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Prologue

The storm hit like a breaking wave—a taut coil of energy that unleashed pulses of rain, wind, swell, and lightning across the sea. Gusts blew so hard they knocked the tops off waves, vaporizing seawater into salty clouds of spray that blinded the man standing at the helm. Wind pushed the boat over fifteen degrees and shrieked through stainless steel stays. When the rain came, it didn’t fall straight down; it flew horizontally, pelting his face. It didn’t matter. There was nothing to see. The gale had blotted out the coastline, the bay, the waves—everything but a sphere of roiling green water and gray sky a few hundred feet around him.

The storm was a line squall: compact, sudden, fierce. It was a meteorological paroxysm fueled by a thousand-mile-wide cold front, convection, precipitation, and friction. Wind bulldozed the ocean like a brush roll, flinging seawater into the air. There was still some blue sky far to the south, where a few foggy wisps hovered. But in the north and west, it was all gray and black, the light of day sapped by a thick woolen fog. He was scared, but he also saw some beauty in the storm—in the chaos, the potency of unmitigated nature, the force of an atmospheric shift, the inertia of trillions of molecules jostling and sifting through the sky. Wind moving that swiftly has weight and shape. It becomes a semisolid mass that can bend steel, uproot trees, or snap a boat’s mast in half. You can’t help but marvel in the middle of a blow. It’s often difficult to imagine that you will survive it either.

He watched as a line formed between what had been and what would be—a picturesque view of the New England coastline gone; a whorl of wind, rain, swells, and dark night descending. The lighthouse he’d been sailing toward, the beach behind him, and the quaint fishing towns crowded around the edge of the sea were all gone. Airborne sea spray hovered like ground fog over a meadow. He had not seen the squall coming. He should have, but there are too many tasks when sailing alone: steering, trimming sails, securing gear, fixing the engine, navigating, eating, inventing ways to relieve yourself. He simply didn’t look up in time.

His boat was twenty feet long and was better suited for lakes and rivers than the rough waters of northeastern America. It was a classic Marconi sloop. It didn’t have a deep keel or enough ballast to fight through heavy wind and chop. Rain had been a constant since he’d pushed off from the mainland a week ago. Patches of mold grew from the corners of the overhead below. The cabin was barely tall enough to sit up in, and the berth was not quite long enough to stretch out his legs and sleep on. He’d chosen this prison—partly out of ignorance, partly to see if he could do it. He had sailed his entire life but never on a journey this long and perilous.

Over the past week, a steady parade of pea-green four-foot swells rolling through the Gulf of Maine had pitched the boat so violently that he spent most nights at anchor, repairing the damage. His destination was far north, where America ends and Canada begins. That morning, he’d pushed off from York, Maine, and followed the York River out to sea, near Black Rocks and Millbury Ledge. The breeze picked up off East Point, where he unfurled the headsail and trimmed the main, setting a course for the tall white cylinder of Nubble Light on Cape Neddick.

The sky was blue then, with a few clouds gathering in the northeast. The sun splintered off ripples as a few fishing boats headed out to the banks. The air smelled of salt, seaweed, and bait. The thick evergreen shores of the Maine coast wrapped around granite headlands and capes. This postcard view of the Gulf of Maine had disintegrated in less than an hour. The boat appeared to be sailing well at first, but the man failed to notice that its poor seakeeping was pushing it sideways as fast as the wind drew it forward. Just minutes before the storm hit, he realized he was pinned deep in a bay that he couldn’t sail out of. Thick swells reared up in the shallow water just a few hundred yards away, then curled and crashed onto a long crescent beach. Mist rolled off the backs of the waves as the sound of two hundred tons of water collapsing reverberated across the ocean. The man tacked to get away from the shore, but the boat didn’t have enough momentum, and it stalled midway, pushed backward toward the beach. A better sailor would’ve noticed, would have known what to do. The man had worked on boats for most of his life, but it had been just work, not fun. He’d been paid to race sailboats, deliver yachts, captain private vessels for wealthy families. Working on boats helped him buy his first car and put him through college. As he had with most jobs, he learned how to do it on the fly.

The gale did not amp up over time. It arrived in minutes. The first gust almost capsized the boat. The man let the sheets go, but the little sloop didn’t right itself immediately. He rolled up the furling headsail but had not tied a reef into the main and was forced to let it flail. Where the sun once was, a circular rainbow glowed. Where land once stood, there was now only wind and cloud. The man managed to tack in the opposite direction, but he could tell by the height and steepness of the waves that he was drifting closer to the beach. The boat climbed over a monstrous crest, then surfed down its back side. The forward momentum was encouraging until it was halted by the next swell. He tied off the sheets and tossed a line off the stern in case he was knocked overboard. Water off the coast of Maine hovers around fifty degrees Fahrenheit, giving him a 50 percent chance of swimming fifty yards before hypothermia paralyzed him.

He tried one more time to trim the mainsail and muster forward momentum, but just as he did, a wave half as tall as the mast curled and broke over the deck. The next thirty seconds played out like a dream. The entire boat disappeared under the wave. The man instinctively stood and clung to the boom. Whitewater rushed around his thighs and poured into the cockpit. The deluge swept him off his feet, but he managed to hang on and scramble upright. When he looked down, he recognized the wavy outline of his boat, tinted aquamarine beneath three feet of water. The cream-colored decks were emerald. The cockpit was a tiny swimming pool. The foredeck looked like it was frozen in a block of ice. The boat held together as two thousand pounds of lead in the keel kept it from flipping. When it finally emerged, it shook off the water like a dog, then somehow continued sailing forward. The wind eased slightly and the mainsail filled. One tack, then two, and the little pocket cruiser sailed herself off the beach and back into the bay. It was a miracle—a resurrection. As the wind backed off and the seas calmed, the man spotted Nubble Light and angled the boat toward it.

You should know that this man is your author, albeit younger, stronger, and significantly more ignorant. I tell you this to make clear that I have a particular perspective into the world of seafaring—but I am not one of the salty mariners you will meet in these pages. I did indeed grow up working on boats, but I never learned about storms, how to avoid them, or how to sail through them. They haunted me for most of my young life. As a second-rate sailor, I saw more storms than most. They followed me, crushed me, stacked up back-to-back-to-back to grind me down. I saw them build, felt them hit like a truncheon, fought for my life through them many times. In considering this storm story from years ago, I realized that my lack of knowledge might benefit readers. There will be no proclamations coming from this writer, only questions. We will pose them to lifetime sailors, meteorologists, scientists who study the mechanics of maritime storms—including how and why they are growing in number and force—and oceanographers, who have tracked them back to their source in the unexplored depths.

You may well want a flawed narrator, ignorant of the rules of the sea, on this quest, because those rules are changing now faster than at any other time in human history. Ocean chemistry, planetary currents, wave energy, food webs, trade winds, and storm dynamics are all evolving as petawatts of energy are trapped in the atmosphere and ocean. And as with most things climate related in this era, the worst is yet to come. All of which is to say that I did not choose to write this story. I did not bird-dog it or unearth it or brainstorm it with my editor. The story wrapped itself around me from a very young age, and the only way out was to tell it.







Part I







1

Planetary Wind

Mayan shamans knew this wind. Taino chiefs knew it. John Cabot, Amerigo Vespucci, and James Cook sailed before it. It shaped Bahamian pineyards and Hispaniola’s karst and limestone hills. Even sea life hovering in the depths knew the wind as it pushed billions of gallons of water from east to west, Dakar to Antigua, an invisible river of seawater coursing through the broken volcanic archipelago of the Lesser Antilles, the Barbados Ridge, the Venezuela Basin, the Old Bahama Channel, and the rockbound shoreline of Central America every second of every day for all time.

Lucayan voyagers—distant relatives of the Mayan—held up a wetted hand to the wind, then charted a course through reefs and cuts surrounding the Caribbean’s Windward Islands. Life itself rode the perennial breeze as seeds, eggs, and species blew from one hemisphere to another to settle and grow. Air is invisible, but it has mass: fourteen pounds per square inch of pressure on you, me, and all living things scattered across the earth. Atmospheric rivers, ridges, valleys, eddies, fronts, and waves of noble gases and molecules mix and swirl in constant motion. The sun’s heat, much of it stored deep in the ocean for eons, along with the rotation of the planet, creates these winds—which are so strong and constant they have carved ocean basins, formed island chains, transported ecospheres, created global climate and weather systems, and ferried destructive storms for thousands of miles.

John Kretschmer knew these “trade winds.” They had shuttled him all over the world and across the Atlantic thirty times. They are a planetary wind—one of the few weather elements on the water that captains can rely on. So, early on the morning of August 14, 1991, Kretschmer was unsurprised to see the trades pushing a line of cumulonimbus clouds over Compass Point above the shores of St. Thomas.

The trades blow northeast to southwest—Africa to the Caribbean—at fifteen to twenty knots, bending around land and ship before finding their way again like a marble tracking a crack. Whitecaps formed in Pillsbury Sound as Kretschmer approached the docks. The smells of salt and diesel fumes washed over the pier. It was eighty degrees onshore, but the trades made it feel like seventy on the water. A few dozen boats hung from moorings and anchors, their bows all pointed northeast, into the wind. Some vessels had sailed around the world; some were day-trippers. A few dozen fishing trawlers and mail boats bobbed among them. The anchorage, like most in the Caribbean, is set on the island’s southern shore, in the lee of trades and gales that hammer the windward coast.

Kretschmer passed a few easy-up tents shrouded in smoke where vendors served johnnycakes and pot fish. Sun reflecting off the rippled water was so bright you couldn’t look at it without sunglasses. It was Saturday, “flip day” in the islands, when charters began and ended, cruise ships pushed off, and Kretschmer welcomed a new crew of students eager to learn the art of offshore sailing.

He ferried a dozen grocery bags filled with provisions onto a forty-four-foot sloop named Southern Light. Kretschmer and Caribbean Yacht Charters had recently hatched a plan: Kretschmer would deliver the yacht 850 miles to Nassau while teaching the course and retracing possible landfall scenarios of Christopher Columbus’s first voyage to the New World. It was a profitable and alluring arrangement for both. Kretschmer had been a self-described “ferryman” for nearly two decades, delivering sailboats across oceans for their owners. At forty-two years old he had already sailed more miles than most captains, including one of the fastest east-west roundings of Cape Horn on possibly the smallest boat ever to do it—accomplished when he was only twenty-five.

The plan for that week’s “training passage,” as Kretschmer called it, was a series of impromptu classes on celestial navigation and offshore sailing techniques. He is an easy man to listen to—a stocky six-foot Midwesterner as affable as he is confident. His deep appreciation and understanding of the sea is matched only by his geniality. He is a humanist in every sense—not coincidentally, as many captains and explorers of the Golden Age of Sail were—eschewing the divine for a belief in the value and goodness of people. He casually cites authors from Nietzsche to Steinbeck to Chaucer when chatting about life at sea. He invokes Hilaire Belloc regarding the confessionary instinct triggered by offshore sailing passages (“The sea drives truth into a man like salt”). He defers to English philosopher John Stuart Mill when discussing ornery crew members (“The only freedom which deserves the name is that of pursuing our own good, in our own way, so long as we do not attempt to deprive others of theirs, or impede their efforts to obtain it”). On seasickness, he quotes Mark Twain, who traveled the world on steamers (“At first you are so sick that you’re afraid you might die, then you are so sick you are afraid you won’t”).

Nikos Kazantzakis’s Zorba the Greek and the fearful sirocco wind that has downed ships in the Mediterranean for thousands of years is one of Kretschmer’s favorite subjects. He has read the book a dozen times and quotes from it often. On a sailing journey around Malta, he cross-referenced ancient texts with prevailing winds and storm seasons to try to locate the site where Odysseus, and later St. Paul, allegedly shipwrecked. Off the Pillars of Hercules, on the Strait of Gibraltar, he likes to remind students that Roman sailors voyaged to the Canary Islands on their triremes. He calls shipmates “brother,” even those he just met, and often substitutes the deity Neptune for God. He is an athenaeum of maritime literature, meteorological science, oceanography, boat design, sail shape, ocean currents, worldwide sailing routes, and the names of marina managers, sailmakers, and shipyards from Sri Lanka to Labrador—the latter he often shares with former students in their quest to sail around the world.

Kretschmer tucked groceries into Southern Light’s lockers and gear nets as he reviewed a mental checklist. He had calculated how much water, fuel, and food they needed. He had plotted the route, recorded compass courses, accounted for currents and prevailing winds, and glanced at the long-range weather forecast. Besides a stubborn low-pressure trough situated a few hundred miles east of the Bahamas, the coast looked clear for the six-day passage to Nassau. But things were rarely as they appeared on the ocean. In three decades of near-constant blue-water cruising, Kretschmer had seen plenty of surprises. He’d survived a Force 13 midwinter gale1 in the northern reaches of the Atlantic, been knocked overboard on a capsized thirty-two-foot cutter off Bermuda, survived seventy-foot breaking waves while crossing the Gulf Stream, and sailed through eighty-knot squalls—more than the threshold of a hurricane.

These numbers do not do justice to the power and violence of an open-ocean storm. With no topography, forests, buildings, or obstructions of any kind to slow a tempest, a large storm releases unfettered energy across a one-dimensional seascape. Quantifying and depicting a maelstrom involves physics, meteorology, sounds, and images that are not from this world. The horizon turns on its side. Day becomes night. The temperature plummets as columns of freezing air, rain, and hail fall from the troposphere. Waves no longer undulate beneath you; they stand directly above you as tall as seven-story apartment buildings—then tip over in a deluge of whitewater, often onto the boat, one after another. Steering in heavy seas requires precision; just a few degrees off on a single wave and a boat can skid, jibe, capsize, roll, lose its mast, or, worse, pitchpole end over end for a quarter mile. Waves with a ten-second period hit a boat 6 times in a minute, 360 times an hour, or 8,640 times a day, wearing crews and boats down as the swell grows larger and more menacing.

The most unsettling quality of a gale is how it deforms time. Hours becomes reductive instead of accumulative. A second feels like a minute, the longer the storm drags on. Storms can persist for a week or more. A two-hour watch spent tethered to the helm to keep from blowing overboard becomes a psychological purgatory.

Kretschmer’s penchant for finding storms was not inexperience or bad luck. If you spend three-quarters of your life on the water, you will find them. He’d studied storm sailors Hal Roth, Miles Smeeton, Vito Dumas, and Lin and Larry Pardey. He’d read Bluewater Handbook and dog-eared every book written by the nomadic French sailing guru Bernard Moitessier. Along the way, he’d also forged his own tricks and protocols for surviving heavy weather.

Kretschmer advocated forereaching sixty degrees off the wind in a blow, instead of lying passively ahull and waiting for it to pass over. He had seen firsthand what a three-day gale will do to industrial-strength steel, fiberglass, sailcloth, and rope and preached the dangers of chafing, metal fatigue, and hardware failure. He’d witnessed the unthinkable: half-inch stainless steel cables unraveling under load, steel stanchions bent in half by a wave, gusts tearing sails apart, waves dismasting a boat. He knew that a stray rope caught in a propeller could spell the end of a ship and its crew—that a mistake at the helm could flip a 30,000-pound sloop upside down like a plastic cup on a kitchen counter. He’d lost several friends to storms and survived several that nearby ships did not. He’d literally seen it all, typically in the most remote and inhospitable corners of the planet, thousands of miles from help or land—and he felt an obligation to share with others what he’d learned about surviving at sea.

His students arrived at Compass Point an hour later, carrying duffel bags and foul-weather gear. Harold was a sixty-year-old former Washington bureaucrat who’d dreamed of buying a boat and sailing it around the world. Tim was a dentist, and Roger was a retired corporate executive. The fourth was Max, a sixteen-year-old son of a good friend who was raised on a boat. All were anxious and excited to peek into the wilderness of the ocean, under the care of a capable guide. Kretschmer sat them in the cockpit and delivered a safety briefing. Don’t let the boom hit you in the head. Don’t fall overboard. If someone else falls overboard, don’t let them out of your sight until they are back on board. He gave them each a safety harness and had them buckle it on with an auto-inflating life vest. Together, they walked up and down the decks, checked halyards, anchor rodes, fresh water supply, rigging, electronics, and sail inventory.

The boat was a Hylas 44, outfitted for short-term charters rather than offshore sailing. It was not equipped with a satellite link or weather fax to get updated forecasts. Kretschmer knew this, but he figured he wouldn’t need them. As long as there were no hurricanes brewing, August brought settled weather to the Antilles. With the trade winds blowing a gentle fifteen knots, he figured they’d sail on a broad reach all the way to Nassau along one of the most storied passages in the Americas.

The crew cast off dock lines at 10 a.m., and Southern Light steamed south toward Cas Cay. As expected, the trades met them outside the harbor. The crew hoisted the sails, and Kretschmer eased the Hylas downwind as they headed for Virgin Passage. The crew took turns steering into a driving swell, the boat surfing at eight to nine knots down the back side of the waves. By nightfall, they’d rounded the eastern shore of Culebra and Puerto Rico, just visible twenty-five miles to the west. Wooden caravels from the Old World sailed this route in the 1500s. The three-masted ships were powered by square-rigged and lateen sails and were most efficient downwind, making captains from Columbus to Cabot beholden to prevailing winds. Christopher Columbus was so confident that the trade winds—which he learned of by allegedly paying off captains in Portugal’s nautical expedition fleet—would blow him to the New World that he ditched the upwind lateen sails on his boat for more square rigs. For the next four centuries, this meteorological phenomenon charted the course of colonization and trade in the Americas, at the cost of many long-standing cultures unlucky enough to live directly downwind of European shores.

Kretschmer and his crew took shifts sailing through the night, then tarried the following day to learn how to hove to—essentially backwinding the sails to park a boat in place. Kretschmer chose the 27,500-foot-deep Puerto Rico Trench for the exercise, so the crew could take a dip in seawater more than five miles deep. A horizontal transection of the scene from seafloor to surface is enough to make even a captain queasy—the effect perhaps similar to what an astronaut feels gazing back at earth. Beneath the swimmers, dozens of ecosystems lie stacked on top of one another. Beneath the surface layer, nearly seven hundred feet down, light fades and temperatures drop dramatically through the thermocline and abyssal and hadal zones. At the bottom, ocean trenches, ridges, and subsea mountain ranges taller than Mount Everest stretch for thousands of miles, their flanks littered with sharks’ teeth, helical whale-ear bones, and thousands of shipwrecks.

It is possible that most readers, when thinking of sailing, conjure images of middle-aged yachtsmen and women wearing pink cable-knit sweaters and sipping martinis. The view from Southern Light’s decks that day offered a vastly divergent scenario: a voyage through the last untouched wilderness on earth—a no-man’s-land so vast, bottomless, and uncharted that humankind often thinks of it as a void rather than a region. Like outer space. Like the atmosphere. Like our subconscious. The ocean covers 139 million square miles of the planet and holds 97 percent of the water on earth. Half of all life exists there, 90 percent of which has yet to be identified. Three-quarters of the ocean has never been explored or even seen by humans, and only a fifth of its floor has been mapped in detail—meaning we have a better understanding of the surface of Mars than we do of our own seas.

Photosynthesis ends around three thousand feet deep, leaving barren clay and rock slopes leading into the deep sea. There is other life there: circling, feeding, hiding in the shadows. The pressure is inconceivable, growing one atmosphere every thirty-three feet for several miles. Most submarines implode below two thousand feet; human bones collapse around twenty-four thousand feet. In that deep, dark, crushing world, the mewing and shrieking of creatures reverberate. Ancient sailors plying the oceans in waterlogged wooden boats occasionally heard these cetaceous moans amplified through their hulls and interpreted them as the calls of sirens, sea gods, mermaids, or ghosts of drowned mariners. A sperm whale, whose lungs and ribs have evolved to compress under pressure, will dive seven thousand feet to chase giant squids. Cuvier’s beaked whales will likewise descend to almost ten thousand feet to feed on cephalopods.2

Kretschmer did his best to convey these orphic qualities of the ocean to his students in addition to humankind’s fitful pursuit to explore and study it. There was plenty to discuss. In the beginning, ancient sailors like the Phoenicians in the Mediterranean forged maritime trade routes wending along the coastline. Around 2000 BC, Phoenician captains piloted their round gauloi ships, propelled by a single rectangular sail and steered by an oar affixed to the stern, to Arabia, the Red Sea, and the Horn of Africa. The Greek historian Herodotus documented the first Phoenician merchant ship to circumnavigate Africa, from east to west, in 600 BC. The journey was more than a conquest; it was a piercing of the veil. For all time, the waters beyond Gibraltar, the Gulf of Aden, the Persian Gulf, and the Bay of Biscay had marked the end of earth and the beginning of the netherworld—ōkeanos—that the ancient Greeks described as a “great stream encircling the earth’s disk.” Wherever it ended, the world ended, likely in a bottomless abyss enshrouded by fog, and within it, the home of the gods.

Phoenician captains did not seek the underworld. They sailed for gold, silver, amber, gems, and spices and may well have sailed as far as China, India, Scandinavia, and the Pacific to get them. Others soon followed, like the Greek geographer and explorer Pytheas—the first recorded mariner to use the stars to locate his position—who followed the constellations to Scandinavia, Great Britain, and the Arctic, where he sought Thule, “land of the midnight sun.” Himilco of Carthage coasted the western shore of Europe in 500 BC, then continued to Cádiz on the brink of the abyss. The Vikings made a way of life voyaging on the open ocean—their longships landing on the shores of Europe, Scandinavia, the Arctic, and the Americas without compasses, sextants, or modern navigational equipment. On the other side of the world, Polynesians explored offshore as well, using the stars and wave motion to find and colonize island after island from Tahiti to Hawaii to New Zealand. Like children darting deeper and deeper into a haunted house, mariners voyaged farther offshore every century, into what the Arab geographer Edrisi called in his AD 1154 survey of the earth “the Dark Sea.”

These early explorers found ways to find their way. They tracked trade winds, learned to predict storms, detected distant coastlines by wind and wave patterns. Hawaiians found their home by following golden plovers on their migratory route from Tahiti to the islands. Other ancient navigators packed birds on their ships, which they released and followed to the nearest coast when needed. Soon after came the magnetic compass, the astrolabe, the sextant, and the treasured periplus and portolano guides to the waters and harbors of the Black and Mediterranean Seas.

What these early sailors discovered was a terrestrial outer space populated by pods of silvery dolphins, flying fish, whales, luminous phosphorescence, and terrifying storms. Thousands of feet beneath their ships, a realm of submarine rivers, lakes, volcanoes, waterfalls, and half-mile-tall underwater waves traveling at speeds of two hundred miles per hour created a world so bizarre and enthralling it was its own unexplored universe—one that Kretschmer and his students marveled at that evening as constellations, falling meteorites, and the spiraling tail of the galaxy hovered so close to Southern Light that it was hard to discern the border between sea and sky.

Kretschmer and his crew followed a compass course of 305 degrees, roughly toward Orlando, Florida. They made a quick stop at Christopher Columbus’s infamous landing site on San Salvador in the Bahamas and hiked along the windward shore of the island to an absurd monument to Columbus—no sailor would land on a windward shore. Kretschmer then anxiously led the crew back to the boat. He had noticed a change in the weather. The trade winds that had been blowing over his right shoulder for four days were gone. The air was still, the sea like a mirror. It takes a massive meteorological shift to shut down a planetary wind. Kretschmer had only seen it a few times before. As the ship’s barometer dropped and a pale shield of high-altitude cirrus clouds closed over the sky, he began preparing for what appeared to be a major storm.

Clouds continued to build all night, as did the wind. In the morning, when they were just 180 miles from their destination, dawn arrived with a dark purple-red sky. Sailors have been reciting “red sky in the morning, sailors take warning” for thousands of years.3 It references airborne particles and moisture suspended by a coming gale that is moving from west to east, as most weather in the Northern Hemisphere does. The front Kretschmer was approaching was different, though. It wasn’t red in the east. It was red all over, as several weather systems were sucked into one—which was developing right on top of them.

Southern Light was not equipped with an SSB (single sideband) radio, weather fax, or satellite link. There would be no help if they ran into trouble. There was only the storm and the boat as the distance between the two dwindled. A freighter passed within hailing distance a few hours later, and Kretschmer called the captain—who reported that the low-pressure system Kretschmer saw before departing St. Thomas had developed. The National Hurricane Center had recently upgraded it to a tropical depression. Eighteen hours after that, forecasters elevated it again to a tropical storm. By two in the afternoon the next day, it would be upgraded one more time and given the quotidian name “Hurricane Bob.”

At 9 a.m., the second named storm of the 1991 hurricane season was situated one hundred miles northeast of Southern Light and moving directly toward it. The freighter captain wished them luck and said he’d stand by for a distress call. Kretschmer and his crew redoubled their efforts to prepare the boat. The difference between handling a storm and surviving a hurricane is akin to driving into a brick wall at five miles per hour versus fifty. Certain forces come into play that are hard to imagine. A Force 10 gale will create thirty- to forty-foot waves. A Category 2 hurricane will rip the roof off a house. Category 3 will uproot mature trees and toss them through the air. A Category 5 hurricane levels everything in its field, even paved roads, as it rips up asphalt piece by piece.

The term storm is hardly appropriate here. Only satellite images offer a true sense of the symmetry and stunning size of a mature tropical cyclone: a vortex of wind and moisture up to a thousand miles in diameter that bends with the curvature of the planet. A single storm can blot out the coastline between Maine and Florida and generate more than two hundred times the energy that the world’s power plants create in a single day. (Or the power of 240 ten-megaton nuclear bombs detonated every twenty minutes—take your pick.)

On the undulating sea, damage and injury are far worse. The National Oceanic and Atmospheric Administration (NOAA) estimates that around a quarter of all hurricane fatalities come from boat owners and crew trying to save their vessels.4 The inertia of moving air quadruples when its speed doubles, morphing the gentle brush of the atmosphere against your cheek into a locomotive flying through the air at eighty miles per hour. Gusts stave in steel and wood structures and launch hatch covers, winch handles, and anything not lashed down into the air like missiles. Up to a foot of rain in a day can sink a boat in a matter of hours, transform high tide into a flood, cut visibility to zero, and create violent currents and eddies—not to mention blazing fields of lightning that can strike anything above sea level.

Spiraling rain bands, especially in the forward right quadrant of the storm, often arrive with a constellation of tornadoes that cut narrow paths of destruction within the wider swath of a hurricane. Storm surge arrives around the same time, much of it contained in a dome up to fifty miles wide that is drawn skyward by extraordinary low air pressure in the middle of the storm. Storm surge can raise high tide by forty feet and launch boats over seawalls, beaches, and highways. Almost as damaging is the sea level drop on the left-hand side of the storm, which strands boats and mariners on flats and shoals as the storm approaches.

The waves around Southern Light were smaller than three feet, and the wind was moderate as the storm bore down. Two hours later, Bob’s outer bands lifted off the horizon. The clouds looked like charcoal discs layered on top of one another. To Kretschmer’s students, the scene resembled a Hollywood computer animation: minacious, chimerical, dark as night. Miles overhead a US Air Force Reserve unit recorded the storm’s surprisingly rapid development as the center of low-level banding features became more well-defined. The flight recorded wind speeds of fifty-one miles per hour. The following day the wind spiked to eighty-two miles per hour. More disturbing, the storm was not turning north like nearly all tropical cyclones do; it was charging west on a beeline toward Kretschmer and his crew.

Kretschmer realized that most of his students were in shock, or at least quietly terrified, so he kept them busy stripping the deck of anything that might catch the wind—stowing the canvas bimini, dropping the mainsail. Down below, they stashed personal gear and anything that might take flight when the boat started heaving. Then they rigged makeshift lee cloths to the bunks to keep crew members and gear from careening across the cabin.

There were no storm sails on the boat, so Kretschmer furled the jib in to the size of a bath towel. He started the engine to maintain steerage and, minutes later, watched a thick dark line move across the sea. The first forty-mile-per-hour gust hit like a door slamming shut. Then the rain came, pounding the ocean and blinding the crew.

Since the hurricane had cropped up so close and so quickly, it did not have the time or sea room to create monster waves. (A breaking fifteen-foot wave can flip a boat like Southern Light in a second or two.) It was the wind that worried Kretschmer. Gusts soon reached fifty, seventy, then eighty miles per hour. Giant raindrops and occasional hail hit the crew like rubber bullets. With no radar or weather devices, it was impossible to know where they were in relation to the storm, how long it would last, or how bad it might get. All they could do was survive, second by second, watching the sheets for chafing, the mast for signs of distress, and maneuvering around waves and wind for hours at a time.

Kretschmer split the crew into pairs, each taking thirty-minute shifts at the helm. Max, Tim, and Kretschmer handled the steering while their watchmates kept an eye on them from the companionway. Waves repeatedly washed over the deck, submerging the bow. Whoever was at the wheel tethered themselves to the steering pedestal so they would not be swept overboard. The crew had practiced sun sighting to plot their position the day before, so they had a reference point from which to extrapolate their location. Using the ancient art of dead reckoning—calculating speed, time, heading, and current—Kretschmer figured that they had created enough sea room between them and the dangerous ironbound shores of Cat Island. If they could maintain their current course and speed, he thought they might make it through.

Then a wave hit the boat so hard that Roger was thrown down the stairs into the cabin. He shrieked in pain and grabbed his side. Tim was trained as a first responder and informed Kretschmer that Roger had likely broken several ribs. Roger was having trouble breathing and could not get comfortable. Two hours later, Tim told Kretschmer that they needed to turn around and run with the wind to ease the motion in the cabin. Kretschmer was hesitant to change course after inching away from Cat Island for so long. But after a discussion with the crew, and considering the specter of internal injuries, he turned the boat 180 degrees and sailed back into the hurricane.

Footnotes

1 The Beaufort scale devised to rate severe ocean storms tops out at 12.

2 Ancient mariners were unaware of these tremendous depths when they first voyaged offshore. Giovanni Verrazzano, Samuel de Champlain, Ferdinand Magellan, and James Cook cobbled together longer and longer sounding lines to try to reach the bottom. In 1829, Sir James Clark Ross strung together a 21,000-foot line to measure the depth of a basin off Antarctica and found it to be as deep as Mont Blanc is tall.

3 The saying has roots in the New Testament (Matthew 16:2–3) and Shakespeare’s “Venus and Adonis”: “Like a red morn that ever yet betokened / Wreck to the seaman, tempest to the field, / Sorrow to the shepherds, woe unto the birds, / Gusts and foul flaws to herdmen and to herds.”

4 During Hurricane Hugo in 1989, more than half of all deaths were boaters who drowned trying to save their boats.
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Point of Vanishing Stability

A deep ocean storm does not pass overhead. It absorbs everything beneath it: islands, coastlines, boats, the sea itself. Severe storms arrive unhurriedly, like night falling, then deepen minute by minute until they have wrung the last light from the sky and replaced it with a green-gray helix of cloud, wind, lightning, and precipitation. A gale will blow for days, wearing down the earth itself as shorelines, forests, rivers, shoals, reefs, and islands disintegrate, delivering sediment into the briny deep.

In December 1877, a winter gale in Wick, Scotland, tore loose a five-million-pound concrete breakwater and tossed it toward shore like a pebble. Storm swell in the nearby Shetland Islands took out a lighthouse door—195 feet above sea level. Ocean waves appear as alpine ridges: white and foaming at the summit, rearing up behind a boat in a diaphanous wall. Life occasionally watches from behind that wall, visible in silvery flashes, a fin, or an inquisitive bulging eye peering into the cockpit.

A height-to-length ratio of 1:14 or less creates ocean waves that are unable to support themselves. Crests break into a cataract of whitewater, bulldozing whatever is in front of them. It is these “white horses” that present the greatest danger to a boat. A gallon of water weighs just over eight pounds. The breaking crest of a wave can easily hit the deck of a boat with several tons of force. Breaking waves have spelled the end of more ships, captains, and crew than nearly any other maritime hazard.1

Royal Navy admiral Francis Beaufort, a decorated Irish captain who published a series of British Admiralty charts, recognized that sailors had difficulty describing powerful winds while trying to save their ships and their lives. He created a visual scale in 1805 by which to categorize them. Force 0 on the Beaufort wind force scale refers to a sea you can glimpse your reflection in. Force 3 indicates eight- to twelve-mile-per-hour winds and whitecaps beginning to form on two- to four-foot seas. Force 8, at thirty-one to forty-six miles per hour, creates twenty-five-foot waves that spew foam and gusts that, on land, “generally impede progress.” The upper limit of the scale is Force 12, defined by winds over seventy-three miles per hour, forty-five-foot waves, and conditions Beaufort describes as “Devastation. Air filled with foam and spray, very poor visibility.”

Gales in the Caribbean, which sits in the crosshairs of traditional North Atlantic hurricane tracks, have blown the bark off entire forests, leaving hundreds of acres of dead silvery pines hemming the shores of the Antilles. Forests on the archipelago sprout through multiple layers of older forests that were leveled by hurricanes. Storms wear down the craggy volcanic peaks that mark the edge of the North American plate. Winds and the waves they generate shaped the shores of the Caribbean Basin over eons, as well as the majestic capes that give the US East Coast its appearance: Florida’s Ten Thousand Islands, Cape Hatteras, Cape Canaveral, and Cape Cod.

Storms give life as well. Manchineel and scrub pine take root on windward shores where trees have blown down. Extreme winds, waves, tides, and currents redistribute seeds throughout the Atlantic, as far north as the Faroe Islands and east to Ireland and Wales. Storms spread mangrove forests and palm trees throughout Central America, the Yucatán Peninsula, and the Antilles. Months after a hurricane ravages a coastline, sea grape and balsam apple sprout. Dormant life arrives on the waves: wild papaya, poisonwood, sea beans, and Australian pine—the latter transported in tiny nut-like sarcophagi that take root in sandbars and eroded shorelines.

Rain also takes its piece, carving landscapes like the steep flanks of Jamaica’s hill country and the ghauts of Montserrat—the latter so steep and impassable that descendants of escaped slaves hid there for generations before being discovered. Rain carved canyons and mountain ranges throughout the Windward Islands, Hispaniola, Cuba, and the Cayman Islands. Storms even triggered eruptions of island volcanoes as rain poured into their calderas, eroded the walls, and blocked lava tubes with sediment, causing pressure to build and the volcanoes to blow.

The source of this meteorological tumult can be traced back to the early days of our planet. Soon after earth formed, a sea of gas and molten rock swirled around the planet’s iron core. The first tides moved magma, not water, and were driven by the sun. An alternate history of the moon’s origin suggests that it was formed by increasing solar tides that grew larger and larger. After a massive wave of molten rock crested, it could have been torn away from earth, leaving a scar that is now the Pacific Ocean.

However it was conceived, the moon’s impressive gravitational pull began sloshing everything from oceans to lakes to beer in a mug up and down in measured intervals.2 After the planet took the shape we know today, the sun initiated more cycles.3 Solar radiation strikes the planet unevenly: straight on in equatorial regions and at an angle in the Northern and Southern Hemispheres, causing some regions to heat more than others. Near the equator hot air rises, hits the tropopause, and deflects north in the Northern Hemisphere and south in the Southern Hemisphere. There it cools, condenses, and falls back to earth’s surface around thirty degrees latitude—after which it is sucked back toward the equator to replace rising hot air there.

These cells, called the Polar, Ferrel, and Hadley, operate at almost every latitude, moving weather and heat around the planet, steering storms, and helping shape the trade winds that John Kretschmer followed from St. Thomas to Nassau. Hurricane Bob formed from a low-pressure trough moving southwest from Bermuda. Another low-pressure area over the US East Coast, along with a subtropical ridge over the Atlantic, soon drew the storm west and north—putting Bob’s most powerful quadrant on a collision course with Southern Light.

Kretschmer calculated that he could steer toward Cat Island for around twelve hours before hitting it. Hopefully, the storm would pass over them before that. The crew continued thirty-minute watches at the helm, each shift suffering a barrage of wind and rain so intense it was hard to open their eyes, much less see where they were going. It was too rough for those off watch to sleep, too loud to communicate between the helm and the cabin. The fearful creaking and groaning of the boat, coupled with Roger’s shrieks, were so worrisome that it was impossible for anyone to rest.

It takes a composed crew to remain calm in situations like this. Sleep deprivation clouds judgment and ignites tempers. Thankfully, one of Kretschmer’s greatest skills as a captain and teacher is inspiring and emboldening those around him. He is proactive in every way: engage with the storm, sail out of it, fix things before they break. He instructed off-duty crew in the cabin to prepare soup and coffee for those at the helm. He encouraged Tim to reposition Roger and ease his pain and asked Max and Harold to help him secure and monitor sails, lines, gear, and safety equipment. One broken shackle or chafed rope could spell the end of Southern Light and her crew.

In Kretschmer’s eyes, the hurricane was not a tragedy or a misfortune. Bob simply represented another swath of the great wilderness he had been exploring his entire life. Like many pioneers on sea and land, he had not just survived in this wilderness for the last few decades; he’d thrived in it. He studied meteorology, wave theory, boat design, maritime exploration, and ocean literature. He knew the names of dozens of sea gods and ancient winds that still blow today, as well as obscure ship data like the “point of vanishing stability,” capsize factors, the center of effort on a sail, and the center of lateral resistance.

Much of Kretschmer’s passion for the ocean and sailing had been with him since he was a boy in Michigan. He was the sixth of seven children, an athletic kid indifferent to school and a conventional midwestern boyhood. By fifth grade, he could name every English, French, Spanish, and Portuguese mariner of note from the Age of Discovery. His heroes were all captains: Cabot, Cartier, Frobisher, Drake, Magellan, and Sir Francis Chichester, the latter of whose memoir about circumnavigating the world alone, Gipsy Moth Circles the World, shaped his vision of becoming a lifetime sailor.

His mother, father, and maternal grandfather, all heady with wanderlust, inspired and encouraged his vision. His father had seen more downs than ups as a small business owner, until a windfall in his fifties when he restarted a private computer school near Detroit. The venture allowed him some financial freedom, and he bought a twenty-eight-foot sloop to sail in the chilly waters of Lake St. Clair. The Kretschmers spent weekends on the boat, overnighting in shallow, muddy bays—the endless apron of the eastern woodland forest unfurling onshore.

These were the origins of the man, his early adventures, his awakening. But it was tragedy that ultimately pushed Kretschmer to sea. His beloved father was diagnosed with terminal cancer at fifty-two years old. On his father’s final day, a line of seven children visited him in the cancer ward, one by one, to say goodbye. Kretschmer spent that night alone in his closet cutting deals with the Lord to save his dad. By morning, his father had passed, a dark curtain had been pulled over the sublime happiness of his carefree youth, and a new path was laid out.

As Kretschmer’s brother Tom and their unshakable mother, Jeanne—who would one day sail around the world herself—sorted out their finances and kept the computer school afloat, Kretschmer wrote away to sailboat charter companies in the Caribbean, offering his services. None replied. Instead, he accepted a full scholarship to a Division I university as a pole vaulter. He spent more time studying pilot charts in the library than he did attending class and flunked out of four universities in two years—after which his mother offered him a deal. She would loan him money to buy a boat if he could find a way to support himself living on it.

Kretschmer accepted on the spot and spent the summer of 1979 driving the shores of Lake St. Clair and Lake Michigan with his girlfriend, Molly, looking at used boats. They chased down classified ads in the Detroit News, while Kretschmer banked cash with a window-washing business he’d started years before. They eventually found their new home: a 1966 twenty-seven-foot Bristol sloop designed by Carl Alberg. On a cool autumn day months later, he shipped the boat down I-75 on a flatbed truck to its new home in the Florida Keys.



[image: image]





Kretschmer had logged 150,000 sailing miles—more than half the distance to the moon—by the time he encountered Hurricane Bob.4 As Southern Light approached Cat Island, waves continued to grow, and the wind held at eighty miles per hour. The hurricane was still forming, and the roar of the atmosphere tearing at the boat and the sea was deafening. Then, as if they were waking from a dream, the wind died. The sails hung slack and Southern Light bobbed in a confused sea. A few seagulls and shearwaters glided overhead, and the ocean again glowed cobalt blue. The crew thought it was a fluke, perhaps a wind shadow from a nearby landmass. Then Kretschmer called them up on deck to witness something few sailors have lived to tell about: the eye of a hurricane.

A column of still, cool air surrounded them. So few boats find or traverse the tiny nucleus of a hurricane that even Kretschmer, with his vast knowledge of the sea and its storms, didn’t recognize it at first. The eye of the young storm was hazy and not well-formed, and he and the crew gazed at layers of circling clouds corkscrewing thousands of feet overhead. Frigate birds flew in lazy circles. The birds can be trapped in the eye for hundreds of miles—along with small diasporas of other species—only to be dropped on a distant continent days or weeks later.

The crew stretched and dried out their gear for twenty minutes. Then they heard the back side of the storm approaching like a train and prepared for another blow. The wind hit from the opposite direction this time, out of the southeast. Kretschmer turned the boat 180 degrees and ran downwind—fortuitously back on the original course to Nassau.

The ride was rough, but the wind on the back side of the storm was not as extreme as the wind on the front. Hot coffee nourished the crew through the night and the next day, while wind and waves raged around Southern Light. Twenty-four hours later, near the northern tip of Eleuthera, the gale started to give, the clouds lifted, and the swell eased. Around eight in the morning, Southern Light rounded Eleuthera and turned west toward Nassau on a broad reach.

Dilapidated mail boats and fishing trawlers steamed past as they approached the Bahamian capital. Life in the Out Islands was already back to normal. Villages needed fuel and supplies. Fishermen headed to market with live wells full of grouper and spiny lobster. The bleached piers on Potters Cay came into view that evening, and Kretschmer hailed a marina to request a slip. By eleven that night, Southern Light was tied to the dock, Roger was on his way to the clinic, and rum drinks flowed as the crew recounted their adventure.

Southern Light’s passage was over, but Hurricane Bob’s journey was just beginning. The storm continued to grow in strength and size, grazing the shores of North Carolina and dropping five inches of rain on Cape Hatteras. It then turned northeast toward New England, where Rhode Island took a direct hit with winds touching 105 miles per hour. The gale inundated Block Island, Narragansett Bay, and Providence with a six-and-a-half-foot storm surge. Bob hit Connecticut next with 100-mile-per-hour gusts and more than six inches of rain—then caused more than $1 billion in damages along the coastlines of Massachusetts and Maine. By the time the hurricane arrived in the Canadian Maritimes and headed out to sea as an extratropical cyclone, damages totaled $1.5 billion, making it one of the most destructive hurricanes to ever hit New England.

Bob was an anomaly in what had been an anomalous year. For only the third time in recorded history, typical hurricane-generation zones off Cape Verde and the Gulf of Mexico did not produce a single named storm. Instead, the hot spot of 1991 was an area a couple of hundred miles south of Bermuda, where Bob spun up. Kretschmer was stumped by Bob’s track, how the storm tracked south and west for so long before turning north. He’d seen a lot on the water but had increasingly heard about and seen sudden shifts in traditional weather patterns. What concerned him, and other offshore sailors who lived and died by the weather, were changes in meteorological baselines that they had come to rely on: prevailing winds, storm seasons, historic hurricane tracks, the equatorial current. Trade winds in the South Pacific were changing. The Gulf Stream, which Kretschmer had used for decades to slingshot from the North Atlantic to the shores of Europe, was slowing off the coast of Greenland. Storms were also wandering where they’d rarely been—to the Iberian Peninsula, Brazil, the Middle East, and the Azores. Hurricane season, which typically lasted from June through November, now began in May and ran as late as January. Most unsettling was the fact that, at the time, it was primarily sailors talking about these meteorological aberrations, not weather experts or scientists.

Another captain and amateur meteorologist, Jimmy Cornell, had been tracking these changes since the late 1980s. Cornell had circumnavigated the world three times, organized round-the-world and transatlantic rallies, and authored the offshore sailing bible, World Cruising Routes. The volume was the first comprehensive handbook developed for private skippers planning to sail around the world. The first edition was published in 1987. By the time Cornell released the second edition, in 1994, he had received so many reports of freak weather that he added a warning to the introduction. Keep in mind that this was three years before the Kyoto Protocol—one of the first major climate agreements of our time—and two decades before the release of An Inconvenient Truth, arguably America’s wake-up call to the climate crisis. There was no Intergovernmental Panel on Climate Change (IPCC) at the time, no 1.5 degrees Celsius target.5 The atmospheric cause célèbre then was a gaping hole in the ozone layer created by chlorofluorocarbons in aerosols and refrigerants, leading Cornell to write,


Sailing routes depend primarily on weather, which changes little over the years. However, possibly as a result of the profound changes that have occurred in the ecological balance of the world environment, there have been several freak weather conditions in recent years. Their most worrying aspect is that they are rarely predicted, occur in the wrong season and often in places where they have not been known before… Similarly, the violence of some tropical storms exceeds almost anything that has been experienced before. The depletion of the ozone layer and the gradual warming up of the oceans will undoubtedly affect weather throughout the world and will increase the risk of tropical storms. The unimaginable force of mega hurricanes Hugo and Andrew should be a warning of worse things to come.



As decades passed and the world grudgingly came to terms with climate change, numbers detailing how much the planet might warm came into view. Beyond the causal nexus of CO2 and heat, the avalanche of geophysical fallout that warming would bring had yet to be determined. Even today, many of these aftereffects remain theoretical—except on the ocean, where, year over year, they have become increasingly evident: record-breaking seawater temperatures, out-of-season typhoons, record blizzards off the US East Coast, supersized midlatitude cyclones. One of the most alarming trends: a sudden uptick in the violence of hurricanes. More Category 4 and 5 hurricanes hit the US mainland from 2017 to 2021 than from 1963 to 2016. Since the 1970s, the likelihood of a hurricane developing into a Category 3 storm or higher increased by about 8 percent per decade. The number of major hurricanes, including a new breed of “ultra-intense” Category 5 storms with winds of at least 190 miles per hour, was expected to increase by 20 percent by 2100.

A connection had become apparent: adding heat to the planet’s closed systems was making storms stronger, rains heavier, hurricanes more powerful, and anomalous weather more frequent. What scientists did not know, and would not know for years, was how unprecedented warming was affecting the single largest player in the climate crisis—the ocean itself—and how changes there influenced myriad meteorological trends that would reshape our world. In fact, the ocean had already shaped and reshaped the planet dozens of times over the last few billion years: submerging continents, regulating climate, dispersing precipitation, conjuring droughts and deserts, and birthing superstorms. As ocean temperatures and atmospheric CO2 content in the early twenty-first century hit levels not seen for millions of years, it became apparent that the freak weather sailors had been documenting for decades was a harbinger of a coming superstorm era.

Footnotes

1 In 2015, Hurricane Joaquin’s monster waves severed the top two decks of the steel freighter El Faro ’s superstructure, sending the 790-foot ship to the bottom of the ocean along with all thirty-three crew members. The ship now rests beneath fifteen thousand feet of water, fifty miles from where Southern Light sailed into Hurricane Bob.

2 There is some irony in the fact that friction from the planet’s tides dragging against earth’s rotation is gradually slowing that rotation. Two billion years ago, a day on earth lasted nineteen hours. The length of a day increases around .000015 seconds per year. As the planet’s rotation slows, the moon eases farther into space, meaning the very tides it creates will one day slow earth to the point that our moon will be released from orbit and drift away.

3 The tides we know today do not slosh like water in a bathtub. The moon’s gravity pulls a bulge of water toward it on the near side of the earth; inertia causes another bulge on the opposite side of the earth. As earth spins beneath these humps, tides rise and fall.

4 He has now logged a total of 300,000 miles, and counting.

5 For the record, earth has already warmed 1.3 degrees Celsius (1.8 degrees Fahrenheit) since the preindustrial era, meaning we are two-thirds of the way to passing the 1.5 degrees Celsius threshold. The rate of temperature increase has also accelerated to 0.2 degrees Celsius (0.36 degrees Fahrenheit) per decade.
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The Book of the Dead

A tour of earth’s oceans begins in the Atlantic, the slenderest of the five, which winds ten thousand miles between the poles. The Atlantic is the bridge between the Old World and the New. It has been well traveled by explorers and merchants for five centuries. It is divided by the thousand-mile-wide Mid-Atlantic Ridge, which lurches skyward from the abyssal plains, occasionally poking through the surface in rocky atolls: the Azores, St. Helena, Ascension, and Tristan da Cunha. The ridge is productive. It churns out four inches of seafloor every year from magma that drifts latitudinally, widening the Atlantic and shrinking the Pacific a few inches annually. Many of the currents pumping through the Atlantic end in our next destination, the Southern Ocean, a sea of currents that spins like a record player around Antarctica, taking in and casting off water across its abyssal hills and oceanic plateaus to every quarter of the planet. Exiting the Southern Ocean to the northeast, past a string of desolate islands scoured by glaciers, wind, rain, and, on occasion, shipwrecked mariners, is the Indian Ocean—perhaps the least considered and most complex body of water on earth. Its semiannual reversing surface circulation and intrusion of intensely salty water from the Red Sea and the Persian Gulf create some of the warmest and least oxygenated seawater on earth. A great tectonic expansion formed the sea when the supercontinent Gondwana broke apart, sending the Indian subcontinent drifting northeast toward Eurasia and the African continent west. Another seafloor factory is hard at work here, as it is around the Carlsberg Ridge in the Arabian Sea, the Central Indian Ridge, and the Chagos-Laccadive Plateau. Sail east through the Timor Sea, or the Tasman Sea around Australia and New Zealand, and you enter the southwest reaches of the Pacific Ocean. The mother of all oceans spans the poles and fills the void between the east coast of Asia and the west coast of the Americas—covering a third of earth’s surface and holding almost exactly half the salt water on the planet. The last ocean on our tour is the smallest, the Arctic Ocean, much of which is covered by perennial ice. Surrounded by Greenland, North America, and Eurasia, the Arctic Ocean stands as the least explored large body of water on the planet.

The desire to traverse and understand these oceans manifested early in humankind’s evolution and relatively rapid migration around the world. Thousands of years before Phoenician captains set out to sail the Dark Sea, people designed, built, and headed offshore in boats. They paddled and sailed for thousands of years before they planted crops, established nation-states, or initiated the great upward arc of modern civilization. Archeological finds in Flores, an island group in eastern Indonesia, suggest that hobbit-sized relatives of humans crossed the ocean to settle there 900,000 years ago. Findings in Crete, dating back 130,000 years, indicate a similar nautical migration by early humans. Archeologists long hypothesized that the first people in the Americas crossed a land bridge over Beringia to what is now Alaska near the end of the last Ice Age, some 13,000 years ago. After excavations in Chile’s Monte Verde region dated settlements to 14,500 years old—and others in Oregon, Wisconsin, Texas, and Florida found 14,000-to-15,000-year-old artifacts—that theory was replaced by another: people arrived via the ocean, feeding off protein-rich tidelands as they went.

The boundary between land and water is more than a migratory byway; it bears the richest, most diverse food source in the world. Ancient fishhooks carved from seashells uncovered on the Pacific coast of Baja California, Mexico, are remarkably similar to hooks made from sea snails in Okinawa, Japan, from 23,000 years ago. Findings from Huaca Prieta, Peru, dating back 15,000 years and set deep in an estuary twenty miles from the sea show that the tribe’s primary food supply was not just maize and grains—it was sea lions, fish, and sharks caught far offshore. Several other finds along the Pacific coast of the Americas share similarities with artifacts uncovered around the Pacific Rim—like stemmed point spearheads, found in both Japan and Peru, indicating a possible seaward migration from Asia or Oceania to the west coast of North America. In Mexico, archeological digs reveal that Mayans managed a busy maritime commercial route using supersized dugout canoes that traders navigated from the Yucatán Peninsula to Guatemala and Honduras—most of the route protected by barrier reefs.

In the ancient kingdoms of Mesopotamia and Egypt, boatbuilders stood alongside priests as a kind of conduit between the gods, water, and humans. In ancient Greece, master boatbuilders lived among nobility, and in Rome, former Greek shipwrights like Apelles and Theodorus rewrote history by designing modern warships, like those used by the Roman general Agrippa during the pivotal Battle of Actium. Vessel shape and size were determined largely by what material was available. The first boats on the Euphrates and Nile Rivers ten thousand years ago floated on ceramic pots sealed with bitumen. Others used inflated animal hides with the legs and neck tied off. Mesopotamian sailors lashed together reeds and timber, caught wind in muslin sails, and steered by dragging a swimmer behind the raft. In Indonesia, tradesmen sealed woven baskets with tar to make them float, and in the Americas and Tasmania, tribespeople carved log dugouts or stitched birchbark canoes together to cross rivers, lakes, and oceans. So many civilizations took to the water far earlier than historians once thought that some anthropologists hypothesize that the “great flood” myths that permeate many cultures might, in fact, allude to the vision of a disappearing coastline behind a fleet of boats loaded with livestock and passengers.

We can still see early ship designs today—etched into knife blades, sacred bowls, and clay tablets. Model boats were buried with Eridu kings in Mesopotamia. Two seal stones from the Uruk era depict vessels constructed from bundles of papyrus—the ends of which arc back toward midships. (Isaiah mentioned a similar bulrush boat in the Bible two thousand years later.) In the Uruk sketch, a helmsman sits in the stern and another stands in the bow, holding a forked stick and looking for shoals and storms. In the Egyptian Book of the Dead, the deceased are pictured on watercraft riding across the Milky Way. The dead typically hold a sail, a symbol of “the breath of life” in Egyptian culture. When archeologists in Egypt discovered the tomb of Senusret III in 1902, they found fourteen boats, each fifty feet long, buried in an outrider formation around him.

Anyone who has spent time on or near the ocean knows that watching it is like watching a fire: it is always transforming, moving, reordering as it mixes and flows. It is no more a “thing” than deep space is a thing—more conceptual than it is representational. It is physis, as the ancient Greeks wrote, translated as “nature,” “growing,” or “to become itself.” In fact, the sea helped us become ourselves. Descended from the mass of creatures that crawled from the ocean onto barren continents 350 million years ago, humans today still carry almost the exact same proportion of sodium, calcium, and potassium in their bloodstream that you find in a cup of seawater. We are forever entwined, mother and brood, linking the evolution of the sea to that of humankind. Much of this water came from icy comets that collided with earth. As rain and ice cooled and covered the planet’s molten surface, basins filled, coastlines formed, and the thermal and hydrological cycles that maintain our planet’s climate today fell into cadence—a steady rhythm of convection, precipitation, pressure gradients, wind, current, and storm.

Half a century before Christopher Columbus’s first voyage across the Atlantic, Prince Henry the Navigator of Portugal dispatched a series of expeditions along the coast of Africa in one of the first Western maritime data-harvesting missions in history. (Keep in mind that sea monsters were then considered a navigational hazard.) His study launched a new era in navigation, oceanography, astronomy, shipbuilding, and cartography. His captains returned with observations detailing sea temperature, zoological discoveries, and curious and persistent winds and currents, dubbed the volta do mar, that allowed them to sail with the breeze behind them in a great circle from Portugal down to the Canary Islands, up to the Azores, and home.

There was some luck involved. Columbus pushed off Palos de la Frontera, Spain, on August 3, during the heart of hurricane season. Yet he did not encounter a single tropical cyclone as he crossed the ocean and island-hopped through the Caribbean. The trade winds would have eventually pushed his fleet into the Gulf Stream, and likely toward Florida and the Carolinas, but a cold front off the coast of Florida in the fall of 1492 brought northerly winds that pushed him south to San Salvador and Cuba.

Columbus was a marginally better man at sea than he was onshore. His atrocities against local tribes are well documented and did not gain him favor with Queen Isabella, King Ferdinand, his shipmates, or his Florentine investors. By the time he made his fourth and final Atlantic crossing in 1502, he had promised so much from the New World, and delivered so little, that he’d become a pariah in royal courts. Shortly before he returned to Spain for the last time, Columbus felt a sudden barometric drop in his aching joints while anchored in Santo Domingo Harbor on Hispaniola. He recalled the myth of Jurakán—a god of wind, flood, and destruction inherited from the Mayans—that the local Lucayan people had told him about. He warned the island’s governor not to send a fleet of twenty-eight ships into the coming hurricane and ordered his crew to shelter. The governor ignored the warning and twenty-five of the ships sank with all hands. Columbus and his fleet survived unscathed.
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I have seen storms like this. I was ten years old when I saw the first—fifty miles offshore in the Gulf of Maine. I grew up on an island halfway up the Maine coast and spent plenty of choppy days sailing through the gulf. The basin is what geologists call a seiche, bounded on three sides by land and on one by shoals. Water and weather slosh back and forth, like in a bathtub, exacerbating the effects of bad weather.

Prevailing winds blow from the southwest in the summer, followed by gales from the northeast in winter and spring. Constant wind, fog, and precipitation create wedge-like five-foot swells all year long. Winter, summer, fall, it doesn’t matter. The moment you pass the barrier islands, weather hits. Cold, damp wind cuts through foul-weather gear and numbs your fingers. The clouds drain color from the sky and turn the forested green coastline into a monochrome seascape. Squalls appear out of nowhere; currents hit so hard they can spin a boat in a circle if you are not looking out. Sharp fins of rock and shoal reach up hundreds of feet through the briny depths and can sink a boat in moments. The wind shifts quickly, often without warning, and can knock a crew member overboard if he or she is not holding on to something.

The boat I was on that day was headed for Rhode Island. The storm appeared as a thread on the horizon. No one saw it. Twenty minutes later, the air temperature dropped fifteen degrees and a gust of wind hit so hard it knocked the boat onto its side. The sails that stood forty-five feet tall a moment before disappeared beneath the water. Seawater poured into the cockpit. I remember grabbing a lifeline as I swung out over the sea. I saw the sideways boat and sideways people and realized that I was hanging parallel with the deck. One of the crew was swept overboard. Another grabbed him and hauled him aboard. Someone let the sails go slack and water and wind spilled out of them as five thousand pounds of lead in the keel righted the boat. I fell into the cockpit as water rained down from the twin masts. I had managed to stay dry and curled up against the bulkhead, likely in shock, as the crew lashed the sails down and started the engine. Fifteen minutes later, the wind was gone and the sun shone down like nothing had ever happened.

My father, Crozer Fox, was steering that boat. He’d built it too, and would go on to build fifty others with his company, Able Marine. Like a surprising number of boatbuilders, he wasn’t much of a sailor. He’d long been fascinated by boats, though. He built rafts at a family lake house every summer, fixed up old motorboats, learned to rebuild marine diesels, and paddled the lakes around our first home in Upstate New York. He grew up on a farm in Pennsylvania, where he hunted and fished, then went to college to play hockey and occasionally study. His chest and legs were thick and muscled, his hands powerful and weathered. He was not a hard man, though. He was affectionate, easygoing, and often hilarious. When he and my mother had had enough of corporate, workaday life in New York, they packed up and moved to Mount Desert Island in Maine—where my father reinvented himself as a boatbuilder.

We lived in a drafty nineteenth-century captain’s house with creaky wooden floors and peeling wallpaper. You could see the harbor from the single-paned second-floor windows and hear ocean gales whistling through the eaves. The street leading to our house ended on Clark Point—site of a former shipping wharf built a century before to load herring, bottom fish, and, eventually, wealthy New York and Boston rusticators looking to get out of the city for the summer. Fishermen wearing deck boots and thick woolen coats walked past our house to the docks every morning before sunrise. They returned on trawlers and lobster boats just before sunset and stumbled back to town. My father sold motorboats for a retailer, then laid fiberglass hulls for a few years. One day he gathered us after school and told us to follow him to the backyard. There, he stripped to his underwear, tossed his clothes in a pile, soaked them with gasoline, and threw a match on them. “I’ll never work for anyone else ever again,” he said.

He started his company a few weeks later and began piecing his first boat together in our garage. He had to cut a hole in the garage door to mill long teak and mahogany planks. He built plywood shelves for tools, templates, paint, epoxy, varnish, screws, bolts, and fittings. The boat came together slowly—cabin, bulwarks, chain plates, stringers, sole. He started at four in the morning, took a break for dinner, then went back to the shop until long after we had fallen asleep.

It took a year to turn out the first boat. The following year, he hired a helper and built two more. He eventually met a young naval architect named Chuck Paine, and the two designed Able Marine’s first signature line of sailboats. He and Paine sat at our kitchen table late into the night—drinking, planning, sketching, laughing, and drinking more, all while divining sleek, graceful boats capable of sailing around the world. Paine carved cedar models of the hulls, floated them in a tank of recirculating water, then watched red and green food coloring curl around the hull to test the displacement, point of entry, drag, and stability. The next day, he would tweak the dimensions and try again.

The first thirty-two-foot Whistler was stunning—balanced, seaworthy, comfortable, and finished with intricate cherrywood cabinetry below. Interior woodwork got twenty-eight coats of varnish. Bulkheads were tabbed and bonded for maximum strength. The boats were a highlight at boat shows in Newport, Annapolis, and Miami, distinguished by their sweeping, low-slung lines and classic touches like teak toe rails and combing, Herreshoff-finished interiors, roomy galleys, and plush sleeping quarters. They were built to sail offshore, be comfortable at sea, and, above all else, withstand the vectors of severe weather and waves on the open ocean. Ten years after he arrived in Maine, a photo of my father wearing his signature flannel shirt and khaki pants and holding a pencil at his desk appeared in the first chapter of Ferenc Máté’s 1988 survey, The World’s Best Sailboats.

I spent my teenage years working odd jobs at the boatyard, crewing on sailboats, then captaining private yachts. Unlike my older brother, who was a natural seaman and went on to captain boats around the Atlantic, I did not have a passion for sailing. It was a job. I was paid eight dollars an hour to race sailboats on weekends and maintain and repair them during the week. I learned how to handle a boat, how to trim a sail and read the weather. I lived a third of my life on the water before I turned twenty-one, accumulating thousands of sea hours. By the time I went to college I could reverse a fifty-foot sailboat out of a matrix of marina docks in a twenty-knot crosswind while chatting with clients.

The sea was an enchanted forest when we were kids—a place to get away from parents and teachers. My grade school friend and I would load our dinghy with rubber band guns, fishing rods, matches, hatchets, magnifying glasses, whistles, candy, and any other instrument of chaos we could find. We would row around the harbor chasing seagulls and lighting campfires on the beach. We built tiny coliseums of granite and schist and pitted baby sand crabs against one another. We built shelters out of driftwood on a tiny island in the middle of the harbor, planted a flag, and declared it ours.

I didn’t understand the power and danger of the ocean and its storms until later, when we were allowed to voyage offshore and explore the coast. There were swells out there twice as tall as the boat, whitewater where ledges met the waves, and sudden winds that fanned sea spray across the deck. I got a taste of the fine line we had unknowingly been toeing one morning when a friend and I pushed off at dawn to hunt sea ducks. I had been hunting with my father since I was seven years old and knew the area well. We anchored near East Bunker Ledge at five in the morning and launched a dozen decoys. Then we slipped shotguns from their scabbards in the dark and waited for a flight of eider to whistle by.

Hunting on the ocean was always cold and uncomfortable, but there was a mournful beauty to it as well. It was mid-November. The sky and sea were smeared with thick gray streaks. Silvery light crept into the scene from the east as the sun rose. The rhythmic rise and fall of waves mesmerized. My friend and I did not have the skill or aim to conduct a hunt like my father did. Our plan was to sit on the boat’s comfortable foam cushions and catch a straggler flying over us. I wasn’t surprised when none did. The only surprise came when it was light enough to see that we had dragged anchor and were about to go aground.

Waves heaved around us, suddenly three times taller. They broke on a granite ledge thirty feet away. The air was freezing, and the water was even colder. The boat could easily flip, likely crushing us on the rocks before we could get to shore. I hauled up the anchor, started the engine, and put it in gear—just as a wave lifted us up in its curl. The boat lurched forward over the crest… then the engine died. I checked the gas tank and fuel line and ran to the stern to inspect the propeller. A thick green wad of polypropylene lobster trap tether was wrapped around the shaft. The engine’s torque had wound it so tightly that it wouldn’t budge. I found a rusty knife in the console and told my friend to sit on the bow to counterbalance me and stop waves from breaking over the stern. I slashed at the rope blindly for a minute, but the blade barely scuffed it. I wasn’t getting anywhere, so I took a breath and plunged my head into the freezing water up to my shoulders.

The green-black world beneath the surface was quiet and undisturbed by the hydraulic freight train running across the ocean. The water didn’t feel cold; it felt soothing. It was like peering into a theater mid-show: silent, dark, dim light glowing from the stage. I made out the blurry outline of the tether and cut across it with slow, powerful strokes. Every time I came up for air, I heard the chaos, the waves, my friend yelling. We were sinking. We were going aground. Under water, I found myself in a bizarrely calm dream state, watching my body from a distance, watching the second hand on my watch slow, watching the blade cut through the rope. A few minutes later, a bight of tether unwound and dropped to the bottom. Then another and another. We were a minute or two from being crushed against the ledge when I pulled myself out of the water, started the engine, and drove away. We didn’t go far. Out in the deep, we drifted for a half hour catching our breath, warming up, and considering what could have been.

I never told my parents about the episode. There would be many more. Boating was still dangerous work, but it put me through college and paid for my first car. I delivered boats from Bermuda to Maine and was hired to race former America’s Cup twelve-meters in Newport, Rhode Island. Young men run away from the things they know, though, and I spent the next decade in the mountains of the West. When my father was diagnosed with cancer, I moved home to be near him. I was twenty-nine; he was fifty-nine. He went through chemo, radiation, and a surgery that cut him in half like a magic trick—after which he was told that he was cancer-free. Six months later, the cancer was back, and he had a year to live.

By the end, his thick legs and powerful chest had atrophied. I cradled him like a toddler—as he did to me so many times when I was young—to take him to the bathroom. A few months later, after standing by his bedside all night, my older brother woke me to tell me that our father had passed. He was sixty-one. It didn’t seem possible. It still doesn’t, writing this today. I wept like I have never wept before, from a chasm deep in my chest. It was like a sink had drained all my hope and joy. None of it made sense; he was gone forever.

His boats outlived him, all fifty of them. Years later I found one: the first Whistler he made. The thirty-two-foot cat ketch was priced many times more than what I could afford. The owner turned down my offer, then called a year later to say that she was considering another lowball number. “If I’m selling it for that price,” she said. “I’m selling it to the son of the man who built it.” That afternoon I called an old friend who had somehow become an executive at a local bank. With no credit and no money, I signed a loan that afternoon. “It’s your father’s boat,” he said. “You need to have it.”

It had been more than a decade since I’d seriously sailed, and I was nervous taking Whistler I out for the first time. Every detail was a living memory of my father: the salon table he built, the varnished planking in the cabin, the gimbaled stove. I watched online videos about trimming cat ketch sails, navigating, calibrating compasses, waterproofing hatches and port lights, and sailing through a storm. I was searching for heavy weather tips when I came across a sailor who had seemingly survived more storms than anyone alive. I ordered all five of his books and read them in a few months. The stories he told were as terrifying as they were inspiring. He was self-effacing, often self-flagellating for making the wrong decision—all qualities I rarely saw in any sailor I’d worked for. I practiced his techniques on my boat: heaving to, forereaching, reefing off the wind. Most sailing authors I’d read had passed away decades before, and I assumed my newfound sage had as well. Then I stumbled across a mention of his offshore sailing school and even a website. A few minutes later, I gazed at the image of John Kretschmer, very much alive and very much offering heavy weather training passages that fall.

I spent two days writing Kretschmer a four-hundred-word email. The parallels in our lives went beyond a love of sailing and boats. He knew my father’s boats and praised them glowingly. He knew Chuck Paine and our longtime neighbor boatbuilder Tom Morris. We had both lost our fathers. In the final lines of the email, I mentioned the reporting I’d done for the last decade and asked about any freak weather he’d seen.

Kretschmer replied two weeks later. The email read like a missive from a long-lost friend. He was thrilled that I’d found one of my father’s boats and was restoring it. He asked about the design and the sail plan. His training passages were booked that winter, but he invited me to join a “sail to nowhere” he’d arranged for a few friends in the Caribbean in February. We could catch up and talk about storms, sailing, weather, and writing. He had indeed seen freak storms, more and more every decade. I responded immediately and bought plane tickets a week later. That February, with a foot of snow on the ground at our home in Upstate New York, I boarded a flight for Grenada to meet up with the ghost of John Kretschmer.
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The Arctic Summit

The flight from New York to eleven degrees north latitude is surprisingly short. I had not boarded an airplane in more than a year, and after reading about hurricanes, atmospheric rivers, and air pressure gradients for months, I spent the entire flight gazing at wispy mare’s tails and towering cumulonimbus clouds. Down below, snow-covered beaches wrapped around Ocean City and Cape May, New Jersey. Freighters etched foamy lines, inbound for the docks at Elizabeth. The North Atlantic turned midnight blue near the continental shelf as the plane angled south. It was blowing down there. Whitecaps crumbled across the swells. On a sailboat, it would be a rough, wet, and likely very cold ride. Up here, it was a novelty, a rowdy sea glimpsed through an ovular lens.

I fell asleep until turbulence on our approach to Grenada woke me. A thousand feet below, two sailboats were heavily reefed and heeled over. Roiling waves slammed into the island’s headlands, rocky beaches, and islets. Low, hazy fog hugged the water as cottony white altocumulus clouds rode the trade winds high above. A spectacle of botched landings lined the runway: burned fuselages, rusted landing gear, an abandoned DC-10. Four men under a roughshod shelter topped with a green tarp waved as we landed. The plane stopped; a stair car pulled up; and a rush of hot, humid air washed through the aisle as flight attendants opened the forward and aft doors. Mangroves and palm trees hemmed in St. George Harbor to the north; dark-gray shadows slid across the pale-blue water of Hardy Bay. A volcano made this island. The circular shores of St. George Harbor were all that remained of the caldera. The steep, tall coastline makes it one of the few safe storm refuges in the Lesser Antilles.

An hour later, I walked into the Coyaba Beach Resort, where guests were enjoying their own kind of haven. There were no Gucci bags, designer sunglasses, or flowing linen sarongs on Grand Anse Beach. Guests wore sun-bleached bathing suits, smoked cigarettes, and carried plastic shopping bags filled with food, beer, and sunscreen. A chain-link fence blocked the gap between our hotel and the next, backed by a corrugated steel wall. A tower of broken plastic beach chairs and tables nearly reached the top of the palm trees. Restaurants lining the shore sold callaloo soup, cheesy crab back, and oil down—a sinful one-pot stew of salted meat, dumplings, fish, coconut milk, turmeric, and breadfruit. Calypso music trickled out of a beach bar as snowbirds, marked by tufts of white hair, stood shoulder-deep in the sea. Happy hour rum drinks appeared to be catching up with some of them. An older fellow playing catch with his granddaughter was hit in the head by the ball as he stirred his drink. His family was nonplussed, or possibly passed out, reclined in their chaise longues under the shade of a palm tree.

At one in the afternoon, the sun was scalding. I could feel my face and nose actively burning. I asked the concierge where I could find a drink of water, and he handed me a pink slip of paper that read “Free Drink or Boat Rental.” It was an easy decision, and five minutes later I was filling out a small stack of rental paperwork in my bathing suit two thousand miles from my snow-covered home. I grabbed a bottle of water and a baseball hat from my room, then pushed off into the Caribbean on a fourteen-foot Hobie Cat—just as a gust of wind rolled off the mountaintops and yanked the boat forward into Grand Anse Bay. The boat skipped along at a surprising clip through a field of dark ripples etched into the ultramarine water. The physics of sailing still fascinate me. The wind does not push modern sails. It passes over them the same way it does on a plane wing—lowering air pressure along the curved side and creating a vacuum that sucks the boat forward.

The gust held, and the Hobie Cat surged fifteen miles per hour in two seconds, nearly leaving me behind. I was a mile offshore ten minutes after that, a tiny speck in a deep blue bay with no swimmers or cocktails—no sound at all beyond the slap of water against the hull. It was the sound of my childhood, the sound of my adolescence and young adulthood. Even with my lack of sailing knowledge, I felt more comfortable at the tiller of a boat than perhaps anyplace else on earth. I trimmed the sail and pushed farther into the bay, coasting along the dark, rocky cliffs and green manchineel shrubs guarding the entrance of St. George Harbor. Sheer volcanic peaks surrounded the port like the ramparts of a castle. Red roofs and bleached asphalt roads crisscrossed the shoreline. A large cruise ship pulled up to a pier. I briefly entertained the fantasy of sailing to Kretschmer’s boat to make my introduction. Thankfully, the katabatic winds rushing off the peaks were so strong that I gave up on that embarrassing gesture and focused instead on keeping the boat upright.

A twenty-knot gust lifted the hull onto a plane, and the boat rocketed most of the way back to the beach. Stainless steel stays hummed, and the twin rudders vibrated. I could see the crumbling, tiered walls of Fort George, built by the French in 1710 and taken over by the British in the 1760s. Closer to the water, rows of pastel cement homes and storefronts encircled St. George Harbor.

A dark squall passed over the peaks and delivered a pulse of wind and rain. The gusts hit with a ferocity I had not seen in a long time. I sheeted out the sail and eased downwind, but the gust heeled the boat over suddenly. I was still a mile offshore and, knowing how impossible Hobie Cats are to right if you capsize them, I used the hiking straps to lean over the side to try to keep the thing from flipping.

I tried to imagine what a hurricane on this island would be like. They were rare here. Grenada sits just south of the forbidden “hurricane box” that marine insurance companies forbid their clients to enter between July 1 and November 1. But the climate was changing here as well, and in 2004, Category 4 Hurricane Ivan razed the Grenadines with 135-mile-per-hour winds. Few were prepared for the storm. Winds damaged or destroyed 87 percent of the island’s thirty thousand homes and caused $831 million in losses. The hurricane was dubbed a freak disaster until a year later, when Hurricane Emily did the same thing. That Category 3 storm pounded the island for two days, flooded two hospitals, and destroyed many homes that were still being renovated after Ivan. When insurance companies rolled out their plans for 2006, the hurricane box had been extended south to nine degrees, drawing Grenada into hurricane alley.
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I packed up early the next morning and took a taxi to Port Louis Marina, past the Fountain of Youth Yoga Studio, Hackett’s Driving School, and the alabaster stucco Spice Islands Dream Properties compound. The sun reflected off the marina’s maze of concrete docks, the last of which floated alongside the boat that had escorted John Kretschmer around the world for nearly twenty years. It is bizarre seeing a physical thing that you have read about for so long. The clean lines on Quetzal, the wedge-shaped cabin, the knifelike bow that had charged into fifty-foot waves. There was the sixty-six-foot mast that had been replaced after a tornado in Italy snapped the old one in half. There was the dodger that had saved Kretschmer in 2015.

As if in a movie, the man himself emerged from the companionway wearing flip-flops, board shorts, and a well-used UV-blocking T-shirt. Kretschmer absorbed my hand into his, grinned, and welcomed me aboard. His chest and neck were thick and muscled. His hands were calloused and as wide as a baseball glove. He had the build of a fisherman who pulled on ropes for a living. He led me out of the heat and down four varnished stairs into the Kaufman 47’s teak-trimmed cabin. Nathan Zahrt, also stocky and tanned, waited for us below. He was bearded and a few inches shorter than Kretschmer. He had a similarly friendly manner, grinned constantly, and was eager to help with whatever needed to be done. Zahrt and his wife, Vivian, had been Kretschmer’s friends and business partners for the last four years, booking training passages on their boat through Kretschmer’s website.

It was indeed like Kretschmer and I had known each other before—a sentiment that I think is shared by many of his passengers. He did not regale me with sea stories as he unpacked cans of tomato sauce and loaves of white bread. He asked questions about my wife, my daughter, the bizarre ups and downs of the writing life. This is part of the magic of the man: his genuine curiosity and concern for others. He wanted to know about my father, about Chuck Paine, about my Whistler and its peculiar rig, which I was struggling to master. He wanted to know all about my wife’s photography career, my daughter’s new school. I’d learned over the years to never talk about myself while reporting. It dilutes interviews and distracts the interviewee. But I was cornered, barraged by Kretschmer’s goodwill, and found myself blabbing on about my boat and my life at home for a solid half hour.

I eventually squeezed in a few questions about Kretschmer’s most recent transatlantic crossing, his southbound journey from St. Maarten to Grenada, and his wife, Tadji, who was in their apartment in Paris organizing next year’s passages. Kretschmer’s daughters, who had sailed much of the world with him, were adults now, out of college, professionals living their own lives. He seemed genuinely saddened that their childhood had come to a close and amazed and proud of what they and his two stepsons had accomplished as adults. His older daughter would be married soon. His younger, who had recently delivered a grandchild, was launching a career as a low vision specialist.

His sailing business was expanding, he said, despite the pandemic, which made making landfalls in foreign countries a nightmare. When voyaging through the Lesser Antilles, it is possible to cross an international boundary every fifty miles. Different governments mandated different Covid policies and testing requirements. Kretschmer said he’d been to nearly every clinic in the Caribbean by the time I arrived.

I was hoping that our “sail to nowhere” would allow for ample time to pick Kretschmer’s brain about weather and climate shifts he had noticed during his many years circling the globe. He intimated that we would have plenty of time for that, as the cruise would be confined to French provinces to avoid Covid protocol hassles. The plan was to push off in the morning, sail up the west coast of Grenada, and turn north toward Carriacou Island. The next day we would sail to Petite Martinique, a rocky atoll with a picturesque anchorage set on the edge of the continental shelf. We would then voyage due east over the edge of the shelf into the North Atlantic, where we’d practice offshore storm sailing and night navigation in six thousand feet of water.

The entire trip would be Arctic-themed, something Kretschmer found hilarious set just a few hundred miles from the equator. He and another crew member joining the trip were planning to visit the Arctic Circle and wanted to convene with longtime Cruising World editor and yachting correspondent for the New York Times Herb McCormick, who was flying in as well. A silver-haired fifth-generation Newport, Rhode Island, native, McCormick had lived and worked in the sailing world for most of his life. Kretschmer thought we could all benefit from McCormick’s experience—especially the fifth member of the crew, professional climber, author, and aspiring offshore sailor Mark Synnott, who was planning to sail the perilous Northwest Passage that fall.

In many ways, Synnott, who arrived a few hours after I did, was the focal point of the summit. He was one of the most talented climbers in the world, had summited Mount Everest twice, and had notched first ascents on nearly every continent. He was a gifted young climbing bum sleeping in a cave in Yosemite National Park when a friend—sleeping in a neighboring cave—spontaneously absconded to the sea to learn to sail. It took two decades for Synnott to get the same itch. When he did, in 2015, he bought his friend’s former boat, then upgraded to a larger boat, then, after finding and consulting Kretschmer in much the way that I had, bought a Stevens 47 sailboat and set about planning ocean expeditions.

Considering his relative lack of experience—compared to McCormick and Kretschmer—and the extremely unpredictable and powerful forces of nature in the Arctic, his ambition to sail the Northwest Passage was impressive. Synnott had sailed thousands of miles by then and was a competent seaman. He had taken to sailing the way he took to climbing—with innate focus, strength, and intellect. Still, many sailors wait until their golden years, when they’ve reached the apex of their skills, before they attempt the Northwest Passage. The thousand-mile journey is a labyrinth of inconceivable dangers. Icebergs can punch a hole in a boat and sink it in minutes; ice floes can delay a voyage for months or crush a boat like a cardboard box. Fierce storms crop up in the Arctic Circle in mere hours and hit with the force of a hurricane. Constant fog, rain, snow, and subzero temperatures wear crews down. Since most of the journey through the Arctic Archipelago is unassisted, with little fuel, fresh water, or food to be found, you are completely on your own.

For nearly four hundred years, finding and navigating the Northwest Passage was the obsession of nearly every sailor in the New World. Finding a direct route to China’s spice and silk markets inspired centuries of exploration—from John Cabot to Henry Hudson to Samuel de Champlain to the infamous journey of British naval officer Captain Sir John Franklin in 1845, during which both of his ships and all 129 men on board were lost.1 The sea was constantly changing then, as it is now, the difference being that rising temperatures and a subsequent 40 percent drop in Arctic sea ice extent—since the 1970s—made the route entirely ice-free for the first time in the summer of 2007.

Synnott told us that night, somewhat portentously, that his mission included a stop on the west coast of Greenland to track the final days of the doomed Franklin expedition. He laughed at the irony and promised not to repeat Franklin’s mistakes. As the three chatted in Quetzal’s cockpit, a key component of Kretschmer’s Arctic summit became clear: Kretschmer felt some responsibility to help keep Synnott safe. It was his instinct as a teacher. He had sailed with Synnott, counseled him through buying his most recent boat, and advised him on various ways to outfit it. Kretschmer had taken on dozens of students like this over the years. He had amassed so many, in fact, that he and Tadji started a bimonthly virtual meetup to coach them en masse, answer questions, and catch up on their whereabouts. I sat in on a few of these meetups before flying to Grenada and was surprised to see upwards of eighty tiny faces on the Zoom call, all listening quietly as Kretschmer explained how to install a Hydrovane steering system, where to replace a sail in Malta, and perhaps most importantly, to expect storms every time you push off from land.

It was unclear if Kretschmer wanted this role or if he felt duty bound to take it. Part of his sense of responsibility seemed to arise from the fact that ocean voyages often do not go as planned—not for any single reason or mistake; it’s simply the nature of the sea. One thing never goes wrong on a boat; seven things go wrong at once, typically at the worst possible moment. In his exceptional book At the Mercy of the Sea, Kretschmer recounts his friendship with an aspiring sailor named Carl Wake, whom he mentored and advised for years. After taking off on his maiden solo voyage to the Caribbean in the fall of 1999, Wake sailed straight into the teeth of Hurricane Lenny. The storm was another anomaly, following an unprecedented west-to-east course from start to finish, and caught nearly everyone in the Caribbean by surprise. Kretschmer followed the hurricane’s progress with a sense of horror as it churned closer to Wake’s position. Just a half day’s sail from safe anchorage in St. Martin, Lenny hit Wake’s boat. He managed to stay afloat through the blow, and even conducted a heroic rescue of another sailor whose boat sank nearby. Yet both sailors eventually succumbed to 150-mile-per-hour winds and breaking sixty-foot waves over Saba Bank. Neither of their bodies nor the boat was ever found. Kretschmer spent the next four years of his life meticulously researching and writing a book about how his friend was taken by the freak storm.

Footnote

1 Norwegian explorer Roald Amundsen became the first to successfully navigate the Northwest Passage, in 1906.
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Doorstep of the Anthropocene

The seas were calm the next day when we pushed off from Port Luis Marina and motored into Grand Mal Bay. The cruise ships were gone, and the docks were empty. Locals wandered along Wharf Road, dipping in and out of storefronts and open markets. A small line of shoppers standing outside Courts, the harbor’s only department store, gazed at a display of children’s toys, cell phones, two-stroke motorcycles, weight sets, cookware, and the same knockoff sterling ice bucket that my wife and I kept on a shelf at home.

We motored past Three Fathom Banks and entered a different realm: cobalt-blue seawater, rippling green mountains hemming the coast, a few small fishing boats, and a pale-blue sky touching the horizon for three-quarters of the compass rose. The motion of the boat pulled me through a membrane to another life: race boats, cruising yachts, journeys with clients through the Gulf of Maine. You leave a piece of yourself behind when you push off from land. Another consciousness awakens. “It is the image of the ungraspable phantom of life,” Melville wrote in Moby-Dick, “and this is the key to it all.”

The cockpit was silent for a few minutes as Zahrt rounded up into the wind and set a course for Maran Bay. There was no question that all of us on Kretschmer’s boat had found something nourishing and lasting on the sea. The sun hung low in the sky. Two seagulls glided overhead. Kretschmer had rolled up and stowed the canvas and vinyl enclosure that had protected him and his crew from foul weather on the Atlantic crossing. He’d lashed the inflatable dinghy to the bow and opened most of the hatches—allowing sweet, moist sea air to blow through the cockpit.

Columbus and Vespucci sailed these waters looking for silver, gold, and an ocean route to the Far East. It is incredible how small most of their boats were—fifty- to seventy-foot wooden caravels and carracks, the high-sided workhorses of the fifteenth and sixteenth centuries. They sailed them across the Atlantic and through the Antilles at half our speed, averaging just eighty miles per day. These are not settled waters. The North Equatorial Current, propelled by the trade winds, surges through the island chain from the Atlantic into the Caribbean. A full third of that water comes from the Southern Hemisphere, where the South Equatorial Current carries it north.

Zahrt eased Quetzal north-northeast toward St. Lucia, Martinique, Dominica, and Guadeloupe—each island bending west and north with the arc of the continental shelf. We pulled off sail covers, stowed bumpers, stripped the deck of anything that could wash away. Even with the engine on, I felt the steadiness of the Kaufman 47. The cabin was built to shed water and wind, the narrow bow and forecastle to part waves. Stainless steel stanchions and workstations were placed around the boat for crew to clip into during a storm. Just under eleven thousand pounds of lead in the fixed keel balanced the cutter rig so well that the boat steered itself on many points of sail. Kretschmer had reinforced the steering pedestal and chain, along with just about every other structural component of the boat. He replaced the sails every year, standing rigging every five, blocks and tackle when needed. He kept drogues—cloth sea anchors to slow a boat in a downwind gale—in a storage locker but preferred to sail through most storms with a double-reefed main and a storm staysail.

There were no storm clouds in sight that day. We were in the lee of Grenada with light winds filling in from the north. “We’re gonna hug the shore and wait for the trades to curl around the northern point,” Kretschmer said to no one in particular. “They curl like that, every time, right up there, and they lift you around the tip.”

These curling winds were a tangent, a comma in the exceedingly complicated mechanics that shape weather on earth. To understand freak weather, you have to understand that all weather is a reaction to something happening somewhere else on the planet. It doesn’t just happen. Something has to nudge it, energize it, trigger it. The word weather itself refers to change: a gentle prodding of the atmosphere, a shift in the jet stream, convection that creates a downpour. The only constant in earth’s weather systems is this constant change—and so to define it is to describe every joule of energy traveling through space, the sea, and the sky.

The primary driver of wind, rain, clouds, drought, floods, hurricanes, and every other meteorological phenomenon is the sun. Because the golden rays emanating from the giant plasmatic sphere warm the planet unevenly, dissimilarities in air pressure—along with the force of earth’s spin—create wind as air migrates from regions of high pressure to low. Evaporation from oceans, lakes, and land surfaces adds moisture, which condenses as it rises, releasing latent heat and forming clouds and precipitation. When varying air masses with distinct temperatures and moisture levels meet, a warm, cold, or stationary front forms. It is in and around these fronts that storms typically take shape.

By his own account, Kretschmer is always studying the wind—in puddles on the streets of London, in a tree outside a restaurant, blowing through Quetzal’s stout rigging. It is more than second nature; it is a fascination. “There’s an old saying that if you know the wind, you know the weather,” he said. “Earth was designed for sailors in a lot of ways. It’s tilted over twenty-three and a half degrees, and it rotates. The result is gradients that drive the wind around in gyres. Mariners have known about these remarkably consistent winds forever. There are the doldrums at the equator. As you go north, you get into the trade winds until around twenty-five degrees latitude. Above that, you have a kind of bulge where the variables blow from any direction. Then above the forties, you have the westerlies, created by earth’s spin and the Coriolis effect,1 which deflects these winds to the right before they fall off and come back east. And it’s the same in every ocean.”

Kretschmer learned to read the clouds so he could recognize incoming weather. Thickening, wispy cirrus clouds typically indicate bad weather, as does a confluence of cirrocumulus or a halo of hazy cirrostratus around the sun. Mid-level altostratus clouds are a sign of high pressure, unless joined by cottony cumulous clouds, which indicates a possible cold front. Kretschmer keeps a barometer on his wrist and another in the cabin to watch for low-pressure systems and ensuing bad weather. He also calculates wave period and length, as Polynesians have for thousands of years, to read weather hundreds of miles away. A long pause between waves indicates a far-off storm; a shorter period signifies local weather. Wave refractions, whale behavior, and certain species of birds in the air can also reveal nearby shorelines. “If you see a flock of white-tailed tropical birds around Bermuda, you are no more than two hundred miles from the island,” he said. “If you see a frigate bird—which sleeps on land at night—after four in the afternoon, you can bet they’re headed directly toward the nearest landmass.”

As with most lessons on the water, Kretschmer learned by trial and error. “Meteorology has a vernacular and a vocabulary that just isn’t really intuitive,” he said. “It’s some kind of weird mix between pure science, history, and local observation. I learned so much of it just by being out there; eventually you get a little smarter at it. A lot of what I know about weather is from just having been smashed by it.”

Trial, error, instinct. This is how Kretschmer sailed around Cape Horn in 1984, how he outlasted a Force 10 storm in the North Sea between England and Sweden in late February 1991. It’s how he survived a second hurricane, Hurricane Mitch, in 1998, which engulfed his boat just a couple of hundred miles from where he ran into Hurricane Bob. It’s also how he has taken hundreds of novice students to the threshold of Neptune’s golden palace on what he calls “heavy weather passages” before delivering them back to port—slightly shaken, visibly inspired, and vastly more in touch with the forces that shape our world.

There’s no bad luck in running into a storm, Kretschmer said. It is just what happens when you live on the sea. Like shipping captains, like the old whalers, like the Phoenicians and Odysseus, heavy weather is constant. It is part of the system, part of how the planet distributes heat and moisture. The only variable is you, the intruder in your boat. It has been this way since humankind first journeyed offshore. Magellan lost a ship to katabatic squalls rushing off South America on his circumnavigation, then was forced a thousand miles off course by El Niño–influenced winds. Captain James Cook nearly lost the Endeavor in August of 1770 when a 180-degree wind shift drove his ship toward Australia’s Great Barrier Reef. One glaring difference is that back then weather trends, even though they were largely unknown, were more consistent. In today’s warming world, global weather patterns are evolving so quickly that weather prediction and safe offshore sailing have become vastly more difficult.

“Sailors started noticing the weather becoming funkier probably twenty years ago,” Kretschmer said. “We’re so subjected to the weather in our boats and on the sea that we’re very aware of it. Even the squalls we see down here in the Caribbean are more intense and more frequent. The squalls are just a mini hurricane. The water is so warm, it makes sense that you’d have more squalls and stronger ones.”

The cause and process are simple, in theory. The oceans cover two-thirds of the earth and absorb far more heat than land or air. They have already absorbed 90 percent of anthropogenic warming, likely saving humanity from a sudden and deadly temperature spike over the last two centuries—and warming oceans to a record global average of 69.98 degrees Fahrenheit in 2023 for the first time ever. More than two-thirds of the heat is concentrated in the upper two thousand feet, with most warming in the Southern Hemisphere taking place in the Southern Ocean near Antarctica and the Atlantic absorbing the most in the Northern Hemisphere. Sea surface temperatures are currently rising at a rate of just over a tenth of a degree Fahrenheit per decade—after the rate nearly doubled in the 2010s relative to the 1990s.

The ocean warms unevenly, complicating predictions as it moves and transports warm water and precipitation from the equator to the poles and cold water from the poles back to the tropics. This redistribution of the sun’s heat affects everything from the breeze in your backyard right now to low-pressure troughs cutting across the Great Plains to snow squalls whipping through the Northeast and rainfall anywhere—nearly all of which comes from the ocean.

On the doorstep of the Anthropocene, the upper layer of the ocean has already warmed around one and a half degrees Fahrenheit. That is an average. There are hotspots like the Gulf of Maine, waters around Rhode Island, the Sea of Okhotsk between Japan and Siberia, and several mysterious hot blobs—like the one off the coast of Uruguay that has heated more than five degrees Fahrenheit in the last century. Air masses, weather systems, and violent storms like hurricanes, nor’easters, supercells, and winter gales draw energy from heat in the oceans as they pass over, causing unprecedented intensification that has created some of the largest storms humanity has ever seen.

“When you sail for a living and you want to go from north to south in the Atlantic, you always do it in the transitional months of the year,” Kretschmer said. “If you’re gonna go from Nova Scotia or Newport to Bermuda to the Caribbean, or you’re going to go from England to the Azores or England to Lisbon to the Canaries, you do that in the late fall, so that you can have little to no threat of tropical storms. And that window has gotten smaller and smaller. October used to be the prime month to go from New England to the Caribbean. Now you see storms in October, November, and even into December. It seems something is very, very different.”

Among the growing effects of the climate crisis, the evolution of hurricanes is one of the more immediate and destructive. Every summer, seeds of many of these prodigious storms take shape over the West African Sahel. There, a line of thunderheads, formed in the lee of the Himalayas or possibly by convection over Chad’s vertiginous Tibesti Mountains, races over the grasslands of Niger, Mali, and Senegal in a dark-gray squall line. It is there that the storms undergo one of nature’s most elegant and bewildering metamorphoses. The region is set near fifteen degrees north latitude and is called the Intertropical Convergence Zone for the meteorological tumult that takes place there. Invisible peaks, valleys, rivers, and explosive updrafts of earth’s atmosphere funnel and mix, flowing west against the planet’s rotational spin. The weight of that fluid molecular mass is relieved near the equator, where hot air rises off the ocean. The breeze rushing in to fill the void creates the trade winds, which carry the first swirling cloudbursts of one of the world’s most powerful storms west across the Atlantic.

Around one in twenty of these depressions off Cape Verde becomes a hurricane, and nearly all “Cape Verde blows” head four thousand miles across the Atlantic to the Americas. High humidity helps formation; dry desert air can kill a young storm. Other generation zones include the Caribbean, the Gulf of Mexico, and the southwestern Atlantic—where Hurricane Bob spun up. All require certain conditions for genesis: the ocean’s surface must be seventy-nine degrees Fahrenheit or warmer; high-elevation wind shear must be minimal. From there, winds whipping over the ocean toward lower pressure in the eye evaporate surface water, releasing heat into the atmosphere as the air rises. Saturated updrafts condense again miles up in the sky, piling cloud formations higher and wider and adding more energy to the storm. At the top of the cyclone, a clockwise current fans cool air out and around the swirl, where it falls to the sea.

Tropical cyclones, the meteorological term for rapidly rotating storms with a low-pressure center and an eye wall, have taken on near-biblical status in history, literature, and art, quite possibly influencing humanity’s fearful and adversarial relationship with the forces of nature. Recall Poseidon’s storm that thrashed Odysseus; Prospero’s maelstrom in William Shakespeare’s The Tempest; the “overpowering concussion” of Joseph Conrad’s cyclone in Typhoon. Taino warriors in the Caribbean attempted to ward off hurricanes by beating drums, blowing into the air, and praying to a figurine sculpted with arms that spiral out in cyclonic rotation. The damage storms wreak can be planet altering. Storm surges can surpass forty feet, with waves topping one hundred feet and recorded rainfall surpassing five feet. A single storm can travel up to seventy miles per hour and track ten thousand miles before dissipating. Over the past fifty years, tropical cyclones have taken nearly eight hundred thousand lives and inflicted $1.5 trillion in damages. Some of those people were teenagers. Some were babies. Some lived on a flood plain and others in an apartment building twenty miles inland. Still others escaped to cedar and palm trees before their thatch-roofed huts collapsed, only to be killed by a tangle of poisonous snakes escaping in kind.

Kretschmer reflected on sailing through Hurricane Bob as a few thunderheads passed Quetzal to port. “It was amazing, seeing it coming,” he said. “You could see this dark, dark, dark band of clouds, and it was almost like a movie. It was so obvious, and the sky just got darker and darker over this beautiful blue water offshore of the Bahamas that turned to ink because there was no light. It was very, very creepy. But this is the whole idea about loving weather; it’s like ‘till death do us part.’”

Kretschmer admires storms like this. They are pure nature, absolute telluric power. They continued to find him as he ticked off sailing miles. The “Storm of the Century” off the coast of Belize, a gale in the Aegean, another gale in the Bay of Biscay, Tropical Storm Arlene, the remnants of Hurricane Grace, which Sebastian Junger glorified in The Perfect Storm. Kretschmer sailed through them all—a constant march of atmospheric swirls, rivers, and eddies. While the world watched satellite images of eye walls and outer bands, Kretschmer and a small cohort of sea nomads saw them from sea level in the cockpit of a boat. “You are in the clutches of nature here, I mean, there’s no way to turn it off,” he said as we rounded into Marigot Bay. “You have to realize, ‘Well, this was part of the pact. I’m gonna do everything I can, but I’m not gonna sit here and scream and shout at the ocean. I’m going to try to find my way with it. Nobody, no mariner ever, who’s been in a severe storm and survived thought they would beat it. They just knew they were spared, they knew they’d worked out a nice deal with Neptune. ‘All right, we’ve got this one together.’”

What concerns hurricane experts and climate scientists today is the pace at which the ocean and its storms are changing. As with most anthropogenic catastrophes, the effects of climate change are compounding. Storm surge now rides on an elevated sea level, flooding coastlines with walls of water more than twenty-five feet high (Hurricane Katrina, 2005). Because the atmosphere holds around 8 percent more water for every two degrees Fahrenheit of warming, storms now carry vastly more precipitation—dumping up to forty inches of rain in a day (Hurricane Harvey, 2017). One example of how the compounding forces of climate change are overwhelming coastlines: if Superstorm Sandy had occurred in 1912 instead of 2012, it would have likely not flooded Lower Manhattan.

Even with these statistics and observations, the climate crisis remains to most more of a concept and a polemic social debate than an actual threat. Natural aberrations in weather over the decades have obscured the violent, pernicious signature of the crisis, leaving citizens with a milquetoast view of what a 1.5 degrees Celsius world will actually look like. T-shirts in January… bikinis in Alaska… air-conditioning in March… rain forests in New England. There is little talk of millions in the American West running out of drinking water, of the coming food crisis, of the hundreds of millions of climate refugees pressuring international borders, of the disappearance of islands and coastlines as the sea retakes them, and the unimaginable power of amped-up hurricanes that could potentially wipe out entire cities.

All the doubt, downplaying, and mischaracterization of the climate crisis leaves the evolution of severe ocean storms in rare company. The surge in intensity is some of the first visible, substantial, and publicized collateral of our new reality. And not in a slow, creeping, suggestive way, but as a brutal, immediate matter of fact. News of these disasters is delivered by harried weather forecasters clad in full-body rain suits while clinging to a seawall or signpost. The lead often describes how unseasonably warm coastal waters amplified a storm, that its rainfall was historic, that rapid intensification was off the charts, and that all this was nature’s response to the thick layer of greenhouse gases humans have wrapped around the atmosphere. Hurricanes are a courier. Their message is the very real cost of this change.

At risk on the US mainland are forty-four million coastal residents between Texas and Maine, a dozen major seaside cities, thousands of coastal towns, half the nation’s oil-refining business, and major infrastructure like highways, airports, trains, and much of the shipping industry—already backed up with supply-chain issues as it transports 90 percent of all foreign trade. In the last forty years alone, hurricanes cost the US $862 billion and more than ten thousand lives. By the end of the century, they will likely set the US back $200 billion annually.

A good example of how disconnected we are from our rapidly evolving planet: overlay storm tracks from the last two centuries on a map of the world and you’ll notice how, throughout history, the most populous cities were built outside their reach. As that reach—and intensity—grows farther and faster than any time in the last three million years, another reality becomes painfully evident: civilization can’t relocate like it once could, leaving millions smack in the crosshairs of more severe storms, with little to no resiliency, warning, or even plan.

Footnote

1 This phenomenon, which is caused by earth’s rotation, is so bizarre and so ubiquitous in the discussion of storms that I am going to offer you only its effect: storms are deflected to the right in the Northern Hemisphere and to the left in the Southern Hemisphere—the same way, while on a merry-go-round, a ball tossed to a friend will be diverted.
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Ahab’s Hearses

Kretschmer had plans for the day. He led a series of safety exercises to demonstrate just how easy it is to die when the weather turns. Kretschmer’s foremost lesson was to think ten steps ahead. Don’t sit on the low side of the boat with a full mainsail and steel boom in line to smack your head. Don’t look down at a chart plotter; look up at what’s coming: weather, waves, headlands, shallows, other boats. Don’t turn the boat into the wind to shorten sail in a blow. “Keep your course and let the sheet and halyard out, then take in the sail,” he said. After trying it once, I quietly cursed every sailing instructor I’d ever had, and myself, for not seeing how this simple technique alleviated the danger and stress of reefing in heavy wind.

A few minutes later, he led us onto the deck to explain his theory regarding safety harnesses. The devices, made of nylon webbing that fits like a yoke over your torso, are tethered to the boat and are standard equipment on any offshore passage. I’d worn them dozens of times but never considered how they would actually save my life. They won’t, Kretschmer said, if they aren’t used properly—something that, apparently, very few sailors know how to do. To prove his point, Kretschmer lined us up on the starboard rail, each with a safety harness tethered to the boat, and told us to jump overboard, one at a time.

The blue-green water sliding past looked lovely when Synnott jumped in first. The boat was moving at one knot, yet Synnott immediately struggled to keep his head above water. Kretschmer told Zahrt to throttle up to two knots. A wall of water broke over Synnott’s head and shoulders and a look of panic overtook him. Kretschmer nodded to Zahrt to take the boat to three, then four knots, at which point Synnott was essentially being waterboarded—safely, under Kretschmer’s supervision—by a sheet of seawater. He finally waved his hand and Zahrt cut the engine. “That was four knots,” Kretschmer said. “We sail around seven knots and often hit nine. How would you survive that?”

The answer was obvious, as was the point of the lesson. You wouldn’t. You would drown from the very device meant to save you. McCormick and I were instant believers, but that didn’t pardon us from the drill. I jumped over next. Waterboarding commenced. At four knots, the safety release on my tether broke, leaving me to sign language to Kretschmer that I would like to stop drowning. Zahrt slowed, I swam to the stern ladder, and the real hero, McCormick, dove in. His silver hair vanished under a wave of whitewater. By four knots he was pretty much submerged. Kretschmer told Synnott and me to try to pull him aboard, proving his second point: we couldn’t. Kretschmer then instructed Zahrt to power down, and once McCormick was back aboard, Kretschmer explained a simple solution: double your tether around a jack line or workstation that runs along the longitudinal center of the boat so it is impossible to fall overboard. “It’s controversial,” he said of the technique, which he had written several articles about. “But it’s gaining traction.”

The wind finally picked up as the trades bent around the northern tip of Grenada, just as Kretschmer predicted. McCormick sailed the boat with four fingers on the wheel, cheating a few degrees to windward with every puff, then falling off to leeward in the lulls. The wind speed doubled as we approached Little David Point, with a few twenty-knot gusts blasting off the windward shore. Quetzal cut through the growing swell and heeled over slightly. She was a rock, perfectly balanced and ballasted, no matter how hard the wind blew or how tall the waves rose.

The journey felt like a page out of one of Kretschmer’s books, including cameos by our host, who occasionally popped his head out of the companionway, launched a tin can into the water, yelled “Man overboard!” and instructed us to retrieve it. Kretschmer had found another flaw in standard boat-safety procedure. The long-held technique of sailing away from the person overboard for a determined amount of time, then turning 180 degrees to scoop them up, did not always work. Kretschmer’s method: spot the swimmer, backwind the jib, park the boat in place, start the engine, and retrieve your shipmate.

McCormick eventually wanted a break at the helm, so I took over. It would not be an exaggeration to say that something awoke in me as I took the wheel. The wind had not clocked around as much as Kretschmer thought it would, and I spent the next two hours playing cat and mouse with the breeze and sails. Fall off too far from the wind and we wouldn’t make our destination; pinch too close to it and you risk an embarrassing surprise tack, heaving the sails—and crew—across the boat. I played this game for years with finicky boat owners who offered all manner of advice as I sailed them up and down the East Coast. Kretschmer, McCormick, and Synnott were oblivious as they compared plans for sailing into the Arctic, and I angled all thirty thousand pounds of Quetzal as close to the wind as possible.

I remembered another epic voyage as we sailed—the two-thousand-mile solo journey along the coast of Maine I mention in the prologue. It was a memorial sail of sorts, a few years after my father died. My aunt had found the first boat he’d ever built—the twenty-foot pocket cruiser that he’d put together in our garage. Over three summers, I sailed nearly every nook and cranny of the Maine coast, tracking bays and headlands and following rivers inland beyond the reach of schooners and into the realm of trout fishermen. I was alone for weeks at a time, sailing eight to twelve hours a day. The trip was a kind of pilgrimage, revisiting people and places my father had known. The boat was outmatched in the Gulf of Maine. All the issues that nearly ended in disaster on that beach near York continued throughout the trip. Powerful currents often pushed me back faster than I could sail forward. The cockpit was so close to the water that any sizable wave hitting the stern filled it. Because it had a tiller and not a wheel, I could not step away for even a second without the boat spinning in a circle. I stacked up food and drinks and a few books in the morning to sustain myself for six to ten hours. I rolled cigarettes and listened to baseball games on the radio to pass the time. Every now and then I rowed ashore to feel land under my feet and gather chanterelles, blueberries, and mussels for dinner. Anchoring at night was torture, as the wind turned the tiny boat sideways to the waves, tossing me from my bunk.

I read about ghost ships that haunted Muscongus Bay, Champlain’s fastidiously detailed accounts of exploring the Maine coast by boat, and a collection of articles from Sail Magazine about how to trim a mainsail. I read Moby-Dick by flashlight for a month, immersing myself in Melville’s reverie: Tashtego vanishing into the whale’s head, Ishmael exuberantly squeezing spermaceti in the barrel, Fedallah’s prophecy of Ahab’s hearses. I had my own dream about a hearse one night. It was parked outside a stone church where my father was to be buried. An old black Packard pulled up next to it just before the service started, and a carload of long-dead poets wearing black woolen trousers and overcoats stepped out. They walked with their heads bowed. Frank O’Hara was the last to come up the steps. He put his hand on my shoulder as he walked by. “We loved him,” he whispered and continued into the church.

I woke in a daze, wrapped in the boat my father built, itself a dream and perhaps a kind of poem too. I never deciphered the dream, but I knew it had something to do with how my father had found something intangible on the water, brought it back from the dreamworld, and made it real by drawing it on a blueprint, then piecing it together in his shop. The fantasy was his, but our family was swept up in it.

The voyage taught me a bit about my father, but I learned more about the weather. I studied how to read low-lying stratus clouds for rain and cirrus for high-elevation winds. I learned that life at sea is on borrowed time. You are the outsider in that world—and not necessarily welcome. There is no structure, no guardrails, nothing to blame things on. There are only colliding vectors of air, moisture, gravity, time, light, the planet’s rotation, and the moon’s tides.

I had read Kretschmer’s books so many times by then, I felt confident that he understood this as well as if not better than anyone else. Steering Quetzal as we approached the rocky shores of Ronde Island, I felt like someone had turned on a flashlight at night. The beam allowed me to see. I envisioned adventures in the Caribbean, the Pacific, the Galápagos, the Seychelles, crossing the Atlantic. I imagined a circumnavigation. I fantasized trading up for a larger Whistler and sailing through Polynesia with my family.

We were in relatively flat water then, entering the pass between Grenada and Carriacou. Two hours later, I piloted Quetzal into Tyrell Bay. Two rusty trawlers and a field of white sailboat masts marked the entrance opposite a headland cut by hundred-foot sandy brown cliffs. Indigoberry and caper shrubs grew on the cliff tops along another exotic boundary—where the world of salt water meets that of fresh and a unique form of halotolerant plants flourishes in both.

A powerful gust of wind raced down the cliffs and hit Quetzal’s sails, heeling the boat over a few degrees. Kretschmer casually reclaimed the helm and asked us to drop the sails. McCormick, Synnott, and I raced around the deck lashing sail ties and coiling sheets as Kretschmer motored into the bay. The sun set over an apron of deep green copperwood and banyan trees on the flanks of Chapeau Carre mountain. Behind us, the rugged gray silhouette of Grenada reached across the horizon beneath an apron of auburn clouds.
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There is an easy way about life in the Caribbean. Island time moves with the tides and the sun more than it does with a clock or schedule. These days, though, as planetary cycles evolve and escalate, island life is changing faster than at any time since Europeans landed in the Antilles—eclipsing long-held traditions, economies, and the very shorelines of the islands. When Hurricane Ivan hit the Grenadines, few were prepared. Most residents didn’t think a hurricane could affect the island. For generations, they had watched tropical cyclones lumber north of them on well-traveled Cape Verde hurricane tracks. Only two hurricanes in recorded history ever made landfall. So when Tropical Depression Nine formed off the coast of Africa on September 9, 2004, it was the residents of Barbados, a hundred miles northeast of Grenada, who prepared for a blow. Storms at such a low latitude rarely, if ever, intensify into major hurricanes, so even the National Hurricane Center in Miami was surprised a day later when the cyclone spun into a Category 4 giant with winds reaching 135 miles per hour—and turned directly toward Grenada. To get a picture of the freak nature of the storm and the sudden shift in hurricane behavior in the twenty-first century, look at a few of the records Hurricane Ivan set: southernmost hurricane ever in the Atlantic Basin (10.2 degrees north); longest intensity at or above Category 4 strength; largest tornado outbreak ever associated with a hurricane (127); and highest recorded wave height (131 feet).

It should be well-known by now that developing nations, which are least responsible for creating the climate crisis, are suffering disproportionally from its fallout. Nowhere is this incongruity more evident than in weather-related natural disasters—which have increased fivefold globally in just the last fifty years, with 91 percent of associated deaths occurring in the developing world. Lack of cohesive relationships between local, provincial, and national disaster-response and reconstruction agencies often leave residents to fend for themselves before and after a storm. Inadequate building supplies and shelters, lack of stable food and water sources, subpar flood-zone mitigation, and myriad gaps in storm preparation have left millions at risk—all as coastal populations worldwide have swelled by 192 percent since the 1990s.

The idyllic, beach-encrusted nations of the Antilles, many of which are still climbing out of debt owed to their old colonial masters, are now counted among the most climate-threatened nations in the world. According to the International Monetary Fund, two-thirds of the 511 disasters to hit small countries since 1950 have occurred in the Caribbean, taking more than 250,000 lives. Annual losses from catastrophic climate events in the Caribbean are estimated at $3 billion. Since 2000, the region has experienced eight major disasters, costing countries up to 200 percent of their gross domestic product (GDP)—all in a region where the average Caribbean debt is nearly three-quarters of its GDP.

Changes that once existed only in the pages of United Nations (UN) reports are now clearly visible here. Eight inches of global sea level rise since the late eighteenth century is submerging coastlines in the Dominican Republic, Cuba, the Bahamas, and Belize. Ocean acidification is killing reefs and, subsequently, major fisheries that once fed the region. Lastly, fierce storms roaming the Caribbean between 2014 and 2018 have wreaked unprecedented damage and displaced millions, including an estimated 761,000 children—a fivefold increase from the five years before. Not coincidentally, 2014–2018 was the area’s hottest five-year period on record.

On a short tour of the island the next day, I tried to imagine a Category 4 storm hitting Carriacou. Our taxi driver navigated a washed-out single-lane road down Mount Royal. Corrugated steel shacks surrounded by chicken-wire cages and tiny vegetable gardens lined the shoulder—beneath drooping electrical cables slung from dilapidated telephone poles. At the top of the mountain, I had seen the brilliant white-sand beaches of beer commercials and vacation brochures. Long, slender, million-dollar yachts hung from anchors in the bay. This was the playground of the first world, just yards away from homes and villages where more than a third of residents live below the poverty line, where food and water scarcity is common, domestic abuse is persistent, and defenses against natural disasters like hurricanes are nearly nonexistent. It wouldn’t take much to blow every building on this island away, as Ivan demonstrated. A major hurricane would simply absorb it. And when it cleared, there wouldn’t be immediate resources at hand to clean up, rebuild, or care for people. It is important to know this because most readers of this book live in a place where emergency services are taken for granted. Federal funds and insurance companies compensate victims, and authorities help them get back on their feet. But when a storm comes to an island in the Caribbean, the million-dollar boats abscond for safer waters and don’t come back until the place is cleaned up. The only solace for the locals is statements by the government and forecasters that the tempest was a once-in-a-lifetime storm. Until, of course, it happens again.
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A Multidimensional Wilderness

Back on the boat that afternoon, Kretschmer took his customary position on the companionway stairs, leaned into the cockpit, and measured our itinerary by walking his thick, calloused thumb and pinky finger across a weathered chart. The sail to nowhere was about to begin. There was no destination, no landfall. This would be a voyage into the Atlantic due east over the five-thousand-foot edge of the continent.

McCormick navigated Quetzal out of Tyrell Bay, then north around Mabouya Island and the snow-white beaches of Sandy Island. He weaved between two squalls as we entered Hillsborough Bay, whitewater peeling from the bow and stern. Kretschmer had reefed the mainsail and rolled in the foresail halfway in preparation for gusty weather. When the squalls inevitably returned that afternoon, McCormick repeatedly headed upwind to spill gusts from the sails, then eased back down to pick up speed.

Three hours later, we charged into a deep anchorage wedged between the rocky coastlines of Petit St. Vincent and Petite Martinique. The little bay was protected to the east by a two-mile crescent of coral reef and to windward by the islands. The wind died after we dropped anchor, and Quetzal swung in a shallow arc as the sun fell toward the ocean. After a couple of drinks at Captain’s Hour—a tradition Kretschmer never misses, whether at port or in a hurricane—we all peeled off to rest up for the next day’s sail. We were asleep by ten, the sound of the wind howling through the stays, the boat rocking, mast groaning. Morning came quickly, and after a round of coffee under a curtain of low, silvery clouds, we prepped the boat. The weather report had changed; the sail to nowhere was going to be rough. The trades were no longer filling in from the northeast; they were pumping straight out of the east, meaning we would be sailing close-hauled into a swell and getting wet.

The wind tore at the sails as we raised them off Point Mion on the western tip of Petite Martinique. Kretschmer rolled in the jib a few turns and pointed Quetzal as high as he could while we clawed away from shore. Kretschmer is instinctively wary of lee shores—like Cat Island in Hurricane Bob—and was not happy to see foaming breakers on Carriacou’s reefs behind us. If anything went wrong, like a fouled propeller or broken rigging, Quetzal could be grounded in a couple of hours.

“Can you see the wave period changing?” he asked as we sailed over the continental shelf. The first two hours of sailing had been choppy as we bashed into short, steep waves in shallow water. As we pushed into six-, seven-, and eight-thousand-foot depths, the period increased long enough for Quetzal to glide over them. The wind blew a steady twenty-three knots and occasionally gusted to thirty in squalls, which hit every hour. We kept a bearing of east-southeast, sending plumes of spray over the dodger and onto the helmsman. It was stunning to see the vectors I had read about for so long in action. Convective cells within the squalls sucked fierce bursts of wind across the ocean that slammed into Quetzal’s sails and pulled at the waves, drawing them taller and steeper. The swells in turn released vapor into the squall, which rose and condensed, releasing latent heat into the system and inciting it further. It suddenly made sense to me; I could see it, the great circle of water and heat traveling from sea to sky and back—the “great stream” of the Greeks, encircling the earth, acting as a springboard for weather above. I saw something else too. My mistake as a young, inexperienced sailor was not that I kept getting caught in storms; it was that I never learned how to sail through them.

McCormick held his course as he navigated through squall after squall. I had assumed that we could head in any direction on a sail to nowhere, but Kretschmer revealed that there was a real “somewhere” we were trying to avoid. The easterly shift of the trade winds had pushed us south, straight toward the South American coast and one of the most dangerous and volatile countries in the Western Hemisphere at the time. Political disruption and economic collapse in Venezuela had led to a spike in piracy off its coast. A network of groups was working between the city of Carúpano and the Delta Amacuro, exactly the direction we’d be sailing. More than 150 attacks on boats at sea were reported in 2020, including one on a sailboat during which forty attackers armed with AK-47s and AR-10s tortured a captain for days, demanding a ransom.

Kretschmer had no interest in rendezvousing with a paramilitary armada. He had sailed through a coup d’état in Yemen—where a gunboat rushed his crew with a fifty-caliber machine gun—and had a boat ransomed when he was in the Dominican Republic. Nothing scared him more than an incident off the coast of Ecuador, though, where a crew posing as fishermen tried to board his boat. The pirates’ twenty-five-foot skiff approached quickly, carrying five men, a few with machetes in their belts. The men in the skiff glanced nervously at a tarp covering something on the floor as they approached. Kretschmer’s sailboat was too far out at sea for him to call for help. There were no weapons on board, just a stainless steel winch handle that Kretschmer held in his hand. He told his crew to stay below while he stood as tall as he could in the cockpit, then instructed the would-be pirates to leave. It says something about his stature that the boat actually turned and motored away. Kretschmer did not want to revisit that moment and told us to watch the horizon for lights during our shift. If we saw something, we were to wake him right away.

Around seven that night Kretschmer disappeared below and cooked up a hearty pasta meal. He pinned himself between the galley and the head to keep his balance, always gripping a rail or jamming his hip into a counter. This, too, was his way. While getting tossed in the Gulf Stream or beating against a headwind, he often cooked up elaborate meals, complete with coffee and dessert. The ritual, like Captain’s Hour, calms the mind, he said.

The meal woke me up, and I huddled against the windward rail and watched the last glow of the sun disappear behind the waves. I sat like that for two hours, without moving, staring ahead at the ocean and the sky. I thought about my wife and daughter falling asleep at home and wondered why I continually left that blissful existence to sleep in a cold, wet bed. I knew. It was the flashlight—pushing into the darkness, seeing what was out there.

There is nothing boring or tedious about bashing into a wave every eight seconds on a boat powered by two reefed sails and a thirty-knot breeze. It was the greatest show ever staged: the wellspring of weather, the intrigue of unexplored waters, the source of life. Traveling through what many think of as a void on the map, I’d found absolute freedom. We could sail in any direction at any time and end up at any continent on the planet. There were no stop signs, no authorities, no traffic. The only parameters were wind, tide, current, waves, knowledge, and stamina. We were voyaging through a multidimensional wilderness, along the borderline between liquid earth and the invisible atmosphere. Thousands of mariners had crossed this latitude and longitude, but the seascape was different every time.

Squalls continued to build throughout the night. You couldn’t see the gusts coming in the dark, couldn’t read the tea leaves in the sky or in the waves. You could only sit and wait and hang on when a blast hammered the sails or a two-hundred-ton wave heaved the boat to the side. I had no idea what time it was when I went below to sleep. There are no days of the week offshore. Breakfast, lunch, and dinner become one long, scattershot meal. Sleep comes in minutes, not hours. You no longer need things that you needed on land. There is no television, no internet or cell phone coverage. There are no obligations of any kind other than shepherding the boat, trimming the sails, following the compass bearing, and keeping things orderly and clean so you can find them in an emergency. And lastly, most importantly, watching the sky to divine what the weather is going to do. My own Odysseus, who took the helm right then as wind and rain lashed him, said it best in his book Sailing a Serious Ocean:


There is something more to a landfall than satisfaction, even in the GPS age when landfalls have gone from being eventful to inevitable, as you watch the digital distance to the waypoint decrease every few seconds. There are few events filled with as much promise as the prospect of stepping ashore after a long passage. It is almost as though your time at sea has cleansed you, and you have hopes that somehow you’ll be a better person now that you’ve returned to earth. The forced isolation of the passage gave you time for reflection, and the experiences of the passage, even a mundane one, have had a profound effect on your psyche. Sadly, it’s been my experience that the euphoria fades fast as the hustle and bustle of the so-called real world hits hard, throwing you off stride. The people you left behind are not always that interested in your self-awakening, and actually may be a bit resentful of the fact that you managed to carve some time away from the madness of modern life. “Okay,” they seem to be saying with glaring eyes, “you had your fun. Now start pushing the rock back up the hill, Sisyphus.”



Kretschmer woke me up what seemed like twenty minutes later. In fact, it had been three hours. It was two in the morning, time for my watch with McCormick. The sky was pitch black. The red hue of the cabin’s night-light made Quetzal’s interior look like a spaceship. I crawled into my foul-weather gear, grabbed a cup of hot coffee, and joined McCormick in the cabin. The wind had not died down overnight; it had ratcheted up to twenty-eight knots, gusting to thirty-five. The seas looked huge: looming black wedges tumbling through the night. Kretschmer had already reached our turnaround point and McCormick was heading west back toward Grenada. Two hours later, the first dim rays of sun bent around the planet and lit up the eastern sky. Squalls dragging tendrils of rain hovered over the ocean like jellyfish. They arrived with a spattering of drops, then a downpour, then a semisolid wall of wind. The gusts were startling and made me wonder what a hurricane at sea, with many times the power, would feel like.

A sail to nowhere allows for a lot of thinking. Maybe too much. I remembered gales I’d sailed through as a kid, the sound of the wind, the fatigue, the cold, the fear, nausea, and endless discomfort. The storms merged with storms in my life: misfortune, disenchantment, death, breakups. I thought of the day they carried my father out of his house in a body bag. There was no dignity to it. We had sat in his living room just a few months before, drinking rum, watching Pirates of the Caribbean, and commenting on how slow and unmanageable an old wooden brig must have been. He was full of life then, cackling uncontrollably at how poorly Johnny Depp ran his boat. A month before, we had taken his motorboat out of the water for what would be the last time. He was on painkillers for the cancer and raced through town with the boat in tow at twenty miles per hour over the speed limit, laughing hysterically at something I had said. The morning he died, it was all gone—leaving behind a heavy, cumbersome object that took two large men in pressed white shirts to carry to a hearse.

There are similarities between disturbances in life and at sea. They are both vorticular, cycling around and around for a seemingly infinite amount of time. In the midst of a storm—physical or emotional—you don’t see it as a thing. You become part of it. I learned to fear these storms before I learned to manage them. I saw them in my dreams, then I saw them right before me. Gales are overwhelming in a way that makes it hard to think or breathe. I remember losing sensation in my fingers while watching a storm roll in. They have a presence like that; they have mass.

Kretschmer writes about this fear in his books. He writes about clients and students freezing in a storm, incapacitated by anxiety. He writes about talking some of them down and others who could not be placated. Over the years, he came up with remedies, ways to prepare for and stay focused in a gale. I read these passages over and over, realizing for the first time the degree to which storms had traumatized me when I was young. The near beaching off the coast of Maine, a gale that snapped a sixty-five-foot wooden mast above a family I captained for, a squall in Downeast Maine that turned a tidal current into a Class 4 whitewater river. Sitting in Quetzal’s cockpit, I saw for the first time that part of what I was searching for was the strength or skill or situational awareness to sail out of a storm on my own.

I looked up at the stars, feeling the flow of the atmosphere brushing the sails and water lifting and dropping the boat. It was nauseating to envision the liquid border we were running. I could feel the balance, the synergy, the layering of nature. There was no distraction here—nothing but the pure and monolithic sea. I was not the only one lost in thought. McCormick had been steering for two hours without uttering a word. He could have flipped on the autopilot at any time, but he wanted to feel the wheel in his hands. He was also undergoing a resurrection of sorts. He had just bought a used boat in the Florida Keys—a classic that needed some work before he could move onto her. He was taking less work and getting ready to leave Newport for the winter to live on the water. I imagined him making lists of repairs as he steered through the squalls. It was hard to see the micro storms in the dim dawn light. It was hard to see anything. Waves bucked the bow up, down, and sideways. Flashes of lightning from thunderheads on the horizon cast a metallic blue glow across the water. The motion was meditative in a way, like riding a giant sine wave.

The sun eventually lit an orange bonfire in the eastern sky. Kretschmer appeared in the companionway minutes later. He had coffee on the stove, mugs set out on the galley counter. He seemed pleased that we had guided his boat successfully back to port while he slept. McCormick surrendered the wheel to the autopilot and the three of us stared at the horizon as the first fingernail of sun rose. Zahrt had decided to fly back to St. Barts to meet his wife at their boat and prep for their next training passage. Synnott was confident that he’d gotten what he needed, along with a list of contacts to call if he needed help. Five months later, he would indeed push off from Maine to start his Northwest Passage odyssey.

By sunset that day I had taken yet another Covid test, packed my bags, eaten two conch fritters at a seaside bar, bid farewell to the crew, and boarded a slender 737 that would launch into the clouds and the great blue mirage of the troposphere. There I would contemplate all that I had learned, and more that I had not, on the four-hour journey home. Back in my office, I would stare at a computer screen and recall a scene over and over. The last morning, just after I woke, I climbed out of Quetzal’s cabin and dove into the water. The ocean was warm, around seventy-five degrees. I floated on my back and felt the morning sun touch my face. It was hard to imagine such an idyllic scene being hammered by a hurricane. It was hard to picture desperation here, but that is the plight, I imagined, of many citizens of the world.

I swam to the boat and spotted a group of local kids fishing from a small wooden dinghy. One wore a gold bathrobe; the others were in T-shirts and shorts. It was a mixed sky that day, with a powerful squall passing over the island. One of the boys pointed at the water, and the kid in the bathrobe tossed a net and hauled it in. This was not a commercial fishing operation. This was a group of boys pulling up their breakfast. These were real seafarers who grew up on the ocean and lived and died by it. There were no meteorological omens for them to decipher, no worries about being pushed into hurricane alley by the industrial complex of their wealthy North American neighbors. It was just another day on the ocean—sunny and cool, the trade winds picking up as the sun slipped above a volcanic ridgeline. Seven a.m. Two hours before school starts. Just enough time to fish, eat, shower, and start their day.







Part III
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The Fifth Floor

Weather hits London hard and fast, like on a boat: sudden fogs, window-rattling gales, rain squalls, blizzards. There is no salty sea smell in the city, no shrieking gulls, no rumble of breaking waves, but the ocean is there, pushing past ramparts and bridges on the river Thames every six hours for decades and centuries, calling explorers, noblemen, navigators, and a homeless man I saw sitting outside St. Paul’s Cathedral the morning I arrived who howled into a crowd of tourists, “Sail away! Sail away!”

Rounded gray cobblestones in Covent Garden were slick in the morning light. Gray granite walls and gray fieldstone chapels dripped with rain and dew. The Thames looked like a gnarled gray finger reaching from the center of London 215 miles seaward to Greenwich, Tilbury, the Cant, and Knock John Channel on the edge of the windswept North Sea. You are never more than seventy miles from the ocean wherever you go in England. In Central London, the river appears as a source of light, wrapping around piers and alleyways, flickering like a kerosene lamp on the concentric rotaries encircling Buckingham Palace, Trafalgar Square, Big Ben’s Prussian-blue hands, and the meadows of St. James’s Park.

My phone rang as I wandered past patinaed pubs and curio shops lining Bloomsbury Street. “Are you coming?” a voice asked in a thick Romanian accent. It was four minutes after my arranged meeting time with sailing legend and amateur meteorologist Jimmy Cornell. I told him that I was a half block away from his apartment. “Buzz number seven and walk five flights,” he said. “Bring the package by the door!”

A blast of morning sun lit up the street. The sharp shadows it cast were disorienting in a city so accustomed to muted gray skies. It was mid-January and cold for an island nation set near the balmy terminus of the Gulf Stream. A low-pressure trough sucking warm air out of the northeastern United States was passing east of the island, leaving Londoners with a pocket of cold, dry Arctic air. Across the street, six massive columns fronted the British Museum’s chalky facade. Commuters and red double-decker buses crowded the streets. I rounded the corner onto Great Russell Street and whiffed the charred scent of roasted peanuts emanating from a cart. In between the copper domes and blackened smokestacks, a small glass foyer marked the building where Cornell and his family had lived and managed their nautical publishing business for nearly forty years.

I buzzed number seven as instructed, carried the parcel up what I thought was five flights of stairs, and knocked on the door. A middle-aged woman presented herself in the doorway in a bathrobe, holding a steaming kettle. The Dickensian character gestured for me to come in. I demurred, apologizing profusely, then visited two more of Cornell’s neighbors before the man himself opened his door two floors above and yelled, “Up here!”

“Did you count the flights?” he asked as I stumbled in and handed him the package. I muttered something nonsensical about floors being counted differently in the United States, and Cornell eyed me, then gestured toward the living room. He was wearing a blue fleece jacket, pressed gray trousers, and slippers. His neck hunched forward like a man ducking through a low doorframe, and his owlish gray eyebrows hovered above a pair of steel-rimmed glasses. His legendary vigor and imperious temperament had abated at eighty-three years old. Swirls of matted silvery hair on the back of his head suggested that he had spent much of the afternoon napping.

Cornell’s preferred sanctuary is a well-used leather reclining chair in the living room. He had retired from sailing after abandoning a fourth circumnavigation because of issues with the boat. Photographs of him on the walls show a dauntless young sailor pushing off from various coastlines: tanned, wide grin, black chest hair encroaching on his thickset shoulders. He’d escaped communist Romania after two decades of trying. His father died in a Stalin-era gulag when he was a boy. He was the man of the house then, working odd jobs, grifting, and befriending Communist Party officials to put food on his family’s table. His ticket to the West came in 1969, when he married his wife, Gwenda, a London native who met Cornell while she was traveling in Romania.

In family photos displayed in the apartment, Cornell typically sat in the middle, his arms wrapped around his daughter, son, and wife as if keeping them from blowing away. He appears ebullient in the pictures, most of which were taken on boats. His family looks slightly less so, more like guests at a kid’s birthday party eyeing the door. Cornell had been romanced by the sea at a young age. He dressed up as a sailor as a toddler, read Robinson Crusoe as an adolescent, and fantasized about sailing around the world for most of his life.

The horror and oppression that communism brought to Cornell’s family did not stifle his spirit; rather, it seems to have ignited something—ambition, fortitude, a predilection for adventure, maybe some good luck. After Cornell’s father died, his mother moved the family to a small flat in a ramshackle building near her sister. She took a job in pest control and made extra cash playing gin rummy. Cornell picked up work transporting vegetables for a wholesaler, culling a few to sell to neighbors until he was caught and fired. This was survival in the Eastern Bloc, where state pay rarely afforded enough food to feed your family. When he was nine, his family traveled to a state-run vacation colony on the Black Sea. His remembrance of the place, now and then, is reminiscent of a young boy’s first sight of a shooting star or an airplane. He was enthralled, obsessed, fixated on the idea of voyaging across oceans—the quietude and independence of life on the water no doubt an illusory salve to living under the gaze and anxiety of the communist state.

It was there on the Black Sea, when Cornell was nineteen, that he and a friend made a break for the West. The pair waited until nightfall to cross a rocky beach and dive into a bay where a Norwegian freighter was anchored. They swam to the ship, clung to its massive anchor chain, and yelled, “Man overboard!” The crew retrieved the boys, but after search parties were spotted on the beach, the captain told them they had to swim back to shore. It was a death sentence, they knew. Armed police and border patrol waited for them. Cornell and his friend dove back into the still, dark water and were soon separated as they dodged searchlights. Cornell emerged on a stretch of beach and was met with the brilliant flash of a machine gun. A bullet grazed his right leg as he dove back into the ocean. He managed to swim another few hundred yards, then crawl across the beach to an abandoned shed. He tied his shirt around the wound and miraculously reunited with his friend an hour later, before they sneaked back to their hotel rooms.

Cornell has a reputation for being a rigid, ornery man, but holding his past up against the privileged lives of most sailors I had known, I felt empathy and respect for him. He was a joy in person: self-effacing, full of wisecracks, a wellspring of sea stories. He was neither sailor nor navigator in 1972 when he convinced his family to follow him on his dream to circumnavigate the world. Cornell had been working for the BBC in London as an anchor for their Romanian broadcast and put a good portion of the family’s savings toward buying a sailboat. He could only afford a bare, thirty-six-foot Van de Stadt hull. He then spent a year at the Royal Albert Dock—at the time a deserted haven of half-built boats and DIY sailors, many of whom helped Cornell complete his boat. Bolts jutted out of bulkheads in the unfinished cabin when the family crossed the English Channel on Aventura I a year later. A storm hit the following day, and Cornell clung to the wheel, steering for Normandy as his children rolled with the waves in the unfinished fiberglass cabin.

I can confirm this story to be accurate because, as I discovered seconds after entering Cornell’s living room, our interview would not be a duologue. It would be conducted with the entire family, who had served as his crew on the six-year circumnavigation and worked with him on every book he’d published. Gwenda, an elegant eighty-three-year-old Londoner with gray hair and a cheerful British demeanor, had been his editor and sat in a matching gray leather recliner near the door. Their son, Ivan, a computer programmer, and daughter, Doina, head of operations, shared a gray leather couch on the opposite side of the room. The children, aged fifty-four and fifty-six, respectively, had dark hair and dark eyes. They sat close together, like young siblings at a cocktail party—watching the elders, watching the clock, all of us watching one another, wondering why we had congregated there.

“We sail as a family,” Cornell announced. “We interview as a family.” It was an odd declaration. When we’d spoken on the phone a few weeks before, Cornell suggested that his family might stop by during the interview but agreed to first give me an hour or more with just him. Under the gaze of the assemblage, that hour was nowhere to be found. It would be all of us, all afternoon and evening—a journalistic quandary for your author, who was forced to navigate long-winded answers, exaggerated eye rolls, generational skepticism, many, many fact checks, and all the inside jokes and simmering tension of long-brewing family dynamics.

It is ironic that Cornell’s almost complete lack of nautical knowledge in those early days ultimately allowed him to gaze into the crystal ball of deep time, meteorology, and storm dynamics—and put forth theories and warnings regarding climate change and extreme weather well before the scientific community publicized it. His unfettered observations—and ceaseless curiosity with the ocean, honed by years of reporting for the BBC—saw changes that others could not. It might have been kismet. Instinct is more likely. Nights and weekends following the first circumnavigation, Cornell sought answers to quandaries they’d stumbled upon on the trip—surprise winds, uncharted reefs, misplaced atolls—in Admiralty Ocean Passages for the World. The book was assembled from decades of commercial captains’ logs. Cornell found numerous errors and inaccuracies in it as he retraced his family’s route—while fantasizing another. He wanted to correct these mistakes and at the same time understand some of the weather they’d encountered. Most charts and guides available then were too imprecise to distinguish small currents and wind patterns, with sparse data on storm tracks and safe routes. After years of searching, Cornell decided to make his own guidebook.

Keep in mind that this is a man who, sitting in a harbor in Fiji one peaceful morning in 1978, rowed a dinghy to sixty-five pleasure yachts to pester owners and inventory their safety gear so he could create a “survey.” Life jackets, flares, rescue rings. “Do you have them? Why not?” he asked. To him, the survey was a curiosity.1 So it should be no surprise that his yearlong examination of ocean data in the Royal Observatory—where he pored over yellowed logbooks from Captain James Cook, nineteenth-century British warships, and East India tea clippers—produced an incredibly detailed global sailing and weather guide that many heralded as the most important nautical publication in centuries. Unknowingly, Cornell had also established one of the first global baselines for observed maritime weather in modern history.

The first edition of Cornell’s World Cruising Routes was an instant success in 1981, going on to sell more than 250,000 copies. Over the next six years, he appended new reports of weather trends and navigational hazards. Cornell was not reinventing the wheel. Ancient cultures had recorded weather patterns on the sea as accurately as, if not more so than, modern mariners. Phoenicians knew what seasons easterly winds would allow for a western crossing of the Mediterranean. Roman captains waited for the southwest summer monsoon winds to head east for the Red Sea, Persian Gulf, and India—then waited for northeastern winter winds to make their way home. Arab merchants, who possessed the most technologically advanced navigational techniques and equipment in antiquity, regularly voyaged from the Persian Gulf to East Africa during the northeast monsoon, then returned home on the southwest monsoon winds in the summer. The Vikings were likewise masters of wind and current, riding easterly prevailing winds across the North Sea and North Atlantic, then returning home on prevailing westerlies.

Over the years, Cornell’s readers coalesced into a global community. He retired from the BBC in 1985 and launched the Atlantic Rally for Cruisers, an annual transatlantic sailing rally that is now one of the world’s most popular long-distance sailing events. Over the next two and a half decades, he staged thirty-eight transatlantic rallies, six round-the-world rallies, and one round-the-world race with more than four thousand boats and eighteen thousand sailors participating. Acting as an informal information hub for the community, Cornell heard firsthand about shifting winds, lost ships, wandering currents, and freak storms. Individually, the anomalies were an intrigue. Taken together, they appeared to show a transformation under way in earth’s oceans, atmosphere, and weather systems—particularly two systems that had chased him and his family during their three years in the Pacific.

Typhoons in the Pacific and cyclones in the Indian Ocean and South Pacific are notorious throughout history for wiping out armies, kingdoms, cities, and even nations. They are also considered tropical cyclones and form the same way that hurricanes do—from a cluster of thunderheads near the Intertropical Convergence Zone. One difference is that typhoons and cyclones often move over longer stretches of warm water, allowing some storms to grow larger, last longer, and occur more frequently.

With their billions in damages and clever National Hurricane Center headlines—“Kate Still a Poorly Organized Depression”—hurricanes represent just 12 percent of all tropical cyclones on the planet. A half dozen storm basins in the Pacific—which affect Australia, Indonesia, Fiji, Japan, and the Philippines, among others—see 57 percent of the storms, while 31 percent are cyclones that roam the Indian Ocean and South Pacific. With little infrastructural resiliency or early warning systems, the low-lying, densely populated coastlines of Asia and Africa—many of which Cornell and his family visited—suffer damages and loss of life beyond compare. Some of the most infamous storms in history made landfall there, a few while the Cornells were at sea: the 1970 Bhola cyclone, which pushed a thirty-three-foot storm surge across the Ganges Delta in Bangladesh, killing 500,000 people; Typhoon Nina, in 1975, which took 171,000 lives in China’s Henan province; and Myanmar’s Cyclone Nargis, in 2008, with 138,000 casualties after a thirteen-foot storm surge swept across the Irrawaddy Delta.

Barometric pressure can drop so low in the eye of a typhoon that the bulge of seawater rising beneath it unweights the ocean floor and triggers a spiderweb of earthquakes that follow the vortex along its track. Gale-force winds can extend two hundred miles from the eye, where pitch-black rain bands, often with a reddish fringe on top, pelt the sea. Waves up to a hundred feet tall, accelerated by wind-driven currents, have shattered coral reefs, flipped over long-sunken freighters hundreds of feet below, and sent schools of sharks into feeding frenzies. Updrafts in a super typhoon can launch so high that storm clouds pierce the tropopause and touch the stratosphere.

As climate change accelerated, Cornell warned readers of intensifying typhoons and cyclones many years before other weather bureaus called out the trend. Plenty of sailors and meteorologists dubbed him delusional—an amateur with no authority to make such predictions. Yet studies and records today have proven that Cornell was largely right. The number of Category 4 and 5 typhoons impacting East and Southeast Asia has doubled in the last fifty years. The average intensity of all typhoons in the region has grown by 50 percent in the past forty years—like the monstrous Typhoon Pepeng in 2009, which dumped six feet of rain on the Philippines. Unfortunately for Cornell and his sailing community, typhoon storm season—which historically ran from June through November, offering safe passage in and out of the region—is no more. Typhoons can now occur in every month of the year.

Footnote

1 He eventually wrote up the report for a sailing magazine, which found significant oversights by pretty much every boat in the harbor.
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The Statistician and the Dreamer

The relatively rapid evolution of tropical cyclones—we’re talking about forty years in a sweep of millions—made it vastly more difficult for Cornell to quantify risk in his guidebooks. By the time one volume was out, climate change and storm systems had evolved yet again. Everything was amping up, decade over decade, seemingly year over year at times. Waves in the Southern Ocean and North Pacific were projected to grow 5 to 15 percent by 2100, compared to 1979–2005. Bizarre phenomena like the Fujiwhara Effect, when two tropical storms merge into one, were on the rise, endangering vast swaths of the Pacific and even parts of the Atlantic. And storms themselves were driving heat deeper into the ocean, which in turn fueled stronger storms.

The next iteration of Cornell’s cruising guide, in 2011, marked his final step away from anecdotal evidence and into the scientific realm. It was Ivan, not him, who came up with the idea. After watching his father scour captains’ logs over the years, Ivan wrote a program to harvest historical wind, wave, and current data from NOAA’s geospatial satellites and remote buoys. The agency had been monitoring winds and ocean currents since 1987, and most of its data was available to the public. The result was the most accurate, detailed pilot chart kit ever assembled—not based on past books or human observation but built completely on comprehensive digital data from globally graded surface vectors on a .25-degree grid. The new title: Cornell’s Ocean Atlas.

The atlas dispelled some long-held beliefs about prevailing winds and currents. Seasonal vectors were clearly laid out; wind speed was calculated using blended observations from multiple satellites. The resulting charts show mean wind speed and direction in every ocean in every month of the year. Wind roses display arrows pointing in the direction of the wind; the length of the arrow stem indicates its frequency. Feathers on the stem depict the average force; a number in the center of the rose shows the percentage of calms or storms.

From this extraterrestrial view, it became clear to Cornell and others that the proverbial snowballing of storms was not just growing in intensity, but spreading around the globe well outside of traditional tropical cyclone territory. Once-safe regions like the Arabian Sea, where Aventura I made its way to the Suez Canal on the final leg of Cornell’s first circumnavigation, now experienced cyclones. Between 2001 and 2019, the region saw a 52 percent increase in the frequency of tropical cyclones compared to 1982–2000, while the Bay of Bengal (traditionally a more active cyclone region) saw cyclone activity decline.1

Severe weather is no longer a danger solely for those on the water. The amplification of heat, wind, waves, and storm duration now reaches outside maritime realms, with tropical cyclones impacting farms, infrastructure, and cities miles from the coast. Tropical cyclones today last longer than they once did, and move slower, multiplying damage by many times. A 2021 study by Yale University researchers showed that warmer waters in the north and south will soon draw extreme storms poleward, threatening to inundate densely populated cities like Washington, DC, New York, Boston, Beijing, and Tokyo. A possible westward migration of the North Atlantic tropical cyclone generation zone could also result in an uptick of landfalls along the US East Coast later this century. A recent study by Brooklyn’s First Street Foundation shows how hurricanes will penetrate farther inland in decades to come, affecting US states as far west as New Mexico, Kansas, and Wisconsin.

Nearly two and a half billion people on earth live within sixty miles of the ocean, including 97 percent of fishermen living and working in developing countries. More than 680 million people live in low-lying coastal zones that are increasingly finding themselves in the path of a severe storm. Residents in vulnerable, low-lying areas are fifteen times more likely to be killed by floods and storms. Since 2002, the number of people affected by tropical cyclones has doubled to 560 million annually. Nevertheless, a recent UN report revealed a disturbing trend of people moving toward—not away from—coastlines. By 2030, half the world’s population will live near the ocean, exposing billions to storms, flooding, and tsunamis. To see the effect of these storms on populations, consider that in just the last fifty years, tropical cyclones have killed an average of forty-three people and cost $78 million in damages every day.

At some point in the interview, amid dire predictions and endless satellite readouts, I became as interested in the vectors of the Cornell family as I was in intensifying storms. As satellites gave Jimmy Cornell the hard data he needed to warn sailors and the world about a coming catastrophe, Ivan tossed a wet blanket on those warnings. Ivan was the analyst. His father was the dreamer. It could be said that the elder Cornell had a far longer anecdotal record to pull from—including more than two hundred thousand miles of ocean sailing, three circumnavigations, and countless hours studying pilot charts crafted over the last three centuries. But the younger Cornell had uncovered the treasure chest: empirical data gathered by thousands of career scientists and their multitudinous satellites and automated buoys.

“My dad already said he’s not a statistician,” Ivan told me. “And I’m more of a computer scientist. I’m not a climate scientist. I always feel it’s not really my area of expertise to look deeper. Because there’s so many different ways you can interpret this data. I don’t really want to be the person who says, ‘Oh, this wind is changing,’ because it’s only one way of looking at it.”

Ivan spoke quietly, demurely, as he explained the pitfalls of maritime data collection. He didn’t look at his father. Instead, he looked at me, or perhaps a spot on the wall behind me. He had a slender build—the frame of a bicycle enthusiast, which he was. The deep respect he held for his father was evident, but there was exasperation there too, and perhaps a subtle resentment for living, sailing, and working with a notorious firebrand for four decades. Cornell had made a great sacrifice for sailors, and maybe the world, by turning his back on his broadcasting career and focusing on climate and its influence on the sea and storms. In all likelihood, though, his family had made a bigger sacrifice. This was Cornell’s vision, imprinted on his psyche at a tender young age in a dangerous world; his family were merely passengers on the journey. They were willing cohorts, following him across the English Channel in an unfinished boat, out to sea for six years as he learned to sail, then finally into the realm of meteorology and publishing, where they had spent the past thirty years deciphering the ledgers of Neptune and Helios.

“I remember one night in French Polynesia I couldn’t take any star sights with the sextant or anything,” Cornell said. “The next morning I was very scared because we really hadn’t seen anything. We knew the currents were very strong in that area. And I was in the cockpit waiting… listening, because you can hear sometimes the breaking swells on an atoll or a reef. Suddenly I could see—just as the light came up—I could see distant breakers. We drifted that night. I had a large margin of error at five knots speed over forty miles. We drifted another twenty-five or thirty miles and at some point blindly passed an island with no light on it.”

“That was another era,” Gwenda said quietly. “A lot of cruising boats were lost in the Tuamotus then.” It was hard to know what the Cornell family had given up to support their patriarch’s dreams, or if the results had been morally or financially substantial enough to justify it. I knew what it was like to be swept up by a man’s obsession. Recalling my father’s mission to remake himself as a boatbuilder was like clicking through a cartridge of dusty slides: washing his fiberglass-laced clothes in separate loads; the bow of his first boat peeking out of our garage; three fat, gleaming hulls abreast in the new shop behind our house; the yellow rotary phone in my parents’ bedroom where I took a message from Walter Cronkite, who had called at 6 p.m. on a Sunday night to ask my father to build him a boat.

It was my father’s calling to become a shipwright, but it was our family who made the sacrifices necessary to do it. We were dislocated from our extended family, the inland home where we were born, and pretty much everything we knew. We spent twenty years in a drafty, vinyl-sided house, unable to buy enough oil to heat the place. We occasionally couldn’t afford groceries and were told to lie about our age at county fairs and movie theaters to get in for free. My mother began a new career as a shopkeeper and adjusted to a community of lovely, though stoic, Anglo-Saxon New Englanders—all while adapting to hardscrabble New England life on the forty-fourth parallel. It was not easy. My father borrowed money so frequently to keep the business afloat that it was hard to know if the business was solvent from one year to the next. He lived under constant pressure to find buyers, leaving for work at four in the morning and returning at ten at night. More than anything, it was him we lost—first to his obsession with boats, then to his company, then to bankruptcy, then to another woman, and finally to cancer at the age of sixty-one.

I remember him putting his hand on my shoulder when I was six years old and saying, “I will always live by the sea.” The statement struck me as disingenuous, even at that young age, as he’d grown up on a farm nowhere near the sea. But the ocean had hooked him, entangled him, and it would keep him in its grip to his last day. There is something hypnotizing about the sea; it can absorb people like Cornell, my father, me, and at least a hundred other souls I have met in my travels, including John Kretschmer, Herb McCormick, and Mark Synnott. It’s something about the blank slate that the ocean represents, the lack of rules and obligation, the lawless freedom that Cornell felt decades ago swimming for his life through the Black Sea.

Cornell’s obsession with the ocean never waned. He studied it because he loved, feared, and respected it. He and his family had successfully quantified the sea and its many vectors. They had assimilated modern ocean data on a global scale and delivered it to the world. This wide-angle lens focused on maritime weather allowed them and others to see certain trends for the first time, some of which Cornell used to publicize what he knew to be true: this was not just a change in weather; we were experiencing an unprecedented shift in the planet’s climate system.

It was not an easy cross to bear. Cornell encouraged cruisers in his rallies to publicize what was happening on the oceans and install oceanographic instrument clusters on their yachts that could communicate directly with researchers. He launched robotic research buoys from his sailboat in remote oceans, dove on dying reefs, and rallied media attention for old friends living on shrinking Pacific islands. He went on to build three more Aventuras, focusing his journeys increasingly on oceanography and sustainability—his last boat being a zero-emissions catamaran powered solely by wind, sea, and sun.

Four hours after I sat down with the Cornells, Ivan left to attend a protest in the city center. Jimmy, Gwenda, and Doina had a dinner reservation they had to make. As I was leaving, Cornell led me by the shirtsleeve to his study, where he had assembled dozens of keepsakes. Seashells collected from beaches sat in a glass case. A Polynesian fan hung beside two model clipper ships. Polynesian wood and stone statuettes covered the top of his bookshelf. On his desk were all the accoutrements of the self-publisher: laptop, printer, stapler, ruler. Plastic filing shelves held stacks of papers. A narrow window in front of his computer looked out at the alabaster columns of the British Museum.

He did not bring me there to show me his treasures. He wanted to explain the real-life effects of the Anthropocene. As an author and administrator, he was often the first to know about a coming storm—most of which receive little to no media coverage. He watched from his home office as tropical cyclones laid waste to huge swaths of the planet. Record-setting tropical cyclones pushed twenty-foot storm surges into Fiji and the Marshall Islands. Multiple feet of rain fell in a single day in the Philippines and southeast Africa, wiping out entire municipalities. Winds topping two hundred miles per hour flattened forests in Papua New Guinea.

To many readers who have never seen such a storm, they remain a fantasy. But Cornell had been to these places, had seen some of these gales, and knew these people. The statistics weighed on him. In 2010, the idyllic tropical island of Fiji was listed as one of the top fifteen disaster-prone countries in the world. After a series of storms hit American Samoa in the mid-2000s, residents fled, decreasing its population by 10 percent. Storms and sea level rise caused the Marshall Islands to lose 20 percent of its population between 2011 and 2021, while New Caledonia’s population recently fell below 270,000 for the first time in modern history.

Cornell watched cyclones spinning off the South Pacific hit Africa repeatedly, forever altering farmland and water tables while exacerbating poverty and famine. In January 2022, a series of eight back-to-back storms—on average, every two weeks—overwhelmed coastlines in Mozambique, Malawi, Madagascar, and South Africa’s KwaZulu-Natal province, killing hundreds and displacing millions. In a region where up to half of all homes are constructed with woven material, just one storm in 2022, Tropical Storm Ana, left eighty-six dead, tens of thousands of homes destroyed, 1.8 million acres of farmland flooded, more than one hundred thousand homeless, and infrastructure, clean water, fuel, and the electric grid decimated. Ana’s maximum winds never exceeded fifty miles per hour. In 2023, the longest, most powerful tropical cyclone in history—Very Intense Tropical Cyclone Freddy—raged for more than a month across the superheated waters of the Indian Ocean, destroying large sectors of Madagascar and Mozambique.

Cornell walked me to his desk and pointed to photos of all four of his boats hanging on the far wall—in waters so remote that the nearest humans were not on land or boat but overhead in the International Space Station. The top one showed Aventura III flying a spinnaker in front of a massive iceberg. Another was of Aventura II anchored in a rockbound bay. The last showed Aventura III charging through a moderate swell, its silvery aluminum hull reflecting sunlight.

The largest photo was of Aventura I, the original inspiration to sail around the world. It was a homely-looking boat with a short, steep pilothouse covering the companionway, a wide beam, and a surprisingly short length. All the sails were flying—the jib, the main, the mizzen, and a blue mizzen staysail stretched between two masts. The boat was moving along at a good clip. You can just make out Cornell holding the tiller and Doina, around eight years old, climbing up the pilothouse. There is another body in the companionway that I imagine is Gwenda, keeping an eye on Ivan, taking in the scene, and wondering when they might make landfall again. It was an incredible moment to see: an age of innocence and ignorance when the hockey stick curve of rising temperatures, seas, and storms was sequestered in laboratories and academic circles. It was a perfect picture of a man gazing curiously into the void, wondering how it all worked, learning to voyage like our ancestors, and slowly piecing together what would be the story of our lives. It was a tale of humanity, our insatiable and contradictory desires to both profit and learn. It was a family adrift on the sea, sailing through space and time and all the mystery, power, and terror the ocean holds.

Footnote

1 Cyclone Shaheen took a remarkable path in 2021, from the Bay of Bengal across India and the Arabian Sea, making landfall in Oman, the first time in recorded history that a severe cyclone made direct landfall there.
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Divine Wind

America was well into its third year of fighting in World War II when a column of thunderheads gliding over the Pacific on December 16, 1944, turned toward the US Navy’s Third Fleet. Task Force 38 was one of the most lethal armadas ever assembled, with just under one hundred cutting-edge warships in its ranks. Admiral William “Bull” Halsey Jr. had used the group to backstop General Douglas MacArthur’s invasion in the Philippines, an advance that generals in Washington, DC, hoped would be one of the last of the war. The fleet was low on fuel after a barrage of air raids, so Halsey directed it three hundred miles east of Luzon, deep into the Pacific, to refuel from a convoy of oilers waiting there.

Halsey knew that the most destructive war in history was nearing a tipping point. Japan’s navy had been reduced to just four aircraft carriers and a handful of cruiser fleets. Its air force had been decimated as well, but imperial troops were well entrenched throughout the empire and were operating on orders to fight to the death—even if that meant, in the tradition of the samurai, taking their own lives. The only way to urge them to lay down their arms, Halsey knew, was complete victory on the battlefield. And he was convinced that victory would come from the combined efforts of his fleet and General MacArthur’s ground troops descending on Japanese bases in the Philippines.

The refueling passage out to sea had been relatively calm, and the rendezvous point was far enough offshore that fleet sailors could forget about Japanese warships and pilots for a moment. Engineers wheeled out welding carts and tool kits to make repairs as they approached the oilers and began to refuel. A cool sea breeze pushed steady swells as golden sunlight reflected off the superstructures and collapsed fighter wings lined up on flight decks. By that afternoon, the height and period of the swells lifting and releasing the slender, top-heavy destroyers grew as a reported storm approached.

Admiral Halsey was a household name by then. He’d conducted numerous raids on the Japanese, including a stealth bombing mission on Tokyo immediately following the surprise attack on Pearl Harbor. The man had single-handedly altered the course of the war in the Pacific and had no intention of delaying the refueling exercise due to bad weather. The navy’s Fleet Weather Central office in Pearl Harbor had sent a warning about a storm brewing to the east that would likely hook north—as December storms typically did in that part of the Pacific. But Fleet Weather Central had blind spots across the vast expanse of the Pacific. One unobserved 800-square-mile region happened to sit 200 miles east of the fleet, where the line of thunderheads had swirled into the beginnings of a tropical storm. As waves and wind grew dramatically, a US Army forecast center on the island of Saipan dispatched amphibious planes on a reconnaissance flight. They were stunned to find cyclonic winds circling at 160 miles per hour just a hundred miles away from the Third Fleet.

Halsey ordered his ships to continue in formation and attempt refueling again on a new route to skirt the storm. He was a third-generation sailor who was said to have salt water running through his veins. He knew about typhoons—or bagnios, as sailors in Manila called them. He’d heard about the cannon the British erected at the mouth of Hong Kong Harbor to warn of a coming typhoon, and the monster storm that rolled straight over the blazing gun a few years later, demolishing the harbor and killing ten thousand. He also knew that the Japanese called typhoons the “divine wind,” after the ferocious gales twice saved Japan by pushing back Kublai Khan’s massive invasion fleets in 1274 and 1281. Many Japanese expected the wind to rise again in the empire’s most dire moments, like right then at the tail end of the war.

Halsey was aware that forces of nature could turn the tide of war. He’d read about the “Protestant Wind” that destroyed the Spanish Armada in 1588 and the two hurricanes that whipped through the Caribbean in 1780, destroying British and French warships and changing the course of the American Revolution. But it was another threat that occupied his mind as the wind built and a dark line of clouds appeared to the east. Facing near-certain defeat in 1944, Japanese generals took the extraordinary step of deploying some of the world’s first suicide bombers. Novice pilots in the Imperial Japanese Army Air Service, some as young as eighteen years old, were given medals and katana swords after a meal of sake and rice. They then made peace with their gods, climbed into a TNT-packed Mitsubishi fighter plane, and cruised across the Pacific Ocean to crash into an Allied navy ship. The pilots and their craft were named after the divine wind—kamikaze in Japanese. Kamikaze pilots had been so successful in the last few months that the Third Fleet temporarily pulled away from combat to create a protocol with which to deal with them. As the skies darkened and the wind increased on December 17, Halsey was left with an impossible decision: face the kamikaze rushing east from air bases in the Philippines or the one cycling west across the Pacific.

Wind and waves from the coming storm soon ruptured refueling hoses and brought boats perilously close to colliding. Halsey finally called off the refueling mission, leaving many ships top-heavy with near-empty tanks. More-experienced captains watched their barometers plummet as swirling high-altitude cirrus clouds swept west—and instructed their crews to secure ammunition, empty fuel from planes, lash them down, and pump seawater into the ships’ empty fuel tanks to restore ballast. As conditions deteriorated, Halsey ordered all to maintain course, no matter the risk.

Heavy armaments and radar equipment recently installed on already overloaded upper decks caused many ships to list violently as the storm overran them. What would become known as Typhoon Cobra was the twenty-third tropical cyclone of the 1944 season. The storm was compact, making observation almost impossible until the outer bands absorbed the fleet. A final order from Halsey hours later, based on faulty information and meant to skirt the storm, directed the fleet even closer to its eye.

Radar operators throughout the fleet soon saw what looked like a large, solid mass on their screens. Little did they know that they were among the first to document a tropical cyclone on radar. Screen grabs from that day look like an explosion of white ink against a pitch-black sea: cottony tendrils whipping around the dark eye and what looks like bullets fired straight out of the vortex. Wind gusted to an estimated 145 miles per hour, pushing ships over onto their starboard topsides. Seawater poured into hatches and ventilation shafts, flooding engine rooms and lower decks. The USS Langley tipped over seventy degrees on one wave before righting itself. The USS Cowpens saw a wave wash seven planes off its deck shortly thereafter, and on the USS Monterey an officer was scaling the skipper’s ladder to the bridge when a seventy-foot wave broke over it, pitching the hull to port and washing the man overboard. The sailor somehow grabbed a two-inch combing and swung himself onto a catwalk, then scaled the ladder again to receive his orders. Years later, the story would help propel Officer of the Deck Gerald Ford to the presidency of the United States.

Conditions worsened rapidly, with fifty- to seventy-foot waves rocking the fleet. Barometric pressure dropped to 907 hPa, and by noon Halsey could not see the bow of his boat 350 feet away. He gave up on traveling in formation and ordered his ships to take the most comfortable route possible—essentially instructing his captains to save their ships. It appeared that humankind’s most lethal and impervious machines of war were about to be tested, not against airborne suicide missions or clandestine submarines, but by the divine wind.

Wind load escalates in proportion to the square of its velocity, meaning a 150-mile-per-hour gust exerts around eighty pounds of pressure per square inch on anything it hits—including the massive bulkheads, turrets, bridge structures, and broad topsides of Halsey’s fleet. Breaking eighty-foot waves landed with around eight hundred tons of force on the ships repeatedly for two days. Task Force 38 commander John “Slew” McCain, on the Hancock, watched the divine wind crush inch-thick steel gun shields on the stern of his boat, then tear a steel hatch off a magazine storeroom. The aircraft carrier USS San Jacinto lurched so violently over a massive wave that a nearby captain spotted the ship’s propeller whiz past his bridge. When the carrier skidded down the back side of the wave, heeling over forty-five degrees, seawater cut through steel cables holding aircraft down and sent them skittering overboard. Moments later, one of the most heavily armored and advanced ships in the US Navy, the destroyer USS Grayson, saw a monstrous wave crumple its bow like it was a piece of paper.

Imbalanced by a lack of fuel, light aircraft carriers and destroyers were the first to founder. The ships listed dangerously close to capsizing in the first hours of the storm. Halsey’s course left the starboard flank of each ship exposed to giant swells rising and breaking over their decks, washing dozens of planes and sailors overboard. Unknown to Halsey, the destroyer USS Monaghan succumbed to the storm fifteen minutes before his order to abandon formation. Most men on the Monaghan were clinging to their bunks below deck when the ship rolled over and sank. Six men survived; 254 died. The USS Spence went down next, after seawater flooded the fire room and shorted the ship’s electrical system. As the crew waited in darkness, the ship rolled onto its side and never came back up. Twenty-four men survived; 341 died. The USS Hull foundered minutes later after losing its steering and being pinned on its starboard rail by wind—as seas flowed into the pilothouse. Seventy-two men survived; 202 died.

Nearby, captains watched in horror as the massive steel ships rolled, capsized, and vanished. Minute by minute, for forty-eight hours, every ship in the fleet struggled to stay afloat, including the USS Tabberer, which had wisely pumped its remaining fuel from starboard to port tanks to counterbalance the wind. The technique worked, until wind snapped the cables holding up the ship’s masts. With no radio contact and zero visibility, the destroyer blindly pushed on until winds began to abate that evening. That night, a watchman wandered onto the deck and miraculously spotted a light from a USS Hull survivor. The ship’s captain, Lieutenant Commander Henry Lee Plage, immediately ordered a risky box search once the sailor was on board. Motoring back and forth through the gale, his crew found and pulled fifty-five men to safety. Plage, who sustained two black eyes from staring into the wind for two days, would be awarded a Legion of Merit for his heroics.

By the time the eye wall passed and the wind and waves eased, 790 sailors were dead and three ships rested on the bottom of the sea. The divine wind had arrived as prophesied and swept the enemy from the ocean. Halsey ordered the remaining fleet to rendezvous, and days later at a naval base at Ulithi Atoll, a special judicial hearing was conducted to judge his decisions. Air raids were canceled; MacArthur’s invasion was delayed; and the momentum of the war shifted, if only for a moment. Halsey was found responsible for the disaster, but no discipline was recommended. The US Navy was more concerned with rejoining the invasion, which the Third Fleet did in January.

The accident would not be forgotten. It spurred the creation of the navy’s Typhoon Tracking Center on the island of Guam, which later evolved into the Joint Typhoon Warning Center—the most comprehensive effort in human history to understand and predict the world’s largest storms. The service launched with ten forecasters who used grease pencils and acetate sheets to triangulate storms—and a rudimentary computer program that estimated the vector and size of tropical cyclones, a derivation of which is used by the National Hurricane Center today.
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The Zooniverse

Cobra is still quite a famous typhoon,” Dr. Ed Hawkins of the United Kingdom’s National Centre for Atmospheric Science (NCAS) told me the morning after I met Jimmy Cornell. “We see extreme storms like this in the data and understand our climate and how things have changed along with these events.” Hawkins and his colleague Dr. Praveen Teleti were more familiar than most with Task Force 38’s maneuvers. Like Cornell, they had analyzed weather data from hundreds of ship’s logs, including the Third Fleet’s. The pair were not interested in Halsey’s questionable judgment. They wanted to glean vital climate data from his fleet’s logbooks—and use it to predict the current anabatic arc of severe weather.

I’d contacted them a few weeks before to see if I could look at some of the logbooks Cornell had studied. They had already sourced and transcribed thousands of original entries going back to the 1800s for the Weather Rescue at Sea project. As Ivan Cornell had pointed out the night before, satellite data, which nearly all climate change models rely on, has been around for only a few decades and can be subject to error. Accurate climate forecasts require vastly more information, which has been unavailable until recently, when several data-rescue projects uncovered a trove of logbooks. Similar to ice cores from Antarctica or tree rings from ancient forests, meticulously kept antiquarian logbooks preserve one-of-a-kind snapshots of conditions decades and even centuries ago, including how earth’s oceans and atmosphere reacted to changes in CO2 levels, solar flares, methane releases, and volcanic eruptions. Their goal: extend the climate record beyond what satellites can offer and use the data to refine severe weather and climate predictions in decades to come.

Finding empirical, causal relationships in the past is one of the best ways to gauge how earth’s climate will react when you proverbially poke it. For example, if warmer ocean temperatures recorded in the Caribbean in the 1850s resulted in significantly more active hurricane seasons, meteorologists might infer that warmer water in 2050 could conjure a similar outcome. Like pixels in a photo, the more data that you gather from a geographic location, the clearer the picture becomes. “Climate change to me is moving into a risk assessment place,” Hawkins said. “So if we can reconstruct some of the most severe rain events or storm events that happened a long time ago in great detail, then we can say, ‘What are the risks if this event happened today?’”

The emergence of modern oceanography can be seen in these early logs as captains, seeking faster and safer passages, measured the speed of currents, trade wind corridors, and storms. Some plumbed the depths with wooden buckets, hauling up seawater from miles beneath the surface—to record temperature and salinity and occasionally look for signs of reported extraterrestrial “cosmic spherules” of primordial ooze, dubbed Bathybius haeckelii. A century later, warships in World War II collected nearly four million maritime observations during a critical wartime gap in scientific data collection. What they and others were unknowingly studying was the mechanics of the ocean and a key element of climate science.

For years, Hawkins, Teleti, and their colleagues have been calling attention to this repository of weather data—which has been sitting in plain sight in libraries and records rooms. Most logbooks were recorded by trained professionals in the military or merchant marine, Teleti said, meaning the data is surprisingly accurate. “You often see in these logbooks that the ship is going through a pretty traumatic event, like going near a typhoon or an attack from the air, like Pearl Harbor,” he said. “The officer might miss one or two observations, but then they’re straight back at it. The thinking was, ‘This is our training. We’re gonna stick to procedure.’ It’s remarkable to see that in the middle of a typhoon—that they’re still writing it down.”

Much of the data has already been transcribed and uploaded to the International Comprehensive Ocean-Atmosphere Data Set, which NOAA and the National Aeronautics and Space Administration (NASA), among others, draw from. From there, mathematicians and programmers interpret and clean the data so it can be used to predict tropical cyclone tracks and intensity, heat waves, droughts, global circulation, sea ice extent, and the IPCC’s panoptic estimate of the trajectory of climate change.

I got an up-close look at the advent of the Anthropocene earlier that day, riding the Great Western Railway to the University of Reading. It was a cold Tuesday morning when the train pulled out of Paddington station and steamed west toward Heathrow, Swindon, and the clear green waters of Bristol Channel. London vanished in the background, giving way to vestiges of the Industrial Age: natural gas plants, gravel pits, two-story brick apartment buildings, and the industrial miscellany that encircles most cities. Two and a half centuries ago, a hundred miles to the north, human hands were retired from working wool, cotton, wood, and steel and replaced by machines for the first time in history. Hydropowered mills ran around the clock at one hundred times the speed. A decade later, Scottish engineer James Watt perfected the steam engine, and factory owners switched to coal—most of it mined in Northumberland, Durham, and South Wales. The opening decades of the Industrial Revolution bumped coal production from 5.2 million tons per year in 1750 to 62.5 million tons a century later, the equivalent of six times the annual greenhouse gas emissions of the United States, France, Germany, and Belgium.

The landscape was greener and the air cleaner when the train pulled into Reading station. The University of Reading itself was a relic of the Industrial Age—one of the Redbrick civic universities erected in the 1800s in major industrial hubs. The school took a turn toward atmospheric studies when NCAS took up residence on the campus. In the IPCC’s Sixth Assessment Report, published in 2021, no less than twelve lead authors hailed from the university’s campus—more than from any other institution in the world.

Hawkins was one of those lead authors, with dozens of publications to his name. I found him in Building 56, inside a glass door and up two flights of stairs. The hallway leading to his office was papered with existential questions of our time: “How have natural variability and radiative forcing combined to shape multi-year trends in the North American physical climate system?” “Does air-sea coupling have an effect on the prediction of Western North Pacific tropical cyclones?” “Why do accurate tropical cyclone predictions in the Western North Pacific remain challenging for state of the art global numeric weather prediction models?”

Teleti and Hawkins pulled me from this prognostic labyrinth into their cramped office and sat me at the head of a long folding table. Teleti took a seat on my right, Hawkins on the left. Sandwiched between them—and surrounded by a half dozen filing cabinets, computers, hard drives, binders, and stacks of paper—I wondered, considering the importance of the pair’s discoveries, whether the resources at their immediate disposal were sufficient. But as I soon discovered, analog data does not require space or equipment. It demands only time.

Hawkins’s magnetic enthusiasm was clearly one of the project’s primary resources. He is a slender man with what I have come to recognize as the British scholar’s look: handsome, fit, tousled brown hair, a wide grandstand of a smile with a few incisors looking for their seats. He was a former astronomer and principal research scientist for NCAS. Climate change is a family affair for the Hawkinses. His wife is deputy director of the Copernicus Climate Change Service, the European Union’s climate change research arm, which collates data to support EU adaptation and mitigation policies.

He was familiar with extreme weather and the overshot humanity was headed for, so he understood the value of ships’ logs more than most—how they painted a picture of the planet’s future as much as if not more than they did its past. A paper he authored in 2022 used historical data—including logbooks, diaries, and rescued tide gauge readings—to reconstruct one of the most violent tempests to ever hit Ireland or the United Kingdom. A Shapiro-Keyser cyclone made landfall in February 1903 with hundred-mile-per-hour leading sting jet winds that uprooted thousands of mature trees, killed several residents, and flooded the shoreline with an eight-foot storm surge. The gale was so sudden and ferocious, a rising literary star included it in a new novel that later gave the storm its name. Storm Ulysses would go down as one of the top four tempests to ever hit the region. After transcribing the records and digitally reconstructing the storm, Hawkins and several colleagues forecast what a similar cyclone would do to the region today. Factoring in elevated sea levels, warmer oceans, and increased water vapor in the atmosphere, the results were disastrous.

The image of 200-mile-per-hour winds and eighty-foot waves colliding with ancient levees and quays of the Old World seems like a fantasy, and yet it is already happening. Warming water off the coast of Europe over the last twenty years has opened the door to tropical cyclones like Hurricane Ophelia in 2017, which grazed Ireland with 119-mile-per-hour winds, and Storm Betty, which hit the same coast with an 80-mile-per-hour gale. The following year, Tropical Storms Leslie and Helene made history when they traveled north from Africa, instead of west to America, hitting the Iberian Peninsula and the United Kingdom, respectively. On the night of September 18, 2020, Subtropical Storm Alpha became the first subtropical or tropical cyclone to make landfall in mainland Portugal in recorded history, slamming into Figueira da Foz with 50-mile-per-hour winds and heavy rain before rolling south to Lisbon.

The escalation of extreme weather has made analog data recovery even more vital. The process is maddeningly slow, like counting the exact number of vowels in the original Old Testament—if it were handwritten on the deck of a listing ship. For all their wonder and speed, computers cannot decipher a million different styles of penmanship spanning centuries. So Hawkins and Teleti turned back the clock and retired machines in favor of human hands—signing on with a crowdsourced research hub called Zooniverse. The platform’s cofounder, astronomer Kevin Schawinski, helped devise the system after he was tasked with classifying nine hundred thousand new galaxies photographed in 2007—referred to in the business as “data deluge.” More than one hundred thousand volunteers signed up and logged forty million classifications in 175 days.

Weather Rescue at Sea similarly recruited hundreds of volunteers to read and transcribe logbooks. There was an endless data deluge to explicate, Hawkins said. The National Archives in London alone keeps six million pages of Royal Navy logbooks. When I asked what kind of person spent their nights and weekends staring at a computer screen for fun, Teleti answered, “Retirees. And one guy who broke his leg and had to be in traction for a month.”

After waiting patiently for a solid hour with his hand on the trackpad of a laptop, Teleti finally got a chance to show me logbooks from the HMS Chanticleer, a 185-foot steam-powered sloop. Looking at the jaundiced pages, I tapped into some of his anxiety. The entry on the screen was dated August 30, 1862. The pages were lined and printed with time, date, home port, destination, latitude, longitude, temperature, and a surprisingly robust “remarks” section. The penmanship was immaculate but from another era. Most of it seemed impossible to make out: swooping W’s, cursive J’s and E’s. It was a form of writing, and language, that has since passed into obscurity. “English has changed a lot since 1800,” Teleti said. “The words and even the formation of letters was quite different then.”

The answer to the question that most storm forecasters and citizens of the world want—“How bad will it get?”—is built on numbers: measurements, forecasts, incoming solar radiation, outgoing emissions. As 1.5, 2, and the dreaded 3 degrees Celsius nightmare scenarios are ballyhooed by emissaries and activists, few have asked the question, “Where do those numbers come from and how were they calculated?” In the absence of satellites and wide-scale marine observation, the answer to that question is estimates—or educated guesses. With projections now trending closer to doomsday scenarios, and recent studies suggesting that the world has around five years to wean itself off fossil fuels to keep warming below the agreed upon 1.5 degrees Celsius safety threshold, it is justifiable to double-check some of those figures.1

Hawkins and Teleti shed some light on this when they shifted away from seawater temperature data in logbooks—which can vary significantly depending on how captains took those measurements and from what depth—and began transcribing more reliable surface air temperatures instead. Besides being more accurate readings, records of global surface air temperature, or GloSAT, go back to the 1780s, extending the climate record even further. The importance and weight of this observed data were illustrated by a recent GloSAT revelation: warming did not begin in the second half of the nineteenth century as most believe. The dawn of the Industrial Age, set in the landscape I rode through that morning, had immediate impacts on the atmosphere, raising temperatures far earlier and higher than previously thought. Current estimates based on new GloSAT records indicate that the planet may have already warmed up to 0.2 degrees Celsius by the IPCC’s baseline of 1850.

The effect of the discovery on the overall trajectory of climate change and the amplification of tropical cyclones is to lift the tail of the arrow up, flattening the hockey stick curve that we have seen time and again. Though a seemingly small shift, the discovery could change calculations of the overall pace and trajectory of global warming—which nearly every international policy, mitigation strategy, carbon reduction goal, and Paris Agreement pledge is based on. “Without these logs we’d be in the dark,” Hawkins said. And until the research is supported, expanded, and finished, we will remain, in fact, in the dark.
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The old country is filled with tradition: high tea, coronations, “weighing the mayor day,” wife-carrying races, and a wide-ranging network of footpaths running through backyards, campuses, parks, and private land. I followed one such path through a Narnia-esque forest back to the train station. A few students lingered near an old stone wall. A professor with a stack of folders under his arm chatted on his phone, and two neighbors walked past with a pair of Yorkshire terriers. Old-growth Scots pines layered in lichen corkscrewed up through the canopy. A thick carpet of ivy obscured a dilapidated wooden fence, over which a flight of doves set their wings and glided into a hayfield. The walk gave me a moment to consider where all these reports of freak storms and weather data would end. It was one thing to make a record of gradually intensifying storms and weather and another to forecast how they might evolve.

Modeling storms of the future is a bit like wandering through an enchanted forest. There is a path, but it branches off in many directions. Modeling is extrapolation and conjecture, story building with science, evidence, and mathematical probability. With all the known uncertainties in earth’s weather and climate systems, it is both astonishing and questionable that NOAA or the IPCC can project our current track with any degree of certainty. The more distant the forecast, the less certain it is. Will typhoons like the one that took down Halsey’s fleet roam the Pacific all year long? Are we looking at a few more storms every now and then? Or a double-eyed monster like the perennial hurricane spinning around the south pole of Venus—a planet already experiencing runaway climate change with surface temperatures of 900 degrees Fahrenheit locked beneath a blanket of atmospheric CO2.

The trail ended at aptly named Wilderness Road, where I turned right down a series of two-lane highways and roundabouts. Single-family Tudor homes lined both sides of the street. An overturned hot tub sat in front of one, antiquarian English farming equipment in front of another. I noticed a row of sporting trophies and framed photos set on a windowsill, and it struck me that many of the families living here likely had no idea what scientists were doing just a few hundred yards away. They ate their breakfast, read the news, watched the weather report to see if they needed a winter coat or an umbrella. They likely had little idea what was going on inside NCAS, in Ed Hawkins’s office, or in Praveen Teleti’s Zooniverse.

What is happening in the United Kingdom right now is a good case study for how continents, nations, and neighborhoods are changing in a changing climate. In the decades to come, UK summers will become drier and winters wetter, as rising temperatures evaporate surface water, saturating the atmosphere. Increased rainfall, combined with sea level rise, will flood every coast in the kingdom—inundating an estimated two hundred thousand coastal homes. Severe storms will grow more intense, like windstorms Dennis and Ciara in 2020, two of the strongest extratropical storms to hit the United Kingdom in recorded history. All while droughts increase, affecting everything from crop production to drinking-water availability to forests like the one I’d just walked through.

One comment that Hawkins made stuck in my mind as I approached the station. Amid all the dire predictions of storms and warming—and the specter that we might have no idea where we sit in the opening decades of the climate crisis—was an underreported and relatively unknown fact about climate change and our atmosphere. If humanity were to curtail emissions and reach net zero in the foreseeable future, additional warming of the planet would stop almost immediately. Storms would stop intensifying. Tropical cyclones would stop growing, and global surface temperatures would stop rising. Greenhouse gases in the upper atmosphere would continue to insulate the earth as they do today, but the upward-arcing curve of warming would flatten almost immediately. And if CO2 could be naturally or mechanically filtered out and sequestered, it would begin to diminish in lockstep.

I thought about that fact on the train ride home. Storm amplification, storm deaths, and storm cost are directly tied to CO2 levels. What would it be like to wake up in a world where that intensification stopped? Or began to contract? What would we do if we were not headed for climate disaster? What would we talk about? Where would we divert our attention? Do people realize how attainable this reality actually is? The path to this scenario is sitting on Hawkins’s, Teleti’s, and countless other climate scientists’ computers in a series of tiny scripted numbers. The future of these digits is not predestined; we can change them anytime we collectively decide to. They are a conduit that connects us with people living in hurricane country, typhoon country, the Horn of Africa, the Philippines, the US East Coast, and all the windswept island nations of the Pacific Basin. They connect us with our future, with the future of unborn generations, and with forests, rivers, deserts, and oceans. Every number is a story unto itself and is deeply entwined with our fate. And until we get the numbers right, superstorms and all the effects of climate change will continue to flourish.

Footnote

1 Odds of actually meeting that deadline are now less than 50 percent. A report by the United Nations in late 2023 showed that the required 43 percent cut in greenhouse gas emissions by 2030 set with the Paris Agreement is vastly off track. With carbon emissions at a record high and emissions reduction headed for just 2 percent by 2030, researchers say we will create a 1.5 degrees Celsius world in just seven years.
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In the months following my trip to the United Kingdom, I found myself researching storms throughout history: Typhoon Cobra, which nearly changed the course of World War II; the Haiphong cyclone, which drove tidal waves from the Gulf of Tonkin to the shores of Vietnam in 1881, killing more than three hundred thousand; the 1991 Bangladesh cyclone, which delivered a twenty-foot storm surge and 155-mile-per-hour winds to the coast, killing 138,866. I could not fathom how large these tropical cyclones could get when climate change amps up. I spent hours staring at the clouds, watching high-elevation winds swirl, fronts blow through, thunderheads coalesce over the mountains bordering our backyard—trying to equate the atmosphere that I thought I knew with the one I was learning about.

I had always watched the sky, but something was different now. The atmosphere was no longer a background; it was center stage. I imagined invisible clouds of CO2 intermingling with nitrogen and oxygen, updrafts of warm air, cascades of wind rushing toward low-pressure troughs. I could almost see blades of grass absorbing CO2, adding carbon to its carbohydrates and releasing O2. When our resident herd of deer grazed on that grass, some of that carbon was reoxidized and released back into the atmosphere.

As the cold, dark days of winter warmed, creatures emerged in the forest around my office. Buds appeared on oak trees, and sugar maples filled sap buckets that my daughter and I set out. More rain than we had ever seen washed out the driveway that spring and carved new channels through the river encircling our property. Winds rushing off the high peaks knocked over fence posts, trees, and a collection of toys carefully arranged on a play set. One afternoon, the remnants of a nor’easter that pummeled the New England coast swung over the sun like a cottony sickle. Another night, I saw a black line of clouds wipe the stars from the sky and dump four feet of snow in the high peaks.

When hurricane season arrived a few weeks later, I monitored the National Hurricane Center (NHC) and its real-time storm-tracking web page, looking for signs of a coming gale. The University of Colorado and the NHC had predicted a shrinking number of storms for the 2023 season as the result of an El Niño event taking shape. A month later, the forecast was revised to an above-average season with up to twenty-one named storms. Four tropical storms spun up in the first six weeks, then six more in August, including Hurricane Idalia, which followed a path across Florida similar to Ian’s the year before.1 A week later, focus turned to a well-formed line of thunderheads drifting west from Africa toward the Caribbean.

I followed the disturbance for most of the week. Even my amateur eye saw the seed of a major hurricane in the little red X on the NHC storm map. A day later, Tropical Storm Lee rapidly intensified into a hurricane, and twenty-four hours after that, it intensified again into a Category 5 monster. The Coriolis effect was already at work, bending Lee north as it ate up ground to the west. Bermuda looked doomed. The mid-Atlantic states prepared for disaster. New Yorkers had flashbacks of Hurricane Sandy as several “spaghetti models” showed various tracks wandering over Long Island. Two days later, forecasters sketched a track that I could hardly believe: Lee would run due north past Nantucket, Cape Cod, Boston, and Portland, then turn straight into the Gulf of Maine.

It had been sixteen years since a hurricane warning was sounded on the coast I grew up on. I remembered Hurricanes Bob and Hugo, and how the radio station played Laura Branigan’s hit song “Gloria” over and over as Hurricane Gloria approached. The storms were more of an abstraction when I was an adolescent, not an actual threat. School was canceled; TV was allowed; parents stayed home from work. Things were different now, with my newfound understanding of tropical cyclones. And things were different that year on the coast of Maine. High-altitude, westerly-steering winds in 2023 had pushed most southern storms offshore, putting them on track for the Gulf of Maine and the Canadian Maritimes—making Washington County, Maine, the most hurricane-prone region in the nation that year.

The NHC published a new track the following day—showing Hurricane Lee passing directly over our family home on Mount Desert Island. I had tracked so many storms over the last few years—guessing where each would hit, saying a prayer for those living there—that it was surreal to see one, a big one, headed for my house. I envisioned a twelve-foot storm surge and hundred-mile-per-hour winds tearing apart the prefab home my grandfather built. Predictions suggested that the storm would slow over the cold waters of the Gulf of Maine, but I knew those waters were not so cold anymore. The gulf had been warming faster than any other large body of water on the planet for decades. I also knew that most storms that struck the United States in the last few years had rapidly intensified beyond what forecasters predicted, just before making landfall.

Our home stood a hundred feet from the ocean. Our family boat, which I nearly sank that fateful day while duck hunting with my friend, hung from a mooring in the harbor. When the projected track held the next day, I packed foul-weather gear, a chainsaw, gas, a VHF radio, a GPS locator, and a few extra batteries in the back of our car, kissed my wife and daughter goodbye, and headed north.

There was no sign of the storm for much of the drive. Pale-blue sky circled the horizon as a few cumulus clouds drifted east. One of the strange properties of hurricanes is how they are often buffeted by beautiful high-pressure weather on all sides. From a few hundred miles away, you would never know that a tropical cyclone was bearing down on the coast. There were no high cirrus clouds, no rings around the sun, no reddish dawn. Satellite images of the storm blotted out almost the entire East Coast as Lee passed Nantucket and Cape Cod, then made a beeline for the Gulf of Maine. Signs of the hurricane appeared as I crossed the Maine border. The storm had been downgraded to Category 2, though it had grown in size, with hurricane-force winds now extending 115 miles. For the first time, I recognized in real time the mechanics of hurricane winds. They do not emanate from the eye but are sucked into the storm from hundreds of miles away. As Lee churned north, winds along the coast of Maine all raced southeast toward the atmospheric vacuum at its center.

Nineteenth-century brick buildings and storehouses along Portland’s waterfront were empty and dark under the gauzy sky. I stopped for a bite to eat at an old fishermen’s hangout, where tourists, bankers, grandparents, and captains debated how bad the blow might be. I continued north that afternoon into the kind of thick evergreens that blanket the northern half of the state. A few residents stored yard equipment and pulled tarps over their cordwood. RVs and trucks hauling pop-up campers headed south away from the hurricane. A middle-aged fisherman wearing a camouflage jacket pulled his skiff from St. George Lake and loaded it onto a trailer. The road followed the moraines of the great Laurentide Ice Sheet that shaped the Northeast as it plowed toward the sea during the last Ice Age. On top of one, I finally spotted the ocean, a silver puddle cleaved by a long granite headland.

The ocean flows like mercury between the 4,600 islands scattered along the Maine coast. It penetrates forty miles inland through fjords and river mouths, then winds fifty miles offshore through island chains and peninsulas. I’d seen it all years ago on my cruise, and I’d seen how weather could whip it into a frenzy. Maine’s coastal waters were a labyrinth of motion, with twelve-foot tides cutting through channels and around points, the Labrador Current pouring in from the north, and the Gulf Stream glancing by to the southeast.

Residents on Route 3 were already taking precautions. Harbors emptied slowly of slender white masts and bulky, exhaust-stained trawlers. Two young bearded men drove through Belfast’s Front Street Shipyard in an ancient tractor and a forklift, carrying jack stands and chains to support boats “on the hard.” Six workmen tended two trailers at the Belfast Town Dock, while three older men in baseball hats lifted a dinghy onto the roof of a car.

Back in the woods near Ellsworth, life went on as usual. Rob’s Hardware was busy, selling tarps and duct tape, as was the Tradewinds gas station, where nine cars waited in line to fill their tanks. The rocky knobs of the Camden Hills stood high above the sea. Storms had been pulling those hills down for millions of years—mining them with wind and water, drawing soil and sediment down through streams to the shore, where waves brought them deeper into the sea. Millions of years from now, water pressure will condense that sediment into rock and the movement of the North American plate will thrust it up once again as a new series of hills.

Thick cambered clouds wrapped around Trenton and Goose Cove Road. I had followed these cracked asphalt streets hundreds of times to a steep dirt driveway leading to our family home. Red pine needles covered the lot. A tilted stack of wood leaned against the bike shed. My great-grandparents built a small cabin here in 1937. Years later, my grandfather added the house now perched above Somes Sound. My grandparents spent a good portion of their lives staring at the sea from the porch. My grandfather was a lifelong sailor and had passed much of what he’d learned on to me. When Hurricane Hugo rolled through, he demanded that we canoe out to a thirteen-foot sailboat he had bought to see if it could hold up in a tropical cyclone. It did, though my paddle did not on the canoe ride home, necessitating a frantic doggy paddle back to shore.

There were no boats on the water that day, except for a few near the John Williams boatyard across the sound. Nearly every early Whistler my father built was launched there, including mine. I remember an owner’s wife smashing a bottle of champagne over the bow as a Marine Travelift lowered the hull into the water. Workmen scrambled onto the deck to back it out of the bay and take her and her husband on a maiden cruise. My brother, sister, and I were more interested in the chips, tiny sandwiches, and plastic cocktail glasses of Coca-Cola than we were in the boat. We had no idea how important the event was, but I remember registering the compliments and respect bestowed on our dad for what he and his team had made.

I spent a couple of hours at our family house preparing for the storm: clearing culverts and ditches along the driveway, cutting down limbs and dead trees, and stashing loose tarps and tools. Then I strapped a sea kayak onto our trailer and headed to the harbor to pull out our boat. Sun blasted through the clouds as the wind shifted west. I kayaked past an older lady leaning against the bulkhead of a small sailboat, suntanning while her husband walked around the foredeck tying down sails and booms. Our boat swung from its mooring nearby and I tied up to it, crawled aboard, and drove it back to the town dock. I wasn’t ready to haul it just yet, though. I wanted to see the edge of the storm. I wanted to feel the presence of the weather system that I had been studying for years. I knew that driving into a storm with a quarter tank of gas was not a great idea, but I also knew that I would likely never get to see a tropical cyclone this big from the water unless I was unfortunate enough to sail into one.

I headed for the Western Way. The harbor looked different from the one I knew. Half the boats had already been stored for winter. The light was different too. The shadows and ripples and the shoreline were more defined in the low-hanging autumn sun. It was like a metallic screen had been pulled over the sky. The thick green canopy hemming the harbor looked blue, and the blue ocean was gray. The clouds were no longer distinct; they had coalesced into one long stratum running northeast to southwest. Boats resembled antiques in the patinaed light—like photos from the early twentieth century. Wooden sloops, tiny fiberglass day sailors, an aluminum expedition boat, fourteen lobster boats. They were vessels of time, transporting and shaping generations of families. They had carried islanders up and down the coast and occasionally around the world. I’d sailed a few of these boats on cold, wet overnight voyages. A platinum spotlight now froze them in place.

Silver cedar-sided wharves bounding the shore were empty. The windows looked like black onyx in the filtered light. An old Friendship sloop sailed in the Western Way. It was an image from another century. Time turned back the farther out I drove. The moon’s tidal bulge hesitated as the swirling vortex of Hurricane Lee—right then passing over the rocky subsea jaws of the Gulf of Maine—pushed millions of gallons of water in front of it.

The northerly breeze continued to build, creating a wind shadow south of Mount Desert Island. The hurricane models forecast that most of the wind and waves would hit in the morning. Six workers erected a seemingly futile fence in front of a waterfront home outside the entrance to the harbor. A line of American flags onshore rippled perpendicular to their poles. The metallic light glanced off the water as I nudged the throttle and pushed the boat onto a plane.

I drove due south past East Bunker Ledge, where my friend and I almost sank that freezing November morning, then along the green-black coast of Great Cranberry Island, encircled by stone beaches and layers of sea wrack. I could see rollers breaking far out to sea, but the waters near the southern tip of Cranberry Island were calm. Flynn’s Ledge, where we hunted ducks with my father for years, was hidden under water. An off-white fishing trawler streaked with brown rust rocked violently from rail to rail as it steamed north. The clouds had thickened. The southern horizon was a wall of water vapor. Then the picture fractured, the sea lifted, and deep valleys between the waves opened up. The boat climbed up huge swells near signal buoy number five. The breakers were so tall near South Bunker Ledge that foam and mist erupting from them created a layer of fog. The thick, dark masses of Little and Great Duck Islands hung like shadows on the horizon. I had wanted to see what John Kretschmer saw that morning on Southern Light when Hurricane Bob first appeared. I wanted to feel the prevailing winds die down, see dark billowing clouds gather. The signs of a coming storm that Kretschmer wrote about were all around. Flocks of seagulls and ducks vanished from the sky. A rainbow halo formed around the sun. The breeze blew from almost exactly 110 degrees to the left of the storm center, as Buys Ballot’s Law predicts. I counted the period between each wave and the next, and like Kretschmer said, it had grown to a full twelve seconds. These were not local waves. They were coils of energy radiating from the storm hundreds of miles away.

I knew that it was time to go back, but something pulled me farther out, a siren perhaps, ignorance more likely. I needed to see the vortex. I had witnessed and suffered plenty in storms, but I had never seen the swirls of a coming hurricane from the deck of a boat. Part of me wanted to feel what it would be like to sail into one. Another part wanted to resolve some of the trauma I’d experienced by viewing a coming tempest from the safety of a motorboat. I already felt the shortness of breath and a tingling in my fingers that a storm brings on. I recounted the worst gales I had seen—surfing down a twenty-foot wave in the Gulf of Maine at midnight, caught with all the sails up in a microburst off Newport, Rhode Island. There was a common thread running through all of them: the fact that the storm is not sentient, that it has no mercy.

I had already turned back to shore when I kept turning in a full circle and headed toward Hurricane Lee. I cruised over the swells at three-quarter throttle straight toward the eye—for a few minutes, then twenty, then nearly an hour, skimming out to sea, over submerged prehistoric mountain valleys, canyons, and rivers—dark runs of land shrinking behind, the ocean dipping toward the horizon.

I spotted the Camden Hills to the west and the low-lying forests of Stonington and Deer Isle. The boat vanished between the swells, but they were so far apart it did not feel dangerous. Beyond the barrier islands, the wilderness came to life. Six porpoises rose next to my wake and followed me for a few seconds before peeling off. Another pod circled around a frothing bait ball, feeding and playing as if nothing had changed. Eventually, I turned around and started back—past the Duck Islands, the breakers on Black Island and Long Ledge, then two stubs of granite reaching up from Flynn’s Ledge.

The sky changed again. Long, dark streaks split it in two. High-elevation ribs of cirrus clouds ran crosswise with a few cumulonimbus caught beneath. The front looked like lake ice in the middle of winter, riddled with air pockets and fissures. Four centuries of sailors had sought refuge in the folds of Mount Desert Island in the middle of a storm. I passed the old gray cape where a wizened former teacher named Mrs. Pfeiffer tutored me in English and math on chilly fall afternoons. Then drove through the Western Way again. The harbor had darkened. The sky looked like the haze you see downwind of a wildfire—billions of suspended particles refracting and blocking the light. This was the dawn of the storm—in perhaps the dawn of the superstorm era.
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The sound of wind and rain woke me the next morning. Pines danced outside the house. The forecast had changed overnight. Lee would still make landfall as a tropical storm in southern Maine, but from Stonington north, including Mount Desert Island, a hurricane watch was in effect. The track forecast cone had shifted westward again, with some of the strongest winds predicted to hit near Bar Harbor.

I looked up at the sky as I drove east. A thin birch tree leaned against the power lines. The tops of the oaks waved in the wind. I didn’t see another car for most of the twenty-minute drive. The winds were manageable but the clouds overhead sped past. The plastic lobster hanging outside the Chart Room restaurant in Hulls Cove looked like it was about to take flight. The light-brown signs announcing Acadia National Park whipped on their posts.

Bar Harbor was empty as I drove toward the main park entrance. Four cruise ships had canceled their visits, and most tourists were speeding south on I-95, away from the storm. It had been a while since I’d explored Bar Harbor, and I soon found myself lost and backtracking. I was looking for the Compass Harbor Trail, which leads to a north-facing shore where the heaviest winds were predicted. After driving in circles for fifteen minutes, I gave up and parked on the side of what looked like a private road, then marched into the woods. The wind howled. Several large trees and limbs had already been blown down. I lost my way almost immediately and traipsed back and forth, cutting through the forest toward the flickering blue ocean. Wind shrieked through the treetops and clouds of leaves swirled, obscuring the trail. I finally found the main path and continued north, hunched over and looking up for falling limbs, to a clearing. I recognized the foundation of an abandoned home there, the brick parquet floor, hand-cut granite steps, and decorative concrete footings. This was the ruins of the home of George Dorr, founder of Acadia National Park and bel esprit of horticulture and all things naturalist on the island.

Dorr and a group of nineteenth-century highborn rusticators were swept away in the naturalist revival of the late 1800s, inspired by Charles Darwin and Henry David Thoreau. I grew up studying these “path-makers” in grade school and how they spent summers armchair engineering scenic hiking trails around Mount Desert Island’s 1,500-foot peaks, glacial lakes, and rocky shoreline. Their mission was similar to mine—seek out interesting slivers of nature, study them, and try to comprehend a more robust view of the natural world.

A tree had fallen on what was left of Dorr’s living room. Limbs and leaves lay on what was once his orchard and botanical gardens. His estate was once filled with grafted trees, experimental irrigation systems, and a man-made tidal pool for swimming and observing sea life.2 I followed Dorr’s path to the ocean, hands in front of my face, feeling my way through the wind and brush. The trail ended at the ruins of the swimming pool. I climbed down to the beach, then followed crumbling stone steps up to a small hillock overlooking Mount Desert Narrows—just as the full force of the storm hit.

The wind arrived in pulses, so strong that I wondered if I had made a mistake going out there. Of course, I had to. The storm seemed far more intense than what was predicted, and I would find out later it indeed was. Forty-five-mile-per-hour sustained winds strafed the coast that day, with gusts up to seventy. The wind brought down trees and knocked out power to half the island and a third of the state.

Thick rows of whitecaps lined the sea. A thin layer of mist blanketed the ocean. Clouds were low and gray, all pushing from northeast to southwest. Waves smashed into the Porcupine Islands; Bar Ledge foamed around its shores. Trees along the shoreline bent inland; several looked like they were about to snap. This was what I had been searching for—the edge of the hurricane. As George Dorr no doubt believed, it is one thing to study a subject and wholly another to experience it. To most, the scene right then was the definition of chaos, but I was learning that it was the complete opposite. It was one of the most intricate, perfectly balanced natural wonders on the planet.

The wind raged as I made my way back through the warren of trails, George Dorr’s ruins, and a fallen tree next to my car. Maples along Main Street in Bar Harbor thrashed in the wind. Out in the harbor, four schooners pulled at their moorings, their bows plunging so deep into the waves that they appeared to be going under. The wind was stronger than any I had ever seen. I had wondered since the beginning of this project what fifty knots of wind feels like, and I got to experience it right there stepping out of my car. A gust hit my chest so hard that I actually felt it lifting me off my feet.

I drove to the mainland as the rain came on—pounding the streets, blotting out the road. Fifty-knot gusts rocked the car as I drove. I took a right just before the airport to see the last stretch of ocean before the mainland began. A complex of warehouses stood near a paved boat launch. Pressure-treated wooden walkways were affixed to the side. Rain poured off the roofs in a continuous sheet.

The wind was so strong I had a hard time holding the car door open to peek up at the sky. I stepped out and peered into one of the warehouse windows. Inside were the familiar, gently curving topsides of a hull, the thin white slab of a deck. Handmade scaffolding wrapped around three unfinished boats. I knew this building. I knew the stairways and boat cradles and fluorescent lights humming overhead. My father built this shop. It was the last one he would manage. I worked here for a while, scrubbing toilets and sweeping sawdust. I recalled the smell of the place—a blend of wood, resin, burned coffee, and cigarettes. I remember the tobacco-stained beards of the elder shipwrights. They rarely spoke. No one questioned them. We watched as they routed impossibly thin rabbets and installed fiddles around the salon table with brass wood screws.

I remembered driving around the empty lot with my father when he was considering building the new shop. I was thirteen years old, a skinny kid with little to no knowledge of storms, weather, boats, or for that matter, anything. He needed a larger facility. He wanted to build bigger yachts. This was the place to do it, he said. Investors from Boston wanted to back him. They said they would put him on the map. There were meetings and plans and entire fleets of Audis parked at the shop. The following fall, a million dollars had been sunk into Able Marine. A year after that, the million was gone and the business was shuttered, leaving my father penniless, unemployed, and looking for a job.

This was his storm: Hurricane Crozer. It appeared out of nowhere and leveled most facets of our lives. His career from that point on became an odyssey—working freelance gigs, moving onto an old wooden boat, living in a garage apartment, bouncing from job to job along the coast. Months, and sometimes a year, passed without our seeing him. He reinvented himself as a boat broker, then a copper sculptor, then a caterer with his second wife—whom he met right here in the inventory room of the boatyard. There is a beginning and an end to every storm. For my father that end would be a few million cancerous cells lodged in his esophagus. For Hurricane Lee, it would be the cold water of the Gulf of Maine and the friction of a million pine trees that slowed its winds and unraveled its core.

After a few minutes, a lone pickup truck drove down the boat ramp. Before heading home, I followed it and parked fifty feet away. The truck was old and rusting. There was a heap of rope in the bed and the silhouette of a man in the driver’s seat. Gusts of wind roared off the bay and shook my car. Mooring balls heaved in the swells, and waves crashed on the beach. I don’t know how long we watched the scene, two men alone. I wanted to think that the other driver was lost in thought like me, staring at this supernatural thing, hovering between two hemispheres, caught in a fragment of time between the past and present. I saw my father gazing into the wind. I saw the fear in his eyes that day the Whistler was knocked down. I imagined George Dorr staring into the gale, wondering how it came to be, all of us following the dim glow of the flashlight through the dark, through our lives, the beam barely piercing the night as we search for something, unsure which way to go, until we turn and find our way home.

Footnotes

1 Most of Florida was spared, as the storm’s 125-mile-per-hour winds and nine-foot storm surge collided with a largely unpopulated region.

2 The front steps to his home are a foot and a half longer on the top than they are on the bottom to make them look the same length when one is approaching.
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The Planetary Boundary

One afternoon in mid-September 2021, a coil of hot, humid air over the West African Sahel tore free from the upper atmosphere and tumbled across Niger, Mali, and the sandy bluffs of western Senegal. It is here where the hot, dry Sahara meets cool, moist savannas to the south. The convergence generates an easterly wind called the African easterly jet. North-south undulations in the jet frequently form low-pressure troughs that move toward the Atlantic. With enough moisture, convection, and atmospheric instability, these tropical waves can initiate a cluster of powerful thunderstorms. An average of sixty of these tropical waves pass through the region every year, ultimately forming the seeds of nearly 85 percent of all major Atlantic hurricanes.

One such wave moved off the coast on September 19, 2021. Three days later, in the warm azure waters southwest of the Cape Verde Islands, the thunderheads were hooked, jarred, twisted, or, as some cultures believe, touched by the hand of God, initiating enough convective banding features and low-level circulation to develop a tropical depression. The following day, forecasters at the NHC in Miami upgraded the depression to a tropical storm and officially named it Sam. Warm water and low vertical wind shear soon helped induce a period of rapid intensification, and Sam was upgraded to a Category 1 hurricane with wind speeds of seventy-five miles per hour. A second rapid intensification event saw winds increase by fifty miles per hour in a twenty-four-hour period. Sam was upgraded to a Category 4 hurricane when wind speed crested 150 miles per hour as it sped west toward the Antilles, just below the threshold of a Category 5 storm. Sam then moved northwest and weakened for several days because of southwesterly wind shear, but it strengthened again over warmer water 450 miles northeast of the British Virgin Islands.

It was there, shortly after dawn on September 30, that the hurricane overran the research vessel that Dr. Greg Foltz of NOAA’s Atlantic Oceanographic and Meteorological Laboratory (AOML) had been testing, outfitting, and calibrating for months. Sam had morphed into a behemoth by then—50,000 feet tall and 260 miles wide. It would go on to become the most powerful storm of the season and the fifth-longest-lasting intense Atlantic hurricane on record. Wind circled the eye wall at 125 miles per hour; breaking waves the size of nine-story apartment buildings tumbled through the sea. Bermuda sat straight ahead. Puerto Rico was five hundred miles to the southwest.

Whitewater repeatedly slammed Saildrone Explorer SD 1045’s blaze-orange, torpedo-shaped hull, knocking the ship over and submerging it. The twenty-foot vessel was outfitted with a deep keel and a fixed carbon fiber sail engineered to withstand hurricane-force wind and waves. Matte-black probes, antennae, and a suite of meteorological and oceanographic instruments jutted from the deck and hull, all powered by wind, water, and sun and capable of measuring the extraordinary forces of the open ocean. As the name suggests, SD 1045 was unmanned, allowing it to operate for up to six months at a time without resupply in some of the most remote and inhospitable corners of the planet. It was never intended to outrun hurricanes; it was designed to sail into them.

Few vessels could withstand the vectors moving through the North Atlantic that day. But SD 1045 persevered, its gauges recording multiple knockdowns, 360-degree capsizes, and a 30-mile-per-hour sleigh ride down the back of a giant wave. As it sailed closer to the eye wall, the vessel’s instruments recorded 143-mile-per-hour peak gusts and individual wave heights of eighty-nine feet. A remote pilot based in San Francisco transmitted waypoints to maneuver SD 1045 closer to the eye—a Dantesque arena of mini tornadoes, falling sheets of ice, hot tower thunderheads, and torrential wind and rain bands—as Foltz and a dozen NOAA scientists across the country turned to a stream of never-before-seen data broadcast from the heart of the storm: air temperature, relative humidity, barometric pressure, wind speed and direction, water temperature, salinity, sea surface temperature, and wave height. Watching the numbers was like watching transmissions from a Mars rover—columns of digits and decimal points broadcast from a never-before-seen alien world, gradually sketching a detailed picture of the cyclone. The data feed was analogous to Cornell’s and Hawkins’s logbooks, albeit automated, targeted, and capable of exceedingly more detail. If the boat held together for a few more hours, Foltz and his colleagues realized, it could very well change our understanding of how hurricanes are amplifying.

Amid a flurry of congratulatory text messages that morning, Foltz homed in on the drone’s data stream. Sam had undergone rapid intensification, during which a storm’s maximum winds increase thirty-five miles per hour or more in twenty-four hours. The phenomenon has become a priority for US weather agencies, as intensification is on the rise, is very difficult to forecast, and often occurs just before landfall—leaving coastal residents expecting a mild storm only to be walloped by a Category 3 or 4 hurricane. In the twenty-four hours before Hurricane Harvey made landfall in 2017, winds jumped from 90 miles per hour to 130 miles per hour—the difference between a Category 1 storm and a Category 4 storm. Thirty-six hours before Hurricane Ida reached New Orleans’s revamped concrete and steel levees in 2021, the National Hurricane Center reported winds at 75 miles per hour—strong but not catastrophic. When Ida made landfall on the sixteenth anniversary of Hurricane Katrina, winds had doubled to 150 miles per hour and were pushing a fifteen-foot storm surge. But nothing compares to Hurricane Otis in late October 2023, which was classified as a tropical storm twenty-eight hours before making landfall. Otis then intensified by 110 miles per hour in a single day, overrunning Acapulco, Mexico, a city of eight hundred thousand, as a Category 5 storm with 165-mile-per-hour winds.1

The trend is not completely new. MIT’s Dr. Kerry Emanuel found that hurricanes that intensify by seventy miles per hour or more over twenty-four hours historically happened once every one hundred years but could occur once every five to ten years by 2100. In 2020 alone, ten Atlantic hurricanes rapidly intensified. So when Foltz saw Hurricane Sam suddenly grow, he reexamined sensor readings, looking for an aberration. Around ten in the morning, just as the storm hit peak strength, he found it. The water beneath Sam was warmer than normal. Typically, evaporation and ocean mixing under a hurricane cools surface water near the eye. But SD 1045 indicated that the surface was not cooling. In fact, it was warming up. The readings were so far off that Foltz assumed a gauge had broken. He checked a nearby research buoy and saw similar numbers. A few minutes later, he watched in wonderment as the temperature rose further, feeding the tempest and creating a storm with no bridle.

Foltz had never seen numbers like this in the eleven years he’d been working for NOAA. He grew up with the thrum of nor’easters, squalls, and the occasional hurricane outside Boston before joining the agency in 2010. He is now lead principal investigator of the Prediction and Research Moored Array in the Tropical Atlantic (PIRATA) Northeast Extension and its array of red-and-white research buoys, outfitted for oceanographic observation and hurricane forecasting. Foltz lives nearby with his family—on relatively high ground among the neat, terra-cotta-capped bungalows of Coral Gables. The area is one of the safer neighborhoods in America’s most hurricane-prone state. More than a hundred hurricanes have touched down in Florida since the 1850s, causing more than seven thousand deaths and $200 billion in damages. No place is safe, as nearly every square foot of the coastline has been impacted by a tropical cyclone, many by multiple storms. All of which makes Foltz and his colleagues marvel at the current influx of newcomers to the area—and wonder how many of them will pack up and leave after their first hurricane season.

I met Foltz at a concrete picnic pavilion on Miami’s Virginia Key, months after Hurricane Sam wound down and was absorbed by another extratropical cyclone over Scandinavia. A hundred yards away sat NOAA’s white Bauhausian AOML campus. The building was constructed to withstand hurricanes, after several storm-forecasting centers were destroyed by the very tempests they had been built to study: the National Hurricane Center in Hurricane Andrew, the Miami Weather Bureau in the Great Miami Hurricane of 1926, and both early Joint Typhoon Warning Center facilities in the Pacific.

The AOML building appeared ready to weather a storm. Pallets of equipment, boats, and buoys lay stacked near a loading dock. Four reinforced concrete floors contain offices and labs for engineering, physical oceanography, ocean chemistry and ecosystems, and hurricane research. Foltz pointed to each floor as he described it. He is a willowy forty-six years old, soft-spoken and goateed, with a salty nerdiness that perhaps only an oceanographer can achieve. Like most oceanographers I had interviewed, he deferred from making absolute predictions or even comments, softening his perspective on seas and storms by suggesting a host of possible outcomes—especially when it came to severe weather.

His focus is on tropical cyclones and how they interact with the ocean. To laypeople, the storms are an atmospheric disturbance, detached from the earth except for the damage they cause. In fact, much of a hurricane’s power arises from the border between ocean and air, or what scientists refer to as the “planetary boundary layer.” Tropical cyclones do not just float over the sea; they lean on it, drag it, and drive it forward. The friction created by wind stirring waves, sea spray, and foam both slows air currents and builds waves, increasing friction and evaporation along the boundary. When that water vapor rises, it cools and condenses into rain, releasing latent heat that fuels convection and grows the storm system.

Underwater processes are just as impactful, Foltz said. The ocean has memory. It stores energy from the sun, storms, heat waves, climate change, and a host of other meteorological and oceanographic phenomena—like underwater waves that can push heat deep into the water column and carry it thousands of miles. Hurricanes, and most other marine weather, intensify by drawing up this energy. The windier it is and the warmer the water, the more water evaporates, creating a balanced cycle. “Think of a swimming pool,” Foltz said. “When you get out, it’s windy and you get cold. It’s the same idea. It takes energy from your body to evaporate the water. Then that energy is stored in the water vapor in the atmosphere, and when it rises up, it gets colder and condenses and that releases the energy. It’s a positive feedback cycle—you increase the winds, you get more evaporation, it condenses, releases that energy and creates stronger winds, and you get stronger storms.”

To anyone caught in a hurricane, this process appears to produce entropy. If you were to look at it through a scientific lens, as Foltz and his colleagues do, you would see the exquisite symmetry and balance that I recognized in Hurricane Lee. With one caveat: that balance is being tipped by climate change and warming oceans. “The 2005 hurricane season in the Atlantic set everything off,” Foltz said. “It was such a destructive season, and it got all this attention, so more money came in and we got more funding for things like ocean observation, which really hadn’t achieved any kind of scale yet. There was this appreciation that hurricanes are important and they’re gonna get worse.”

Part of Foltz’s job is finding new tech to expand and improve NOAA’s observation platform. After colleagues at NOAA’s Pacific Marine Environmental Laboratory (PMEL) in Seattle told him about Saildrones, he set up a meeting to discuss adapting a vehicle that could record the inner workings of a hurricane.2 Saildrone founder and CEO Richard Jenkins had been collaborating with PMEL for years, fine-tuning instruments and redesigning the hull and sail plan. Foltz wrote a grant and, on the cusp of the 2021 hurricane season, secured SD 1045 and four other drones to sail into a storm.

As Sam powered north, Foltz and a crew of scientists and Saildrone pilots texted one another and made a few final chessboard moves to get the ship into the eye wall of the storm. The Saildrone fleet had never breached a hurricane before Sam. The vessels had frequently been caught in doldrums and set back by powerful ocean currents skirting the US East Coast. Only one had penetrated a storm: SD 1031 in Tropical Storm Henri, but only in its early stages. With a few weeks left in the 2021 hurricane season, SD 1045 appeared to be Saildrone’s last opportunity.

Around dawn on September 30, Foltz watched in awe as the little white triangle on his screen that represented SD 1045 sailed into the inner sanctum of Hurricane Sam. “That morning, I was just waiting,” Foltz recalled. “Honestly, I was waiting for something to fail; I was waiting for something on the Saildrone to fail. I was sure something was gonna go wrong. It might not even survive. It might sink. It might break, and we’d never get anything back. So I was kind of holding my breath, just constantly looking at the data stream coming in, saying, ‘All right, the winds are picking up.’”

Soon after he noticed water warming beneath the storm, Foltz spotted low salinity readings and confirmed those readings with another buoy. Weeks later, after poring over the data, Foltz and his colleagues concluded that a pool of fresh water—which is less dense than salt water and floats on top of it—had likely blocked upwelling currents from cooling the surface, promoting rapid intensification. The discovery provided further evidence in an area that had confounded meteorologists for decades. A few months later, NOAA dispatched a press release authored by Foltz titled “Measuring Salt in the Ocean May Be Key to Predicting Hurricane Intensity.” The release outlined how the outflow of the Amazon, Orinoco, and Mississippi Rivers could potentially obstruct upwelling and ocean mixing beneath storms. Further study the following spring illustrated how increased rainfall in today’s supersaturated storms could also dump enough fresh water on the ocean surface to reduce upwelling and ocean cooling, making intensification more likely. By introducing salinity data into hurricane models, forecasters could move one step closer to predicting rapid intensification. Foltz took a summary of his findings to the NHC a few weeks later. “They had no idea, but were receptive to it,” he said. “Now they’re starting to appreciate that salinity can affect hurricane intensity.”

The numbers that SD 1045 had recorded etched a picture that I had never considered: an endless runway for more storms, fewer meteorological guardrails, longer tracks, and more intensification. The effects of climate change, like fluctuations in salinity, temperature, and major air and ocean currents, Foltz said, all had an effect. Research from NOAA and Columbia University recently showed that vertical wind shear—which tears apart tropical cyclones—could diminish in the decades to come, allowing more storms to grow and impact even more coastlines.

As the planet continues to warm, heat in the ocean appears to be intensifying not just tropical cyclones, but all types of weather, including thunderstorms, blizzards, squalls, nor’easters, tornadoes, heat waves, and droughts. You have seen this. You have observed extraordinary amounts of moisture falling from the sky, deluging cities and suburbs. You have witnessed random squalls with hurricane-force winds and the weakened and wandering jet stream deliver seventy-degree days to the Lower 48 in January, deep freezes in Texas, and springtime polar vortexes in New England that dump two-foot blizzards on top of blooming daffodils and crocuses. You have watched television coverage of tropical storms rolling over Death Valley for the first time, drought draining the last aquifers and reservoirs of the US West, and linked thunderstorm systems annihilating the Great Plains.

Just look at weather around the world in 2022: historic rainstorms flooded the outskirts of Rio de Janeiro; record-low rainfall in Iraq resulted in a massive dust storm that shut down most of the country; heat waves in India and Pakistan brought temperatures topping 120 degrees Fahrenheit in some places, followed by exceptionally rainy monsoon seasons. The following year saw more billion-dollar weather disasters in the United States than ever before, as record heat, rainfall, and a historic 1,197 tornadoes tore across the country. A parade of atmospheric rivers—made wetter and more intense by climate change—dumped more than thirty trillion gallons of water on the state of California, on the heels of a years-long megadrought and some of the worst wildfires in the state’s history. Simultaneously, more than forty-four billion acres of dried-out pine, larch, and spruce forests in Canada burned, creating more CO2 emissions than the nation as a whole did that year.

The United Nations now estimates that 1.84 billion people were already living in drought conditions after wheat fields in the Middle East dried up, the Amazon forest faced its driest year in a century, and the Panama Canal ran dangerously low on water. Seemingly isolated disasters are increasingly connected to the climate crisis, like the failure of two dams near the city of Derna, Libya, which killed more than 11,000 people. That tragedy began hundreds of miles north over the Ionian Sea, where a low-pressure trough deepened into a meteorological “Omega Block,” sending historic rainfall and winds south toward Africa.

Plotting the cost of weather disasters since 1980 follows a trajectory eerily similar to that of heat in the ocean. Twenty twenty-two was the third-hottest US summer in more than a century, in a year that saw fifteen weather disasters cost more than a billion dollars each. Twenty twenty-three shattered that record and was accompanied by ocean temperatures far above estimates and warmer than any time in human history. It is a dangerous game relating all weather disasters to climate change, and yet, understanding the complex and interrelated nature of climate and weather systems on earth, it is increasingly impossible to imagine how they could not be linked. Adding an estimated .07 watts of heat to every square meter of land and water on the planet is influencing pretty much everything in the ocean and sky, even the poofy thunderheads that glide over your house on a summer afternoon.3

“The big thing about the ocean is it’s an unlimited pool of water, and water has energy, a lot of energy,” Foltz said. “So that can fuel hurricanes and mid-latitude storms, like the winter storm that just hit New York. The ocean is always warmer than land in the winter in the mid-latitudes because it holds the heat from the sun. So when that winter storm moved over the warm ocean, it exploded—a bomb cyclone—and we saw lots of snow. So, again, it is the evaporation that fuels hurricanes and storms, and the windier it is, and the warmer the water, the more energy the storm gets. It’s just basic thermodynamics, basic physics.”
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Foltz had to go back to work, so I drove over the William Powell Bridge, set just a dozen yards above Biscayne Bay, and cruised into the steel and glass tangle of downtown Miami. The hotels and high-rises of Miami Beach glittering to the north looked vulnerable to anyone who knew what a Category 5 storm could do to them. The nine-mile-long enclave was once a swampy barrier island bestrewn with mangroves and failed avocado and coconut farms. Then auto industry magnate Carl Fisher poured six million cubic yards of sand dredged from Biscayne Bay onto it and began building homes, roads, high-rises, and “bathing casinos.” I turned south onto Route 1 on the outskirts of downtown, not far from the Miami Weather Bureau’s brick building at First Street and First Avenue. It was there that Richard Gray—the “Official in Charge”—famously ran through the streets telling residents who had emerged to witness the eye of the Great Miami Hurricane of 1926 to get back inside, explaining that the back half of the storm was approaching with 145-mile-per-hour winds.4

Thousands of manufactured homes in neat grids edged the highway on one side. Fields of terra-cotta condominium roofs and mangroves, cut by irrigation and drainage ditches, lined the other. Turkey vultures circled the highway as it started to rain. My flight home was scheduled for the following morning, and I wanted to see the Keys, where a number of hurricanes had tracked over the decades. A bright-yellow food truck with images of buttery lobster tails and fish fillets marked the entrance to Manatee Bay. The road narrowed to two lanes, bordered by aging wooden telephone poles and a black chain-link fence. It was a completely new and completely flat landscape with so little topography that I felt like I was on the deck of a boat watching dark, cylindrical rain clouds drift across the water.

Ten layers of gray blanketed the sky. The landscape was stunning compared to downtown Miami: burned blond grasses; tall, rangy palms; diaphanous clouds; a white egret gliding over thirty sailboats crammed into a tiny inlet. The ocean opened up halfway to Islamorada. Ultramarine bays and inlets brushed snow-white beaches. Houseboats, catamarans, and a little shack built on pontoons floated in the middle of a bay. Seams of sunlight cut through the dark sky as the rain let up. The horizon was replaced by a band of golden light. This was the planetary boundary: water to air, liquid to gas.

I had been to the Keys several times as a kid on family vacations. This was the land of second-degree sunburns, sand-flea bites, parental disagreement, bargain hotels, and fried food. I remember my father on this very road reaching so far behind the front seat to settle my brother, sister, and me—who were in the throes of a full-on wrestling match—that the car jumped the divider and lurched into the northbound lanes. Thankfully there was no oncoming traffic, and after we made it back to the right side of the road, he pulled over and walked into the mangroves for twenty minutes to cool down.

My father had always loved the Keys. He came here after showing Whistlers at the Miami Boat Show, on family trips, then with his second wife to escape cold northeastern winters. The last time I visited him in the Keys was at a house he rented in Key Largo. This was well into his second life, during which he made regular trips to the tropics, wore Hawaiian shirts, kept a giant glass jar of coins—dubbed “the emergency fund”—in his living room, and hatched a new business plan every eighteen months. His most recent was a ready-made mojito mix that was right then awaiting FDA approval. We spent the second day of the trip on a tiny atoll with a beach no wider than twelve feet, coaxing a battery-powered blender to life and testing his “Mojo Juice.”

I wasn’t interested in reliving those strange, lovely days. I was looking for something that I found at mile 81.5 between the Bernard Russell Fire Rescue Station and Martinis Fine Wine & Spirits. There, in a small park buried beneath a limestone coral pedestal, were the ashes of three hundred souls, taken by one of the most lethal hurricanes to ever hit the United States. Warnings of the 1935 Labor Day Hurricane arrived just a day before the storm made landfall. A Works Progress Administration program that gave jobs to World War I veterans had been constructing railroad tracks and bridges across the Keys to replace a hodgepodge system of ferries. An emergency train had been dispatched to fetch the workers long after the hurricane warning was sounded. It was not a complete surprise: the US Weather Bureau printed notices in the newspaper. The coast guard had long since hoisted red flags with a black square in the middle, indicating that a hurricane was coming. Boats had been hauled up the ways and tucked side by side in empty lots. Fishermen had doubled up heavy hawser lines on their moorings and wrapped them in canvas to avoid chafe, and residents farther inland had begun nailing their shutters shut.

The rescue train got stuck when a cable became ensnared around a wheel. By the time a crew got the train moving again, gale-force winds had knocked two of the rear cars off the tracks. Two more cars tipped over fifteen minutes later as an eighteen-foot storm surge and 200-mile-per-hour winds engulfed the Keys. Some local families numbered fifty members before the hurricane hit and eleven after. Some neighborhoods were swept away completely, foundations and all. More than four hundred people died that day—half of them veterans—compelling Miami-Dade County to stop accepting corpses. With no roads or electricity or any infrastructure to speak of, survivors on Islamorada were forced to burn most of the dead and preserve their ashes in the coral crypt I stood before. There were no buzzards to pick at the bodies the day the hurricane hit; the storm’s wind had killed or scattered them all.

A thin copse of olive trees and palms surrounds the memorial. The limestone pedestal is etched with an intricate coral fan design. Dark-green cracks mark the surface. On top of the crypt is a tiled image of the Keys. The clouds broke apart for a moment and golden sun flooded the park. It pained me that the tragedy did not have to happen. There was no way to stop a hurricane, but after five hundred years of Western occupation, hurricane tracks, tropical cyclone season, and signs of a coming gale were well-known. The warnings had all been there. Radio messages from Cuba and offshore ships sent updates on the storm. A red sky that morning and a stilling of the easterly trade winds, like what John Kretschmer saw before Hurricane Bob, all presaged its arrival. But the roadwork had to be done; the everlasting fantasy of perpetual growth had to be satisfied. And so the forces of nature were overlooked, warnings were swept under the rug, and the hubris and megalomania that so often blind humanity to the natural world ruled the day—leaving America unprotected against the most intense Atlantic hurricane to ever make landfall in the United States.

One of the faint silver linings of the disaster came after a Key West resident who weathered the storm, Ernest Hemingway, wrote an article for New Masses magazine titled “Who Murdered the Vets?”5 Public outrage followed and, along with much penitence from President Franklin D. Roosevelt, funding was secured for the US Weather Bureau to construct additional monitoring stations throughout southern Florida. The bureau also worked to improve disaster preparedness and forecasting, including laying the groundwork for what would one day become the National Hurricane Center.

The sun began to set as I made my way back to the car and searched for a place to get dinner. The Lorelei Restaurant and Cabana Bar looked like a scene from a Hemingway novel: rum, cigars, a bloodred sky, and the sweet, salty redolence of the tropics. A replica of Hemingway’s Brooklyn-built boat, Pilar, sat just down the road. I remember looking at it with my father on one of his trips to the Keys. He ran his hand over the boat’s narrow profile, its mahogany cabin, black topsides, and superstructure. Hemingway had also been swept away by the beauty and solitude of the sea. He spent the second half of his life exploring it in Florida and Cuba with local fishermen, Hollywood starlets, and during World War II, a pair of professional jai alai players whom he hired to throw grenades into German submarine hatches when the subs came up for air.

I sat down at the bar and only then realized that my father and I had dined there many years before. The place was packed now as it was then. An unruly crowd of snowbirds teased one another and drank cocktails out of insulated mugs they’d brought from home. A very old man who looked like Merle Haggard sang Kenny Rogers tunes as he pointed at ladies in the crowd. A half-sunken sailboat rested a hundred yards offshore. Three large pelicans perched on its cabin, watching the crowd, which, in turn, watched them. The sun fell, pulling a dark shroud over the bay and the bar. Twenty minutes later, the place was empty, and another long dark night on the Straits of Florida set in.

Footnotes

1 The National Hurricane Center had predicted Otis would make landfall as a tropical storm. It would make history as the second-fastest-intensifying storm in history and the strongest to ever impact the North American Pacific coast. It should be noted that not one of the global weather models used to track hurricanes predicted this level of intensification.

2 After much back-and-forth, your author conceded to Saildrone to call the Explorers “vehicles” and not “boats.”

3 Gore-Tex-clad meteorologists clinging to seaside piers have introduced a vibrant vocabulary for this new meteorological reality: bomb genesis, polar vortex, vapor storm, overtopping waves, sting jet winds, megadroughts.

4 A bronze plaque on the former weather bureau building commemorating the hurricane and Gray’s heroics has since gone missing. The Miami Herald suggested that it was taken down when the building was renovated into apartments, to keep potential buyers from backing out.

5 A testament to the changes since 1935: Hemingway lists hurricane season as “August, September and October.”
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Attack of the Drones

Throughout my quest to track the evolution of modern superstorms, the slow grind of underfunded government agencies appeared to be outpaced by the frighteningly rapid escalation of climate change. In the spring of 2023, average ocean temperatures around the world hit a record high 69.98 degrees Fahrenheit—after increasing by .07 degrees Fahrenheit in just five years. The previous record holder was 2022. Before that, 2021. Temperatures in the upper 6,500 feet of the ocean were poised to rise even higher as a strong El Niño took shape, creating dangerous marine heat waves and energizing tropical cyclones and freak weather.

As greenhouse gases in the atmosphere added the energy of twenty-five billion nuclear bombs to planetary systems, NOAA scientists tasked with forecasting the fallout were continually held up by red tape. Many still refrained from commenting on the politicized subject of climate change for fear of losing funding. I was surprised to learn that much of the budget for researching oceans—which equals 1/250th of what NASA receives for space exploration, a significantly less urgent mission, I would say—was divvied up in a system of grants that researchers like Foltz had to spend months applying for and compete against their own colleagues to receive.

With time running out before climate tipping points fall and storms intensify further, I looked to the private sector for solutions. Private citizens had documented storms from the decks of their boats for centuries. Jimmy Cornell and his son had analyzed, mapped, and cataloged oceanic and atmospheric vectors better than any government initiative available to the public at the time. Just as SpaceX and Blue Origin revolutionized space travel, the arrival of the private sector in oceanography, including programs like NOAA’s Cooperative Research and Development Agreement (CRADA), has boosted climate research tremendously. In 2022 alone, eighteen new CRADA applicants received contracts.

Out of all the recipients, Saildrone founder and CEO Richard Jenkins appeared to be one of the most useful and visionary. Jenkins does not fit in among the bookish oceanographer set. He is a lifetime sailor whose windswept hair, tanned crow’s-feet, and light-blue eyes are more befitting a sea captain than a scientist. He has seen the ferocity of severe ocean storms up close. He grew up building boats in Southampton, England, then delivered them around Europe and the Mediterranean for a decade. After studying mechanical engineering at Imperial College London, he spent a decade car-camping in salt flats and dry lake beds around the world, trying to best the obscure (yet highly competitive) land-speed record for a wind-powered vehicle.

To know Jenkins, you must look at photos of these early land-yachting years. Most are of barren moonscapes in California and Australia where he squatted, often alone, for months at a time. Once a week, Jenkins traveled to town for steaks, corn, beer, and supplies. Then he headed back to the desert to build, test, and rebuild carbon fiber vehicles he’d adapted or designed. Images show him with shaggy hair, loose-fitting work pants, and lace-up boots. He looks like a grad student, or maybe a writer, lost in a labyrinthine years-long project. He was immersed in the vectors, chasing speed, factoring friction, tweaking his design, then waiting days or weeks for wind to try out a new prototype. One dark night on a lake bed in Nevada, an ex-cop drove by and handed him a pistol and a bag of bullets, warning him to watch out for “roamers.” “That was the genesis of the Saildrone,” Jenkins said. “Basically sitting in the desert for a long time, shooting guns and drinking beer.”

Over many solitary days and nights in the most barren reaches of the planet, Jenkins began to consider how the rigid sail he’d created for his land yacht would work on a sailboat. The foil was fixed, negating the need to trim sheets. Automating steering was relatively simple, alleviating the need for a human on board. When Jenkins finally broke the speed record—and almost himself while steering his land yacht Greenbird at 126 miles per hour across the Mojave Desert—he pivoted his design to ocean sailing and a new mission: build the first unmanned boat to sail around the world.

I had been chasing Jenkins for months when his public relations manager finally called with a meeting date. Jenkins could sit with me for an hour between a trip to Bahrain, where the US Navy had enrolled Saildrones in a maritime domain surveillance mission, and a new launch in California. The interview would be at the Saildrone factory in Alameda, California, an island suburb east of downtown San Francisco. There would be a nondisclosure agreement, no photography, and a promise to share a copy of the interview with the company.

A cabbie with a tie-dyed N95 mask dangling off one ear and a belly that absorbed half the steering wheel picked me up a few weeks later at San Francisco International Airport. Green hills rippled east and south as he ferried me over the San Francisco–Oakland Bay Bridge. “It’s a skillet over those hills,” Kevin said, pointing toward Marin County. “It’s ninety over there, fifty over here.”

Kevin grew up in Alameda and wanted me to know that it wasn’t all tech bros and hippies there. There were families too, regular blue-collar families with kids and schools and Sunday afternoon cookouts. A century ago, wealthy city folk from San Francisco came to the island for a reprieve from the bustle and fog downtown. “The boat people,” he said. “They came over in ferries, stayed all summer, then went back in the fall. Fifteen years ago they stayed here for good, and now they take the ferry to the city to work.”

Some of those people come from a new class of entrepreneurs who, in three short decades, have changed practically every facet of life on earth. Since the dot-com boom in the 1990s, San Francisco and its tech visionaries have earned trillions of dollars while engineering a new digital way of life. In the process, they founded a plutocratic megalopolis, stretching from Silicon Valley to Palo Alto to downtown San Francisco, which now claims more billionaires per capita than anywhere else on the planet. For all the disparity and social inequality that the tech industry has forged, tech billionaires have infused a tremendous amount of money into making the planet more equitable and habitable. This culture of “techno utopianism”—along with sister doctrines effective altruism, Californian ideology, cyber-libertarianism, and singularitarianism—is the latest in a long line of utopian thinking and funding in America. Modern-day almsgivers follow in the footsteps of the Carnegie-Rockefeller-Vanderbilt tribes of the Gilded Age, albeit at a larger scale. More than forty thousand private foundations have been formed since 2000, along with the Giving Pledge, recently signed by nearly two hundred billionaires who pledged to donate the majority of their wealth to philanthropy.

Jenkins’s early patrons were Eric Schmidt of Google fame and his wife, Wendy, of sailboat-racing fame. The couple set their philanthropic sights on the ocean in the early 2000s.1 When the Schmidts went looking for a commercial ship to refit for the Schmidt Ocean Institute, a mutual friend hooked them up with Jenkins to survey the boat. After the tour, Jenkins asked the Schmidts why they would buy a $100 million ship to gather ocean measurements when a drone could do the job better and faster for a fraction of the price. “The scientists all said, ‘Well, that’s impossible. You’ll never get an unmanned boat to cross an ocean,’” Jenkins said. “So I told them, ‘Watch this.’”

The naysayers watched indeed as Jenkins and his team successfully built a prototype, launched it from Alameda, and sailed it under the Golden Gate Bridge. The drone was preprogrammed to voyage 2,300 miles to Hawaii and did just that over the next month. Jenkins and his partners watched the GPS locator ease its way down the California coast, around the headwinds of the North Pacific High, past Los Angeles and San Diego, then catch the North Equatorial Current west to Hawaii.

Jenkins took his proof of concept to NOAA PMEL and asked if they wanted to install some of their sensors on it. “They were the toughest audience I ever came across,” Jenkins said. “I knew nothing about science at that point. So I said, ‘Look, here’s a truck. Give me an objective, and I’ll give you a three-month mission for free.’” Eighteen months later, the sensors were installed, and the drone sailed into the Bering Sea—one of the most foreboding stretches of ocean on the planet. Three months later, it returned with the first detailed maps of the Yukon Delta recorded in a century.
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“Welcome to Saildrone,” my taxi driver said a half hour later. I wasn’t sure if Kevin knew the company or if he’d read the name off the side of the building. It didn’t matter. I paid him and stepped into the sprawling former naval air station. Four-story cream-colored hangars reached down the tarmac as far as I could see. A seawall held back the wide blue flame of San Francisco Bay as a few skinny hipsters rode tall bikes around the parking lot. The buildings looked like they were falling apart. Massive glass windows and hangar doors reflected the morning light. My media contact met me at the door and had me sign the NDA on an iPad. The prudence seemed ridiculous, but given the stakes, I wasn’t going to argue.

I’d heard some backstory about the area from friends who lived and worked on Alameda and described it as the Wild West of the green tech scene. A few years before, a consortium of kite-surfing tech entrepreneurs a couple of doors down from Saildrone founded Makani, a company that designed carbon fiber kites to fly in massive figure eights, generating electricity that was transported down a guideline à la Ben Franklin. Next door, an energy company had invented a “safer” micro nuclear reactor to help bridge the widening gap between fossil fuels and renewable energy. Allegedly, a barefoot journeyman genius—who invented the 3D printer and raised pigs from a houseboat in the Sacramento River delta—moonlighted there as well, sometimes as an inventor and occasionally as a nighttime security guard.

Two dozen gleaming hulls stood in neat rows on the factory floor when I walked in. Gunmetal-gray steel racks and wheeled carts stored appendages and instruments, all fabricated in-house and “ruggedized” to stand up to the unimaginably harsh elements of the open ocean. Jenkins met me in a glassed-in boardroom on the second floor heaped with Covid-era videoconferencing equipment. He was on time, which was surprising given how the man acts as a corporeal CPU of the company, playing the role of engineer, chief executive, inventor, climatologist, oceanographer, naval architect, and captain on any given day.

Jenkins occasionally commutes by boat from his house a few miles away. He breaks out tiny wheeled land yachts at company cookouts for employees to sail around the parking lot. He led me to a conference room where we watched video from Hurricane Sam, recorded by SD 1045’s mast-top camera. The video showed calm seas and light winds quickly morphing into a mariner’s worst nightmare: charcoal-black sky, thirty-foot storm swells, 50-mile-per-hour winds. Sea spray and rain transformed the air into a foggy emulsion; breaking waves slammed the boat with the force of a tractor trailer. Hours later, the scene became otherworldly, with 128-mile-per-hour-winds and nine-story waves.

Since then, Jenkins said, Saildrones had managed to navigate through Tropical Storm Franklin and Hurricane Idalia, among others, gathering more vital data to help forecasters, emergency crews, and climate researchers. On September 11, 2023, a Saildrone passed forty miles south-southeast of the eye of Hurricane Lee around the time I was driving to Maine. With roughly six years before major climate tipping points begin to fall, and a disturbing number of unanswered questions and inaccurate predictions lingering,2 Jenkins said time was running out to find a solution to the climate crisis. Oceanographers, he said, are increasingly stuck with sophisticated climate, current, and weather models without enough marine data to feed them.

“The reason there is no precise climate agreement now is a lack of ocean measurements,” Jenkins said. “The atmospheric models are very good, but they treat the ocean as a slab, basically. The oceanographic model is very poor, in my experience. So the measurements that we take don’t match up with the model predictions that we’re seeing, and again, through lack of data. So if you can make a better ocean model, with regards to heat circulation and all those things, then you can couple that with the atmospheric model, by understanding the surface processes. That would be transformational—kind of the holy grail of long-term weather forecasting.”

Sun blasted through the windows as Jenkins’s fingers slid over a trackpad, fast-forwarding and pausing the video. He wore jeans and a fleece zip top and kept his phone on the table where he could see incoming calls or texts. The story of Saildrone was the story of him, his childhood fascination, his teenage aspiration, his break into the San Francisco tech world. He sat perfectly still, back straight, eyes locked on mine as he spoke so quickly, for minutes and even an hour at a time, it was hard to take everything in. The government has neglected ocean research in favor of multibillion-dollar space missions; the quality of data is as important as the volume; the Paris Agreement was made with only a handful of empirical ocean measurements; the ocean will undoubtedly be the solution to decarbonizing our atmosphere.

We talked like this for two hours: me drawing him back to my questions, him following the thread of his story into the deserts of Australia and California and the Ford Econoline he lived in then. At one point I blurted out, “That must have been lonely!” perhaps to hear my own voice and reassert that I was the one asking the questions. He grinned and replied, “I like things like that.”

With all the success of Saildrone Explorer hurricane expeditions, it was a different ship and operation, Jenkins said, that promised to change the course of oceanography and climate research. His new mission was to go deeper, literally, to study the wellspring of these storms: the deep ocean. Hurricanes, typhoons, and freak weather are merely symptoms of the massive climate shift afoot, just as wildfires are often a symptom of drought. To get at the root of the problem, he said, a new Saildrone was turning its cameras and sensors away from storms and the atmosphere and down toward the abyssal plains—where much of earth’s climate and weather begins.

Jenkins had set up a video meeting with Brian Connon, Saildrone’s vice president of ocean mapping, to explain the initiative to me. Connon’s bright, cherubic face and head of snowy-white hair filled the video screen a few minutes later. His former post was superintendent of the US Naval Observatory—the job once held by Lieutenant Matthew Fontaine Maury, long considered the godfather of modern oceanography. Connon’s task there was to source and analyze seafloor data, as well as devise ways to get more of it. His role in my interview was to demonstrate how little I, or anyone else, knew about the deep ocean and its role in the climate crisis. “We don’t know what’s down there,” he said. “And the only way to know is to go and look. But if you take a ship and you put it in the middle of the Pacific, and you put a submersible over the side and go to the bottom and look, you’re seeing a postage stamp or even smaller. So you really need to do that mapping from the surface first.”

An example of how immense and unexplored the ocean floor is can be summed up in a mission Connon was involved in—the search for Malaysia Airlines Flight 370, which disappeared in 2014 over the South China Sea. Thirty-four ships and twenty-eight aircraft from seven nations tried to find it and could not. Connon described Saildrone’s new fleet of sixty-five-foot Surveyor drones built to reimagine ocean mapping. The Surveyor’s paneled aluminum hulls are reminiscent of a stealth bomber and ride low in the waves beneath Saildrone’s signature wing sail. The vehicle is equipped with a Kongsberg EM 304 MkII sonar, which provides multibeam bathymetry down to thirty-six thousand feet. The drone is powered by wind, sun, and a small diesel generator. It can cast a wider beam than traditional ships, because of the quiet nature of the vehicle, and can be programmed to roam back and forth over a region like a lawn mower, mapping as it goes. “We’re talking centimeters-level accuracy,” Connon said.

In one of the Surveyor’s early missions, the vehicle spent months plotting six thousand square miles of seafloor around Alaska’s Aleutian Islands. Sponsors of the mission, including NOAA and the Bureau of Ocean Energy Management, watched results in real time, including the discovery of unknown seamounts and hydrothermal vents. It was not smooth sailing for the Surveyor. The remnants of Typhoon Merbok arrived in the Gulf of Alaska during the mission, delivering sixteen-foot swells and forty-mile-per-hour winds. But the drone prevailed and weeks later returned to its home in Alameda.

Results from these surveys inform researchers not just about the shape of the seafloor, but about how water moves over it. Major currents like the global conveyor belt—which begins at the poles and courses all over the world—determine where heat, moisture, and storms appear. They help form the atmospheric rivers that have impacted the US West Coast; landfalling droughts like the ones gripping Chile, Argentina, New Zealand, eastern Australia, and the US West; and Europe’s climate, which would be ten to fifteen degrees cooler without the Gulf Stream, which is part of the belt.3 Like clouds flowing over mountain ranges, valleys, and tablelands, the size, speed, direction, and shape of these ocean currents are largely determined by subsea ridges, seamounts, continental shelves, and ocean basins. Nearly everything in the ocean is associated in some way with the seafloor, including structural variability of the surface, which in turn affects wind-driven surface currents—making it a wonder why only 25 percent of the ocean floor has been mapped in high definition.

One reason the US East Coast sees so many hurricanes is because they follow and feed off warm Gulf Stream waters wending through the Straits of Florida, up the southeast coast, and off North Carolina near thirty-six degrees north latitude. Same goes for typhoons that track the Kuroshio Current toward Japan, as well as countless other currents. Tropical cyclones typically generate between five and twenty degrees latitude, where the sun and currents warm water above seventy-nine degrees Fahrenheit. It stands to reason that if those currents shift or slow down, generation zones will shift with them—delivering tropical cyclones to more places that have never seen them. We already know that tropical cyclones will likely move poleward as currents deliver warmer water to higher latitudes, but knowing how and when depends largely on mapping the ocean floor. Without this data, Connon said, it will be impossible to discern the crack in the floor that a proverbial marble rolls along. “If you want to run higher-and-higher-resolution models as we get to quantum computing and those types of things, then you need higher-resolution bathymetry,” Connon said. “Right now, we use bathymetry with a fairly coarse resolution, so in order to truly model what the ocean is doing, whether that be currents, the big circulation models, sea level rise, and what happens if we get a lot of ice that melts out of Antarctica and how’s that gonna impact oceans and land… if you want to do that model, you have to have that bathymetry.”

Saildrones are well on their way to doing just that. They have sailed more than one million nautical miles and spent more than thirty-six thousand days at sea since the early 2000s. Surveyors alone have already mapped nearly twenty thousand square miles of seafloor. Saildrone plans to expand that number dramatically in concert with the UN Decade of Ocean Science for Sustainable Development and an associated seabed-mapping program. With less than six years to the deadline, NOAA does not have the ships or staff to complete the project and is nowhere near its goal. Jenkins says that his drones can change that. “Give me twenty Surveyors,” he said, “and we can map the oceans in ten years.”

Jenkins and I toured the factory floor after our meeting. A man in his thirties worked on the rudder of an Explorer with a socket wrench. A half dozen people sat behind computer terminals in the equally spacious open-air office perched above it. A few folks in the control room watched drones sailing around the world, but otherwise the place was quiet.

I asked if I could take pictures and Jenkins said, sure, no problem, as long as I didn’t print them. He came from different stock than his press manager and billionaire investors. He’d been subject to trials at sea in the spectacularly rough Bay of Biscay between France and Spain. He’d sailed through storms for days in the gusty shallows of the Mediterranean. He knew what it was like to feel the full weight of the atmosphere rush across the ocean and slam into your boat. There is something humbling about moments like this. There aren’t many challenges on terrestrial earth that stand up to an overnight watch in the middle of a violent sirocco.

I appreciated this salty aspect of Jenkins’s life and felt even more respect and appreciation for what he had done, literally, out of the back of his van. The vehicles we walked around, in various stages of completion, were singular in their ability to enter hurricanes with a magnifying glass, advance oceanographic research, and log much-needed maritime data. And yet when Greg Foltz requested funding to secure more Saildrones in 2022, he was denied. “The problem with science is the government is not putting enough resources behind taking the measurements; it’s too political,” Jenkins said. “My question to the government agencies is, are they gonna double down and put out twenty-five boats or do three?”

The answer was somewhere in between. At the very last minute Foltz did indeed get five Saildrones for 2022, several of which sailed into hurricanes. The following season, Foltz deployed ten boats that were launched in the Gulf of Mexico and the North Atlantic. Several other drones manufactured by CRADA ventures joined them: aerial ones dropped into hurricanes by plane, others that used wave dynamics to propel themselves, and still more robotic buoys.

“This is a cutting room,” Jenkins said as we entered a small chamber in the middle of the hangar. “The cutting machine is programmed to cut components. Everything is put into a pack, then we vacuum bag the packs. It’s kind of like a kit boat that we assemble over here.”

The smell of resin and the sound of humming machines brought me back to my father’s boat shop. Boatbuilding was a science back then too. I remember workmen vacuum bagging cored fiberglass and carbon fiber components in rooms built with plywood and two-by-fours. Bearded technicians in overalls installed aeronautical-grade electronics and instruments similar to those that some commercial airliners used. The Whistler that I now sailed was outfitted with two carbon fiber masts more than a decade before it became a mainstream construction material.

NASA representatives visited Maine boatbuilders in the 1980s to learn about vacuum bagging and coring hulls to save weight. By the time my father started on his first ninety-foot sailboat in the facility I visited during Hurricane Lee, I barely recognized the shop. A team of thirty men climbed around scaffolding framing various hulls. Tools I had never seen before stood around the edges of the concrete slab floor. Like Jenkins, my father and his crew were inventing as they went, using new technologies to make boats better, faster, and more durable.

Jenkins likewise used both traditional boatbuilding techniques and state-of-the-art fabrication technology, some of which he and his crew invented. They, too, held the metaphorical flashlights of experimentation and discovery, probing the dark, illuminating obstacles, finding answers, and pushing into the future. Jenkins had to go at the end of the tour, and I loaded into another taxi to return to my hotel. I thought about the incredible discoveries humanity had already made: electricity, radio, television, penicillin, the theory of relativity… The strange thing was that solving climate change and mitigating extreme weather should be on that list, but as Jenkins pointed out, without funding and action we might never get there.

It was February and windy out. Ripples fluttered across San Francisco Bay. It was sixty degrees, exactly sixty degrees warmer than it was at my house at home. Dozens of joggers shuffled along the waterfront. Black-clad commuters zipped down Shore Line Drive on electric scooters. This was the neighborhood where Jack London came of age, working at a cannery and a jute mill on the Oakland Estuary—where he learned to sail and drink and write about life on the water. The island had been an innovation hub for a century, Kevin told me that morning. “You know Lincoln Avenue?” he asked. “You know the Lincoln Highway?” I did not. If I had, he said, I would know about the bronze plaque by the Shell station.

I found the plaque later walking back to my hotel. Red digits glowed on the gas station pumps. Shade trees hung over the pavement and the bench where the plaque was affixed. It honored the passage of the first transcontinental railroad in America. The first twelve cars to bridge the oceans—the exclamation point at the end of American manifest destiny and westward expansion—passed by right here, just a few yards from the Quality Inn where I would rest my head that night.

I sat on the bench and contemplated what I’d seen that day. Something had happened here. The scope of climate and storm science had expanded, and the vehicles that Jenkins created would likely take it even further into the future. Digging deeper into the ocean and tracking the great currents of the sea could be the key to unlocking tropical cyclone intensity and tracks, freak weather trends, and the future of climate and storms on earth. How far we can get before the tipping points start to fall is hard to say, though right then it seemed only as far as budgets would allow.

Footnotes

1 Other oceanic benefactors include director James Cameron, who holds the record for the deepest ocean submersible dive, and Ray Dalio of Bridgewater Associates, the world’s largest hedge fund, who recently teamed up with Cameron to create a modern ocean exploration platform called OceanX.

2 Like the climate curve the GloSAT project exposed and a sudden and unexplained uptick in warming in the fall of 2023.

3 New research suggests that this branch of the belt, called the Atlantic Meridional Overturning Circulation, could be headed for an abrupt collapse, sending Europe into a mini Ice Age, superheating the Southern Hemisphere, and causing extreme shifts in traditional storm tracks and weather patterns.
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Black Hole of Data

Typhoon Merbok thrashed another vessel around the time the Saildrone Surveyor headed home from the Aleutian Islands. Mark Synnott and his crew had executed their plan of sailing to Greenland and tracking the Franklin expedition’s demise. They failed to find the captain’s tomb—as have many others—but managed the far more challenging task of navigating the Northwest Passage. Synnott’s boat was iced in for a week at a time during the journey, which nearly crushed the hull. Synnott almost hauled the boat for the winter to avoid a succession of gales and dangerous ice floes, but climbers have a harder time quitting than even sailors do, and with a new crew facilitated by Herb McCormick, Polar Sun pushed on toward Alaska.

By September, they made it out the other side and were in sight of Point Barrow, the northernmost point of America. Synnott posted the boat’s position online and mentioned a persistent low-pressure system that the crew was triangulating. That system arose from the tail end of Typhoon Merbok, which had dissipated, then re-formed near the Aleutian Islands. After joining up with another low-pressure trough, the cyclone morphed into what Alaskan newspapers called the “Storm of the Century,” which crossed into the Chukchi Sea just as Polar Sun entered it.

The storm’s central pressure dropped to 940 millibars as it passed through the Bering Sea—a number typically seen in Category 2 or 3 hurricanes. Forecasters predicted ninety-mile-per-hour gusts, fifty-foot waves, and an eleven-foot storm surge. There is little to hide behind at the top of the world, so Synnott and his crew made a beeline toward a ten-mile-long sand spit aptly named Point Hope. The plan was to anchor in the lee of the cape until the anchor dragged, then hove to and drift through the gulf until the storm passed. The night the storm arrived, I and countless others refreshed Synnott’s online map over and over, watching the storm turn and hit the stout Stevens 47 head-on with gusts up to forty knots. Halfway through the storm, he and his crew hauled anchor and attempted to sail. Eight hours later, after several grueling tacks, they found themselves back at Point Hope, where they began. The storm had moved slightly north in the meantime, so they tried again, following a more southerly course.

The scene was horrifying to watch from the comfort of my home, knowing what the conditions must have been like. Around eleven o’clock that night, I refreshed the page again and was relieved to see that Synnott’s boat had cleared Point Hope. The crew was engaging with the storm, as Kretschmer taught, forereaching across the wind, giving the boat lateral stability while moving toward the back side of the gale. The Storm of the Century did not blow out, though. It earned its name as wind hammered Polar Sun and the Alaskan coast most of the way to Nome, Synott’s final destination. A week later, the boat was hauled and Synnott and his crew were on an airplane headed home.

Simultaneously, the Saildrone Surveyor took its time on the journey back to Alameda, passing another historic unmanned weather station en route: Ocean Weather Station Papa. The Papa station, located at 50 degrees north, 145 degrees west, holds the distinction of being the longest-manned ocean weather station in history. The first US ship started its watch there on December 19, 1949. The following year, the Canadian government took over with two ships, Saint Catharines and Stonetown, with each unfortunate crew tasked with motoring in place for a month and a half—through constant gales, rain, and massive seas while recording metrics like wave height, wind speed, and air and sea temperature.

Similar to weather data records unearthed by Teleti and Hawkins, one of the longest uninterrupted time series of ocean climate observations in the world is held at the site, an invaluable baseline for oceanographic and climate research. When satellite data proliferated in the 1980s, the canary-yellow “weather ships” were retired and replaced by an automated buoy outfitted with NOAA devices, allowing the series to continue.

I went looking for the Papa team after talking to Connon about currents and the power they wielded over storms and earth’s climate. I was on a new hunt, tracking storm energy to its source in the ocean. NOAA’s Pacific Marine Environmental Laboratory group in Seattle happened to be the same group of crack engineers who installed Saildrone’s first instruments, including NOAA oceanographer Dr. Adrienne Sutton. The Papa buoy had been picked up for regular servicing and was sitting in a parking lot at PMEL. Sutton invited me to come see it, which I did on a cold January day.

Sutton’s specialty added another layer to my quest, that of CO2 in the seas. She focuses on patterns of air-sea CO2 exchange, helping to form the global carbon budget—another baseline that helps inform future storm behavior and that nations, heads of state, scientists, and policymakers use to chart humanity’s course through the Anthropocene. Sutton has worked for NOAA as a Sea Grant Knauss Marine Policy Fellow and congressional affairs specialist in Washington, DC, where she advised legislators on ocean and atmospheric research needs, typically relating to climate change. Three years in DC was enough to lure her back to field research, and an ongoing mission to explore how physical and biological mechanisms like El Niño, the Southern Oscillation, and coral reef metabolism affect ocean carbon chemistry.

A video of Dr. Sutton presenting at Glasgow’s COP26 summit shows her calling out policymakers regarding the “black hole of data” in the world’s oceans that is obscuring everything from climate science to storm prediction to international climate policy. It is easy to be lulled into complacency by encouraging headlines about international climate treaties, renewable energy initiatives, and innovations like seawall technology that will save Miami and Manhattan—and assume that all efforts are being undertaken to slow global warming. The disturbing reality is that data projects like Weather Rescue at Sea, the Papa station, and Saildrone missions are few and far between, and data collection in general is vastly underfunded, leading to a possible error in the carbon budget that could deliver a very unwelcome surprise this century—when the planet takes a different path than scientists predict.

I got to experience a meteorological wonder on my journey to meet Sutton—a rare winter storm that blotted out nearly the entire continental United States. The plane shuddered and lurched so violently through a series of low-pressure troughs raking Western New York and the Great Lakes region that several overhead compartments spontaneously disgorged their contents on passengers. Freezing air stretching from the West to the northern High Plains delivered snowfall at two inches per hour, with winds up to fifty miles per hour. The front was just hitting New York City when we took off. We finally reached cruising altitude at thirty-four thousand feet, where a steady rumble set in for the entire flight. It was not climate change ramping up the wind; it was climate change enhancing everything in the sea and the sky, pushing the forces of nature to extremes.

Seattle was unusually cold when the plane landed. The streets were empty and many restaurants had closed early. There was ice on the taxicab that picked me up and frost on the windows of the hotel I had booked. The hotel room was not designed for such weather. The indoor temperature hovered around fifty-eight degrees even with the thermostat set to eighty. It was eighteen degrees when I ventured out to find coffee the next morning. A few vendors pulled canvas and plastic tarps off their stalls at Pike Place Market. Six men chanted in unison as they tossed sockeye salmon from a cooler to insulated boxes, in which they would be shipped across the country. I found coffee at a café among a modest crowd of tourists gathered to watch a smear of fog lift off Elliott Bay and reveal a blanket of brilliant white snow on the high peaks of Olympic National Park.

A few minutes later, a cabdriver took me to PMEL, the largest NOAA employer outside of Washington, DC. The campus sits on the former site of the Sand Point Naval Air Station, where, on September 28, 1924, forty thousand onlookers watched three Douglas World Cruisers and their bedraggled crews complete the first-ever round-the-world flight. The facility is eight miles from downtown Seattle but a different world altogether from the skyscrapers, stadiums, and fishmongers there. Water is everywhere—wrapping in and out of bays, headlands, and sounds. It is not the ocean, though; it’s Lake Washington, a vast swath of fresh water set between Puget Sound and the mainland. Parking lots bristled with sailboat masts near the entrance of PMEL as my driver nearly plowed through a well-staffed guard station before screeching to a stop. He pulled away just as quickly, leaving me in the empty lot, where I did not see another person for a half hour.

I wandered a complex of parking lots among stored buoys, finger docks, shipping containers, boats, and enormous stacks of spooled line and cable. The place looked like backyards where I grew up in Maine: steel cages, pallets of conduit, blaze-orange floats, red and orange life rings. Most objects were stenciled with NOAA’s Dial-a-Buoy phone number, 888-701-8992, where mariners can get hourly weather observations. Emblazoned on everything were the elegant light-blue gull wings of NOAA’s logo.

Sutton was finishing up some work, so her colleague Dr. Meghan Cronin met me outside the white cinder-block entrance of Building 8. As the lead on PMEL’s Ocean Climate Stations group—which oversees a fleet of moored observational buoys—Cronin has seen cold weather and high seas. She had just returned from a maintenance mission to an automated buoy in the Kuroshio Current, the Pacific’s version of the Gulf Stream, which sweeps past Japan. Over the course of the morning, I learned that she had seemingly been everywhere, studied with everyone, and was on a first-name basis with most of the leading ocean researchers in the world. She had degrees in both physics and physical oceanography and was right then co-chair of the United Nations’ Observing Air-Sea Interactions Strategy (OASIS), an effort to boost and share international ocean surface data.

Cronin, wisely bundled in a Cowichan sweater, gestured for me to follow her to a parking space outside the engineering lab. There, parked beside a white Sprinter van, was Papa. The buoy looked like a space capsule that had fallen out of orbit. A ten-foot galvanized superstructure held several gauges and antennae. The yellow-and-white float housed a mainframe for processing and sending measurements captured by instruments installed on both the superstructure and a daisy chain below the surface: oxygen, CO2, fluorescence, pH balance, ocean currents. Sonic wind sensors looked like two black dots set above a rain gauge and a pair of short- and long-wave radiation sensors—all necessary to calculate air-sea flux between the ocean and the atmosphere. An eight-braid, 13,000-foot-long mooring line connects the buoys to an anchor made of recycled locomotive wheels.

After a quick tour, Cronin led me inside the engineering lab to meet the folks who wired Papa and several of the Saildrones NOAA commissioned. A half dozen men wearing hoodies and fleece jackets waited inside, surrounded by racks of PVC pipe, tanks of water, workstations, and stacks of plastic bins. It was both wondrous and unsettling that this tiny, cramped workshop littered with screwdrivers, cables, and zip ties was partially responsible for the decisive, final, and possibly overconfident US ocean carbon budget. CO2 is invisible, permeable, and ever moving, which is to say it is not easy to follow. It doesn’t just hang in the troposphere baking the planet. It circulates through soil, plants, and our own breath, swirling in every tier of the planet. When a hurricane plows through, CO2 is pushed deep into the ocean. When the water warms, CO2 is released back into the atmosphere.

Similar to how a hurricane is fueled by ocean-atmosphere flux, global warming fluctuates with the transfer of CO2 from land to atmosphere to sea and back. What drew me out to Seattle more than anything else was Sutton’s revelation in a short phone interview that the same ocean conveyor belt that Brian Connon at Saildrone was tracking moves much of the planet’s CO2 as well. Since James Watt’s coal-powered steam engines came online, the ocean has absorbed upwards of a quarter of the carbon dioxide emitted by human activity. Without this buffer, global temperatures and storm intensity would be 25 percent greater than they are today, affecting every corner of the world and most life on earth.

Cronin paused as one of the techs showed me how the CO2 sensor works. The device looks like a sump pump you would find in your basement. It runs an air sample through the surface seawater, allowing the sample to reach equilibrium with the CO2. Then a CO2 sensor—the same available at most HVAC service centers—calibrates, measures the sample, and sends it to the data logger, which broadcasts the information via satellite to the world in real time. Keep in mind that this is all done remotely, on battery and solar power hundreds or thousands of miles from shore, in raging seas and gale-force winds.

In a stroke of irony, Exxon developed the first equilibration-based CO2 detection devices. The company embarked on a decade of frenetic climate research in the 1970s to both understand how burning fossil fuels might alter the planet and, no doubt, control the flow of information regarding it. Exxon established a climate-modeling team and measured CO2 around the world. In 1979, it outfitted one of its supertankers with atmospheric and subsea sensors to gauge CO2 flux and ocean CO2 content between the Gulf of Mexico and the Persian Gulf. The results were not entirely welcome to management, and as oil prices plummeted in the 1980s and scientific consensus agreed that fossil fuel use had to be curbed, Exxon shut down the program and buried the results.

Sutton arrived mid-presentation and waited quietly in the back of the room while the team commiserated about how few buoys they had to work with and the enormous expense and man-hours that went into managing each one. One buoy in the Indian Ocean had been battered by half the cyclones generated that fall. Others near South America were regularly damaged by local fishermen netting fish that hid in the buoy’s shadow. You know how much a canister of the reference gas costs?” Sutton chimed in. “Twenty-three hundred dollars apiece!”

It was Sutton who arranged for a CO2 sensor to be affixed to a Saildrone attempting the first unmanned circumnavigation of Antarctica in 2019. Her colleagues had been estimating CO2 content in the Southern Ocean for years, but Sutton and her team wanted actual measurements to support or refute a theory that parts of the ocean were no longer absorbing CO2 in the winter. “The way we come up with our estimates is by developing relationships between CO2 and the measurements in which we have global distribution—like temperature, salinity, ocean color—through satellites,” Sutton said. “Then we can basically make an estimate of what CO2 is everywhere. But we have such large uncertainties in the Southern Ocean, we’re not capturing a lot of these event-scale, dramatic processes, like eddies. We just can’t constrain what’s happening in there, so we’re just completely missing that.”

To sailors throughout history, the Southern Ocean has been a place to go and never return. It is unique from earth’s other oceans in that it is characterized not by the land that bounds it but by the current that circles it. Between the icy shores of Antarctica and sixty degrees south latitude, the Antarctic Circumpolar Current sweeps from west to east as it has since Antarctica pulled away from South America around 34 million years ago. The ocean sees more wind and storms than almost anywhere else in the world. Bartholomeu Dias eyed the Southern Ocean as he nudged his way around the Cape of Good Hope in 1488. Captain James Cook circumnavigated it for the first time in 1773. Two centuries later, somewhere off the icy shores of Antarctica, oceanographers discovered the southern terminus of the global conveyor belt pulling salty, CO2-laced water from the surface to the bottom of the sea at a rate one hundred times the flow of the Amazon River.

The Saildrone circumnavigation launched shortly after Christmas, when SD 1020 set off from Bluff, New Zealand, on what many said would be an impossible mission. Sutton watched from her home computer as SD 1020’s blinking white triangle painstakingly made its way counterclockwise around Antarctica. The drone endured fifty-foot waves, eighty-mile-per-hour winds, freezing temperatures, and a collision with an iceberg. As it approached the Indian Ocean, winter was setting in and low light sapped electricity from solar-powered instruments. It takes a fair amount of energy to run a CO2 tester, so pilots at Saildrone turned the sensors on sporadically to get a bare minimum of data needed.

When the vehicle finally sailed past the east coast of Antarctica, Sutton and Jenkins saw the values they were looking for: CO2 concentrations were higher in the atmosphere than they were in the ocean. The data, confirmed by hundreds of samples, meant this section of the Southern Ocean was no longer absorbing CO2. It had become a carbon source, off-gassing CO2 back into the atmosphere. “It threw the entire carbon budget into disarray,” Richard Jenkins said of the expedition. “Where is that 30 percent of carbon emissions going? No one has an answer for that, which is phenomenally poor understanding of our planetary systems.”
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If you were a reporter listening to some of the smartest people on the planet discuss the shortfalls of federally funded ocean data collection week after week for years at a time, you might ask yourself questions like, “Who is in charge of all this?” “Who can pay for it?” “Why is no one listening?” You might also comprehend for the first time how fragile and complex planetary climate systems are and feel some trepidation about how earth appears to be in a state of constant reaction to human activity.1 These visions might come during a long flight home across the country, or even in the middle of the night in a cold sweat. They might come while you pack your daughter’s school lunch as she casually asks what you have been doing in your office at all hours of the night.

You might also feel a sense of genuine wonder at the balance of it all, the daedal choreography of our planet. When one tipping point is pushed, another backs off. When one terawatt of energy passes through the planetary boundary into the deep ocean, another terawatt escapes through the mushroom cloud of a tropical cyclone on the opposite side of the planet. You might wonder at the equalization of gases. The interdependence of food webs. The cadence of currents, winds, rainfall, barometric pressure, and the grand symmetry of the global conveyor belt.

In nearly every reporting trip I have ever taken, there is a moment of pause when interviewees take their gloves off, niceties are cast aside, and a subject tells you what they really think. This moment came toward the end of my visit with Sutton, shortly after another tour of the parking lot and its many nautical baubles. Sutton led Cronin and me into Building 4, up a staircase, and down two long hallways lined with scientific posters. We sat around a large table in the middle of a windowless conference room. I took the head and delivered a question that had been pestering me. “If we can’t properly measure the ocean—by all accounts the most important entity in the climate crisis—and we know that nearly all weather and climate on earth arise from it, how can we project anything about the future of climate change?”

“Five years ago we thought we were doing pretty well,” Sutton responded. “We knew our uncertainties with ocean uptake of CO2. We knew how to reduce them. We just needed more investment. But then, over the last five years, observing-based methods of CO2 uptake and models have diverged. Like, a huge amount—close to Europe’s annual emissions. So carbon modelers are coming to the realization that they’ve got something wrong in their model. It might be that the models do not have a process, an ocean process, completely well-defined. It might be the sparseness of ocean data. We’re not gonna figure that out without more observations and trying to get the circulation right in the models. Big, big questions.”

Big questions can lead to big problems. Errors in models, errors in estimates, errors in satellite calibration that results in inaccurate wave heights and CO2 concentration and tropical cyclone tracks. All this in a system that is completely interdependent, which makes errors snowball. As CO2 levels rise, ocean currents will change, which will change how CO2 is absorbed by or released from the ocean. “Circulation can affect those processes as well,” Sutton said. “I mean, all of those things are entangled.”

Big questions also need big solutions, many of which Cronin has been chasing for much of her career. While NASA steals headlines and funding with its manned missions to Mars and the moon, Cronin spends part of every day linking government and international agencies to pool resources, funding, ideas, buoys, Saildrones, and computing power to make up for a lack of investment. “Ocean-obs conventions” in 1999, 2009, and 2019 were game changers, she said, delivering drones, better buoys, Argo floats, ocean gliders, and more. But there are still too many limits to what NOAA can do alone. The budget for sensor development is a sliver of what is needed. If there were money, Cronin said, she would develop wind, temperature, and humidity profilers using radar, Doppler, or lidars—and apply offshore wind-farm technology to make the instruments autonomous. “It’s not gonna be me who’s doing this, but I think that it’s a problem that can be solved,” she said. “It would revolutionize weather forecasting. The oceans provide the memory for weather and climate, but that memory and the way it communicates with the atmosphere is through fluxes, exchanges of heat and moisture between the ocean and the atmosphere. How you measure that is really difficult from satellites. We can measure on the buoys, but we don’t have enough to plaster the whole ocean.”

All of which means that, for now, climate research will not be revolutionized. Ocean winds, temperature, and humidity will not be profiled. The ocean’s memory will remain a secret, as will the future of its storms and CO2 off-gassing and the fate of invisible undersea rivers that make weather and climate on earth. All while the goal to pass peak emissions by 2025 and limit global temperature increases to 1.5 degrees Celsius above preindustrial levels passes, and the twenty-gigaton CO2 gap between reality and the Paris Agreement widens. The reality is, the world is not on track to saving itself. Already, nations that signed the Paris Agreement are planning to extract nearly 70 percent more fossil fuels than the agreement allows, pushing global temperatures well over 2 degrees Celsius and storms into an unthinkably devastating realm—making the race to find a visionary company, politician, or philanthropist to finance ocean research more vital.

In the meantime, Cronin is busy with OASIS—focusing on measuring and mapping ocean-air fluxes so officials can better see carbon uptake on a map along with annual Paris Agreement pledges and assessments. The UN has recognized the need for ocean science and data with its Decade of Ocean Science program—though there is little to no budget—and Cronin spends about half of her day on the phone and on email chains looking for data and the brainpower to interpret it. “They’re not writing checks, but they are putting out challenges,” she said. “Big, broad, decade challenges. And they are saying, ‘Let’s do it,’ like bringing in early career ocean professionals, we call them ECOPs, and laying the structure of programs and projects and actions and communications.”

Sutton reflected on her time as a congressional affairs specialist for NOAA and the hurdles she saw between research and government funding, especially in the politicized realm of climate change. “Getting this issue to become a priority within the political sphere that it takes to move things ahead is pretty difficult,” she said. “We have a natural affinity and interest in the ocean, right? But that’s not the majority of people. I used to be a swim instructor. I taught kids how to swim at the YMCA, and I was always really comfortable with water and the ocean. But there’s a fear factor when it comes to the ocean. Add the complexity of the ocean and how it interacts with the rest of earth’s systems—that becomes a hard message to get across.”

After two hours with Sutton and Cronin, and two years following sailors and oceanographers around the world, I didn’t find the connection difficult to make at all. If the earth can regulate itself, why can’t we figure out how to live within those parameters? When I finally asked who they thought would expose the funding gap, the data gap, and the discrepancy between CO2 budget estimates, Cronin answered, “You are… You are going to make it real. When people think about climate change, they think about droughts or wildfires or whatever is going on in their region. But they also need to hear that the ocean has been doing this invisible service that a lot of people don’t know about.”

Footnote

1 A short list of these systems: air currents like the Hadley, Ferrel, and Polar cells; the jet stream; the Gulf Stream; glacial periods; and biogeochemical cycles like carbon, nitrogen, oxygen, and water.
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Resolve

It is easy to get lost in the numbers when talking about planetary disasters. Science is ephemeral. Hypotheses and prognostications are words and numbers: tens become hundreds, hundreds become thousands. The wrecking ball of a Category 5 storm is rarely caught on film, and the splintered remains of communities in its path are so unrecognizable it is difficult to imagine what transpired. A single death changes a family forever. A block of houses swept away by storm surge will indelibly alter a community.

I thought about these people and places as a cab drove me back through the suburban sprawl of Wedgwood, Maple Leaf, and Green Lake. I remembered a crew I interviewed in Miami who were often first on the scene after a hurricane—before police, firefighters, or FEMA—and their grim stories of a storm’s aftermath. They were welders and divers and tugboat captains. They worked in a warehouse at the end of a knot of highways surrounding Fort Lauderdale, twenty miles north of the neon-lit skyscrapers and engineered sandbars of Miami Beach. Shipping canals wove around concrete dikes and storage lots. Rusty train tracks ran beneath an overpass just yards from the chain-link fencing surrounding Fort Lauderdale International Airport. The area was a throwback to what South Florida used to be: working-class, remote, home to veterans, railroad workers, spring breakers, and tradespeople capable of operating oil platforms, underwater welding, and all manner of fabrication. The city was dubbed the “Venice of America” for the 165 miles of canals cutting through it, and like Venice, it will soon be submerged by rising sea levels.

“We stack everything here on the second level,” Joey Farrell Jr. said when I arrived at Resolve Marine. Resolve is one of three international salvage companies tasked with complex maritime recovery operations around the world, including hurricane cleanup. We’re overdue for a direct hit right here,” Farrell said as he led me inside. Farrell’s father founded Resolve Marine in 1984 with a single tugboat, which he paid for with commercial diving jobs. Today, Resolve takes on high-profile recovery jobs like rescuing ships featured on the Deadliest Catch TV series, towing the Costa Concordia cruise ship off a shoal in Italy, and salvaging BP’s Deepwater Horizon oil platform after it caught fire in the Gulf of Mexico. Every summer and fall, the company monitors NHC forecasts and prepares to fly in just hours after a hurricane strikes.

Stacks of grab-and-go wire cages holding generators, water filters, solar panels, bottled water, food, fuel, satellite phones, diving equipment, drones, and basic safety gear lay stacked four-high along a wall of the warehouse. Because the company often arrives before first responders, teams pack humanitarian supplies as well. On the ground, they see an unfettered view of the destruction storms bring. “What people might not know is that there is nothing left when you show up after a hurricane,” Farrell said. “No food, no water, no septic, no banks or electricity or fuel. You see the foundations where structures used to be on the land side. Then you see something that’s not supposed to be there, like a tugboat sitting on an overpass twenty feet off the ground.”

Television coverage rarely documents this apocalyptic scene because camera crews can’t get there. Statistics detailing wind speed, storm surge, and billions in damages do not do justice to the humanitarian cost of hundreds of communities being erased, often for years at a time. Three years after Hurricane Dorian, much of the Abaco Islands and the northern Bahamas are still laced with sheared palm tree stumps, broken glass, and mangled steel. The upscale destinations of St. Martin and St. Barts are still rebuilding seven years after Hurricanes Irma and Maria flattened the Leeward Islands in 2017 with 185-mile-per-hour winds. There was hardly a building standing after Maria rolled over the island nation of Dominica, where damages amounted to 80 percent of the country’s GDP. Nineteen years after Hurricane Katrina razed the weathered wooden shotgun shacks and corner stores of New Orleans’s Lower Ninth Ward, the population is still just 25 percent of what it was—with only a handful of businesses to serve the community.

Millions along the US coast—and billions around the planet—remain unprotected from future storms. Flood insurance is still optional in most of the United States; some FEMA loans are contingent on good credit; corrupt contractors flock to disasters because consumer protection laws do not rein them in; and state governments often lack the funds and staffing to manage recovery. “We went into Nassau after Hurricane Dorian and brought a bunch of water-filtering equipment just to stick in their aquifer, because we were like, ‘You’re out of water,’” Farrell said. “We gave it to them; it’s still there. It’s a basic need, but there’s no government money in the Bahamas to bail you out. In places like Puerto Rico, where they have US funding behind them, they will rebuild. If you look at some of the other islands in the Caribbean, they’ve never recovered. Some of those communities are just gone.”

Farrell worked as a salvage diver for years before taking over for his father. He had a new baby at home and, as extreme weather grew, he had more salvages and disaster business coming in than ever before. He was less enthusiastic about describing scenes that he and his colleagues had witnessed during storm season: hurricanes in the Caribbean and Florida, cyclones on the Indian Ocean, typhoons in Asia. Resolve crews had been to them all. Farrell’s concern arose less from the shock of witnessing an entire island nation reduced to splinters and more from the silence that followed. In the days leading up to a tropical cyclone, it’s hard to miss colorful spaghetti models or breathtaking satellite photos of storms on the front page of a newspaper. But in the weeks and months after a storm, these places are forgotten.

One of the most visceral and shocking stories came from salvage master Stu Miller, whom I met in the back of the warehouse as he prepared a grab-and-go kit. In 2018, he happened to be working on a site near Panama City when Hurricane Michael made landfall there. Michael had formed in the Caribbean. The hurricane reached Category 3 on October 9, then rapidly intensified just before hitting the Florida Panhandle, making landfall on October 10 as a Category 5 storm with 160-mile-per-hour winds. Michael was the third-most-intense Atlantic hurricane to make landfall in the contiguous United States in history, cutting a path of carnage through beaches and neighborhoods. Miller and a colleague responded immediately. Five hours after the storm tore through, they had to cut their way down Highway 98 with a chainsaw. “We saw some downed trees and what have you on the highway, then we got downtown and it looked like the hand of God went in there and just wiped the earth completely clean,” Miller said. “It didn’t matter whether it was a steel building, a brick building, a wood building—there was nothing left standing. The air pressure was so low it sucked the oil out of the giant Chevron storage tanks down by the marina.”

Residents walked through the streets like zombies, he said, wide-eyed, empty-handed, and unable to process what had just happened. The tight swath of destruction the hurricane carved looked more like the site of a tornado. There was hardly a roof left intact. As they drove toward the marina, sharing water and fuel with whoever needed it, Miller saw a sixty-foot fishing boat that had been launched from a shipyard onto a beach. “The people were so thankful,” he said. “That’s why I had no problem sharing. If someone said, ‘Hey, can you come cut this tree out of my driveway so I can leave?’ I told them, ‘Yeah, we can do that.’ So in between doing salvage work, we were actually doing work on the shore, helping people, giving them water and fuel, helping them dig out their cars or clear things.”

Miller and his Resolve colleagues had witnessed scenes like this all over the world. A hurricane cleanup crew in the Bahamas had to seal themselves in the hull of a barge when a second hurricane rolled through a week later. Another Resolve group flew into Puerto Rico and holed up in a hotel basement with rations “and a book to read” before Hurricane Maria made landfall, so they could get to work as soon as it wound down. One of their first tasks: raise a sunken dry dock on St. Thomas so cruise ships could provide housing for victims.

I spent the next half hour touring the warehouse and all the tools that the company had either acquired or built to handle beached ships, collapsed structures, and trapped victims. In one room were stacks of compressors used to refloat barges and boats. In another was an entire welding room and a fleet of robotic submersibles. This was just one facility. There are others in storm zones around the world: Shanghai, the Netherlands, Gibraltar, Cape Town.

Right then, a Resolve team was repairing an oil platform in Mumbai that a cyclone knocked into the sea. Another was putting out a fire on a container ship off the coast of Canada, and another still was helping to raise a 660-foot car-transport ship that went aground off the coast of Georgia. In Florida, Farrell and much of the Resolve team were getting ready for the next hurricane. “A lot of these people moving to South Florida are gonna be pretty unprepared for the next one,” he said. “We have thousands of people a day moving here, which is great, we love it. But the first hurricane that comes through, they are gonna see the power out for two weeks. When all of your ice melts and you’re running out of sandwich meat and you don’t know if you should drink the water, people might start evacuating, then going back to New York.”

Farrell and Miller probably knew the preparedness of coastal residents and authorities better than anyone, and their appraisal was not good. In places like Hong Kong, where typhoons come through regularly, the city is ready. There is a rating system—T1 to T10—that necessitates that businesses, schools, and public transportation shut down at predetermined thresholds. In other regions, where deaths and victims can number in the tens of thousands, there is no warning system or resiliency infrastructure at all.1

Resistance to storm preparation and the concept of changing weather in the United States appears baked into our common psyche. “In Hong Kong, if they say wear masks, you wear masks,” Farrell said. “In the US, there are endless debates about it, and I think that that’s just a culture difference. If the government came tomorrow and said, ‘You’re required to board your house up by this date,’ people would say, ‘Well, that’s my right to not board my house up.’”

While debates like this roll on, the storms keep coming, Farrell said. Resolve used to respond to a couple a year, but now it is closer to a half dozen. “Until you see a twenty-two-inch-diameter live oak that’s fallen over on somebody’s house, you won’t believe the destruction,” he said. “You can see the pictures, but until you see the people in the yard just staring at it, in shorts and flip-flops, trying to figure out what to do about eating and living, you will never get it. It’s impactful. It’s crazy. There will be a news story that day, then maybe a follow-on story a couple of days later. But these people will deal with it for years, maybe more. Their lives are completely disrupted. I don’t think anyone has any idea the devastation that these people go through.”

Footnote

1 Storm forecasting is the best hope of saving lives and communities in the developing world, yet a third of the world’s population has no access to weather forecasting or early warning systems—including a stunning 60 percent of Africa. A 2021 World Meteorological Organization report addressed the shortfall, outlining how an $800 million investment in forecasting could avoid up to $16 billion in weather-related damage. The United Nations took up the report in 2021 at COP26 and committed to a forecasting initiative focused on developing nations, even promising a phone app within five years that will deliver storm warnings to every coastline on the planet.
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The Future

The most powerful storm ever seen on earth will form from a cluster of convective supercells sometime around 2100. The hurricane will be presaged by a half century of droughts, wildfires, floods, famines, and sea level rise. The number of heat waves surging around the planet will have increased by a factor of five, as the number of ninety-five-degree-Fahrenheit days in the continental United States doubles. Average temperatures in the United States will have climbed by eight degrees Fahrenheit, transforming most of the West into a desert and the northern tier into a muddy rain belt saturated by winter downpours. A mandated retreat from large regions of New York City, New Orleans, New Jersey, Los Angeles, Oakland, Providence, Norfolk, and hundreds of small coastal towns will be under way, as dikes and seawalls are breached and neighborhoods flooded. Freak tornadoes, blizzards, and massive midlatitude cyclones will have become the norm, bringing near-constant natural disaster to North America. One silver lining: Miami residents will no longer have to worry about superstorms, seawalls, building codes, or insurance lapses in 2100, as the city will no longer exist.

The IPCC goal of reducing greenhouse gases by 43 percent by 2030 and 84 percent by 2050 will have been forgone. Average global temperatures will have reached 3.2 degrees Celsius above preindustrial levels—a portentous number predicted by the United Nations’ Emissions Gap Report in 2019. Crop failure, food and fresh water scarcity, and the spread of infectious disease around the world will be rampant. Millions of migrants pushing north and south will exacerbate famine and political instability in most non-equatorial regions. The familiar shape of continents will be redrawn on world maps to depict shrinking coastlines—erasing millions of square miles from India, Bangladesh, China, the United Kingdom, the United States, and the shorelines of Europe as the Mediterranean creeps into Italy, Greece, Turkey, the Middle East, and North Africa. Monster cyclones will have pushed civilization back into the arid hill country of Mozambique, South Africa, Madagascar, Tanzania, Yemen, and Oman. Category 6 typhoons will have devastated a third of Japan, the Philippines, eastern China, Vietnam, South Korea, and Taiwan. An increasing number of hurricanes will follow meanders of warm seawater north to the shores of southern Europe, overrunning port towns with twenty-foot storm surges and gale-force winds. Six hundred thousand refugees will have left the Maldives, Tuvalu, the Marshall Islands, Nauru, and Kiribati as their homelands disappear beneath the waves.

Incredibly fast and robust computer models, working with a suite of next-generation microsatellites, will render three-dimensional imaging of the tropical wave well before it organizes. The storm will not coalesce off the shores of Africa; it will form in the open ocean far to the west as the superheated North Equatorial Current injects it with heat and moisture. Low-level banding will take shape as the Coriolis effect pushes and spins the storm northward. By nightfall the following day, satellite lidar will detect the formation of an eye wall, the storm will be named, and a track forecast cone published.

Hurricane Danielle will be the fourth named storm of the season and will follow another vein of warm water north of the Antilles and southwest of the Bermuda high. As the storm churns northwest, it will suck energy from what is left of the nearly stationary Gulf Stream. A spike in ocean temperatures off Cape Hatteras will have already increased average tropical cyclone strength, duration, and frequency there by 300 percent. Reduced Saharan dust and a decline in high-elevation wind shear will allow storms like this to grow without interruption. With a slowed global conveyor belt to mix and distribute heat throughout the oceans, the young storm will rapidly intensify over warm, freshened water along the East Coast, soon maturing into a Category 5 hurricane. Somewhere off Delaware, it will grow again: into the newly established “Ultra-Intense Category 6.”

Residents and officials in New York City will have been alerted by track updates from the NHC, operating out of a new facility in Virginia after its former home in Miami was washed away. But the chaos of New York’s delayed retreat from the city’s 520-mile-long coastline will leave it vulnerable to a direct hit. More than 20,000 acres of the city will already be under water, having displaced a quarter of a million residents by 2080. Several million more will block bridges and highways as residents rush toward higher ground.

A tropical cyclone as large as Hurricane Danielle can see barometric pressure drop close to 850 millibars, which will suck a lenticular dome of seawater thirty feet high beneath it. Bermuda will take the first hit as storm surge and topping waves overwhelm seawalls around St. George’s Harbour, flooding a quarter of the island. Two-hundred-mile-per-hour winds will tear up roads and flatten towns and homes. Days later, after the storm’s 1,500-mile-wide outer bands bring unprecedented rainfall to Georgia, the Carolinas, Virginia, and Washington, DC, the first streamers will pass over barrier islands in New Jersey and New York. Within twenty-four hours, the Jersey Shore and its glittering boardwalks will vanish beneath a thirty-five-foot wave of seawater and sand. The surge will materialize incrementally. Subsequent destruction will be on a scale never seen in the Northeast—more like a cyclone on the floodplains of India or Bangladesh than wind events in the tristate area.

Hurricane Danielle will follow a familiar track around Sea Bright and Sandy Hook, into the skinny channel between Staten Island and Dyker Heights. There, the storm will make its entrance into New York Harbor—as oscillation on the Verrazzano-Narrows Bridge snaps its three-foot-thick suspension cables, sending both levels of the roadway into the lower bay. The storm surge pushing into New York Harbor will accelerate through the Narrows and roll over Governors Island in a wall of whitewater before overwhelming the Battery and its recently completed retaining wall, ultimately submerging the streets of Lower Manhattan.

Ocean and river water will mix at the eastern edge of Tompkins Square Park as water flows freely through the streets of Chinatown, Little Italy, and the chic boutiques and bistros of NoHo and SoHo. Canal Street will be reclaimed as a canal once more, channeling water, cars, driftwood, and unfortunate pedestrians southeast across the island. Most windows in the Freedom Tower, built to withstand gusts up to two hundred miles per hour, will blow out—reducing its windage and likely saving the building. The Woolworth Building, city hall, and 40 Wall Street will not be so lucky as the structures either partially or completely collapse. Residents who did not or could not evacuate will clamber to upper floors as the bottom three stories of every building south of Canal Street are submerged. Structural beams and concrete, weakened by decades of saltwater ingress, will begin to fail against the heave of wind and water, causing dozens of buildings to collapse in the first few hours of the storm. Those lucky enough to live in a modern, structurally sound skyscraper on high ground in Midtown or upper Manhattan will watch from upper floors as foaming brown channels of water rush through the streets and float cars, ferries, trees, and buses down Third Avenue and Broadway. The water will soon overwhelm the city’s gutters and storm drains, invading the intricate substructure of Manhattan, knocking out power, internet, and cell service.

This is merely the beginning, the first volley in what will be a forty-eight-hour siege. Hurricanes will have slowed by 15 percent by 2100 and will be saturated with 20 percent more water vapor. Still to come from the right quadrant of the storm are gusts topping 220 miles per hour, strong enough to blow the roof off the Metropolitan Museum of Art, uproot rows of plane and oak trees in Central Park, shatter windows in nearly every exposed building in the city, and flex many older bridges to the point of failure. Up to fifty tornadoes could travel with the storm, spiraling out from the eye like hornets from a nest. This swarm of cyclones will cause unthinkable damage in tiny swaths of the city, leaving furrows carved through parks, neighborhoods, and streets.

After two long days and two longer nights, the storm will begin to unwind over farmland bordering the Hudson River a hundred miles north. Torrential rains will flood rivers and float homes, bridges, and cars away. Back in the city, residents will climb or paddle out of their broken buildings in search of food and water. The death toll will climb for weeks until a final estimate is calculated: 41,879. Thousands of families torn apart. Hundreds of neighborhoods erased. Industries gone. Transit crippled. The character and viability of America’s largest city shattered. The destruction of New York’s shoreline will be complete, making rescue operations there nearly impossible. In the weeks and months that follow, residents and officials will grapple with the impossible question of whether or not to rebuild.
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Great River of the Mountains

We don’t have to imagine future superstorms like this; they are already here. I watched Superstorm Sandy turn New York City’s Rockaway neighborhood into a sand-filled parking lot in 2012, float a forty-foot tree down Third Avenue in Manhattan, and destroy much of the city’s underground infrastructure before running up the Hudson River in a thick, gray whorl of cloud, wind, and rain. We don’t have to imagine extreme heat either. The thin red line forecasting future climate change shot up late in 2023 when September closed nearly a full degree Fahrenheit warmer than previous records for that month. July and August were not far behind, causing climate researchers around the world to sound an alarm that the rate of climate change over the last fifteen years had increased by 40 percent, compared to the previous fifty years. On November 17, the planet crossed a new threshold many have dreaded. For the first time in modern history, global average surface temperature rose to the IPCC’s upper limit of two degrees Celsius above preindustrial benchmarks.

This shouldn’t be a surprise. All the warnings have been sounded. And yet the nightmare rolls on. I began having actual superstorm nightmares as I finished this book—walls of whitewater washing down a highway, roofs flipping off houses like leaves, my daughter in my arms as we swam for safety. Some of those dreams came true. I drove my daughter through a swirling brown river running down our street after a powerful storm delivered gale-force winds and historic rainfall to the East Coast. An elderly neighbor said that he’d seen the river that high just once in forty-six years. New York City recorded its third-wettest autumn ever. Around the same time, a string of Alberta Clippers drenched the United States while atmospheric rivers drowned the Pacific Northwest. This new meteorological landscape is hard to describe because it is like nothing we have ever seen. Yet as we continue to debate proven science, drive gas-powered cars, burn coal, and frack natural gas across the United States, freak storms proliferate and tropical cyclones advance farther and last longer than ever before.

I felt an instinctive need to see more of this heavy weather, but for many of the same reasons outlined by Richard Jenkins, finding a berth on a research ship headed to sea was next to impossible. Ships sat in dry dock most of the winter. Summer voyages were booked years in advance. Budgets were tight; researchers were overwhelmed. So after my final interviews with Jenkins and Sutton, as another hurricane season approached, I decided to head offshore on my own. I had my dad’s boat. I had a destination. And I had a powerful frontal system careening over the Great Lakes directly toward my home.

The journey’s end would be the Woods Hole Oceanographic Institution (WHOI) on Cape Cod—a leading oceanographic institution. Two researchers at WHOI had recently uncovered surprising, and potentially world-saving, data about the ocean’s ability to slow climate change. Dr. Heidi Sosik and Dr. Ken Buesseler, two of the most accomplished and innovative oceanographers working today, had zeroed in on several ocean processes that were already decelerating our inexorable slide toward climate disaster. Much of what they had discovered and written about had to do with the dynamics and biology of deep ocean currents, CO2 and heat in the water column, and carbon flux.1 They had cumulatively spent decades at sea not just researching but developing hardware and techniques so that other oceanographers could work more efficiently and accurately. To meet them and see their labs, I would sail Whistler I three hundred miles across the North Atlantic, through four states and the approaching storm system, then dock near the institute to sit with the pair and hopefully hear a more encouraging vision of our future.

The manager of the marina where we kept Whistler I on the Hudson River was not on board with the plan. Vince was not a typical yard manager. He was an upstater, more interested in hunting than sailing. We rarely talked about boats. He liked to tell me about his granddaughter and motorcycles and deer hunting. The first time I tried to buy a bag of ice at the marina, I met the gaze of two severed deer heads staring at me from the bottom of the chest.

It was late March and there was still snow on the ground. Most of the boats there were stored in a plastic chrysalis of shrink-wrap. I spent a week getting Whistler I ready and another week convincing Vince to put her in the water. He finally relented, and I stood at the helm twenty feet above the dirt lot as two of his workmen affixed thick nylon harnesses beneath the hull. Then a massive arthropodal Marine Travelift hoisted the boat, rolled her two hundred yards to the launch bay, and eased her into the water.

The morning after the launch, I loaded a duffel bag and provisions into the cabin, pushed off, and headed south. The transition from land to sea was as simple as that. The sails were on; the fuel tank was full. I could have sailed to Maine right then or the Bahamas or France. Currents swirled in dark spirals beneath the steel bridge spanning Rondout Creek. A few townsfolk walked along a wooden bulkhead bordering two brick sail lofts onshore, where dozens of PT boats had been built during World War II. A few minutes later, I passed a beautifully refitted Erie Canal packet boat, then a rusty 150-foot hospital ship from the 1950s with mint-green shaded pavilions spanning three decks and a smokestack shaped like a nurse’s cap.

An osprey shrieked from a nest built on top of an old crane on the south shore of the creek. Two bald eagles dove on an estuary surrounding Kingston Point. Out past Rondout Lighthouse, near a remake of an eighteenth-century Dutch sloop, I turned south and settled in for what was going to be a long, cold, and likely stormy ride.

My route would take me south to New York City, around the Battery into the East River, north to Long Island Sound, and east to the Atlantic. The Hudson River is a misnomer. It is actually an estuary that flows north and south twice a day with the tide. The currents are so strong—up to four miles per hour in parts—you can be under full sail and not gain an inch for hours. When the current is with you, you can also cruise upwards of ten miles per hour. Counting on this, and the approaching weather front, I figured it would take eight days to get to WHOI.

The rpm gauge on the engine died five minutes into the journey, making it impossible to know how hard I was driving the forty-year-old diesel. Run it too hot, and it could break. Too slow and I wouldn’t make the tidal transitions on the Hudson, stranding me halfway to the city. Pushing off from land was never smooth. For John Kretschmer, it was the hardest stage of a voyage. “The tough part is making departures, shedding the shackles of society’s expectations, kicking the addiction of electronic connections, subverting the guilt of our own obligations, and pushing off the dock physically and metaphorically,” he writes in Sailing a Serious Ocean. “T. S. Eliot describes the quest, ‘We shall not cease from exploration, and the end of all our exploring will be to arrive where we started and know the place for the first time.’”

Kretschmer had prepped me for the voyage at a recent Captain’s Hour. I would be sailing alone, which requires more safety setup and protocol. You walk a razor-thin line single-handing a boat: one mistake and you fall overboard as the boat sails off without you. He reminded me to run a jack line down the middle of the deck and double my harness around it when I left the cockpit. He also suggested rigging preventers to hold the booms in place so they didn’t accidentally jibe and damage the boat, or knock me overboard. I kept an emergency satellite beacon in my sailing jacket and a knife to cut through my tether, if needed. I also lashed the swim ladder to the stern in the event I had to climb back on board.

The wind died a few hours into the trip, and the river transformed into a millpond. The calm wouldn’t last. Right then, the upper-level trough over the Great Lakes was racing toward the East Coast, followed by another low. Two surface troughs were expected to move off the coast around the same time, sucking heavy winds in behind them. After two days of light winds on the river, I would likely see twenty to thirty knots for the rest of the journey.

I learned most of this from Chris Parker, founder of Marine Weather Center, a routing service based in Lakeland, Florida. Parker had been a sailor and an amateur weather forecaster for two decades before he became chief forecaster of the Caribbean Weather Center. When he left the post, he started Marine Weather Center to help small cruising boats sail safely around the world.

I spoke with Parker for more than an hour while setting up a weather forecasting package for my trip. Like most meteorologists I have interviewed, he did not want to talk about climate change. Weather to him was a local and highly variable phenomenon. Global forecasts, and even regional weather reports, do not account for local conditions, topography, and ocean variability. He believed in climate change, but not in the way that most of us do. He was convinced that the expansion of seawater was the primary driver of sea level rise, that the IPCC exaggerated the effects of climate change, that solar flares and natural oscillations might be warming the earth just as much as CO2. He suggested that John Kretschmer’s and Jimmy Cornell’s warnings about increasing freak weather on the seas was more likely the hesitancy of two aging sailors who’d grown averse to risk. He was nonplussed at my mission and destination and seemingly uninterested in science or scientists or any sciency stuff that went against his long-held tenets of weather forecasting. He was a classic meteorologist, so entwined in the minutiae and complexity of regional weather forecasting that it had become difficult to see the forest for the trees. The greatest threat to modern civilization, as far as Parker was concerned, was artificial intelligence.

Nevertheless, Parker agreed to sign me on for a custom weather package. The reports would come in a daily email and would cover three days at a time. If he and his forecasting team thought I should stay in port, he would let me know. Otherwise, he’d try to find the safest track to weave through the fronts and get to Woods Hole on time.

Dark-yellow pollen pooled on the surface of the river, following currents and swirling in eddies. The Hudson flows a bit like the global conveyor belt, with long tendrils pushing up the shoreline first as the tide turns, while the channel continues to surge south. Two centuries ago, hundreds of ships sailed the Hudson every day. Most were Dutch sailing sloops with large gaff rigs, wide flat hulls, and a hinged centerboard to manage shallows and strong tides. The sun hung directly overhead as I motored south of Poughkeepsie past a northbound tugboat pushing a Frankenstein barge outfitted with cranes, lifts, and welders. A three-hundred-foot red-and-black natural gas freighter followed a half hour later. Passengers lined up at the Beacon Amtrak train station just a hundred feet from the riverbank. Then the tide turned against me as I motored past the steep flanks of Bear Mountain and the upper reaches of Haverstraw Bay.

A disaster scene waited on the other side. A large freighter billowed black smoke as it loaded cement from a riverfront factory. A few hundred yards away, red and yellow hoses lay on the shoreline in front of the decommissioned Indian Point nuclear plant, where cleanup crews had just announced that they were about to release a million gallons of radioactive water into the river. More smoke hovered over the western shore, emanating from, I learned later, a twenty-five-mile wildfire ignited by sparks from a CSX freight train. Fires spreading south kept pace with Whistler I while hundreds of police cars and fire trucks raced up and down 9W to put them out and news crews circled in helicopters to get a shot of the blaze.

The flood tide cut my speed in half near Cuomo Bridge, spanning from Tarrytown to Nyack. The Palisades were a sheer cliff running down the New Jersey shoreline, topping out on a forested plateau. The history of early America played out here, from Henry Hudson’s 1607 journey up “the Great River of the Mountains” to the Battle of Brooklyn in the Revolutionary War and the makings of New York City as one of the world’s busiest and most prosperous ports. For three hundred years, the river was congested with barges, whalers, clippers, and schooners. My early history played out here as well, when my mother and father raced to the Suffern hospital, twenty miles west of the river, early on the morning of July 27, to deliver me into the world. I have no memory of my toddler years in Upstate New York but have always found it strange that I naturally ended up back there—like T. S. Eliot’s circle, bringing me back to know the place for the first time.

The New York City skyline appeared as a smudge on the horizon as I exited Tappan Zee. The tallest buildings rose above the smog and gridlock of the island city. Midtown materialized as a gray-black matrix of rectangles and cubes. Yonkers and the Cloisters looked like wildernesses against the silhouette of Midtown. The last light of the day reflected off the train bridge at Spuyten Duyvil, marking the border between Manhattan and the Bronx. I angled the Whistler toward a little anchorage just south of there. It was too early in the season for moorings, so I nosed her into the current, tossed the anchor, and let out 150 feet of chain and rope. The anchor grabbed the muddy river bottom, and the boat swung into line with the ebb tide. Cars raced three hundred yards away on the Henry Hudson Parkway as dark water slipped past the hull and spun into small eddies off the stern. The last light drained from the sky as buildings in Harlem and the Upper West Side lit up. Then all was dark and quiet, except for the orange glow of streetlights and the mechanical hum of traffic.

It was peaceful there, secluded even. A French sailor I met in Brooklyn years before told me that, after he sailed across the Atlantic, he anchored his boat off the 79th Street Boat Basin for two years, half of which he spent back in France. You can do that on the Hudson. It is a forgotten place, a surprisingly private and quiet wilderness surrounding America’s largest city. I headed below to make a quick dinner. As I fell asleep, I listened to the trickle of thousands of gallons of water rushing past, flowing south, away from the mountains to the sea for six long hours before the moon passed overhead and dragged the tide with it.

Footnote

1 Carbon flux is the amount of carbon exchanged between earth’s carbon sinks, such as oceans, atmosphere, land, and living things.
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The Insular City of the Manhattoes

The carbon cycle was hard at work the next morning—spilling from factories and vents, fluxing into the Hudson River and New York Harbor, off-gassing in currents and ferry wake, then being absorbed again by the red and yellow buds just appearing on poplar and maple trees along the steep, narrow streets of Washington Heights. A few clusters of bungalows clung to the shore on the New Jersey side, a sailboat swinging from its anchor in front of one. There aren’t many navigational buoys here. The water is fifty feet deep from bank to bank, allowing freighters, ferries, cruise ships, and trash barges to maneuver however they need.

Out past the Verrazzano-Narrows Bridge, Breezy Point, and the sandy shores of Staten Island begins the Hudson Canyon—one of the largest depressions in the Atlantic seabed and the likely outlet of the ancient Hudson River when sea levels were significantly lower. I took my time making coffee and cleaning the boat. I didn’t have many miles to make that day. Parker’s daily forecast projected that the first low-pressure troughs would swing over the city at noon, bringing easterly wind and rain to Long Island Sound. Instead of motoring into a headwind, I would take my time navigating around Manhattan and push into the sound the next day. I was in no rush. Since my visit with Adrienne Sutton and Meghan Cronin, my search for the cause of increasingly severe storms and weather had narrowed from the sky to the sea, then to the deep sea, and finally to the invisible molecule wafting and fluxing around the planet, creating havoc in climate and weather systems. The journey of CO2 from the sky to the ocean—where gradients, currents, and processes yet to be fully defined either sequester or release it back into the air—was in fact the tale of climate change itself, of our fate on this warming planet, and of the future of superstorms. I wanted to see the carbon cycle for myself and find some answers regarding the discrepancy Sutton had pointed out—which could very well mean the difference between the deadly 3.2 degrees Celsius nightmare previously mentioned and the manageable 1.5 degrees Celsius world that we all secretly assume heads of state will deliver to us.

Sutton had mentioned a carbon modeler named Galen McKinley a few times during our discussion. McKinley didn’t only track CO2 but had created a model with her colleagues to estimate what kind of data best suited climate models. McKinley transects many fields in her work: computer science, oceanography, and climate science. Her focus is on the physical, chemical, and ecological drivers of the ocean’s uptake of anthropogenic carbon, using models and data science techniques applied to large community-compiled datasets. By chance, the office where she works as a professor of earth and environmental sciences at Columbia University’s Lamont-Doherty Earth Observatory was a mile downriver from where I anchored.

The walk from the shadowy concrete domes of the Columbia campus to the engineering school is a passage through physiography. Storm clouds gathered around the patinaed copper dorm roofs and the two-story windows of Butler Library as I headed west. Manhattan schist—a conglomerate of quartz, feldspar, hornblende, and mica—burst through manicured parks lining Riverside Drive. This sturdy bedrock made the Manhattan skyline possible, as every skyscraper on the island is anchored by steel beams pounded deep into the schist.

McKinley’s office sits at the bottom of Morningside Heights among a tangle of buildings, bridges, and on- and off-ramps corkscrewing out from the Henry Hudson Parkway. Box trucks rumbled over the century-old gray Riverside Drive viaduct as traffic backed up on the on-ramp to the West Side Highway. A group of delivery drivers sitting on mopeds yelled at one another across the street from the nineteenth-century brick edifice that houses the school.

If CO2 remains an afterthought to most Americans, it appeared that McKinley’s office, set in a former warehouse above the popular Dinosaur Bar-B-Que flagship restaurant, was as well. A rusting corrugated steel roof hung over the brick entrance. The smell of sizzling cow meat blended with the pungent aroma of marijuana swirling around two waitresses on break as I buzzed the doorbell. I found McKinley upstairs in what New Yorkers would call an “industrial chic” office: white-painted brick walls, fire-engine-red overhead sprinklers, exposed girders and HVAC vents. A small shelving unit in her office held a dozen books, a handful of black and red binders, and a box of tissues. There were no photos or trinkets from McKinley’s travels or work, just an oversized whiteboard and the computer terminal on which she has logged some of the most important work on the climate crisis to date.

Tracking gas molecules around the planet—over sea and land, through storms and calm waters, into organic beings and out, up through volcanoes and down rivers—is as complicated as you might guess. It is influenced by a multitude of factors such as sea ice extant near the poles, solubility coefficients in the Southern Ocean, sea surface temperatures everywhere, chlorophyll content, and even political events like the dismantling of the USSR in the 1990s. McKinley’s overarching message to the world: the CO2 that our ever-expanding economies are spilling into the air is overwhelming what was once a delicate, perfectly balanced cycle that helped make earth the only habitable planet in this corner of the universe. And the ocean might be our last chance to slow it. The deep ocean holds more than fifty times as much carbon as the atmosphere. As for the current uncertainty in the carbon flux that Adrienne Sutton pointed out: it needs to be clarified—soon—so we can better define climate change’s trajectory and get back to the halcyon days of a symmetric carbon cycle.

McKinley is a youthful fifty years old. Her short gray hair and energetic persona radiate a comforting vibe that is extremely reassuring when chatting about Armageddon. McKinley did not intend to be a carbon modeler. She wanted to be an astronaut and explore space. Two generations of her family attended Rice University—an hour north of the Johnson Space Center on Interstate 45—along with sixteen faculty and alumni who became astronauts or NASA administrators. When the astronaut plan did not pan out, McKinley got hooked by the numerical marvels of architecture and pursued a degree in green engineering. She soon realized that sustainability advisers on building projects were the black sheep of the operation and turned her attention to fields of study in which she could actually do some good, like analyzing oceans at the Massachusetts Institute of Technology.

McKinley found her way, and also her husband, at MIT, where they studied the physics and chemistry of the climate and oceans. She learned the art of computer modeling as well and helped create digital replicas of oceanic and atmospheric circulation. That soon led to working with supercomputers and programmers to establish a baseline for how CO2 enters the sea and what happens to it when it is there—which, in turn, led to the enigma of the carbon cycle, the rapid heating of the planet, and the many ramifications of climate change, including ocean chemistry, shifting ocean currents, and extreme weather.

The carbon cycle can be divided into two pieces, McKinley said. In the beforetimes on preindustrial earth, natural CO2 oscillations were largely driven by outgassing in places like the equatorial Pacific, where the global conveyor belt drives high-carbon water up to the surface. That variability is an order of magnitude larger than the anthropogenic component that human activity has added to the mix. Yet, prior to the Anthropocene, carbon outgassing and uptakes were approximately equal. These large ins and outs continue today with additional uptake caused by human-produced CO2—which has raised the atmosphere’s concentration to well over 400 ppm.

“So really we’re talking about ocean physics because the anthropogenic part of the equation is a physical-chemical process,” McKinley said. “In preindustrial times, we had about one hundred petagrams1 of carbon moving in and out of the ocean every year. On top of that, rivers added another half petagram to the oceans from land. Today, carbon sinks on land are only about two to three petagrams. The ocean absorbs about two to three pentagrams as well. But if some of what’s going into the land is actually going into the ocean, then coming out into the atmosphere—which could be around half or maybe one pentagram—that could change the budget significantly. And I would say that’s a big uncertainty.”

Unraveling this uncertainty and ironing out the carbon budget gap that Sutton mentioned is part of McKinley’s job. In the big picture, Henry’s law2 guides simulations of the ocean carbon sink. But data is sparse, incredibly sparse, creating more uncertainty in the quagmire that McKinley is trying to smooth out. “We are currently measuring about 2 percent of the ocean,” she said. “So how do we fill in the gaps?”

In the absence of funding, buoys, research ships, fleets of Saildrones, and even a minimum of ocean observation, machine learning formulates the estimates that Sutton mentioned. If you have an empirical measurement of sea surface temperature, salinity, and chlorophyll, you can guess with a degree of confidence the partial pressure of carbon dioxide—though there are huge differences in these estimates. When averaged over multiple decades and globally, though, the estimates are comparable to other methods. Why they are diverging from observed PCO2 (partial pressure of carbon dioxide) counts now is another matter. “It seems like these products suggest too much variation over time, probably because of sparse ocean data particularly in the Southern Hemisphere,” she said. “They’re kind of overestimating the magnitude of variations on decadal time scales. Maybe that’s something where we don’t totally understand what’s going on.”

Part of the problem might be a slowdown of various carbon sinks on the planet. There could be a similar error regarding CO2 in rivers as well. “If that riverine adjustment was less, it would look like there was a difference in the early 2000s and now the lines would be converging,” she said. “It’s just a statement of our uncertainty and our actual ability to constrain the budget.”

Similar to the woes that Greg Foltz and Adrienne Sutton are up against, McKinley’s all-important carbon counts rely on individual investigators who receive little to no funding. Keep in mind that the numbers these individuals log are the underpinnings of virtually every climate change estimate, policy, treaty, and mitigation plan on the planet. All while researchers spend much of their time raising money to simply do their jobs. “Around the world these data collections are supported by research programs that last three years, typically, maybe a little more if you’re lucky,” she said. “What we need is decades. The data manager of the Surface Ocean CO2 Atlas database that the PCO2 numbers come from left about a year ago and hasn’t been replaced. So the people who are putting that database together are doing it on nights and weekends because they are so committed to getting those numbers out.”

Imagine a NASA rocket launch administered by unpaid volunteers where some don’t show up because they couldn’t get time off from their paid job, others are working on the launchpad with their children because they couldn’t find a babysitter, and still others are willing to volunteer but lack any experience. The situation in the field of oceanography is not far off. The current carbon budget counts depend on unpaid volunteers who are unofficially “chipping in” to upload data and monitor CO2 devices. “People are basically getting in their personal cars, on their personal time on a Sunday, and driving down to the port in Southampton, England, to get on a ship and make sure the next data run works,” McKinley said. “But if a ship captain says, ‘Sorry, no more,’ or when the ship gets sold, that data stops coming in.”

Another issue, she said, is misguided public investment in various carbon sinks. Governments have been fascinated with land-based carbon sequestration for ages—spending billions to plant trees, overturn soil, restore peatlands, produce bamboo, and engineer multistrata agroforestry—even though a vast majority of all CO2 ends up in the ocean. Of the nineteen US federal agencies deciding on funding for the Carbon Cycle Interagency Working Group, only three work with the ocean. Part of the issue is ownership, McKinley said. “No one owns the ocean, and so when the USDA pays a farmer for no-till agriculture, real money flows. But the ocean is just this background, wide-open thing that no one owns. And so no one is responsible for it.”

Wearing a dozen hats to keep science moving forward with dwindling resources has made McKinley an extremely busy scientist. She lives with her husband and two children in faculty housing a few blocks away. She makes time for morning jogs in Riverside Park and visits art museums and the city’s many cultural venues on weekends. Our time had run out, but McKinley wanted to make one final point about the global conveyor belt and a paper she recently published. “What I show in that paper is that if we were to do the most extreme carbon cuts, the ocean could take up all of our cumulative emissions going forward, reducing the rate of future warming. But if we follow a high-emissions scenario, or the business-as-usual craziness, the ocean will only be able to take up 20 to 30 percent. And that’s essentially because in none of the models does the ocean overturning circulation really stop. Even under the high emissions. But in that high-emissions scenario, the ocean can’t overturn fast enough to take that carbon out.”

I thanked McKinley for her time and made my way back into the bustle of Harlem. Long shadows cut across the viaduct trusses, illuminating three businessmen staring at their phones. The tops of the clouds turned pink as the platinum-blue Hudson surged north. Thick bands of sun blasted through holes in the coming front and lit up the mirrored skyscrapers of Midtown Manhattan. New Jersey looked golden and bright across the Hudson. Cyclists pedaled up and down a bicycle path edging the park alongside reed grass and alder trees rustling in the wind.

Even here, the carbon cycle was in effect. CO2 spilled from smokestacks topping buildings and exhaust pipes on the West Side Highway. Clouds of the gas drifted over the river, creating head pressure that pushed it into the water. It swirled through the currents, feeding algae and plant life as it followed the reverse course of our fictional superstorm out through the harbor, across the Verrazzano-Narrows, past Staten Island, and into the deep-blue margins of the Atlantic Ocean.
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The tide was turning and the winds that passed through the night before had already calmed. The low-pressure trough blowing off the Great Lakes was bearing down on the tristate area with a boomerang-shaped line of squalls, four hundred miles from end to end. This is how most inclement weather arrives on the East Coast—inverted troughs careening off the Pacific and traversing the Midwest on prevailing midlatitude westerlies. The storms were supposed to arrive around noon, which gave me three hours to make it around Lower Manhattan and anchor in Queens. After brewing a quick cup of coffee, I started the engine, raised the mizzen, retrieved the anchor, and joined a line of ferries headed south into the maw of New York Harbor.

In the eighteen years I lived in New York City, I was always surprised by how many New Yorkers were unaware that they lived on an island. They knew the island from the inside: thirteen miles long, two miles wide, 1.6 million people. Twenty-one bridges span the divide between Manhattan and everything else. Tell someone from Manhattan that Brooklyn occupies the western tip of Long Island, and they will laugh. Tell them that New York was one of the largest ports in the world for nearly a century, and they roll their eyes. Melville said it best in the opening lines of Moby-Dick:


There now is your insular city of the Manhattoes, belted round by wharves as Indian isles by coral reefs—commerce surrounds it with her surf. Right and left, the streets take you waterward. Its extreme downtown is the Battery, where that noble mole is washed by waves, and cooled by breezes, which a few hours previous were out of sight of land. Look at the crowds of water-gazers there.



A jogging club near Washington Heights kept pace with Whistler I as I coasted under the cross-braced metallic towers of the George Washington Bridge. The city was quiet from this distance, almost stationary. I could hear waves breaking on the seawall, the shriek of gulls blending with the hum of traffic on the West Side Highway. A cool breeze lifted the dank smell of brackish water off the river and into the sails.

The boat cruised at five knots past soccer fields and baseball diamonds, then the Joan of Arc Monument on West 93rd Street surrounded by a circle of plane trees. There were only a few water taxis and a single trash barge on the river that morning. I passed the pier where the cruise liner Carpathia landed in 1912 with seven hundred Titanic survivors, then the Soldiers’ and Sailors’ Monument, then the site of the old 72nd Street Boat Basin.

The morning sun transformed pedestrians into black silhouettes. The sound of the city resonated: horns, engines, sirens, the thrum of a million conversations at once. The sun cast shadows beneath park benches on West 28th Street. The smell of diesel, tar, and waterlogged wood was strong near the Frying Pan—a retired Nantucket lightship that had been refitted as a restaurant and bar. Waves grew as the southerly wind pushed swells into the harbor. In the distance, I could see Ellis Island, where my wife’s great-grandparents landed after emigrating from Eastern Europe. The wind filled in from the east and the boat hit eight knots riding the current around the Battery and past the brick manses and promenades of Brooklyn Heights. You don’t want to fight the current in the East River. Right then it flowed north at four knots as I approached the southern tip of Roosevelt Island.

I dropped anchor in Hallet’s Cove north of Long Island City, and Whistler I swung with the current. Thunderheads gathered in the west. The squalls appeared to have shifted north, leaving the water smooth and black. Brightly colored steel sculptures in the adjacent Socrates Sculpture Park glinted in the afternoon light. I inflated the dinghy and rowed ashore to have dinner with an old friend. That night, I rowed back in the dark and watched the city I had lived in for nearly two decades from the cockpit before going to bed. It was comforting to be on such a familiar boat in the midst of the metropolis. Everything around me was built of steel, pavement, concrete, and glass. Tucked in the V-berth later that night, I was encased in the dull glow of wood paneling. Apartment lights flickered off on the Upper East Side, where parents read stories to their kids, then sat together at a tiny kitchen table to plan the next day. I could hear the murmur of traffic and a bass drum thumping in a nearby bar. It was the sound of the city, a low industrial murmur ricocheting off buildings and streets and the dark rivers running through it.

Footnotes

1 A petagram is a billion metric tons, the equivalent of a train with every car loaded with a hundred tons of coal and stretched 156,500 miles long.

2 At a constant temperature, the amount of a given gas that dissolves in a given type and volume of liquid is directly proportional to the partial pressure of that gas in equilibrium with that liquid.
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Fangtooth Fish and Wriggling Copepods

It was dark when I woke. I looked at the tide chart to confirm when the ebb would start and realized that I had read it backward the night before. It was not at noon; it was right then at four in the morning. If I waited another hour, I wouldn’t make it out of the East River and into Long Island Sound before the tide turned. I pulled on my foul-weather gear, put on a pot of coffee, started the engine, hauled the anchor, and headed back into the East River. Dense fog made visibility close to zero. The bow of the boat vanished in the mist. I flipped on the radar to watch for commercial ships and squinted into the dark, silvery light ahead as I nosed Whistler I north.

With the engine just above idle, the boat flew at nine miles per hour through Hell Gate—a violent confluence of eddies and whirlpools that has thrown captains off course and sunk several ships. I was having a hard time getting my bearings when the hull swung sideways in the current, then ninety degrees in the opposite direction. A low rumble passed overhead and I looked up to see the Triborough Bridge arching over Whistler I’s masts. Twenty minutes later, I saw what looked like a morning star blazing in the sky—then seventy more stars alongside it—and realized I was passing beneath the Whitestone Bridge. It was five thirty Sunday morning, perhaps the only hour you can avoid traffic on the Whitestone. A large orange splotch on the radar screen indicated something sizable approaching. A few minutes later, a four-hundred-foot barge passed by so close that I could hear its crew talking on deck.

There was more traffic past Kings Point and City Island: police boats flashing blue strobes as they patrolled the Rikers Island prison, a fishing boat steaming in from Long Island Sound, a rower sculling close to shore. I began imagining ships and buoys as the radar picked up bridges, barges, and flotsam. It was impossible to see more than fifty feet ahead. The flood slowed as I pulled out of the river and into Long Island Sound near Manhasset Bay, where Whistler I slowed to four knots. The big wind was coming tonight, and Chris Parker had suggested another short day. I ran the coast along Locust Valley at an easy three and a half knots. This was Gatsby country, Lehman Brothers country, Morgan Stanley country. A massive gray house looked out over the rocky coast. The beaches in the bays were brilliant white, and the smell of salt hung in the air. These were the opening miles of Long Island Sound, the industrial wasteland encircling New York City now vanishing off the stern. In front of Whistler I were seabirds, leaping fish, and brilliant blue water as the fog burned off.

I set a course for the green can marking Oyster Bay, cruised past Glen Cove and anchored off Centre Island. The plan was to wait a night for the troughs Parker predicted to blow through, then follow stiff westerlies that he said would chase the surface lows offshore for three days. The coast guard had already issued a small-craft advisory, and the National Weather Service called for winds gusting over thirty knots.

The weather did indeed settle the next morning. In its place, a wall of fog rolled in. A weather window opened at noon, which thankfully coincided with the outgoing tide, so I set the autopilot for the green marker off Port Jefferson, heated a can of corn chowder, and headed back out. The fog was thick around Lloyd Neck and held all the way across Huntington Bay, through shallow water off Eatons Neck and the shores of Sunken Meadow State Park. Water darkened around the boat the farther east I sailed. Northeast of Oyster Bay, the depth gauge dropped from forty to two hundred feet. Farther east in the Race, it deepens to three hundred feet, and out past the South Fork the seafloor falls away to six hundred feet, the beginning of the mesopelagic zone that I planned to talk to Ken Buesseler and Heidi Sosik about.

The region that the pair have been studying begins where light ends in the ocean—near 650 feet deep—and extends to around 3,300 feet. Oceanographers call it the twilight zone. It is cold and dark there. Creatures light their way and evade predators with bioluminescence. The amount of life in the zone is prodigious—with perhaps more biological mass there than in the rest of the ocean combined. Microorganisms thrive. Giant whales and squids entangle there. Crustaceans, fish, and sea jellies all call the twilight zone home, feeding and creating an ecosystem so important to life on earth that agencies and scientists around the world now believe the zone could help fend off catastrophic climate change.

I first heard about the mass of sea life in the twilight zone from researchers I interviewed. Sonar operators in World War II first documented the migration of these creatures to the surface at night to feed, then into the depths during the day to hide. Initially they thought the acoustic signature of the mass was the seafloor rising and ordered all engines to stop to avoid going aground. Later, they realized the mass was a dense layer of life rising and falling with the cadence of earth’s rotation. Sosik had become an unofficial spokesperson for the twilight zone after giving a TED talk on the subject. In the talk, she appeared onstage in a white button-down with a navy cardigan and a silk scarf tied loosely around her neck. She wore her dark-brown hair short and gesticulated gracefully with her hands as she described creatures of the deep ocean.

As a senior scientist at WHOI, Sosik spends much of her time studying microscopic organisms and food webs. Her résumé includes the study of phytoplankton ecology and photophysiology, physical forcing and regulation of phytoplankton biomass and production, modeling of marine primary production, relationships between phytoplankton, water column optical properties, scaling from single cells to global systems, bio-optical oceanography, remote sensing of phytoplankton, harmful algal bloom ecology and mitigation, instrument development and observing systems, informatics solutions for ocean data, and automated image analysis and machine learning for image classification. I immerse you in these credentials to demonstrate the extraordinarily wide spectrum of oceanography she works in, and how, like Galen McKinley, that span is necessary to get a unique and complete picture of the climate crisis below sea level. Sosik focuses on microorganisms like plankton and salps in the twilight zone, as well as on the other end of the food chain: tuna, swordfish, sharks, and 300,000-pound whales. In between, researchers estimate there lives ten times more life than previously thought—sequestering CO2, cooling the earth, and calming storms more than any process or human invention in history, by several orders of magnitude.

To study the twilight zone, Sosik and her colleagues had to develop new camera systems, automated analyzers, and submersible robots that can observe and conduct experiments a half mile under water. Researchers harvest and sequence DNA to try to get a firm census of various forms of life there, largely to help understand how much CO2 they are sequestering and how that carbon sink could shape things on land and in the atmosphere. That is, unless a common refrain plays out: commercial fishing operations are making plans to harvest the twilight zone using, among other machinations, mile-long vacuum nets. The krill, jellies, and other creatures they catch—many of which have yet to be documented and named—would then be used as food for industrial fish farms and snacks that seafood corporations are engineering. Before that happens, Sosik and others are in a race to understand how the zone’s food web works, how resilient it might be, and just how much anthropogenic CO2 the layer can draw down.
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The sun eventually burned through the fog, filling the sky with white gauzy light and cottony clouds as I sailed past Old Field Beach and turned east into the entrance of Port Jefferson. The Port Jefferson ferry glided in front of me, a thousand yards away. Bright-green algae grew on the rocky jetty framing the entrance to the harbor. The ocean was a mirror with three-foot swells, rising before the breakwater and crashing onto the shore.

Mount Misery towered over the eastern entrance of the harbor, near the home that Walt Whitman Sr. built for his wife and Walt Jr., who was born and raised there. Sprawling summer homes sat high on promontories to the east and west. A tugboat flashed green and red signal lights deep in the harbor, beneath three monolithic smokestacks of the 1960s-era Port Jefferson Power Station. I imagined CO2 spilling from the stacks and sinking into the sea around me. How fitting that the pollution and heat the plant created would one day generate the floodwaters that drown it.

Fossilized piers and rotting pilings looked like beached whale ribs. It was cold and there were still no leaves on the trees. I motored southwest to a narrow cut running toward a wide, shallow anchorage off Strongs Neck. The bay shoaled to twelve feet, and I dropped anchor and put dinner in the oven. A fleet of sculls rowed past Old Field Point. It must have been one of the team’s first outdoor practices. Two coaches in motorboats yelled through bullhorns, instructing rowers to straighten their backs, lean into the oars, and pull. The kids were gone a few minutes later, leaving me sitting in the sun, taking in the scene, and wishing my family was there to paddle ashore and explore the beach.

I dreamed of storms that night—wild storms with fields of whitewater tumbling across the ocean. I dreamed of falling overboard, of being dragged under water by my harness, of the boom cracking me in the head. I woke at 4 a.m. to what sounded like traffic rushing by. Both masts vibrated, and Whistler I’s hull shook. I crawled into the cockpit and saw whitecaps and a gale blasting across the bay. The wind had arrived, and waves in the sound were building. I could not go back to sleep. Dawn came sluggishly and the scene around the boat became unrecognizable.

The forecast called for twenty-knot winds and thirty-five-knot gusts all day, with seven feet of wind chop. I didn’t know if Whistler I could handle it. But I also didn’t know how I was going to make it to Woods Hole if I didn’t get on the water that day. I went back and forth between the forecast and weather apps and a website listing weather data for coastal NOAA buoys. Just as several oceanographers had lamented during my interviews, the one buoy that I really needed information from—set smack in the middle of Long Island Sound—was not reporting. The buoy at the far western end was: thirty-knot gusts at seven in the morning.

I recalled John Kretschmer’s repeated warnings about how local topography amplifies wind and sea conditions well beyond forecasted strength. The only certainty was that it was going to blow hard all day. Some models said thirty-five knots; some said fifteen to twenty. The difference, for a boat like Whistler I, was enormous. I decided to wait it out. Then to go. Then to wait it out. Gusts rocked the boat every thirty seconds, howling through the rigging. I could not imagine what the sea state was like in the sound. Memories of the little boat I sailed up the Maine coast years ago—submerging beneath my feet—cycled through my mind. It was not a question of whether I could do it; it was a question of what I would do when something broke or went wrong. The autopilot couldn’t handle large waves, which meant I couldn’t leave the wheel, which in turn meant that everything had to be set up in advance: sails, sheets, reefs, food, water, charts.

Kretschmer had said that scheduling led to most of his boating emergencies—rushing to catch a flight, delivering crew to a dock, being on time for arriving students. Schedules have no place on the sea, he’d said, and so I decided that I could wait a day. I made breakfast, opened my laptop, and tried to do some work. Then I saw the extended forecast: in three days the squalls would reverse direction and blow directly against me for a week, essentially ending the trip. If I was going to make it to Woods Hole, I had to go now. I stashed the laptop, pulled on my foul-weather gear, tied a double reef in the mizzen, and walked to the bow to haul the anchor.

Kretschmer had taught me to move the center of lateral force—wind hitting the sail—as far aft as possible in big wind. I had always used the main as a storm sail, but I switched to the mizzen that day.1 I ran through a mental checklist of the sail plan and set up for a jibe that would likely come hours later—if I could make it to the entrance of Mattituck Inlet. I rigged a preventer to stabilize the boom and routed the line back to the cockpit, where I could control it. Then I took a minute to recall Kretschmer’s advice on mental preparation. I had studied his situational awareness briefings since Grenada and sat through a dozen Captain’s Hours in which he prepped sailors about to push off on Atlantic crossings. Think about your actions and how they relate to the situation… be aware of your space at all times… stay upwind of loaded fittings… keep as much deck space between you and the sea as possible… analyze problems before reacting to them… seamanship is a way of thinking, a natural Weltanschauung that encompasses your boat and your watery world.

I had practiced Kretschmer’s storm-sailing techniques on the Hudson River a dozen times in Whistler I—through thunderstorms, frontal passages, and any high wind I saw in the forecast. I had simultaneously started a daily meditation practice and found that the breathing exercises were incredibly effective at calming my nerves. Old trauma feels real when you’re in it, but I was learning that it was not real. I was forging a new relationship with my boat and the sea that morning, replacing fear with confidence. With preparation, a good boat, and no lee shore, I realized, there was nothing to be afraid of.

I imagined the blue sky sitting just behind the clouds, envisioned the sails filling with wind and blowing me toward my destination. I thought about the motion of Whistler I through the water, itself a wave among the waves, her sculpted curves my father shaped sliding over the swell. Then, before I had second thoughts, I started the engine, raised the mizzen, hauled the anchor, and motored through the channel toward the sound.

I knew that the boat wanted to go. She had been designed for this. My father and Chuck Paine had thought about this scenario during those late nights at the kitchen table. The Whistler’s low-slung lines braced and stabilized it in a big sea. Ballast in the keel kept her upright when other boats foundered. I knew all this, and yet the unknown of pushing into the sound, especially in April, when the water and air were both forty degrees, was daunting. I had not seen another sailboat in three days; there would be no one to help in an emergency.

The wind caught the mizzen immediately and Whistler I surged into the channel. It was comforting to have the sail up. I trusted it more than the engine. The seven-foot chop I’d read about an hour before met me at the exit of the harbor. The tide was flowing out as the wind raced in. The collision created massive waves that lifted Whistler I’s bow ten feet into the air before dropping it into the next wave. I had been here before. I knew how to get through wind-against-current scenarios. I leaned on the throttle and peeled off to starboard. Wind filled the mizzen and the boat lurched forward as she heeled over. The sudden rush of momentum cut through the next wave and the next. The swell and wind looked gentler on the starboard quarter as the boat gained speed. I angled toward deeper water, where the waves would be smaller. The wind roared as Whistler I glided nimbly through the shallows, leaving a foamy green wake behind her.

It was incredible to see the old boat gathering and launching herself into the turbulent sea. This was where she wanted to be, where she felt comfortable. Fiddling around on the Hudson River was a landlubber’s game. I could not believe the stability the boat displayed as we cruised past Mount Sinai Harbor and Shoreham Beach. I kept two fingers on the wheel, though the boat practically steered herself. I sat on the windward rail and watched her go, like watching a horse gallop beneath you. There was hardly any motion in the cockpit—no thrashing side to side, no luff in the sail, just raw redirected energy surging forward.

It was blowing twenty-five knots in the sound and gusting over thirty. The swells were four to six feet, and the boat rose gently over them then surfed down the back sides. All my doubt and feelings of vulnerability vanished as I witnessed Whistler I drive east. The reefed sail was no bigger than a flat sheet on a queen bed. The clouds gathered and dropped low to the sea surface; the wind spiked and eased, then spiked again. I imagined the wind drawing water vapor up from the ocean, droplets forming, and latent heat fueling the storm. The lows were pulling offshore, drawing the wind with them. I could practically feel molecules of CO2, nitrogen, and oxygen swirling around me. The atmosphere was no longer a void but a molecular sea. I turned off the NOAA forecast; it didn’t matter anymore. There was nowhere to go but easting! easting! and I knew for the first time that the boat would get me to my destination safely.

I rode the wind and waves like that for five hours, past Herod Landing, Roanoke Point, and Jacobs Point. A fat, gray brant tried to take off in front of Whistler I but its belly was too full of fish and it skittered across the waves. The jaws of eastern Long Island Sound closed gradually, accelerating the outgoing tide. The Connecticut coastline appeared as a shadow off the port quarter. I tightened the preventer to stabilize the sail as the waves grew. The temperature dropped to twenty-nine degrees Fahrenheit and I put my down jacket on under my harness and lifejacket. Then I cued Kretschmer’s Sailing a Serious Ocean audiobook and fell into a meditation listening to his words, steering over the rising swells, and feeling the wind whip across the deck.

Hours later, the crumbling white bluffs behind a giant oil pipeline pier marked the entrance to Mattituck. I had heard that the anchorage was hard to access but had never seen it. The opening looked shallow and tricky. The depth of the inlet dropped to three feet in parts at low tide, shallower than Whistler I’s shoal keel. I had never wanted to chance it in the past, but I didn’t have a choice today. It would be getting dark soon, and the next safe harbor was nine hours away.

The jetty came up quicker than I expected. It was small and dark and set two hundred feet from a brilliant white-sand beach. I didn’t see it at first, then realized it was right in front of me. The column of rocks looked like a long, slick whale lying on its side. I started the engine, pulled in the mizzen, and managed a soft jibe. The boat raced forward in the waves, and I turned ninety degrees into the inlet through two tiny red and green navigational buoys.

A man in a black pickup truck parked fifty feet away watched me disinterestedly as he ate a sandwich. It was hard to see where the channel went from there. It looked like it ended on the beach. Twenty feet before I ran aground, it hooked ninety degrees to the left, then ninety degrees to the right. Around the second corner, a bizarre world opened up: docks, homes, a fleet of lobster boats, shrimping boats, trawlers, and purse seiners. I puttered into the neighborhood canal at walking speed as a man cleaned buckets of clams at the town boat ramp. The wind was gone. The waves and current were gone. I could hear a dog barking in a backyard and a diesel truck straining up a hill. The clammer’s daughter was about the same age as mine. She had shoulder-length dark hair and, as I floated by, scrambled onto the pier like a cat. Then she nimbly hopped from piling to piling fifteen feet off the ground the length of the lot.

The clammer cleaned his catch quickly—violently almost—shaking out sand and swooshing his catch in a blue plastic bucket through the water. It looked like he was angry or maybe in a rush. When he finished a batch, he slung it into a skiff already sitting on a trailer. High above, an osprey watched me go by from a nest built on top of a telephone pole. There was wind up there. Downy feathers around the bird’s glassy eyes fluttered. I was so close, I could hear her chicks peeping and watched them crane their necks to see over the nest’s bramble walls.

Two miles in, I glided into a small anchorage. It was a perfect square. I dropped anchor at the northern entrance and let the boat swing. A red clapboard house with two Jet Skis in the yard sat on the western shore. A large canary-yellow mansion had recently installed a new dock and ramp. It looked like there was enough business in the canal to support half the town. Fifteen hundred feet overland to the southeast, another inlet reached into Peconic Bay and the placid waters surrounding Shelter Island.

I turned off the engine and dropped the mizzen, then I sat in the cockpit for a moment to get some perspective on what had just happened. I’d only covered sixty miles that day, but it was more than that. I saw the boat my father built for the first time. With Kretschmer’s help, I had learned what she could handle and, more importantly, how she could likely take a lot more.

I also saw the ocean through a different lens. I saw layers upwelling and mixing, creating a striated universe of ecosystems in which 90 percent of life on earth lives. I had been sailing along the planetary boundary for decades, but my perception of it was changing. I was no longer traveling over an abyss. I was following a line, moving along the hazy boundary between the edge of the physical earth and the beginning of the atmosphere—where carbon and heat fluxed in and out of the ocean; moisture evaporated, rose, and released heat, fueling wind, weather, and storms.

Like most things in nature, it was a complete circle. It was the circle that Greg Foltz, Heidi Sosik, Richard Jenkins, Meghan Cronin, and Adrienne Sutton had been tracking for much of their lives. There were no longer three realms of earth—land, sea, and air—they were all connected by molecules and fluxes passing through the diaphanous border between them. Nor were they spinning out of control the way we often think in the climate crisis. They were simply reacting to a shove, filling a hole that had been dug, or spilling over the rim of a reservoir.
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The wind was stronger the following morning as I motored out of Mattituck. The waves would be larger as well, after a two-day blow. It was already gusting to twenty-five knots at eight in the morning. The breeze was supposed to abate later that day, and knowing how well Whistler I had handled the day before, I shook out one of the reefs from the mizzen and prepped the main with a single reef as well.

I took my time motoring out of the canal, then braced for breaking waves at the outlet. Just like the previous day, the Whistler glided through them, absorbing the impact of each crest slamming into the port bow. I peeled off to the east after clearing Duck Pond Point and set a course for the rocky headland marking the mouth of the sound. Like most things in life, the journey grew harder the closer I got to the finish line. The currents at the mouth of the sound run at five miles per hour. For the next six hours the current would be with me. If it turned before I made it out to the open ocean, I could easily run into standing waves too tall to navigate with no way to retreat.

I cruised at seven to eight knots on a broad reach all morning and went by Horton Neck. Spits of land rose from the horizon, then passed by the starboard bow hours later. Fifteen thousand years ago, the hundred-mile ribbon of land that is Long Island was the terminus of the same ice sheet that carved the coast of Maine. After the Laurentide Ice Sheet formed in Arctic Canada during the last Ice Age, it pushed south to the edge of what is now Connecticut. There it came to a stop almost directly over Long Island Sound, leaving heaps of soil, sand, and rock in the loose shape of Long Island, Block Island, Martha’s Vineyard, and Nantucket. Long Island Sound was a fresh water lake at first, with the ocean still seventy-five miles east and three hundred feet lower than it is today. As more ice melted and the planet warmed, the sea returned, filling the sound and shaping the US East Coast.

The boat slid over the swells near Rocky Point, and I nestled into the aft port cockpit with my hand on the wheel, eyes moving between the GPS plotter, the paper chart, the depth sounder, and the shoreline. It was harrowing reaching along a lee shore, knowing that if the boat was disabled I’d likely wash up on it. I steered Whistler I along a dangerously close line past Browns Hills and Orient Point, angling to get out of the sound before the tide turned. The wind held steady at twenty-seven knots with gusts to thirty-three as I reached around Milford Point, where I finally spotted the rocky beaches of Orient Point.

Colliding currents in Plum Gut had turned the waterway into a river. Four-foot standing waves curled and crashed in place. I braced myself behind the wheel as breaking waves crashed over the Midway Shoal buoy. The Whistler ran at ten miles per hour around Plum Island and east toward Block Island. The far side of the gut was like a dream. After four days of rough weather, the sun emerged, the water went completely flat, and the current and wind vanished. Set in the shadow of the South Fork, the entire bay morphed into a tranquil lake.

A mild fifteen-knot breeze pushed Whistler I into Block Island Sound. I hauled up the main and set it wing on wing, then turned on the autopilot and took my jacket off for the first time in three days. I barely moved for the next two hours as the boat sailed herself. This was Whistler I’s favored point of sail: one boom yarded out to each side, heading dead downwind. Most sailors have to rig a whisker pole to get the same effect, but few people do on a short journey. “Readin’ both pages,” as the old-timers said, was incredibly fast and stable, and forty minutes later I saw the fringe of Block Island rise above the horizon.

A field of giant wind turbines stood off the northern point. The island’s bluffs rose soon after as Long Island sank behind the lenticular curve of the planet. I could still see the hills on Fishers Island and the forested shores of Connecticut. Block Island Harbor, typically a madhouse in the summer, was empty when I arrived a few hours later. A single boat was anchored near the southern shore. Docks had been pulled; hotels and restaurants were shuttered. I kept my distance and dropped anchor near Indian Head Neck.

The temperature dropped into the thirties that night—so cold I slept in my down jacket with the hood up. The wind died sometime after I fell asleep but picked up again around dawn. Halyards smacking against the mast woke me up. I spent an hour looking at wind maps and forecasts before planning a route. The easterly storm was approaching. I figured I had enough time to make the final leg of the trip, but if anything held me up, I would be looking at thirty-knot winds blowing from the opposite direction, pushing me straight back to New York. Whistler I would have to pass through four different bodies of water with four different tidal currents and three predicted wind shifts that day—the last of which would ratchet up again to thirty knots.

I charted my course backward, mapping out plot points of where and when I needed to be, and wrote them in the ship’s log. It was sixty miles, but with so many phases to pass through, one dead spot or wrong turn would throw the schedule off, leaving me stuck in a gale in the middle of Buzzards Bay. I made a quick coffee and breakfast and shook all the reefs out of the sails. I was going for speed that day, reaching and running downwind wing on wing wherever possible. The sun was out, which added some optimism. The anchor came up easily, and I set a course for Block Island Channel.

The wind filled in around North Point, and I hoisted both sails with no reef for the first time the entire trip. It felt good to have some power as the Whistler hit six knots on a reach due east. In half an hour, it touched seven knots. I was making such good time, it was tempting to leave the sails as is; then I remembered the old adage: reef early, reef often. So I put on my harness and shuffled to the bow. I could feel the wind pushing the boat and watched blue-green water peel off the stern. It was going to get windy again; I knew it. And I didn’t want to be overpowered. I tied in the first reef, then put one in the mizzen as well.

The boat continued at seven knots, but it felt more in control with the reefs. Cuttyhunk, site of an old British colony, emerged from the fog. There was nothing on the windswept island but brown sand and bramble and a few boulders lying on the beach. I had been following an invisible line toward Woods Hole for six hours. A straight line on the sea is a line through time. My father had been gone for fifteen years, but right then it seemed like a day. He was on Whistler I with me, watching the sails and looking out for squalls. My grandfather was there too, along with all the ill-tempered old men who taught me how to sail, how to tie a bowline and a sheepshank, and whose boats I washed, drove, and maintained for years. They were perfectly happy to not be freezing on a thirty-eight-degree day in Buzzards Bay, and they might have been happier still that I turned out to be an all right sailor.

I hadn’t touched land in five days; I wasn’t sure I missed it. The sun dropped to the west and lit up the ocean like a house fire. Golden light lingered on the low, sandy hills of Cuttyhunk, Nashawena, and Pasque Islands. The sun dropped on a line, and a metallic golden hue reflected off the sails, the islands, the little wake peeling off the stern. It looked like a scene from an old movie, a sepia film with actors who were long dead. The characters may have been dead, but the story was alive. The plot followed water and the evolution of humankind. It followed our families too, and so it was about life on the sea. I loved this film; I could watch it over and over. I’d never tire of it. It enveloped the horizon, the peninsula, the mainland, and all that land behind, where people sit in chairs and cars and stir cocktails on their patios, then wake at three in the morning to wonder what this is all about.

I was starting to understand. I saw my parents in the movie and my brother and sister and all the people who had died and who were young and strong when I was little. Those people made me think a certain way, like how a painting or a sculpture inspires you. They were permanent objects of knowledge and strength. They had always been there. I grew up among them, thinking that they would always be around. This is the fallacy of childhood: the belief that things never change.

The old yellow captain’s house where I grew up in Southwest Harbor is owned by someone else now. The peeling paint on the porch balusters, the maple tree with the swing, the boat shop in the backyard, are all gone. They were a theater set that I walked onto unknowingly. But of course that’s wrong. That’s not how it goes. History is not a scene. It is entropy, tearing everything down as quickly as it appears.

I smelled seaweed and saw miles of sand crushed by the waves, wind, rocks, and glaciers. I remembered the shores I grew up on, tidal pools, overturning rocks with friends to search for crabs, building forts in the tidelands. I was entering the movie now, slipping out of the living and into history. You can do this on the sea. I spotted the yellow iris of a goldeneye flying past Packet Rock. The contrail of a jet soaring overhead fell in line with the sun and cast a long black stripe on the water directly toward my destination. Waves grew in the cut between the Elizabeth Islands and the mainland, the incoming tide building the swell as wind surged through the slot. I wasn’t looking at the weather now; I didn’t care anymore. I had given myself over completely and wasn’t sure if I ever wanted this trip to end. I had found something that had been dormant for a long time. I’d found a way to kill old fear, to sit still for eight, ten, twelve hours at a time, to think bigger thoughts than you can summon on land.

A low growl rumbled beneath the cockpit as Whistler I hit seven knots. There was auburn in the islands now. And a trace of green. There were pines as well, and not much else in this barren, windswept place. Rhode Island appeared as a series of low hills to the north. It was hard to imagine Hurricane Bob raging through these waters, ripping trees out by their roots, pushing a fifteen-foot wall of water toward the cobblestone streets of Providence. It was remarkable to imagine a storm that started over John Kretschmer’s head in the Bahamas spinning a thousand miles up the East Coast into these waters. It was harder still to think of the storm of the future that would ravage the northeastern seaboard.

I saw the finish line an hour later. The brick and clapboard buildings of the Woods Hole Oceanographic Institute stood out on Penzance Peninsula. Antennae, satellite dishes, and PVC venting pipes jutted from laboratory buildings nestled in the little New England village. Around them, cedar-shingled beachside homes, shuttered for winter, crowded the shoreline.

I kept sailing east. I’d reserved a mooring in a small harbor a few miles away. The mouth of Quissett Harbor faces northwest, protecting it from storms blowing up the bay. I started the engine, trimmed the sails, and turned hard to starboard around Gansett Point. The harbor was laced with ledges. The water was flat calm but the wind still howled. I doused the sails for the last time and motored the rest of the way.

The marina owner, Weatherly Dorris, had told me to tie up to mooring number sixty-three. She said that they had just started installing moorings for the summer season and that there were only a few boats in the harbor. Many of them were tiny Herreshoff 12½ racing sailboats. The deep keel and wide beam looked roomy and fast. I motored past a few on the dock, then glided up to my mooring.

It took an hour to put the boat away. I hauled out the sail covers, washed the decks, coiled sheets, and launched the dinghy. It was surreal catching an Uber from the boatyard to downtown Woods Hole. Everything seemed fast, even the cheeseburger and beer that a friendly waitress delivered to my seat at the bar. The bar was called Landfall. It seemed an appropriate end to the journey. A quote from Joseph Conrad was printed on the paper place mat:


In all the devious tracings the course of a sailing-ship leaves upon the white paper of a chart she is always aiming for that one little spot—maybe a small island in the ocean, a single headland upon the long coast of a continent, a lighthouse on a bluff, or simply the peaked form of a mountain like an ant-heap afloat upon the waters. But if you have sighted it on the expected bearing, then that Landfall is good. Fogs, snowstorms, gales thick with clouds and rain—those are the enemies of good Landfalls.



Footnote

1 The unique sail plan of Whistler I features a freestanding main and mizzen that are roughly the same size.
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Poop Will Save Us All

I caught a taxi the next morning to meet Dr. Sosik and her colleague Dr. Buesseler at WHOI, hoping to find the final threads connecting climate, storms, and the ocean. The last of the wind had blown through, leaving a clear, cool April morning in downtown Woods Hole. Parking lots were full. Tourists fed coins into the town’s meters. This is the land of shingle and trim, Cape Cod chic, Nantucket reds, erect polo collars, and preppy 1980s dernier cri.

Green daffodil stalks and red buds on gnarled old oaks throughout town absorbed the powerful spring sun. A breeze lifted American flags in front of four homes while a hundred cars waited in a parking lot to board a Martha’s Vineyard ferry tied to the pier. WHOI is indistinguishable from the town. Laboratories stand between cafés and gift shops. Research and fundraising meetings are just as likely to be held at a coffee shop as they are in a conference room. Scientists live and work in town, mail parcels from the post office, gather for happy hour, or meet for lunch at Pie in the Sky Bakery—home of the incogitable bacon, egg, and cheese popover and rendezvous point for my meeting with Ocean Twilight Zone project manager Kathryn Baltes.

Baltes’s job is to wade into the periphery of laboratory and field research every day to facilitate researchers’ needs and communicate between them and the outside world. She is not a workaday project manager. Baltes studied marine science and earned an MS in oceanography. She may well know more about the breadth of the twilight zone project at Woods Hole than anyone there, as she spends her days commuting between labs and facilities and enmeshing scientists’ combined work into press releases, collaborations, grant applications, and development summaries—corralling the colossal push WHOI is making to understand the mesopelagic mid-layer. She was everywhere at once, even at Pie in the Sky ten minutes early, grinning and waving through her passenger window, beckoning me to get in. I complied, and we raced off to an extremely modern and expensive-looking steel, wood, and glass facility where Sosik was waiting for us.

In the underfunded, underappreciated world of oceanography, the David Center for Ocean Innovation is an outlier. It was funded by a private donor to fast-track cutting-edge collaborative projects. The AVAST (Autonomous Vehicles and Sensor Technologies) program operates within the center, designed to give scientists and engineers, like Sosik, a space where they can work on vehicles and sensors with resources close at hand, side by side with colleagues doing similar innovative work. The usual marine science bric-a-brac filled parking lots surrounding the building: orange and yellow buoys, stacks of steel cages, a pile of old tires. Inside, white forced-air conduits ran across thirty-foot-high ceilings alongside gantry hoists and steel I beams. We found Sosik seated on a stool, gazing at an oversized computer monitor. She did not notice us at first, or perhaps chose to not notice us until she was finished with what she was doing. She had close-cropped hair and the same crow’s-feet around her eyes as every mariner I have ever known. She wore a jean jacket and sneakers and managed to continue a conversation with two colleagues, and joke with a third, as she focused on the screen. Sosik is a youthful fifty-eight years old, seemingly as energetic now as when she began her three-decade career at MIT, where she earned a degree in civil engineering in 1988. A fascination with microscopic life in the ocean prompted her to add a degree in oceanography from the esteemed Scripps Institution of Oceanography in 1993.

Sosik was an engineering undergrad in the 1980s when she was asked to help with a flow cytometry experiment—a laser-based approach to analyzing microscopic life suspended in a liquid that is frequently used in bioscience. (The same method is often employed to detect cancer cells in humans.) “The particles go through the laser one at a time, and as they break the laser beam you make measurements of how much light they scatter and whether the particles fluoresce,” she said. “So if you had a blood sample analyzed at the hospital, it’s probably done with flow cytometry. We applied that technique to plankton. The technology was developed for looking at things like blood cells, but it actually works really well for microscopic organisms in seawater, which is kind of like blood.”

Years later, after Sosik completed her PhD and was researching population dynamics of plankton, she had a revelation. “We were trying to study some of these processes doing what we call ‘diel’ studies, meaning we were staying up around the clock for days at a time, manually getting samples every half hour or hour and analyzing them to try to study the daily cycle on the appropriate time scale,” she said. After a few research cruises, she and her colleague Rob Olson realized that there was potential to automate parts of the study. So they developed the FlowCytobot, which can travel under water and make the same observations. “We still use it,” she said. “It works basically as a flow cytometer that operates by itself in the ocean for months on end.”

These days, Sosik and Olson sleep well knowing that the FlowCytobot, tethered to an ocean observatory, is measuring and logging data at many times the speed of human hands. Faster data collection and collation make for better science, so the pair looked for other opportunities to streamline their research. Their next invention was an “Imaging FlowCytobot,” which can generate thirty thousand high-resolution images an hour, giving ocean biology researchers some much-needed sleep and a radical new surveying tool that changed the field of study—and adding a massive tranche to Adrienne Sutton’s black hole of marine data. “We used to work for two days straight, and then we always wished we had another day,” Sosik said. “And now we can do those measurements while we’re on vacation, because they’re literally happening while you and I are talking. Right now, every twenty minutes, a flow cytometer is taking a sample at the Martha’s Vineyard Coastal Observatory as it has been since 2003.”

The importance of measuring life in the twilight zone speaks to the question of what exactly the twilight zone is. I knew about the global conveyor belt “solubility pump” that carried millions of tons of carbon down into the deep. But there is a lesser-known pump, Sosik said, a biological one at work in the twilight zone. We all—or at least those of us who grew up near the ocean—know that plankton form the foundation of the marine food web. What you might not know is that different varieties of these organisms bridge the divide between plant and animal. Phytoplankton are algae that live in sunlit water and use photosynthesis to turn CO2 into biological carbon—a process that produces half the oxygen on this planet. The C becomes organic carbon in the plankton, the same way CO2 is absorbed on land by trees and plants. Zooplankton are animals that feed on other plankton in the sea.

It is these zooplankton and other micro predators that initiate a large portion of the biological carbon pump, as they digest phytoplankton and absorb their organic carbon. Larger animals then digest them and are eaten by even larger ones, continuing the food chain until apex predators like sharks and whales devour and digest all the accumulated carbon and help transport it deeper into the ocean. It is at that point that nature’s most simple and fabulously satirical process triggers the final stage of carbon sequestration—a conclusion that I accidentally stumbled across while trying to explain the cycle to my five-year-old daughter. “How does it get to the bottom?” she asked. To which I instinctively replied, “Poop?”

“Poop it is,” Sosik confirmed. “We call it ‘marine snow.’” By measuring the cascade of zooplankton and fish feces, along with sinking plankton and detritus, in sediment traps, Sosik and her colleagues gauge just how much carbon is falling to the ocean floor—where it can remain for thousands of years. The more snow falls, the more carbon is taken out of the atmosphere—slowing climate change, tempering storms, and buffering the worst effects of the climate crisis.

Recent estimates indicate that the biological pump sequesters around eleven gigatons of carbon annually into the ocean’s interior, bringing CO2 levels in the atmosphere down by around 50 percent. The pump has already saved the planet from the worst effects of climate change; without it, earth would by now have been ravaged by planet-roaming superstorms, catastrophic sea level rise, and many of the nightmarish calamities portrayed in popular Hollywood Armageddon movies. “That’s why we are trying to quantify as many of the terms of the biological pump as we can,” Sosik said.

The mint-green Stingray “tow sled” sitting next to Sosik was part of that effort. Stainless steel runners wrap up and around the contraption like skis on a sleigh. But that is where the sled analogy ends. The device looks more like a homemade printing machine than something that can glide through the water cataloging microscopic marine life. Sosik and her colleagues had been making a few improvements to it recently. Nylon cases of metric sockets, plastic bins of parts and pieces, and bright-pink-and-yellow components were littered across the sled. A few bumper stickers had been affixed, advertising various scientific coalitions.

In practice, the sled is attached to a ship by a long steel wire with built-in power and communication lines. The Stingray uses an In-situ Ichthyoplankton Imaging System (ISIIS), which captures real-time shadowgraph images of marine zooplankton, fish larvae, fragile gelatinous organisms, and multitudes of microorganisms living in the ocean, most of which spend every day cleaning up the mess that we have made of the sea. It can also create high-resolution maps of environmental properties across various layers of the sea, while cataloging plankton species distributed throughout. The modifications Sosik was working on in the AVAST center would install multifrequency acoustic transducers and a new imaging system to catalog smaller plankton—as well as the all-important byproduct of this life and one of our last hopes to contain the climate crisis, marine snow. “Now the research is going beyond just morphological and physiological characterization and is looking at the genetics of the types,” she said. “We are continuing to find more diversity than we thought, but there are strain differences within species where two things we thought were the same species are really quite divergent and have different niches and different physiology and different evolutionary history that shows up in the genetics. And then we also sometimes still find species that no one’s described before. That’s not uncommon.”

Like Richard Jenkins with Saildrones, scientists at WHOI recognized that the pace and scale of climate change was eclipsing that of oceanographic research. The ocean was just too big to study in a short period of time, and so methods had to speed up. This need for unmanned observation, Sosik said, was one of the primary purposes of the AVAST center. The ISIIS camera is a good example, as it is now capable of transferring four gigabytes of information to a ship every minute via a fiber-optic cable strung between the two. Images captured by ISIIS show up as silhouettes on-screen. A machine learning program then identifies the organisms and stores them in cataloged files that can be accessed by anyone with a few clicks of a mouse.

Sosik showed us images from a recent tow. The creatures looked like shadow puppets: black silhouettes highlighted against a speckled gray background. One of the “jellies” looked like a fishing net strung with microscopic buoys. Another looked like a daddy longlegs. “There’s a large telecentric lens in this view port,” Sosik said, pointing to a black cylinder on the Stingray sled. “There’s a camera on one side and a light source on the other. And the optics are set up so that the light beams are parallel across here and fairly evenly illuminating that whole area. And we’re imaging into one plane the shadow of all the organisms and marine snow that are in this volume of water in front of the windows.”

Using submersibles, robots, cameras, and artificial intelligence does not protect an oceanographer from the toils of life on a research ship. Sosik has ventured deep into the Atlantic, the Black Sea, the Pacific, and the merciless Southern Ocean to study microscopic life. Deep in the pandemic, in 2021, she and several colleagues transported their gear in a shipping container to a research boat docked in Spain. The bright-red-and-white Sarmiento de Gamboa headed northwest near the Bay of Biscay—where Kretschmer, Cornell, and countless others had been rocked by storms—to study a mesoscale eddy over the Porcupine Abyssal Plain. A testament to the importance of twilight zone research, a total of three major research ships—two sponsored by NASA and one by WHOI—headed out with fifty scientists to study the full spectrum of ecological and biochemical impacts of the spring algae bloom on the biological carbon pump.

“We were watching how the ecosystem and this euphotic zone was changing, how the deep twilight zone was responding, and what was happening to the organic matter that was synthesized during the bloom,” Sosik said. “We wanted to put together these kinds of high-throughput, automated observations of the components of the marine ecosystem in a way that lets us go all the way up the food chain from bacteria to fish, and ultimately, whales and large sea life. I’m very interested in the microscopic realm, but as soon as you start studying aspects of their dynamics at the right space and time scales, you immediately want to know more about the things that are eating them. And that’s where I got into the shadowgraph imaging and other kinds of approaches to look at the next trophic level up in the food web.”

It is that food web, and the cumulative detritus and poop that it produces, that holds the key to carbon sequestration. But the web is wide and passes through many species that have yet to be defined or even discovered. Without knowing how long and under what conditions carbon passes through this web, it is next to impossible to predict how it will function in the future with warmer water, more acidic water, migrating marine life, and myriad other changes the climate crisis is forcing on oceans. Sosik is already working on next-generation tools to follow the carbon, including onboard edge computing, artificial intelligence, and machine learning algorithms that transmit not just data but analyzed results back to shore via satellites. “Right now, we’re using this sort of brute-force system where we bring home all the images and then do the analysis in our high-performance computing center on land,” she said. “But there is a bottleneck there. Technologies and hardware are available now to do that edge computing on sleds and vehicles right in the ocean.”

Another bonus would be to keep scientists in their labs and not out at sea, where—somewhat ironically—increasingly violent storms fueled by climate change have made investigation that much more difficult. If you think that sailing through a windstorm is grueling, during which your primary goal is to stay alive, try keeping a few million microscopic marine animals alive in a severe storm while protecting tens of millions of dollars of equipment. Sosik got to do just that when not one but three systems converged on the Sarmiento de Gamboa. Massive waves tossed the steel ship around and sent scientists to their bunks. Winds converging on the fleet made the region the windiest place on earth for a moment, at which point the captain of the Sarmiento de Gamboa informed the crew that the ship would not survive the storm unless it turned and ran with the wind. A day later, the trifecta of gales shifted and the ship had to turn and run with them again, this time to the north, to avoid capsizing.

It was frightening to imagine some of the tools and devices in the AVAST lab caroming around a ship’s deck. A bright-orange submersible with thick braids of wire wrapped around it and an erector set for legs looked more like a homemade bomb than a submersible. A canary-yellow solar-powered sea kayak, with parts and tools strewn across it, had been dismantled. Behind that, a larger, taller submersible with a fluorescent-yellow antenna and black hull looked like it weighed half a ton. All the devices rested on dollies or wheels of some sort, ready to be rolled across the shiny polished-granite floor. Simply retrieving them from the water looked like it would be a chore on a calm day. Pretty much everything in the room was on wheels: robots, tables, chairs, filing cabinets, toolboxes, benches, televisions, computing stations. A blaze-orange dunk tank in the middle of the room was built with giant viewing windows on either side to test submersibles. A wall of glass divided the lab from a conference room and another lab on the opposite side.

Sosik suggested that we retire to the conference room, so we grabbed our stuff and shuffled into the glassed-in alcove set with tables and chairs. The space felt like a hospital waiting area. Gone were the cool devices and shadow puppetry of the ISIIS camera; it was time to talk numbers. With help from automated sensors, Sosik and her colleagues now think that the number of living creatures in the twilight zone could be ten times more than previously thought. That is ten times more plankton, jellies, fish, and other sea life that are taking ten times more CO2 out of the sky every day. An international study in 2014 put another number on life in the mesopelagic zone: ten to twenty billion tons of fish and shellfish live there, equaling 90 percent of the fish on the planet by weight—or 1.3 tons of fish for every person on earth.

The discovery added more pressure to chart the twilight zone and its biological carbon pump, as food and pharmaceutical industries have already hatched schemes to harvest it. While commercial fishing fleets vie for permits, research institutes in Scandinavia are studying how to make recently discovered species like glacier lantern fish and Mueller’s pearlside a commercially viable catch. The Norwegian Food Research Institute injected Mueller’s pearlside with enzymes to change its flavor and make it a tasty dried snack. Norway issued forty-six exploratory fishing licenses for the zone in 2017. In addition to vacuum nets, fishing fleets plan to use midwater trawl nets, which often catch collateral species like dolphins, turtles, and sharks.

You might think that netting twenty billion tons of fish would be impossible, but that would be underestimating the ingenuity and profiteering instincts of Homo sapiens. Don’t forget the whalers whom Praveen Teleti studied and others who called Woods Hole home port for many years. Since 1900, whalers have killed nearly three million of their prey, including 90 percent of all blue whales.1 Researchers and fishery managers are now setting policies and estimating impacts on twilight zone marine food webs, while educating the public on the importance of protecting the zone: wipe out all the lantern fish in the twilight zone and you might just see a deadly spike in sea and surface temperatures that jacks up severe storms and puts the planet over a climate tipping point.

Footnote

1 Sperm whales now hover around a third of their pre-whaling population, while Antarctic blue whales and right whales sit on the edge of extinction.
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The Solution

My talk with Heidi was meant to be the last in this book. It was a natural place to end. I had followed shifting planetary cycles from trade winds to tropical cyclones to the global conveyor belt, then deep into the twilight zone, where perhaps our last chance to slow climate change is in danger. But the story of life on earth is never really over. It changes every second, and those changes kick off results that create a new quandary—like the one Ken Buesseler has wrestled with for most of his career.

I hadn’t asked to interview Buesseler. Baltes, with her intuitive knowledge of all things twilight zone, suggested that I speak with him. He walked into the room during my interview with Sosik. He looked a bit like Michael Caine—a sagacious scientist in a movie about the end of the world. He listened to Sosik’s explanations stoically, legs crossed, hands folded, nodding as if he had never heard any of it before. When Sosik had to leave for another meeting, Buesseler shuffled over to her seat. He wore the standard uniform of a senior marine scientist: jeans, cardigan, WHOI-embroidered polo shirt. His beard was going gray and his thinning strawberry hair was parted to the side.

Buesseler did not grow up on the ocean. He was born in the Midwest in 1959, moved to California, then attended high school in Europe. His transient childhood instilled a sense of wanderlust and an appreciation of new landscapes, like the ocean, which he found a boundless and fascinating area of study. After a summer in college measuring chlorophyll and oxygen in Lake Itasca—headwaters of the Mississippi—Buesseler connected his affinity for chemistry to marine biology and returned to UC San Diego, where he took a job at the Scripps Institution of Oceanography and eventually made his way to WHOI.

Since he moved to Woods Hole, Buesseler has been watching the Keeling Curve—which depicts CO2 in the atmosphere and was devised by Dr. Charles David Keeling while Buesseler was at Scripps—turn ever upward while our efforts to tame it fall short. One of Buesseler’s early contributions to the field was discovering a unique way to measure carbon pumps in the ocean. His specialty was marine radiochemistry, essentially studying the effect and fate of radioactive elements from natural sources as well as underwater nuclear weapon tests and discharges from nuclear power plants. He analyzed thorium-234, which is particle reactive, and devised a formula that associated it with carbon. “In the ocean, thorium is looking for things to stick onto because of its chemical properties,” he said. “And what it sticks onto is marine snow, animals, and whatever they’re producing. It also has this twenty-four-day half-life, relative to the time scale of plant growth in the ocean. So we can reset the clock, say, on these daily, weekly time frames, which is pretty ideal. For every atom of thorium on marine snow that is sinking, I get X atoms of carbon. If I multiply that by my thorium term, voilà, I’ve got carbon flux.”

These are big ideas and complex solutions to throw around. After a few hours with Sosik and Buesseler, the science began to sound like make-believe: invisible creatures, radioactive trackers, carbon flux—all in the pitch-black twilight zone. I would imagine it is fantastical to young oceanographers as well, until they prove a theory and suddenly all the data points fall into sequence. This moment for Buesseler was the thorium trace. It wouldn’t be the last. What he was interested in now was the power of the biological carbon pump and how it might be coaxed to pull down more CO2 than it already is.

“Not all poop is created equally,” Buesseler told me. Microscopic salps drop the biggest loads—a hundred times larger than a copepod. Gravity pulls down this marine snow at a rate of around thirty-two hundred feet a day. “That’s three or four days for it to fall from the surface to five thousand meters,” he said. There are other ways for carbon to trickle to the ocean floor. Animals can carry their food supply down; they can get eaten; the predator can poop in the privacy of the big, black deep. Ocean mixing from perturbation, eddies, currents, and storms can also bring carbon up and down. “When I go on a ship, I’m the guy trying to count how much carbon is sinking, and what’s the composition,” Buesseler said.

The pump is more complicated than food webs and gravity. When Buesseler started thirty-five years ago, the assumption was the more phytoplankton that absorbed CO2 on the surface, the more carbon sank to the bottom. But that’s not necessarily true. Between the top layer, where there’s sunlight, and the bottom, where carbon falls, there are many ways that carbon can be intercepted. “You have systems that are very efficient at eating all that carbon,” he said. “This carbon is the food supply for the entire twilight zone, and that’s where our research comes in. Who’s there? What are they doing? What is their ecological niche? How do they change with season, with location? We’ve been asking these questions for thirty-five years.”

Buesseler’s best answer was to describe the twilight zone as a funnel stretching from the surface to around three thousand feet deep. Plants at the top grow with sunlight, carbon, and nutrients. They take in CO2, create sinking material, or are eaten and transported deeper. But not everything makes it to the bottom, because that sinking carbon is still a food supply. If something’s going to eat it and swim to the surface, the carbon can return with it and return to the atmosphere. The point being, only a small amount gets to the bottom. “In some places that funnel is really huge,” Buesseler said. “There’s a lot of carbon coming down, but in other regions it’s really restricted. The opening at the bottom is small. I mean, the world is full of little guys that glom on and chew on this carbon.”

The average amount that makes it to the very bottom is 10 percent, but in some places, like springtime in the northeast Atlantic, 50 percent will get through. All the uncertainty in the twilight zone—from animal behavior to the effect of warming seas to changing currents and migrating species—adds variability to the carbon budget that Adrienne Sutton and Galen McKinley monitor. Imperceptible changes open or close the funnel on a daily basis, accounting for massive fluctuation in carbon sequestration. To compound the issue, the IPCC still doesn’t have an accurate biological carbon pump model to work with when making climate projections. Human activity emits around forty billion tons of CO2 every year, which translates to around ten billion tons of inorganic carbon. If all ten billion tons flows into Buesseler’s funnel, about one billion makes it to the bottom. “So what we’re trying to do is either get more at the top or widen the funnel at the bottom.”

With the biological carbon pump likely slowing down as temperatures rise, ocean stratification increases, and commercial fishermen vacuum up what might be our best opportunity to cool the earth, Buesseler sees an inflection point coming. “We need to develop a better, predictive way to see how the pump is going to change in this new world we live in. Warmer, different storm patterns, different current patterns. And I think the answer for the biological carbon pump is that we really do not know.”

What marine scientists have known for decades is that algal blooms could be induced by adding a key nutrient—iron—to the ocean surface. And many in the field, like Buesseler, see a path out of the climate crisis by utilizing it. Buesseler and his colleagues recently executed an iron fertilization experiment. Algal blooms cropped up in days and Buesseler’s thorium count plummeted as carbon sank to the bottom. “You see this algae on the seafloor after it drops,” he said. “The chlorophyll is literally green in the pitch-black dark. These blooms come down so fast. I mean, it’s pretty efficient. But can we do this in a purposeful, responsible way? Would there be a market for the carbon that’s sinking the same way there is for planting a tree or tilling soil in a different way?”

In an era of doomsday headlines about oil companies making record profits and nations abandoning their Paris Agreement climate pledges, ocean iron fertilization (OIF) looks like good news. The amount of iron required to initiate blooms is minimal, and the result could make a significant impact on the Keeling Curve, potentially avoiding calamitous planetary tipping points that, right now, look unavoidable. There is also something poetic about how the ocean can conjure such vicious storms and also be able to quell them.

“Twenty years ago, OIF was kind of an interesting thought experiment,” Buesseler said. “Now I’ve got two daughters in their thirties, and this is their future. We need all hands on deck, so my Covid project was to be part of a US academies committee to study six ways that we might nudge the ocean to take up more CO2. One of them was iron, one was seaweed, one was ecosystem, and a few others. It was one of the most downloaded academies reports ever published.”

In terms of proving the technology, nature has done a large part of that already. The fires that overtook Australia in the last few years emitted around one hundred million tons of carbon as they wiped out forests, animal populations, and ecosystems. They also deposited large amounts of iron downwind in the ocean between Australia and South America, causing large algal blooms. An example of the equilibrium earth is capable of if left alone: the resulting CO2 drawdown by phytoplankton was about the same amount as the CO2 emitted in the fires—though Buesseler and others still question how much of it made it out of the bottom of the funnel. “It might be more complicated in some ways, but in other ways the carbon stock in the ocean is huge compared to on land,” Buesseler said. “The ocean holds fifteen to twenty times more carbon than all of the land plants and all the soil on our planet. It holds fifty times more than the atmosphere. So if you’re going to start mucking around on land for carbon dioxide removal, you can’t plant enough trees. You can engineer your way around it by making direct air capture. I mean, where is that electricity gonna come from?”

There are other ocean-based carbon-removal strategies, like seaweed sinking and electrochemistry-enhanced sequestration. Using OIF, Buesseler said, a recent study found that two out of six methods analyzed could pull down a billion tons of CO2 every year. And let us not forget that the moment CO2 content in the atmosphere levels off, so does much of the fallout like the amplification of storms. It is odd to think about our planet like an old muscle car that needs a new head gasket. But the little blue globe that we played with as kids, the one printed on beach balls and thumbtacked to dentists’ ceilings, is burning up, and a few scientists may have stumbled across a way to fix it: use the largest carbon sink on the planet to actually sink more carbon.

It was also somehow appropriate that the ocean, which contains 95 percent of livable space on earth and nearly 100 percent of unexplored earth, could be the key to solving our current crises. Especially the extreme deep, where sunlight—and the thin beam of our metaphorical flashlight of knowledge—ends, absorbed into more than three hundred million cubic miles of enduring darkness. The mystery of the deep is an old trope, but nonetheless true. Life down there does not play out on a single plane as it does on land: marine life and processes exist in a vertically stratified realm from sea level to thirty-six thousand feet down. Things change throughout those strata, like water pressure that is a thousand times greater in the Mariana Trench than at the surface. In the extreme deep, where marine snow settles, giant squids more than forty feet long lounge around hydrothermal vents. Greenland sharks live for four hundred years, riding the same currents that plunge anthropogenic heat and carbon to the bottom of the sea. The deep ocean is not a quiet place either. Baleen whales shriek and dolphins and sperm whales click and murmur, the tumult audible for hundreds and even thousands of miles.

“If we stopped burning fossil fuels today, we’d still have what we put in the atmosphere,” Buesseler said. “So you gotta remove it. If you don’t do anything, it takes hundreds, thousands of years to cool down. If we can enhance that, then we can bring the CO2 level back down. We’ll always need some carbon dioxide removal. Like climate wedges, there’ll never be one solution. Run away from people who tell you they have an idea that will solve everything. It doesn’t exist. The scale is too big; it’s billions of tons. Imagine those plot lines going up. The red line is the one we don’t want to be on. Well, that’s where we are now.”

The ride back to town was a quiet one as I tried to absorb everything Sosik and Buesseler had told me. It appeared that the answers were here, that the mad chase to find the causes and cures of climate change and the growing threat of severe storms ended in the deep ocean. The thought that extreme storms could level out and even begin diminishing—in a few years—if we were to rein in greenhouse gases and undertake a safe sequestration method seemed incredible. What was all the bickering about? Why were nations banging their heads against the wall at yet another unproductive COP meeting? Why were millions of people marching and protesting, asking their governments to save the planet and, ostensibly, them? Sure, there was plenty of research yet to do, safeguards to establish, data to sift through, but where were the headlines on the biological carbon pump? The massive, civilization-saving CO2 sequestration that was at work on the ocean floor right now, as it has been for billions of years? Why were we talking about increasing nuclear energy by a factor of fifteen to close the renewable energy gap? Why, after thirty years of high-level, high-stakes negotiations, were the most vocal nations in the climate crisis ramping up oil production and greenhouse gas emissions? At what point would the humans of the world say, Enough—this isn’t working. But look over here; this is. With a fraction of the travel budget—and carbon footprint—of all nations attending COP meetings, researchers at Woods Hole and elsewhere could put us on a track to slowing, if not ending, the climate crisis.

Dissonant images of the end of the world and the beginnings of a new one ran through my mind as I walked through Woods Hole that afternoon. I thought about Hurricane Bob blasting through these streets as John Kretschmer sat on Southern Light in Nassau, reflecting on his good fortune. I thought about Hurricane Lee, which could have razed the New England coast, but for a few well-timed steering currents and luck. We have come to rely on that luck, even consider it our fate. The plight is similar to one that Galileo faced, and before him Copernicus, and even before him the ancient Greek astronomer Aristarchus of Samos. How to explain to the world that the sun, not earth, is the center of the solar system? You can feel wind from our planet’s rotation on your face, and yet, given the intellectual and religious climate back then, it simply could not be. Then, when it was, when Galileo’s theory was finally accepted, the great astronomer denied his assistant, Johannes Kepler, who had hatched the crazy idea that the moon drove the tides. The math was there; the timing worked. But it simply couldn’t be.

The beautiful, innocent, and tragic naivety of human nature was on display at the Martha’s Vineyard ferry parking lot, where a hundred cars and trucks idled and spewed CO2 as they waited to board the ship. Kids chased one another around the yard at Pie in the Sky while their parents gripped hot cups of coffee and tea. Down the street, the drawbridge to the pond and Pinky’s Marina looked like it hadn’t been raised in months.

Ivy spread across the brick Redfield Laboratory across the street from the post office and cedar-shingled porch of Coffee Obsession. The bow of the whaling ship Charles W. Morgan jutted from the stone wall of a marine biological laboratory at 127 Water Street. The display exhibited yet another irony as the ship had delivered more than fifty thousand barrels of whale oil and more than 150,000 pounds of whalebone back to Woods Hole throughout its eighty-year service. At port now a few hundred yards away: the RV Neil Armstrong, the US Navy and WHOI’s new offshore research ship built to study the Atlantic and Arctic Oceans.

One similarity between climate change and climate science was how they both failed to catch the attention of the general public. I wondered if it was ignorance or fate. As Ken Buesseler analyzed the descent rates of sinking algae and marine snow, historic hurricane-force winds flattened forests and power lines in Great Smoky Mountains National Park. While Heidi Sosik calibrated robotic submersibles to catalog marine life in the twilight zone, thunderstorms surpassed hurricanes and wildfires for the first time as the costliest natural disaster in the United States. From a layperson’s perspective, it appeared that there was a race between science and climate—one in which a tie was a loss.

I made my way back to Landfall to wait for my ride. Outside the bar’s oversized windows, the tide was running out. Water rushed around shoals off the Martha’s Vineyard ferry dock, tilting signal buoys a few degrees. There was no wind at all. The sun was blazing hot, bringing trees and flowers back to life after six months of dormancy. The sun nourished fields of drifting plankton, which in turn fed rising batches of fish larvae, fingerlings, and baby crabs. It seemed an inherently bad idea to tweak or engineer the ocean in any way, and yet it was becoming clear that there might not be another option. The sea birthed us. It creates our weather. It distributes heat, precipitation, carbon, and climate around the world. Maybe it can save us too.

I wondered if all it would take to solve the climate crisis was a bit of recognition. A worldwide awakening to the coming era of superstorms and how vital the oceans are to life on earth. Sailors like John Kretschmer and Jimmy Cornell have known this most of their lives. Scientists have proven it repeatedly. A few readers might now see the light, but the masses will likely go on, turning their backs on physics and nature and filling their days with distraction, convinced that nothing is more important than their daily schedule.

The lungs of the planet were right there that afternoon, pushing waves onto ledges and beaches, pulling at mooring balls, gnawing at the land. I stepped out onto the balcony and imagined the carbon cycle taking place right there. It was happening, as it is around you. A plane flew overhead. An older man turned off the engine on his Boston Whaler and glided to a stairway leading from the water to the bar. He sat with a friend and shared a beer. A woman in flip-flops watched them, silently, unmoving, face to the sun taking in the first warmth of spring.

I spent the rest of that day packing up and preparing to leave Whistler I for a few weeks. I’d been gone too long and was ready to get home. My brother drove to Woods Hole to give me a ride to the train station. He’d spent his boyhood splicing halyards and lines for my father at the boat shop, then sailed halfway around the world as captain and crew after college. He knew Whistlers the same way I did: living artifacts of our father’s reverie.

He dropped me at Boston’s South Station the next morning. The three-hour train ride home put things in perspective. The route followed my sailing journey in reverse. I watched from a soft leather seat as we zipped past Cuttyhunk, Block Island, and Long Island Sound. I couldn’t stop staring out the window at the sea and the coast: Fishers Island, the Race, Port Jefferson. It was disquieting how quickly the train made the trip. There was hardly enough time to take each port in before it disappeared.

White sandy beaches hemmed the shores of Connecticut. Tiny boatyards and yacht clubs were just putting their docks in. Marsh grass grew along the shoreline. A few shotgun shacks stood at the edges of a salt pond as great cedar-shingled capes leaned into the wind. Everything on the coast angled toward the sea. Towns huddled around it. Houses cantilevered over it. Front lawns swept down to it. Hundreds of tiny docks floated on it like fingers testing the water. There were boats too, turned over in fields, tucked into garages, glimmering white under a shell of shrink-wrap. This was the edge of civilization, the beginning of earth’s last wilderness, where superstorms range and the last of the planet’s mysteries hide: from the coral reefs of the Maldives to the sandy bluffs of Dakar to the busy waterways along the US East Coast. It was the same everywhere in the world. The edge of the sea was the border between everything we know and the beginning of everything we don’t.
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Suggested Reading

This book would not have been possible without the complete works of John Kretschmer, which drew me into the world of heavy weather sailing, tropical cyclones, and perhaps the greatest modern storm sailor to ply the high seas. Cape Horn to Starboard (Burford Books, 1986) recounts Kretschmer’s record rounding of Cape Horn in 1984 and is a maritime classic on par with the work of Joseph Conrad and Joshua Slocum. His book At the Mercy of the Sea (International Marine / Ragged Mountain Press, 2007) follows Kretschmer’s friend Carl Wake as he heroically battles and ultimately succumbs to Hurricane Lenny in 1999. For anyone looking to hone their offshore sailing skills, Sailing a Serious Ocean (International Marine / Ragged Mountain Press, 2013) and Sailing to the Edge of Time (Adlard Coles, 2018) masterfully combine storm tales with informative passages about sailing technique, weather resources, maritime history, and how to buy a good used boat.

Any discussion of tropical cyclones—and the reaction of earth’s weather systems to climate change—must include MIT professor emeritus of atmospheric science Kerry Emanuel and his book Divine Wind. Emanuel, who has studied hurricanes for a half century, gives readers a scientific and anthropological perspective on these massive storms going back millennia. He lays out the physics and genesis of storms, as well as scientific milestones that helped us understand them over the years. Emanuel tracks hurricanes, typhoons, and cyclones across the oceans—and through art and literature—singling out particularly ferocious storms that both changed history and formed the foundation of storm research and prediction today.

Rachel Carson’s poetic and mystical trilogy of ocean books depicts the deep history and science of the seas, marine biology, geology, and meteorology. Under the Sea-Wind (Simon and Schuster, 1941), The Sea Around Us (Oxford University Press, 1951), and The Edge of the Sea (Houghton Mifflin, 1955) are all narrative masterpieces. Carson, who worked as an aquatic biologist for the US Bureau of Fisheries, weaves dense scientific theory and stunning descriptions of the world’s oceans throughout the books. Written more than a half century ago, the books still offer perhaps the best wide-ranging perspective on the oceans and their importance to earth systems. Hurricane (Rinehart, 1958), by conservationist and author Marjory Stoneman Douglas, takes a similarly literary approach to unwinding the complicated science of storms and the sea. As she describes North Atlantic hurricanes, Douglas simultaneously tells the story of North America’s coastlines and their many ecosystems and cultures. To Follow the Water (Basic Books, 2007), by Dallas Murphy, unravels the incredibly complicated story of ocean currents and the influence they wield on the world’s climate and weather patterns. Murphy is a lifetime sailor and dives into the subject of the global conveyor belt and deep-sea research with the enthusiasm and innate knowledge of a lifetime oceanographer. From Ben Franklin scooping wooden buckets of seawater from the side of a ship—as he discovered the Gulf Stream—to Woods Hole Oceanographic Institution prodigy Henry Stommel dragging instruments behind a wooden ketch off the US East Coast in the 1940s, Murphy follows the evolution of oceanography and the discovery of ocean circulation and how it might hold the answers to future climate change.

This list would not be complete without mentioning sailing books The Long Way (Adlard Coles, 1974), by Bernard Moitessier; Once Is Enough (International Marine / Ragged Mountain Press, 2003), by Miles Smeeton; and How to Sail Around the World (International Marine / Ragged Mountain Press, 2003), by Hal Roth. All three offer an unmitigated view of voyaging the world’s oceans for armchair sailors and veteran circumnavigators alike. Lastly, the reference books of the Cornell family—World Cruising Routes (Adlard Coles, 2022) and Cornell’s Ocean Atlas (Cornell Sailing, 2023)—have become bibles for offshore sailors. Jimmy Cornell’s autobiographies, Sail the World with Me (Cornell Sailing, 2021) and 200,000 Miles (Cornell Sailing, 2017), offer a glimpse into Cornell’s incredible life both on sea and on land.
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