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To Karen










Where is your ancient courage? You were used


To say that extremity was the trier of spirits;


That common chances common men could bear;


That when the sea was calm, all boats alike


Showed mastership in floating.


Coriolanus, Act 4, Scene 1
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DAVIS STRAIT


1994


There is no night in arctic summer, just a diffuse cold glow that struggles up from underneath the horizon and dissolves slowly into the sky, the sea surface black and laced with mist like exhalations from a chest freezer. At 0215 the third mate, wearing enough clothes for a walk in space, comes below with an update on the weather. We were flying along like a gull when I went to bed. Now the wind, steady from the southwest for the last twenty-four hours, is getting light and starting to veer. The barometer has plummeted from 1016 to 994 millibars and seems to be reaching bottom. It suddenly feels like a good time to shorten sail. As the next watch comes on deck, we put the extra hands to work and reduce our canvas by about half—to one small headsail, the foresail, and a storm trysail.


The breeze quits with a final sigh, and the air turns sharply cold. The off-going watch finishes their work, waves an insincere farewell, and departs to their bunks. A gentle wind begins from the north. An hour later it is blowing a gale. We strike the foresail. The storm trysail blows out at its clew fitting, threshing angrily back and forth across the quarterdeck until we take it down also. By breakfast there are gusts to force 10—storm strength—driving a cold spray of water like birdshot across the open deck.


It is pointless now to think of making progress. We start the engine and run it slowly ahead to avoid being blown too far back the way we’ve just come. I have the helm put to windward, and between thrust from the propeller and the balancing force from our one remaining sail our little schooner sits like a merganser, rising and falling through an arc of thirty feet with the developing seas just ahead of the beam. Under a vague brightening in the sky, the water turns from black to gray, stirred into white streaks by the gale. The air temperature is 38 degrees Fahrenheit, just slightly colder than the seawater. The wind howls. It is hard to keep your eyes open and I wish for a swim mask.


The sea has built steeply with the reversal in wind direction, and tall green waves rear over the deck and slide below us as the boat heaves up and down. We sink into the trough. The next sea stands up vertically alongside us, a deep pane of aquarium glass. I look in and glimpse sudden dark shapes moving behind—a pod of pilot whales, jet-black two-ton mammals swimming toward me, right at eye level. I dive for cover. The boat rides up the crest and the animals break the surface where we’d just been, as though they are performing at SeaWorld. In unison they cut a neat arc through the air and vanish under the stern.


It is time for coffee. We have lifelines rigged around the deck, wrestling-ring style, to keep people away from the rail. I carom forward to the galley hatch and time the motion so as to fall through as gracefully as possible. Down below, it is startlingly quiet. The crew are asleep in their bunks, wedged in behind improvised pillows of spare gear. There is one person upright at the cabin table, pensively eating a Snickers bar and staring into the middle distance. Bob is our doctor, a semiretired and much beloved family physician from the small coastal town where I live in Maine. He looks a little like the actor Burt Lancaster. I’ve learned that he was a PT boat officer in the Pacific before medical school and has missed being at sea for most of his life since. I am under strict instructions to bring him home alive.


I find a clean mug and fill it from the thermos, pausing to wonder just how I’ve gotten myself into this situation. A good question. Professional sailors are a bit like commercial pilots—licensed operators in the transportation industry, with credentials built from a blend of hands‑on experience and regulatory vetting. This said, seafaring in the jet age is a rarer and less visible career path, particularly for Americans. Most of my college friends were off to jobs in law, medicine, or academia. Uninterested in such things, I’d set out sailing until an avocation became a profession, and now here I was—responsible for an old wooden ship and sixteen souls as the cold rain blew sideways and the sea built into steep gray ridgelines around us.


It turns out that there is still nothing like a sailing ship to help you care about the weather. Motor vessels don’t need the wind to take them where they are going, though their crews still recognize that weather at its extremes can take over their plans. For any who choose the more quixotic means of sail transport, the weather is everything. Understanding the weather means getting successfully to where you are going and knowing when not to try. At the least, knowledge adds a dimension of clarity to the miserable days spent amid conditions you can do nothing about.


Complex as the outcomes may be, the drivers of weather are built around a small core of scientific principles: The atmosphere is a mixture of gases subject to heating at different rates by solar radiation, governed by the physical laws uniting temperature and pressure. Weather is just atmospheric stirring, a three-dimensional cycle that solves imbalances by redistributing energy around the globe. This mixing is torqued by the rotational momentum of Earth and coupled with a water cycle that carries heat and moisture endlessly from place to place. Scientists have understood this qualitatively for some time, but it is really only in the modern era of data-gathering—the age of aircraft, satellites, and supercomputers—that a real-time imaging of atmospheric processes has become possible.


The plans for sailing passages are drawn with the expected wind and sea conditions set atop every page. Conditions change, and plans evolve. Each day’s actions are steered by the steady uptake and processing of information. What do we see? What do the forecasters say? What happened on the last trip? The gathering of experience turns novices into experts. Sailors tell tales of weather as a pastime, but ultimately their storytelling serves the higher purpose of adding to accumulated knowledge—building onto a shared understanding of a complex and dangerous environment.


Like pilots, roofers, and mountain climbers, mariners are by default obsessed with the weather, immersed in it as part of their daily calculus. I’ve been a student of weather since high school, but in hindsight I recognize this particular storm as a tipping point in the process—a watershed in realizing how completely my profession was enmeshed with a system that was by its nature never quite the same. This has felt more like a relationship than a course of study—a career-long game of Rubik’s Cube, where one side of the cube is your plan and the other five are built from the ever-moving parts of sea and atmosphere.


*


Down in the cabin I look under the floorboards to see if we are sinking. I know that someone else on the crew is doing this already, but in heavy weather the captain of every wooden ship envisions the thousand stitched-together pieces that make up their vessel and checks the bilges reflexively. Nope, not sinking. It occurs to me that our boat is built for this kind of abuse even if we aren’t. Now on her twenty-eighth trip to Greenland, Bowdoin is a rugged little ship, built for exploring the Arctic back when much of the place was still an unmapped expanse of rock and ice. Men fished the Grand Banks year-round in vessels much like this one, made to withstand most of the trouble that their crews could find. There is little else to do from here but wait, to sit through the boredom and hope not to encounter any terror in the process. We keep a lookout on deck. We check the bilges. Most of the crew take naps. Late that afternoon someone comes to get me in the chartroom.


“It’s moderating,” he says.


The following morning all that’s left is a sunny day and a lumpy diminishing sea. The barometer rises from the dead and starts sharply upward as the wind dies away. The route to Greenland from Newfoundland is a thousand-mile line, drawn straight north across a piece of ocean that’s not well attended to. We’ve had fleeting information about the weather from static-charged radio broadcasts, a bit more from blurry maps, but we’ve mostly been figuring it out for ourselves. The gale was not a complete surprise, but our response has been more of a reaction than a plan. I miss the comforting steady crackle of NOAA weather on the radio at home.


It stays nearly calm until our landfall, two days later, when the Greenlandic skyline appears in the east—a wall built from black mountains, the gaps between filled by descending glaciers and runnels of gray cloud. The arctic sun skips sideways across the sky, and at dawn comes out from behind the peaks in a sudden flash of light like the opening of a furnace door. We all line up to stare, double-wide in our bulky insulated coveralls. The radio comes alive through the open chartroom hatch. A local weather broadcast!


In Danish.
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THE HOURLY


From where I’m standing, I hear the ship’s clock start to ring. It’s a sonorous repeating chime, one for each half hour that has passed since the watch began. As the bells fade, the second mate emerges onto the quarterdeck with a clipboard and pencil, excusing herself to brush past me and stand to windward, gazing out at exactly nothing. She looks up at the sky, turns in a partial circle with the unconscious balance of a dancer, and makes a mark or two on a gridded sheet of paper. On her way back to the chartroom, she checks the compass and flips open the cover of a narrow box by the ladder. A birdhouse? One might think, but there’s actually a thermometer in there. She vanishes from my view, but a second later there is another percussive note, coarser than the bell, as the end of her pencil taps the rim of the barometer dial.


There is a puff of wind, the ship leans over, and the helmsman makes a half-turn of the wheel to adjust. Nobody says anything. The light goes blurry in a fine spray that seems to be coming from everywhere at once, more like mist from a sprinkler than actual rain. Above us a loose skein of clouds is boiling away to leeward, a shaft of sun panning the sea surface behind it like a slow spotlight. The mate is back now. Holding a cup of tea between her gloved hands, she makes eye contact with an interrogative five‑degree tilt of the head, the pencil stuck behind her ear.


“I don’t think we need to make a sail change at this point,” I tell her. “These showers are left over from the squalls that pushed through before breakfast. We’re probably OK even if the wind builds a bit more. I’m happy to watch things here if you want to go below and finish up.”


It is just another morning off New Zealand, a place where all four seasons can visit you in the space of an hour. A few minutes later the helmsman and I are alone again, and I hear the fluttering pages of the logbook as the last bits of hourly data are recorded. Here, north of Auckland, a chain of offshore islands forms the Hauraki Gulf, a long reach of partially sheltered water that stretches for about forty miles before petering out into open ocean—a transition that is marked reliably by the appearance of a long Pacific swell, which even on fair days gives evidence of distant energies. Today a tropical cyclone near Samoa is sending smooth hummocks of water toward us from the northeast, two meters tall. They catch the sunlight and lift our quarter as they roll past with a subtle greasy motion that rattles rigging and makes it hard for some to read or work below.


The sawtooth ridges of New Zealand’s uppermost peninsula follow the horizon to our west. Known in the brief Kiwi vernacular simply as “Northland,” this is likely the first bit of terrain that Polynesian navigators saw on reaching the place they would come to call Aotearoa—the Land of the Long White Cloud. True to form, crenellations of cumulus are this morning parked above the hills, their ragged rows of condensation formed as the topography drives moist air aloft. By afternoon they will be fully developed, a curtain curving away as far as one can see. In these warm middle latitudes the deep meanderings of tropical water meet colder currents from the south, rich with lifted nutrients that feed uncountable swarms of marine algae—all packed with oil like miniature avocados or tiny drops of bacon grease. An entire food web emerges from this slippery beginning. Seabirds swarm over schools of bait, while at night the sharks come to graze on squid in the pool of our lights.


By noon it’s mild and dry, idyllic. It is one of the many faces this ocean wears in summer, brought by the large high-pressure systems that walk in a slow parade from the west across New Zealand’s land mass. It can be delightful under their footprints—think Southern California. One might also think of Southern California in imagining the drawbacks of weather that stays too perfectly sunny for too long. In this, the austral summer of 2020, northern New Zealand is in the midst of a forty-day drought. A thousand miles west across the Tasman Sea, Australia is suffering horrific brush fires, the land baked dry by too many beach days one after the other. Aotearoa has thus far been spared from fire, but is visibly dehydrated even from our seaward viewpoint, the green grass parched to pale yellow.


Rain will come eventually, either from the north in a mass of wet tropical air or from the south as an abrupt and wintry frontal system, an inrushing cold blast from higher latitudes. Below New Zealand a steady west wind howls clear around the globe, breaking against the belly of Australia into waves of atmosphere that roll northeast, near perpendicular to the long massif of the South Island. It is a thrashing eel of subpolar cold. The mountains here, two miles tall, are an anvil to the wind’s hammer—forcing the cold air aloft as it advances in walls of rain. The satellite images of all this resemble the sweepings of some giant broom, windrows of airborne debris on a continental scale. Wine and wool towns like Blenheim and Napier sit in sunny shelter east of the ranges while the west gets biblical precipitation. In December of 2019, tourists in Fiordland National Park were stranded as feet of rain closed roads under swollen rivers and collapsed hillsides. It was an extreme event, but in its own way not unusual.


From sea these cold fronts appear as curling buttresses of cloud, like waves in a surfing photo. Before a front arrives, the wind is northerly—therefore warm—and then suddenly it is not. The cloud cliff passes overhead, there is perhaps a lull, and then comes air at great speed from somewhere much colder and more violent. A network of coastal radio stations advises mariners on the real-time progress of these advancing walls of wind—lest they be caught with their topsails set, metaphorically or otherwise. I’ve spent the better part of three decades going to sea, but a trip to New Zealand, even in its nominal summer, retains for me the sense of a final exam.


Sure enough, a day later gale warnings start to appear in our morning weather forecasts. We go to work securing the ship, the sky now tinted amber with a thin cast of cloud, a halo around the sun. A single petrel keeps pace with us alongside, barely beating its wings. When the wind builds, the air will be full of birds, rising off the water to harvest the sudden abundance of free energy. They own the wind, racing by at eye level as if to be sure we understand. Below the surface are things seeable only when the sea is calm—the dolphins, grazing whales, sharks, and mola, ocean sunfish as big as car hoods. Once a giant leatherback turtle, four feet across with long triangular flippers and drooping dinosaur eyelids. I’ve seen their babies on a beach in Mexico racing toward the surf, identical but small as silver dollars. These are the things that make a life ashore seem hard to reconcile. They are there all the time, but waves make them vanish.


“Why is this spot called the Bay of Plenty?” someone asks.


I don’t remember exactly, other than to say that Captain James Cook named it on his first voyage to New Zealand—or, rather, put title to a place that no doubt had another name already, given by the locals. The Māori had come by water themselves half a millennium before, families packed with their belongings in double-hulled waka from elsewhere in the sprawling Polynesian archipelago. New Zealand is the last place they sailed to in great numbers, the final major land mass on Earth to be settled by humans. Traditional stories place some of their landings not far from our current position, near the present-day city of Tauranga. It’s easy to imagine—the pitching canoes at the end of a long and terrifying voyage, captured by the broad thumb and forefinger of Aotearoa. The islanders hauling their gear up the beach—tools, coconuts, a scramble of whatever animals had survived the trip. Ashore they would find trees two hundred feet tall, plus flightless birds the size of alpacas and an eagle large enough to hunt them down. That part is harder to imagine.


•


The weather finds us in late afternoon—a dark swath of ripples moving across smooth water, the shearline between two great atmospheric masses. The clouds overhead are long tubular billows, trailing a curtain of rain like steam. Suddenly it is colder. We trim our few remaining sails and keep the wind to starboard, hurrying to close deck hatches as the rain reaches us. Indolent summer is suddenly forgotten.


In an hour we have a gale as promised—45 knots of wind from the south and the sea pushed up into blue-gray hillocks with tumbling foam piles on top. As in my long-ago Arctic odyssey, we lie hove to, one of a few different options available for vessels wishing to ride out weather at sea. Heaving to can mean simply drifting, though for sailing ships a more nuanced technique exists—a balance of canvas and rudder to keep you parked obliquely to the elements, rising and falling like a cork as things swirl around you. With enough room to spare, a ship can sit safely in this condition for some time. Safety does not equal comfort, necessarily, and the ride is still exhausting—comparable to driving a badly sprung vehicle over rough roads for days on end. The wind howls. Doors are impossible to open and then slam shut spontaneously, propelled by wind or abrupt rolls of the ship. Curtains of rain pelt the sea and whistle through the slots between deck structures. Anything that once looked secure seems suddenly fragile, and the process of just thinking about what might go wrong is tiring all on its own.


After dark we permit only a few crew on deck at a time to keep watch, in a noisy black world where the vibrating halyards turn our masthead lights into flickering strobes. This, up to now, is bad weather of the routine sort, the kind from which a ship like ours can expect to emerge without issue if things go well and we are careful. People take turns making rounds of the vessel, scuttling about like crabs to be sure all is secure and to get ahead of whatever problems might be in the offing. A loose line, preparing to slip overboard and foul itself unseen around the propeller—or (equally awful) a gallon of salad oil left unsecured on a pantry shelf, poised to launch from on high and turn a whole room into a deadly skating rink. My friends at home are eager to hear sea stories, but for the most part real tales of heavy weather involve simple endurance—low-grade misery, a constant queasy vigilance in anticipation of some cascading mishap.


As an alternative to just drifting slowly with the flow, ships wishing to maintain steerage can also run before bad weather—putting the wind astern and enjoying the comparable relief that this offers, as the apparent wind is reduced by the speed of the vessel’s own motion. This technique has its own drawbacks, most of all something called broaching—whereby the vessel skids and slows and is overtaken by a following sea. Helmsmen are sometimes washed overboard this way, or equipment ripped off the deck and carried into the sea as water floods down unsecured openings. Sailing ships once loaded cargos of grain in South Australia and ran for Cape Horn, propelled by the constant storms of the Southern Ocean. There, on occasion, they were swept by waves that tore their deckhouses clean away, sending the surviving officers and any unlucky passengers forward to live out the voyage among the common sailors.


We are on this voyage bound south for the port of Wellington, and then to Christchurch, where a new crew is scheduled to come aboard and sail the ship back to Tahiti. A year ago on a similar passage this ship was caught by a gale that grew rapidly into a hurricane-strength storm, a sudden freezing blast in which the vessel went from comfortably afloat to nearly underwater. This, we would later learn, was probably a sting jet—an event typical of a storm variant known to meteorologists as a bent-back cyclone. Such fascinating details are meaningless in the moment. The crew rushed to strike every last bit of sail while the captain—a young man named Jay Amster—took the wheel himself to put the ship before the wind as quickly as possible. Afraid to trust anyone else with the task, he steered alone for six hours until the wind eased back to a mere 40 knots. Several months later I heard him tell his story to a group of meteorologists at a weather conference, in the ultimate meet-your-customer moment. The room was agog, a well-dressed cadre of scientists from around the world getting what might have been their first sailor’s‑eye view of such a storm, taken off the weather map and transformed into an experience. These are the things that keep us awake in our bunks at night—not the forecast, but anticipation of the unexpected.


*


Through each weather event, tempestuous or idyllic, someone will emerge every hour from the chartroom to take down the metrics of all in process. Date, time, wind, waves, pressure, temperature, and cloud cover, all marked on a neat grid in wobbly ballpoint. Compulsive about information, the sailor writes down everything—a ritual that probably reaches back to when some adventurous Egyptian first put to sea with a clay tablet and stylus. Every data point gets meticulously equal treatment, whether it denotes a full gale or calm sunny morning. Mariners have used this method over time to turn the empty ocean into a thoroughfare for travel and commerce: predictable, if never fully known. Magellan set out for the tropics with confidence that he’d find easterly winds there—all because some other intrepid navigator had gone before him and written it down.


A systematic observation of weather lets you have a fundamental sense of what’s happening and what might be on the way. Where is the wind from? Is it changing in strength or direction? What are the sea conditions? What about the clouds? Atmospheric pressure is in constant flux, and the rate and trend of change mean everything. The sailor views this aggregation of facts and makes an educated guess at how their day might go. Such has been the nature of voyaging for millennia. Only since the middle of the twentieth century—a period equal to perhaps 2 percent of the age of human seafaring—have we set forth with any notion that someone else has useful advice for us in real time on what might be coming.


Forecasts now happily form the other half of a partnership between mariners and meteorologists—distant creators of the miraculous images that nonetheless remain blurred against the sheer scale of nature. On maps drawn by computers and tweaked by scientists, the location of weather features is projected but never precisely known. Only after careful on‑scene observation can a sailor put their ship fully into the picture—rather like street signs might orient you on a city map drawn by someone far away. If you are involved with a cyclone in the northern hemisphere and see that the wind is from the south, you can be sure that the cold front has not yet passed your location—this regardless of what the latest weather map is telling you.


This principle works in reverse for the forecasters, who rely on human measurements for confirmation that their models are telling them the truth. There are nonstop streams of data issuing from satellites, weather buoys, and balloons—but there is nothing better than a live person sending information about pressure and wind velocity at a specific location. “Only you know the weather at your position,” we are admonished, in a text sent daily from the National Weather Service. Hence our second mate, and her many deputies at different hours, filling out their boxes with the diligence of clerks in a Dickens novel. The oceans are vast and ships are few, making data points from vessels the most precious ones of all—so much so that weather offices, typically faceless and noninteractive agencies, may take on a pushiness approaching salesmanship if you get on their list of potential data sources.


On our arrival at Wellington an agent of the Meteorological Service of New Zealand strides aboard, semi-invited, to check the accuracy of our barometer and heckle us over the paucity of reports coming from the ship since our arrival in Kiwi waters.


“We’ve got weethah here too, mate,” he says.


I can’t argue with him.


The National Oceanic and Atmospheric Association publishes a monthly total of data received from each ship in its voluntary reporting system. It reminds me of middle school, where teachers would post our weekly progress on the board for all to see—a classic motivational tool, applied through a mixture of praise and humiliation. The leaders are celebrated—“Merchant Vessel Grebe Arrow: 720 reports!”—and laggards duly shamed—“Research Vessel Robert C. Seamans: 21 reports.” To be fair, there is an advantage for large ships, many of which have instruments to collect and send the data automatically. Small-craft crew must write it down and transmit it manually during a key interval before each forecast run, a time known as the synoptic hour. Today that task involves just a short text message sent by satellite, though for many years the process required a long series of codes read slowly over the radio, as though by a Cold War spy reporting home to Moscow.


•


The standardization of weather data into their modern form began early in the nineteenth century, thanks in large part to the efforts of a British naval officer named Francis Beaufort. Prior to then, ships recorded wind and sea conditions with no small measure of subjectivity. To wit:


19 January. We suffered a whole greate gale of wynde on this day, rending the sea into tumultuous spyndryft.


You get the idea. Beaufort was a gifted hydrographer, father to the famed system of British Admiralty Charts that remain the gold standard for navigators to this day. But best known of his legacies is the standard scale for wind velocity that now bears his name, a twelve-tiered matrix binding sea state and wind strength together as a combined measurement. Like most of history’s great innovations, Beaufort’s eponymous wind scale is as much compilation as true invention. It might instead be called the Smeaton-Dalrymple-Beaufort scale, if equal credit were given to some of its lesser-known progenitors. Whoever deserves credit, the thing is a work of real genius. By correlating wind speed with visual observations of the sea surface, it enables a mariner to make repeatable measurements without any instruments at all—and while later versions include numerical wind speeds to go along with the original duodecimal steps, the Beaufort scale at its heart is a measurement of force, not simply velocity.


A captain in his own right, Beaufort aimed to explain what the wind was doing to the water as it blew, thus crafting a sort of universal operating manual for ships at sea. His original version goes beyond mere scalar advice to provide direct counsel on the sails a ship might carry as the breeze builds. At force 6, just halfway up the scale, the wind begins to have a significant effect on the water—and the sailor, from Beaufort, gets some very specific guidance in response: Reef your topsails. In 1831 Beaufort used his newfound influence as hydrographer of the Navy to press his signature scale onto a Captain Robert FitzRoy, master of a survey ship called HMS Beagle. While an odd young naturalist named Darwin pored over journals in his cabin, FitzRoy took up the first application of modern marine weather observation. Beaufort spent the next six years convincing other captains to do the same until it was officially adopted by the Admiralty for use on all HM ships. The rest is history.


Wind speed at sea is measured in knots, or nautical miles per hour. A nautical mile is 1.15 statute miles, or 6080 feet—a unit equal to one minute of arc measured along Earth’s circumference. Beaufort force 6 (a strong breeze of around 25 knots) is the point at which wind and sea conditions generally start to become a discernable challenge for small craft. Force 8, a gale, is between 34 and 40 knots, and is where marine weather forecasts begin to include direct warnings about wind strength. “Upper topsails shall be struck,” Beaufort might advise, or in modern doctrine: “Transits in gale conditions should be undertaken with extreme caution and only by properly equipped seagoing vessels.”


The force of wind can be visualized in rough terms using the standard expression for kinetic energy, which (for math lovers) is an exponential square function:


F = ½ m v2


This relationship means that wind force (F) will quadruple with a doubling in the velocity (v). A 20‑knot wind hence feels four times as powerful as a 10‑knot wind. A force 8 gale, only 10 knots above a force 6 strong breeze, will double the pressure on your sails. If you plot this relationship on a graph, it makes a hockey-stick shape, just like the more famous Keeling CO2 curve in climate science. On the graph of wind force, a gale sits right around the inflection point, where the curve slope transitions from horizontal to vertical. For the average person in town, this would be when simply walking around becomes a real challenge. An urban version of the Beaufort scale might look like this:


•Force 6: Umbrellas ruined.

•Force 8: Café furniture blows into street; pedestrians cannot walk in straight line.

•Force 10: Don’t go out.

•Force 12: Call 9‑1‑1.

•


Wind transmits energy to the sea surface through aerodynamic drag, making waves that grow larger through a set of linked factors. Ultimately, stronger winds have the potential to make the biggest waves. Also important are the wind duration (how long winds blow) and fetch (the uninterrupted distance over which wind travels). Harbors invert the principle of fetch to provide shelter: There may be a lot of wind, but over short distances it can’t do much with the water. On the other hand, wind blowing unimpeded over long spaces can build waves very quickly. A 40‑knot wind blowing across ten miles of water might make waves with a height of seven feet, while if the fetch is unlimited (the effective condition for oceans), the heights can quadruple, to twenty-eight feet.


Waves are measured according to their height, from peak to trough, and period, which is the time in seconds between successive wave peaks. Multiplying the period by three gives you the wave speed in knots, a trick that forecasters can use to determine whether seas will continue to build in some cases. Waves only grow while they are involved with the wind that’s forcing them. Once the wind stops, waves persist in the form of swells, retaining momentum for what can be thousands of miles. The most energetic waves travel farthest and last the longest. Surfers listen assiduously to data from offshore buoys, watching for signs of the long-period swells that will come ashore as monster breaks.


The motion of storms themselves adds another layer of influence. Fast-moving weather systems are often connected to rapid shifts in wind direction, meaning that their waves may be smaller but much more chaotic—and therefore more dangerous—as a cross-sea develops. Forecasters also watch carefully for cases of so‑called dynamic fetch, created when a storm keeps pace with the waves it is making—effectively staying with them until they have achieved their maximum potential size. The detailed connectivity between wind velocity, fetch, and duration is spelled out in a fascinating graphic called the Sverdrup-Munk-Bretschneider wave nomogram, derived by three giants of oceanography in the mid-twentieth century. There are a lot of lines in this drawing, and it’s not something that you whip out to consult on an hourly basis, but the relationships it lays out are easy to generalize: As the wind blows harder, longer, and farther, the waves grow taller and pick up more speed. In the end the growth of waves is limited by their velocity. Once a wave is moving as fast as the wind, it can get no larger.


It’s most common in offshore environments to experience several wave systems at once, as seas from the local winds mix with swells left from past or distant events. It can often be hard to tell just what you are seeing. Waves may add together through a process called constructive interference or cancel one another out by destructive interference. After sudden wind shifts the pattern of seas can quickly become chaotic. Regardless, waves are never perfectly uniform, and sea heights are generally given as the mean value of the tallest third of waves. Some weather agencies favor categorical terms over numerical ones, and I’ve become fond of the somewhat droll British descriptors: calm, moderate, rough, very rough, high, very high, and . . . phenomenal. Recognizing the drawbacks of the phenomenal, forecasters try hard to give notice of cases where extreme conditions are likely to develop.


A boat sitting on a deepwater wave will bob up and down—traveling on a path that is actually circular in profile. When waves reach shallow water, things happen much differently. Here friction with the bottom slows the lower part of the wave, causing the face to steepen and eventually collapse. This is a critical transition, the point where a keg of gunpowder becomes an explosion. When waves break, the water itself sets into motion, traveling at a speed proportional to the original wave train. This dissipation of energy can happen slowly—as a wave runs up onto a gently sloping beach—or all at once—as a long ocean swell strikes suddenly on a reef face. You can stop a speeding car by letting it roll slowly up a hill or by driving it into a brick wall. Navigating through breaking surf is one of the most dangerous and specialized shiphandling tasks of all, and certain waterways—most famously the Columbia River entrance between Washington and Oregon—are at times closed outright by wave action in their approaches. Deepwater waves can also break in some cases, particularly during interference with other wave trains. Here the hazard to small craft can be similar to that of a surfer caught inside, forced to absorb the impact from tons of water cascading at great speed.


I’m often asked what the biggest wave is that I’ve ever seen. Outside of a boat ride I once took to watch a surfing event in Tahiti, the best answer I can give is, I’m not sure. Anybody who goes to sea for a living has probably seen twenty-foot seas on a regular basis, and thirty-footers on occasion. There are a few historical contenders in play for the title of tallest wave ever measured, but it is generally accepted that waves of sixty feet are not uncommon in certain oceans. There’s also some self-selection at work. Sailing vessels and other small craft plan passages to avoid heavy weather where possible. Large commercial ships have the power and strength to endure all but the worst conditions, and as a consequence will often sail regardless—a practice that works well until a flawed judgment is applied at the wrong time.


The TV reality show Deadliest Catch, with its live footage of Alaskan crab fishermen at work in the Bering Sea, has allowed people in the safety of their living rooms an unprecedented view of ships working in absolutely horrible conditions. The most frightening story of waves I’ve ever heard might actually have come from my friend Rick Fehst, who’s been captain of several boats in the Alaska fishery. Hurricane-strength winter storms are common in the Bering Sea, as frigid, bone-dry air blows across Siberia and piles into the warm currents of the western Pacific. For Captain Rick, things are typically the worst on the back side of these systems, where the wind shifts to the northwest and begins to roar in earnest. The snow may be finished by this point, but the change in wind direction creates a treacherous cross-sea in which no two waves are the same.


Different ships have different strategies for survival in such storms. For a crab boat heavy with fuel and gear, I learn, the preferred technique is to steam directly into the wind and waves, maneuvering to meet each sea bow‑on. In 70 knots of wind, this is not a job for amateurs, and Rick explains what’s necessary to get it done while he tends to some salmon fillets on his porch barbecue. He is about my age, with the slightly ursine aspect of many career fishermen that I know—a kind of well-insulated sure-footedness. You can, I suppose, be slender and still spend a life chasing fish in cold water, but some thermodynamic scale is tipped immediately against you.


“In thirty-five- or forty-foot seas,” says Rick, “you need to square up on each one and go full speed ahead to make sure you make it up the face of the wave. Sometimes the tops are breaking, and then you need to go full astern so you don’t hit the foam pile too hard and get your wheelhouse windows blown in. After that you get down on your knees and duck for shelter behind the bridge console. There have been skippers blown right out the back of their wheelhouses and over the side in stuff like this. Then you’re back up on your feet and giving it full ahead to get lined up for the next wave, which may be coming from a different direction. I’ve spent up to thirty-six hours at a stretch in the chair doing this and having the crew bring me coffee and sandwiches to keep me going.”


It is a riveting account, equal parts survival and my‑day‑at‑the-office. Rick drifted up to Alaska in his twenties, looking for money to pay for film school. In a pattern that I recognize from my own career, some latent aptitude and the year‑on‑year accrual of time turned a detour into a vocation, obscuring whatever career plans had gone before. Now boat owners compete for his services, and his wife, Ann Nora, is managing physician of the medical clinic in Dutch Harbor—where her specialty is repairing damaged fishermen so that they can return quickly to their paid occupations. After lunch we go inside to look at drawings of their new boat, a tiny steel tank of a yacht they plan to use for charters, taking guests on for views of an Alaska that few get to see. As far as I know, Rick is still waiting to make a movie.


•


On her first trip into space, NASA astronaut Sally Ride looked out and marveled at the frailty of the atmosphere. It reminded her of the fuzz on a tennis ball. Three hundred miles—a generous measurement of the atmosphere’s overall thickness—is just 0.025 percent of Earth’s diameter. The skin on a mango. Even if you add in the ocean, the liquid base of the air-water laminate that makes life on Earth possible, you’re not left with much more. And yet somehow we live here, unlikely colonists in a turbid membrane that lets us breathe and holds our future.


The air in your lungs is four-fifths nitrogen. The rest is mostly oxygen, with a whiff of carbon dioxide, methane, and argon thrown in. There’s also water vapor—the invisible gaseous phase of H2O—evaporated from the ocean and floating around in ratios as high as 4 percent. When air cools below a certain temperature, water vapor condenses into clouds—airborne scatterings of liquid and ice that are the only visible part of the atmosphere. As well as giving us oxygen to breathe, the atmosphere stabilizes the temperature on Earth by retaining solar energy. Consider our nearby moon—with no atmosphere at all—where it is 253 degrees Fahrenheit by day, and minus 387 by night.


The atmosphere is held close to Earth’s surface by gravity, most of it compressed into a dense lower layer called the troposphere. The troposphere has 80 percent of Earth’s air, along with nearly all of its water vapor. An upper boundary, the tropopause, is the limit of most terrestrial weather processes. Jets like to fly just above here in the stratosphere, where thin stable air makes travel fast and smooth. Weather is occasionally an issue up in the stratosphere, but only rarely. The relative height of the tropopause depends on temperature. Because cold air is so much denser than warm air, the troposphere is a scant four miles thick at the poles and twelve miles thick near the equator. Mountains are as a rule easier to climb in the tropics, since you’re able to go higher before you run out of atmosphere.


I am discussing this point with a scientist on the ship.


“Ah, of course,” she says. “The peanut M&M theorem.”


I am at a loss. I listen carefully.


“The chocolate,” she continues, “is always thicker in some places than in others.”


“Well . . . exactly.”


Barometers work by weighing the atmosphere as it sits on top of us. At sea level, this weight yields an average pressure of 1013 millibars, or just over fourteen pounds per square inch. Pressure decreases at higher altitudes, since less air remains overhead to push down on your barometer. Because air is compressible, this decline happens at an exponential rate, very quickly at first. A climber high on some Himalayan peak might measure a pressure of only 500 millibars, half of the standard surface value. It’s hard to breathe in such places because the force of air pressing into your lungs has been reduced by 50 percent. A jet cruising at 35,000 feet—in the lowest reaches of the stratosphere—has a scant 200 millibars outside its cockpit, with just a fifth of the atmosphere’s mass remaining above.


The Galilean protégé Evangelista Torricelli developed the first known barometer in a series of experiments done around 1643. Torricelli constructed a long glass vacuum tube, closed at one end and partially filled with a slug of mercury—just the sort of thing you could do before industrial safety standards came to science labs. With the open end set in a dish that he’d also filled with mercury, Torricelli saw that the column of quicksilver in his tube would change height slightly from day to day—a trend he correctly attributed to variations in atmospheric density. Until the invention of the dial-gauge barometer in 1844, all the instruments that followed were some variant on Torricelli’s theme: a liquid, commonly mercury, captive in some transparent vessel that was open at one end to admit the force of atmospheric pressure. Mariners paused each hour to read this delicate tool, a precious device known colloquially as “the glass.”


Hourly readings of pressure don’t mean much by themselves; it is the trends that are significant. A sharp rise or fall in the barometer indicates a trend of changing pressure—a so‑called pressure gradient—and with that comes wind. Science teachers demonstrate this principle by letting the air out of a balloon, showing how a gas will flow from an environment of higher pressure toward lower pressure until the differences are equalized. Lower atmospheric pressures are typically connected to rising air and the subsequent condensation of water vapor into cloud droplets. For this reason a falling barometer is often linked with the advent of clouds and precipitation. Conversely, high pressure is usually a product of stable descending air.


A high barometer may portend calm at your location, but not always. A forecaster in New Zealand once told me that any zone of high pressure in excess of 1030 millibars could be counted on to have gale-strength winds somewhere on its edges—rather like a very tall mountain will be surrounded by cliffs. “Over 1030, somewhere it’s dirty!” he said, not without some satisfaction. Low-pressure systems tend to have their steepest gradients near the center, so if your barometer reads much below 1000 millibars, it’s probably already windy where you are. At any rate, rapidly changing pressure is always a red flag for wind. Meteorologists enthusiastically categorize a one-day drop of more than 24 millibars as a bomb—a virtual guarantee of storm conditions for anyone involved.


•


The last space in the weather log is reserved for the observer’s initials, just after a paired set of columns for recording the type and quantity of clouds in the sky. There is sadly no easy‑to‑read instrument for naming clouds. Typically, one begins by using a pie-slice system to divide the sky into sections, yielding a rough estimate of what fraction is covered. After that comes the identification of specific types. Here the sailor, like a bird-watcher, is left to make judgments based on what they see, often while consulting a printed guide or receiving advice from their compatriots, sometimes helpful:


“Is that a bobtailed scarlet bunting?”


“Absolutely not! They have pointed wingtips and rarely fly that high.”


Like Beaufort’s wind scale, the modern taxonomy of clouds dates to the early nineteenth century, a period in which the gentlemen of the West were on a seeming bender to measure, identify, and name everything they could find in the natural world. In the case of clouds the chief agent of this process was Luke Howard, a British pharmacist who wrote extensively on meteorology. In his 1803 Essay on the Modification of Clouds, he penned the following:


Clouds are subject to certain distinct modifications, produced by the general causes which affect all the variations of the atmosphere; they are commonly as good visible indicators of the operation of these causes, as is the countenance of the state of a person’s mind or body.


Howard pioneered the use of a Latin-based Linnaean system of naming for clouds, as had been established elsewhere in the natural sciences. We have Howard to thank for the three main categorical groupings—cumulus, stratus, and cirrus—as well as the system of prefixes and suffixes that permits the sorting of objects that are by their nature in constant flux. Just as with Beaufort’s tabulation of wind and sea conditions, sailors were suddenly able to take a flying leap from the subjective to the systematic. A “skyeful of greate sheep and smoothe fields of cloude” thus became “5/8 cumulus with some stratus,” information that anyone with the same training could visualize and apply. In likening clouds to the human countenance of the atmosphere, Howard was onto something. Rather like facial expressions, clouds can tell a story quite plainly or leave much in doubt.


•


It is thirty-six hours before the wind diminishes enough for us to resume our progress toward the south. The tall clouds of the cold front are followed by a day of grim overcast, bands of showers, and a wind that feels the utter opposite of summer. There is nothing, I am reminded, between New Zealand and Antarctica. The barometer tells the story of what’s come to pass, a slow and tepid descent followed by a brisk rise as the cold dense blast of subpolar air makes its arrival. During this time we have drifted backwards fifty miles, lost ground that is shown discouragingly on the damp chart by a wandering regression of pencil marks. Somebody has drawn a frowny face on a Post‑it note and stuck it next to our plot. This sort of levity is discouraged in navigation, but it’s fair to say that everyone feels the same way about the last day and a half.


There is an email on my computer from our home office, where through the miracle of microwaves our windy backslide has been observed from eight thousand miles away. Is everything OK? Are people feeling well, and is the ship still on schedule? The planners want to know. Over my head is the controlled clamor of the mainsail being set, subtle accelerations as canvas fills and the ship gathers way. The ancient sensations of sailing are apparent even as my backlit screen shows that—unlike the original mariners of this ocean—we are alone here but no longer truly by ourselves. In imagining the Polynesians and their adventurous leaps across the Pacific, I consider the more recent voyages that have brought our own ship back and forth across these same waters—a modern steel vessel a hundred times more robust, connected by satellite and surrounded by a sense of the known. My scientist friends tell me of all the ways that the ocean and climate have changed since people first put to sea, but for a sailor on an open deck these transformations remain largely an abstraction. The flashing cursor and keyboard aside, it is hard here not to feel some connection with all the others who have crossed this ocean previously. Pacific voyagers, captains of discovery, the traders and mapmakers—surely all marveled at the same endless show of light and clouds. No doubt many were at times as cold and wet as us, and just as baffled by the unexpected.
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FIRST PRINCIPLES


“Bien viaje,” says my driver.


He pockets his fare and reaches to turn up the radio, glancing quickly back at his mirror for traffic.


The ship is waiting next to us at the wharf, a square-rigged anachronism found easily amid the waterfront forest of palm trunks and aluminum yacht masts. I nod to people with half-familiar faces and bring my bags up the gangway—a routine transit made since my twenties, still with the same small sense of incipient vertigo. A voyage begins.


The Robert C. Seamans is forty-two meters long, a sailing school ship built of steel and certified to carry a crew of thirty-eight on any of the world’s oceans. She has white topsides, tan spars, her gear well-kept but with the characteristic patina of working vessels. Her name is displayed on trailboards at the bow, raised wooden plaques that have from time to time been lost to the sea in severe weather. Robert Seamans himself was a star in the golden age of aerospace engineering—a NASA director during the Apollo program and later secretary of the Air Force. When his family granted funds to build a ship in his honor, devoted to scientific research and education, he reportedly said, “Fine—just don’t name it after me.” One can prevail in arguments with presidents, but others are unwinnable.


The Seamans and a sister vessel work together under the banner of the SEA Education Association, a small research organization based in the scientific mecca of Woods Hole, Massachusetts. I have a cluttered cubby of an office there, down the hall from a lobby full of maps and ship models and some classrooms where we prepare students for their first experience at sea—as though such a thing were truly possible. The association has kept me busy for large sections of my sailing life—a compelling occupation, if not a lucrative one. Over the years I have with my overlarge duffel flown untold miles to meet one ship or the other, stepping aboard to join the ever-repeating play of departure.


“You are leaving for a trip soon?” my mother asks me. “Atlantic or Pacific?”


“Let me look at my ticket.”


•


It’s the best time of day in Puerto Vallarta—just before sunrise, when the mountains around the city are backlit with orange and the rest of the sky is deep blue. By the terminal gate a video billboard still twinkles, set behind silhouetted vegetation like some low-latitude fragment of Times Square. The harbor basin has doubled in size since my last visit, blasted out of the mangroves as the city chases its Faustian bargain with the cruise ship industry. Now there are three full-sized berths, rimmed with neat plots of cut grass and smooth asphalt. Freshly built retail properties are situated nearby to extract money from roving passengers: The Galerías Vallarta Mall. The Hard Rock Cafe. Denny’s. The port is hopeful that this bloom of construction will lure cruise lines into using Puerto Vallarta for a base, increasing traffic and revenue by some yet unknown multiplier. One senses the unfortunate gestation of a new Waikiki, built here on the shore only inches from the Mexico that came before it. In town two dusty vaqueros pick their way on horseback through the madness and tie their mounts outside the grocery store, on some routine errand first run long before this all began.


The captain I’ve come to relieve is waiting aboard, bags packed and surfboards already strapped to the roof of her rental car. We’ll be here together for a day, but the weighty handoff of an $8 million vessel and its crew—what another captain I know calls “the sphere”—is surprisingly brief. A run-through of papers, discussion of a minor issue with the number two generator. A report on the stores being delivered today: two months’ worth of food for forty people, all of whom will be eating voraciously once their seasickness abates. We solemnly unlock the safe and count the cash. There are 5000 US dollars, some Mexican pesos, and a medley of colorful island currencies in a worn envelope, exotic promises of places we may go. A box of morphine ampoules that I pray to never open. On ships, as in corporations, it is the vice presidents who do the substantive work—the first mate, the chief engineer, the steward. Captains count money, fill out forms, and bear the onus of awaiting the unexpected.


Today there are blessedly few intrusions from the world of the unexpected. Our produce delivery arrives in a truck, 3000 dollars’ worth of apples, mangos, long beans, and round green squash rolling on the grass like goblins’ heads. All of this will have to last as far into our trip as possible, and to thwart decay every pepper, pear, and bunch of carrots is unpacked and spread out to dry before getting its own personal wrapper of newsprint. The interim rainbow of arrayed fruits and vegetables is beautiful to behold, always intriguing to passersby. The steward checks her clipboard and chats with a dockworker who has stopped to find out exactly what is happening.


“Hola, chica! Qué hacen?”


“El capitán quiere una ensalada muy grande hoy.”
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