-facing slope, which meant it was exposed to the full brutality of the sun. “It’s a horrible trail,” one local wrote on social media. “With the poison oak, rattlesnakes, and potential for broken ankles, it just isn’t worth it.” Another local, who hiked the trail on a mild spring day, praised the wildflowers blooming on the mountainside, but noted that it was dangerously exposed: “I wouldn’t want to do this [hike] on a hot day.”


For Gerrish and his family, the hike started off easy. The first two miles were mostly downhill. The morning sun would have felt good, the light slanting across the mountains. It only took them a little over an hour to get to the river, where they stopped to take another family selfie at 9:05 a.m. They rambled along the river for the next hour and a half, where they may well have stopped for a drink from their hydration pack and even doused their hands and faces in the cool river water.


At 10:29 a.m., they took a final family selfie along the river, then began the climb. It had been three hours since they left the truck. The temperature had risen to nearly 100 degrees and it was getting hotter with each passing minute. The recently burned trees along the steep trail were black and leafless. The tall grass was sunburned to a golden, crispy brown, like straw.


If there is one idea in this book that might save your life, it is this: The human body, like all living things, is a heat machine. Just being alive generates heat. But if your body gets too hot too fast—it doesn’t matter if that heat comes from the outside on a hot day or the inside from a raging fever—you are in big trouble.


Every organism manages heat in a different way (more about that in an upcoming chapter). We humans work hard to maintain an internal temperature of about 98 degrees, no matter what the temperature is outside. If it is cold outside, we pull blood into our vital organs to keep them warm. If it is hot outside, we push blood toward our skin so it can be cooled by sweat. That’s why dry heat is often less dangerous than wet heat—the more humid the air is, the more difficult it is for our sweat to evaporate and dissipate heat. And like all living things, our bodies have thermal limits. Those limits vary depending on age, general health, and a number of other factors. But there is general consensus among researchers that a wet bulb temperature of 95 degrees—which basically means both outdoor air temperature and humidity levels are high (see glossary for a more precise definition of wet globe temperature)—is the upper end of human adaptability to humid heat. Beyond that, our body generates heat faster than it can dissipate it.


And that’s where trouble begins. Hyperthermia, or abnormally high body temperature, causes a range of physiological responses that might start with dizziness and heat cramps and lead all the way to heatstroke—a condition that can be, and often is, fatal.


Broadly speaking, there are two kinds of heatstroke: classic and exertional. Classic heatstroke hits the very young, the elderly, the overweight, and people suffering from chronic conditions like diabetes, hypertension, and cardiovascular disease. Alcohol and certain medications (diuretics, tricyclic antidepressants, antipsychotics) can increase one’s susceptibility. Classic heatstroke is often what happens to babies who are left in cars, or older people trapped in upper-story apartments with no air-conditioning on summer days.


Exertional heatstroke, on the other hand, often hits the young and fit. Exercise drastically accelerates temperature rise. Anytime you flex a muscle, it generates heat. In fact, when you move a muscle, only about 20 percent of the energy you expend actually goes to muscle contraction; the other 80 percent is released as heat. That is why marathon runners, cyclists, and other athletes sometimes push into what is called exercise-induced hyperthermia, where internal body temperatures typically hit 100 to 104 degrees. Usually, there’s no lasting damage. But as your body temperature climbs higher, it can trigger a cascading disaster of events as your metabolism, like a runaway nuclear reactor, races so fast that your body can’t cool itself down.


It doesn’t take long. And being young or in great shape won’t save you. In fact, being young and strong allows you to fight off the warning signs of heat exhaustion until it is too late. A few years ago, eighteen-year-old Kelly Watt, a track star and aspiring journalist in Virginia, parked his car on a hilly road where he often trained and went out for a fifty-minute run on a hot summer afternoon. A few hours later, Watt’s father found his body in some bushes not far from his car. Handprints on the car suggested Watt had made it back to the car after his run, but had become disoriented from heat, couldn’t open the door, and then wandered off into the bushes, where he collapsed and died.1 In 2021, Philip Kreycik, a thirty-seven-year-old ultramarathoner and father of two young children, drove up into the hills near Pleasanton, California, on a July morning to go for a run. He parked his Prius on a dirt road, left his water bottle in the center console, and headed out. By noon, the temperature was 105 degrees. After Kreycik’s wife reported him missing a few hours later, hundreds of people rallied for a search and rescue effort that the Alameda County Sheriff’s Office called one of the largest ever on the West Coast. Twelve thousand people joined a Facebook group to help with the search and a fundraiser for Kreycik’s family has raised more than $150,000. His body was finally found in a remote area twenty-four days later. Cause of death: hyperthermia.


Both Watt and Kreycik were excellent athletes. Both knew it was going to be hot during their run. Neither carried water. But would it have mattered? In 2016, thirty-four-year-old Michael Popov, one of the world’s top ultrarunners, who routinely ran hundreds of miles in the rugged Sierra Nevada mountains, set out on a six-mile jog in Death Valley on a hot August day. He was carrying four bottles of water and ice. Two hours later, he was found collapsed on the side of a road. He died later that day.


There is a lot of confusion about the relationship between water and heat exhaustion and heatstroke. Water is necessary to keep sweat flowing. If you get dehydrated, you can’t sweat. And if you can’t sweat, you can’t cool off. But drinking water does not in itself cool off inner-core body temperatures. Put another way, dehydration can exacerbate heat exhaustion and heatstroke, but you can still die of heatstroke and be well hydrated. In one study in Montana, a wildfire fighter working in extreme heat for a seven-hour period who continuously drank a huge amount of water—more than twice as much as the firefighters around him—still had a core body temperature of 105 degrees, which is well into heatstroke-land.


Sam Cheuvront, a heat and hydration expert who spent more than twenty years at the US Army Research Institute of Environmental Medicine in Massachusetts, put it to me this way: “Both heat exhaustion and heatstroke can occur in the absence of dehydration. We can speculate that proper hydration can, however, delay heat exhaustion because dehydration exacerbates heat exhaustion. But proper hydration cannot prevent heatstroke.”


Drinking water when it’s hot is certainly important. A common recommendation is about one half quart (16 ounces) of water per person per hour of moderate activity in moderate temperatures. But in extreme conditions, even that isn’t enough. A well-hydrated human can sweat up to three quarts per hour, but no matter how much water you drink, your body can only replace about two quarts of water per hour—so if you are in a hot place for a long time, dehydration is a concern.


Even at a sweating rate of two quarts per hour, which is what a firefighter might do while working in a hot environment and wearing protective clothing, it takes an hour to exceed 2 percent dehydration, which is really where dehydration starts contributing to heart strain, mostly due to reduced blood volume. It also exacerbates the competition for blood flow between your muscle, your skin, your brain, and your organs.


The only effective treatment for heatstroke is to get a person’s core body temperature down, fast. A cold shower or bath, or tubs (or, as I mentioned in the prologue, body bags) of ice, is one way to do this. Another is to quickly cool places on the body where, because of the structure of our veins, a lot of blood circulates close to the surface: the bottoms of the feet, the palms of the hands, the upper part of the face. Taking Tylenol or aspirin doesn’t help. In fact, both can interfere with kidney function, and make it harder for your body to deal with rising temperatures. Only after core body temperature is lowered do the damages from heatstroke stop and hope of repair and recovery begin.


About an hour and a half after Gerrish, Chung, Miju, and Oski left the banks of the Merced, they were in trouble. They had climbed two miles up the trail, but still had another mile and a half of steep switchbacks to go before they got back to their truck.


At 11:56 a.m., Gerrish pulled his phone out of his pocket and attempted to send a text: “[name redacted] can you help us. On savage lundy trail heading back to Hites cove trail. No water or ver [over] heating with baby.” Records would later show that the air temperature at that time was 107 degrees. But on the trail, with full sun and no shade and rocks absorbing and amplifying the heat, the actual temperature that Gerrish and his family were experiencing was certainly much higher.


Gerrish and Chung surely had a moment when they stopped to consider whether it was better to stop climbing and turn around and seek refuge by the river. There wasn’t a lot of shade down there either, but there was some. And they could have found some relief by wading out into the cool water. But at the same time, if they retreated to the river, they would still have to hike out eventually, and the afternoon was just going to get hotter. Waiting until the temperature dropped and the sun lost its edge meant waiting until late afternoon or early evening. While that might have been the safe decision, it had its own risks: they were out of water, and signs along the river warned hikers not to drink from it due to toxic algae. The actual risk of getting sick from toxic algae was extremely low compared to the danger of heatstroke, but Gerrish and Chung may not have known that.


There was also the issue of food for Miju. They had not brought enough diapers or baby formula with them for an entire day. Perhaps, out of love for Miju, they decided that it was better to suffer in the heat themselves, push through the climb back to the truck, blast the AC, and feel the relief of having escaped a heat-driven nightmare.


The typo in Gerrish’s text message (“or ver”) may be nothing more than a sign that he was in a hurry to get the message out. But it also could be a sign that the heat was already causing him some cognitive difficulty, which is common during extreme heat exhaustion. If that was the case, it would make clear-headed decision-making about whether to keep climbing in the heat or seek refuge near the river all the more difficult.


Whatever he was thinking at that moment, Gerrish was clearly aware that their situation was growing more dire. Over the next twenty-seven minutes, he attempted five phone calls, but because of the lack of service in the area, none went through. He did not call 911. If he had, there’s a chance he might have gotten a response, given that in remote areas, 911 calls are routed differently to cell towers and so are sometimes picked up in areas where other calls are not. Gerrish may not have been aware of this, or he simply might have been too disoriented to consider it. In any case, he made one last attempt to call someone for help at 12:36 p.m. By then, two hours had passed since they left the shaded banks of the Merced.


A few years ago, on a hot day in May, I climbed Maderas volcano in Nicaragua. The volcano, which is on Ometepe Island in Lake Nicaragua, is a popular hike for travelers. The trail winds through a dense rain forest where brightly colored parrots flash by and troops of spider monkeys loll in the trees. The climb to the top of the volcano was six miles round trip, with an elevation gain of 3,750 feet. That was a steep climb, but I was in good shape, healthy, no medical issues. So why not? Early one morning, I took a bus from a nearby village where I was staying to Lake Nicaragua. At a little shack on the beach, I met up with a local guide I’d hired to accompany me on the hike (required by law in Nicaragua). I could see the volcano in the distance. It was stark and symmetrical, like something a six-year-old would draw.


Before we started, my guide, Roberto, made sure we had plenty of water with us. We also had some nuts and candy bars and dried fruit. Roberto didn’t speak English and I didn’t speak much Spanish. He was wearing an Ohio Buckeyes T-shirt and carrying a small pack.


It was warm when we started, maybe 80 degrees, and humid. That was already plenty warm for me, given that it was early fall and I was living in upstate New York at the time, where the weather was crisp and cool. I had only been in Nicaragua a few days, so I’d had little time to get acclimatized to the heat. I have since learned that after you spend a few weeks in a hot climate, your body makes subtle adjustments that help you better tolerate heat stress.2 Your normal deep body temperature drops. Your body sweats at a lower temperature, and so there is less strain on your heart, which keeps your heart rate from rising fast. At the same time, your heart pumps more blood per stroke. Your body retains more fluids and blood volume rises, increasing water reserves for sweating and cooling. But these changes are not permanent. “If you go out of the heat, within a few weeks all the adaptations go back to zero,” says Sam Cheuvront.


I had not given my body time to do any of that. In fact, I had not given the dangers of climbing a volcano on a hot humid day any thought at all. The idea that I might have heatstroke seemed about as likely to me as being abducted by aliens.


The trail was muddy and steep, cutting through the rain forest. We climbed at a slow, steady pace. My legs felt fine. I listened for monkeys. I wondered if there were jaguars. I tried to make simple conversation with Roberto, who was friendly enough but clearly preferred to hike in silence. He turned around frequently to make sure I was okay.


At some point, maybe an hour into the hike, I noticed I was sweating a lot. That was not surprising. It was hot and humid, and I was climbing a steep volcano. We stopped for a few minutes so I could catch my breath. I noticed Roberto wasn’t sweating as much as I was, and I thought, Well, maybe I’m not in as good shape as I think I am. But I wasn’t that tired, my legs were fine. I drank some water.


I climbed for another twenty minutes or so, still sweating, still hot, but feeling okay. Then a strange thing happened. I crossed over a threshold. I started sweating uncontrollably, just dumping water out of my pores. My heart pounded, blood rushed to my face. At the same time, my skin felt cold and clammy. It was like I was burning up and chilling out simultaneously.


I sat down on a log in the shade. “Caliente,” I said. Roberto looked at me concerned, and said something in Spanish that I didn’t understand but that I took to mean, “You need to rest and drink water, you fool.” The sweating got worse. My shirt was soaked. My pants were soaked. My heart raced faster. I had no idea what was happening to me. I was dizzy, ready to faint. My heart felt like it was going to explode.


Let me be clear: My situation was very different from what the Gerrish family faced in California. For one thing, I was in a rain forest, which meant I wasn’t spending a lot of time with direct sunlight beating down on me. Also, the air temperature was lower. I don’t know precisely how hot it was during my climb, but I’m guessing the temperature had risen to 90 degrees by then, which is 20 to 25 degrees cooler than what the Gerrishes faced. On the other hand, it was far more humid during my hike, which meant the air had very little capacity to absorb all the sweat that was rolling off my body. And with no evaporation, there was little chance of cooling.


But there was one similarity: we were equally ignorant about the risks of heat. Everyone understands the dangers of riding a bike without a helmet or going for a drive in a car without a seatbelt. Or the risks of smoking, which I understood personally after my father died of lung cancer at the age of fifty-three. But heat? To me, heat was just temperature. It wasn’t a lethal weapon.


I hovered in this strange state for ten, fifteen minutes. I remember looking at the sweat pouring off me, wondering how my body could contain that much water. Luckily, we had plenty of water with us. I drank and drank. It seemed to pour right through me, the water passing through the membranes of my cells as if they were leaky water balloons. I was afraid I was going to die right there in the rain forest, in the mud, with poor Roberto watching me but unable to do anything.


Then the sweat receded. My heart slowed. I felt my body calming down and reasserting control. None of this was the result of anything I did consciously or deliberately. I drank more water. After another five minutes or so, the sweating stopped. I was soaked, but I felt stable, if a little weak. I ate some dried fruit that I had stashed in my backpack. Eventually I stood up, smiled at Roberto, and told him I was ready to go.


We continued up the volcano. Roberto stuck closer to me, as if he were afraid I might collapse at any moment. An hour or so later, we reached the summit, with a spectacular view into the lagoon in the crater. We sat and ate lunch. By that time, I had drunk all the water we had carried with us—about four quarts. I knew the rest of the hike was all downhill, so presumed I would be okay.


And I was. We hiked down the volcano without incident. That evening, I drank several cold cervezas at a little bar in the rain forest. I felt like I was trying to fill a dry hole inside me. But until I began writing this book, I had no real understanding of how much trouble I had been in, and how lucky I was.


No one knows the exact sequence of events that led to tragedy for the Gerrish family. But on a hot day, the road to heatstroke looks like this: As soon as you step outside, your blood grows warmer, heated by the sun’s radiation and your own rising metabolism. Keeping your core body temperature at around 98 degrees—the happy place for humans—now requires work. Receptors in the preoptic area of your brain’s hypothalamus start to fire, telling your circulatory system to push more blood toward your skin, where the heat can be dissipated. Your sweat glands begin to pump salty liquid from a tiny reservoir at the base of the gland up to the surface of your skin. You sweat. As the sweat evaporates, the heat is carried away.


But the amount of heat your body can dissipate through sweat is limited. Your blood vessels dilate, trying to move as much overheated blood to the surface as possible. But if you don’t find a place to cool off, your core body temperature will rise quickly. And the harder you are working your muscles, the faster it will rise. Your heart pumps madly, trying to push as much blood as possible to your skin to cool off, but it can’t keep up. As your blood is shunted away from your core, your internal organs—your liver, your kidneys, your brain—become starved for blood and the oxygen it carries. You feel light-headed. Your vision dims and narrows. As your core body temperature rises to 101 degrees, 102 degrees, 103 degrees, you feel wobbly—and due to the falling blood pressure in your brain, you will likely pass out. This is in fact an involuntary survival mechanism, a way for your brain to get your body horizontal and get some blood to your head.


At this point, if you get help and can cool down quickly, you can recover with little permanent damage.


But if you fall onto the ground in a place that is exposed to the sun and lie there, the dangers increase. It’s like falling into a hot frying pan. Ground temperatures can be twenty to thirty degrees above air temperature. Your heart becomes desperate to circulate blood and find a way to cool down. But the faster your heart beats, the more your metabolism increases, which generates more heat, which causes your heart to beat even faster. It’s a lethal feedback loop: As your internal temperature rises, rather than cranking up your air conditioner, your body fires up your furnace. If you have a weak heart, that might be the end for you.


At a body temperature of 105 to 106 degrees, your limbs are convulsed by seizures. At 107 and above, your cells themselves literally begin to break down or “denature.” Cell membranes—the thin lipid walls that protect the inner workings of your cells—literally melt. Inside your cells, the proteins essential to life—the ones that extract energy from food or sunlight, fend off invaders, destroy waste products, and so on—often have beautifully precise shapes. The proteins start as long strands, then fold into helixes, hairpins, and other configurations, as dictated by the sequence of their components. These shapes define the function of proteins. But as the heat rises, the proteins unfold and the bonds that keep the structures together break: first the weaker ones, and then, as the temperature mounts, the stronger ones. At the most fundamental level, your body unravels.


At this point, no matter how strong or healthy you may be, your odds of survival are slim. The tiny tubes in your kidneys that filter out waste and impurities in your blood are collapsing. Muscle tissues are disintegrating. You develop holes in your intestines, and nasty toxins from your digestive tract flow into your bloodstream. Amid all this chaos, your circulatory system responds by clotting your blood, cutting off its flow to vital organs. This triggers what doctors call a clotting cascade, which uses up all the clotting proteins in your blood and, paradoxically, leaves you free to bleed elsewhere. Your insides melt and disintegrate—you are hemorrhaging everywhere.


After the bodies of the Gerrish-Chung family were airlifted off the mountain, Mariposa County Sheriff Jeremy Briese was faced with an obvious but perplexing question: What—or who—killed them? Families don’t just drop dead on hikes, especially families hiking with a young child. “There were no signs of trauma, no obvious cause of death. There was no suicide note,” Mariposa County Sheriff’s Office spokesperson Kristie Mitchell said. “They were out in the middle of a national forest on a day hike.”


Media interest was intense. The Mariposa County Sheriff’s Office parking lot was crowded with satellite trucks, and reporters were out hiking the trail, playing up the mystery of how the happy family could have died together on the trail.


“It could be a carbon monoxide situation. That’s one of the reasons why we’re treating it as a hazmat situation,” Mitchell explained. According to one theory, the family could have been killed by a sudden release of poisonous gas from a nearby abandoned mine. A lightning strike had been ruled out—there was not a cloud in the sky that day, and there were no burn marks on the bodies.


Investigators also considered the possibility of toxic algae in the Merced River. Water samples from several locations on the river tested positive for Anatoxin A, a cynobacteria that can be deadly to animals but has never caused any recorded deaths among humans. And there was no evidence that Gerrish, Chung, or their daughter had ingested any of the river water anyway. As for the idea of poisonous gas escaping from a mine, an old mine entrance was found two miles away, but law enforcement officials found no indication that the family had been anywhere near it.


Autopsy reports on Gerrish and Chung revealed little, as did a necropsy on Oski. Which is not surprising, because in most heat-related cases, people die of organ failure, which does not leave an easily detectable signature. Sometimes, an autopsy can find signs of internal bleeding or liver or kidney damage. In the case of Gerrish and Chung, determining the cause of death was complicated by the fact that their bodies had remained on the trail for some time after their deaths and were not well-preserved.


“I’ve never seen a death like this—they appeared to be a healthy family and a family canine,” Briese told reporters. “Our hearts go out to the family, and we are working hard to provide closure. We’re not going to rest until we figure this out.”


Investigators hoped to find some clues in Gerrish’s phone, but due to password protection, they couldn’t get access to the contents immediately and had to send it to the FBI for help.


Oski likely got into trouble first. Dogs are vulnerable to heat because they cannot sweat. As anyone who has ever taken a dog for a walk on a hot summer day knows, their only mechanism to release heat is panting, which is not particularly efficient. Some dogs are more vulnerable to heat than others. A recent study found that three main qualities corresponded with heat illness and death in dogs: weight, age, and body anatomy. Dogs with flat faces and wide skulls, such as English bulldogs, are twice as likely to succumb to heat as beagles, border collies, and other breeds with more pronounced snouts.


Not surprisingly, dogs with thick coats don’t handle heat well. Golden retrievers are three times more likely than Labradors to suffer heat-related illness. Active, muscular dogs like greyhounds are also vulnerable. “Although Greyhounds have nice, long noses, thin hair, and are not usually associated with being overweight, they do have a high ratio of muscle,” which, studies have shown, correlates to greater risk of heatstroke after exercising, one researcher said. “Also they are inclined to run about on the hottest days, without thought for the consequences.”


Oski was a large, muscular dog with a thick coat. Climbing a steep slope on a 100-degree day would have been brutal.


One-year-old Miju would have felt the heat quickly too. She was in a carrier on her father’s back, which was not a cool place to be. Besides being inside a fabric backpack, which would have trapped heat like an additional layer of clothing, she was inevitably absorbing heat from both her father’s body and the sun. In addition, sweat glands in prepubescent children are not fully developed yet, which makes it difficult for them to release the heat that builds up in their bodies. Their bodies also contain a smaller volume of blood than adults’, so when their heart pumps blood to their skin to try to cool down, it takes blood away from internal organs, potentially damaging them. This is why babies are so vulnerable when left alone in hot cars. They are basically defenseless against heat.


The heat would not have been easy for Gerrish either. He was a big guy, weighing about 210 pounds (“He had a dad-bod,” his friend Steve Jeffe recalled fondly). Although all adult humans, no matter what sex or race, have about the same number of sweat glands, size is a disadvantage when trying to cool off, simply because a bigger animal carries a larger volume of heat in its body than a smaller animal. In addition, Gerrish was carrying Miju on his back, which added more weight, as well as inhibiting his ability to dissipate sweat.


Chung may have been in the best position to survive the climb. She was carrying only a light backpack with a hydration bladder and a few supplies for Miju. Given her smaller stature, she was likely slower to overheat. Although women have the same number of sweat glands as men, their variable hormone balance has a noticeable effect on sweat responses. For example, during the luteal phase of the menstrual cycle, which starts after ovulation and ends with the first day of a woman’s period, women sweat similarly to men. But during the follicular stage, which starts on the last day of a woman’s period and lasts until ovulation, women’s sweat responses are initiated more slowly. Birth control pills can also increase core body temperature and make it more difficult for women to keep cool in the heat (or warm in the cold).


“Ellen was in great shape,” one of her friends told me. “She exercised all the time. She didn’t have an ounce of fat on her. If anyone could survive this, you would think it would be her.”


On October 21, a little more than two months after Gerrish, Chung, Miju, and their loyal pal Oski set out for a hike on a summer morning, Sheriff Briese held a press conference to reveal the official findings of the investigation into their deaths. “The cause of death was hyperthermia and probable dehydration due to environmental exposure,” he said, voice trembling just a little. As in many heat-related deaths, there was no single piece of evidence that caused investigators to conclude that hyperthermia was the killer. It was based on scene investigation, the circumstances of their deaths, and the reasonable exclusion of other causes. Briese showed a graphic of the area where the bodies were found, noting that the trail’s southern slope meant constant exposure to the sun and no shade. He estimated that the ground-level air temperature along the trail while the family was hiking was as high as 109 degrees.


What happened to Gerrish and Chung and Miju and Oski was not just a consequence of bad luck and poor decision-making in the wild. It was a tragedy that was shaped by our larger failure to reckon with the risks of life in a rapidly warming world, and with the nature of heat itself. We simply have not come to terms with it, especially in the way I am describing. It is not how anyone expects to die. In part, it’s because we live in a technologically advanced world where it’s all too easy to believe that the rough forces of nature have been tamed. But it’s also because our world is changing so fast that we can’t grasp the scale and urgency of the dangers we face.


In August 2022, more than a year after their deaths, family and friends gathered on a tranquil spot on one of Gerrish and Chung’s properties in Mariposa to bury their ashes. It was a beautiful clear Saturday morning. But it was also “slightly surreal,” Richard recalled. In the previous weeks, the area had been torched by the Oak Fire, which had burned 20,000 acres and 180 buildings and come within a half mile of Gerrish and Chung’s home. There were still fire trucks parked on the side of the roads and bulldozers burying the last smoldering embers. It was the second time in four years this area had badly burned.


As family and friends stood nearby, Richard and Chung’s sister Melissa placed a dark wooden box containing the commingled ashes of Gerrish, Chung, Miju, and Oski in the ground. Richard read from the journals of John Muir, who was born in Dunbar, Scotland, in 1838, not far from where Richard now lived. Muir’s exuberant writing about the California mountains had led to the founding of America’s national parks and inspired generations of people to think differently about their connection with nature. Muir was also a voice from a simpler time, when the biggest threat to his beloved Yosemite was a dam, not a fast-warming climate. In the passage Richard chose, Muir described death as a “home-going”: “Myriads of rejoicing living creatures, daily, hourly, perhaps every moment sink into death’s arms,” Richard read. “Yet all enjoy life as we do, share Heaven’s blessings with us, die and are buried in hallowed ground, come with us out of eternity and return into eternity.”


Several other family members and friends read poems or offered remarks. Then Richard and Melissa covered the wooden box with a few shovelfuls of dirt and tamped it down. To the east, in the distance, the granite dome of El Capitan loomed. It wasn’t noon yet, but already the heat was rising.


Footnotes


1 Watt wrote a weekly sports column, “Sports Wrap,” in a Charlottesville paper called The Hook. It’s a tragic irony that on the day he died, he overslept because he had been up late the previous night, writing about the heatstroke death of jockey Emanuel Jose Sanchez at Colonial Downs, a racetrack near Richmond.


2 Exactly how long it takes to acclimatize to a hotter climate depends on a variety of factors, including how much you exercise in the heat and your physical condition. Two weeks is average for most people. Interestingly, exposure to air-conditioning even for brief periods slows or even stops acclimatization.
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