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The Overview


The view from space changes people.


Just before Christmas 1968, William “Bill” Anders and two other men spun around the moon in the prosaically named Lunar Module, travelers on a course as far from Earth as any human has ever been.


Apollo 8 launched from Cape Canaveral on the morning of December 21. As Anders, Commander Frank Borman, and Module Pilot James Lovell blasted through and beyond the atmosphere, Earth dwindled from planet-size to basketball-size. The astronauts busied themselves with the flight checklist. By the time eleven hours had passed, the planet appeared no bigger than a baseball, and within three days the astronauts had floated all the way to the moon.


At precisely the moment NASA planners had predicted, this lonely manned module in the vastness of space lost radio contact. The astronauts passed behind the moon, and the entire Earth disappeared. The men circled our planet’s steadfast companion three times, diligently recording its pockmarked, colorless surface, littered with the blast craters and detritus of bombarding asteroids. From roughly 100 kilometers up, the moon didn’t look like much. It reminded Anders of “a deserted beach that had been churned by footprints during a volleyball game” or, as he put it later in the flight, “beach sand darkened by the cold embers of bonfires,” which earned him hate mail from poets.


Then, on their fourth orbit, a revelation. Before the Apollo 8 astronauts’ eyes, home slid out from behind the horizon—small enough to be blotted out by a thumb.


“Oh my God! Look at that picture over there!” Anders cried out. What he caught glimpse of, as Borman later described, was simply “the most beautiful, heart-catching sight” of their lives, “one that sent a torrent of nostalgia, of sheer homesickness, surging through” them.


“This,” Anders thought, “must be what God sees.”


Anders raised his camera—over the protest of Borman, who fretted about taking an unscheduled photo—and snapped the picture that would make this mission famous and change the human perspective on the world forever.


As the British physicist Fred Hoyle predicted back in 1950, a picture that revealed the whole Earth shining in the empty darkness of space would unleash “a new idea as powerful as any in history.” That idea is now known as the Anthropocene, the notion that humanity has become a world-changing force of nature. That Earth is in the grip of human nature.


*  *  *


Most of us have never been to space and, despite the best efforts of industrialists and dreamers like Elon Musk, most of us never will. The closest I’ve come is on flights across continents, looking over green irrigation circles blooming in the desert or the snowy wastes that edge the Arctic. But anyone with an Internet connection can now enjoy NASA pictures and Google Earth views. Only twenty-four men have left Earth’s orbit, but satellites have made millions of us voyeurs of the planet.


The first such group was actually a television audience, those in the United States and elsewhere who tuned in on December 22, 1968, when the Apollo 8 astronauts turned a camera through the window for a live view. As Earth appeared on the television screen, Anders told this audience, “You’re looking at yourselves as seen from 180,000 miles out in space.”


Anders was not an especially religious man, but during a subsequent Christmas Eve broadcast from space, he left viewers with this message from the Bible, the opening lines of Genesis: “In the beginning God created the heavens and the earth. And the earth was without form, and void; and darkness was upon the face of the deep. And the spirit of God moved upon the face of the waters. And God said, ‘Let there be light,’ and there was light. And God saw the light, that it was good and God divided the light from the darkness.”


Like a blue-and-white jewel set in the firmament, Earth gleams in the inky darkness of space—our only home. Just as looking in the mirror can reveal our own flaws and strengths, looking back at the planet provided a fresh perspective. We humans are fragile animals, like most life on Earth larger than a single cell. We are trapped, utterly reliant on our spaceship-planet; without it death creeps in from the cold, indifferent void. Even so, it may not be space that kills us in the end, though there’s always the chance of another obliterating asteroid like the one that ended the reign of the dinosaurs. Instead, like the Soviet dog Laika, the first animal to orbit Earth, we may simply find ourselves on a spaceship that can no longer support us.


*  *  *


Setting eye on Earth for the first time helped strengthen the nascent environmental movement, a kind of societal immune response to industrial effluents, off-gases, and other depredations of the modern world unleashed by the abundant energy stored in fossilized sunshine. The picture, later known as Earthrise, humbled those who saw it, a scrim of white clouds obscured even the greatest works of humanity. The nature photographer Galen Rowell called it “the most influential environmental photograph ever taken.”


When NASA released Earthrise in 1968, someone had reoriented the image to make it appear as if Earth rose over the horizon of the moon, as the moon and sun commonly rise over the horizon when viewed from Earth. But that is not how it works in lunar orbit. Earth actually snuck around the left side of the moon, as viewed from the orbiting spaceship, and the astronauts saw the lunar horizon as a vertical fact and Earth just hovering in the void.


Humanity often seems to be in the habit of such misperceiving, changing the picture to suit our preconceptions. The close view is that Earth is simply the ground beneath our feet (though it is mostly water). Back on Earth, 1968 saw riots, protests, even war, as well as assassinations. Martin Luther King Jr. and Robert F. Kennedy died and Soviet tanks crushed the Prague Spring. At the same time, massive dams captured the flow of rivers from British Columbia to Nigeria. Luis Alvarez, who helped build the first nuclear weapon, won the Nobel Prize for his work in particle physics, and France tested its first atom bomb. Charlton Heston damned us as fools at the end of Planet of the Apes for the use of such weapons of apocalypse and Saddam Hussein seized power in Iraq. A military dictatorship took firmer control of Brazil, launching a wave of deforestation that would soon be visible from space.


By 1968, a new era in the history of the planet was also well under way—the Anthropocene, a union of what was once considered, perhaps foolishly, solely human and solely nature.


This new epoch remains ill defined. It may be a scant 250 years old, dating to James Watt’s invention of a practical coal-burning steam engine. Or it could be as much as 50,000 years old, when humans began killing off other large animals in earnest, starting with our fellow hominids, the Neanderthals. Humans really got good at leaving our mark in the 1940s with the invention of nuclear bombs, which spread a unique human signature of rare elements like plutonium across the globe and marked the beginning of an ability to be the destroyer of worlds. Still, whatever date is chosen, it’s a rounding error in the 4.5-billion-year history of this planet.


Through ingenuity and technology, Homo sapiens has become the dominant species on the planet. From deep beneath the ground, where we busily hollow out yawning cavities in pursuit of fossil fuels, to the skies, where carbon dioxide molecules released by our incessant burning will trap heat for longer than our species has walked the planet, we now drive the processes some still like to think of as nature. And just as a climate shift marked the turning point in the two most recent epochs—the cold, wintry Pleistocene to the long summer of the Holocene when civilization was born and flourished—so too our human-made climate change merits a new epochal designation.


The marks we have made are deep and pervasive. Humanity is writing a new chapter in Earth’s history, and it may not remain a rounding error for long. Our mark lies in the rock being formed beneath our feet, in the chemistry of the oceans, in the composition of the air we breathe, even in the very evolution of life itself. Agriculture, cities, and sprawl drive the sixth or maybe seventh mass extinction in the planet’s history. The choices made this century will help set the course of the entire planet for at least tens of thousands of years. If people, plants, and animals don’t like the climate of 2100, 2500, or perhaps even 25000, they will have us to blame. And if human civilization is to persist to see that climate, we need to get busy inventing a better future. We have rules and religions to prevent murder, but far too few moral codes or stories to guide us as we attempt to survive and thrive on this planet for millennia more.


“We” is not the perfect pronoun for all this, of course. Not all of us have benefited from this world-changing transformation, or at least not equally. The luckiest few have grown fat as the primary beneficiaries of the environmentalist’s paradox, which, put most simply, is: If the world is going to hell, why are so many people better off than at any other point in history? The middle-class “we” is now more than a billion strong—and growing. We have created technologies and systems that any individual can barely see let alone comprehend, many of which continue the seemingly implacable work of uprooting forests, besmirching the skies, and befouling the seas, with results that are all too visible. As a result, a creeping sense of doom and impotence pervades many of the minds of the best-off people of all time. Meanwhile, the richest among us, the almost all-male cohort who put the anthropos in Anthropocene, who mostly grew wealthy through uninhibited exploitation of the riches of this Earth, avoid the most numerous victims of this pollution, most of whom live in the future.


But people are also the first life to transform this planet with the possibility of consciously recognizing that world changing. Civilization has terraformed Terra herself, mostly unwittingly, just like the cyanobacteria that laced the planet’s skies with oxygen long before us. Those unconscious life-forms evolved better ways to organize—plankton, kelp, ferns, trees—systems that last to this day. We call our evolved organizational structures farms, houses, and cities, but we also don’t pollute only with one gas. We don’t have to hit the world like an asteroid, wreaking blind havoc as we have too often done to date. We can be a force for good. We still have a choice—and time to make it.


Mother Nature seems to be losing the battle to live with her most innovative child. It’s now up to us to grow up and control ourselves, recognize that we set the terms under which the rest of life on Earth thrives or dies. Were we to perish like the dinosaurs, only those animals and plants that survived our current reign of malign neglect would be around to fill the ecological niches left empty by our depredations.


And it’s not just biology. Human dams hold back five times more water than flows through all the rivers and streams on all the continents. Human-made canals function as new rivers while natural rivers are channelized into canals. Reefs and atolls become full-fledged islands with sand imported from elsewhere or sucked up from the seafloor. Some 500 million metric tons of aluminum have been pulled from Earth’s crust—enough to cover the United States in foil—and used to make everything from airplanes to beer cans. We have even made 6 billion metric tons of plastic, enough to cover the whole world in a thin film, in just the last fifty years or so. These are no minor perturbations. We have a global influence without any sense of global responsibility, a kind of haphazard world-changing impact, self-assembled from the activities of 7 billion–plus individuals trying to build a decent life, and a better life for their descendants.


As the crew of Apollo 8 showed, we will leave our mark on the universe too, radio and television signals propagating into the void along with spacecraft, potentially bearing stowaway microbes to seed new life. If the Curiosity rover on Mars strikes water, Earth microbes contaminating its instruments may find a new home. We have even begun to litter nearby planets—as well as Earth’s orbit—with space junk. The astronauts who landed on the moon after Anders and his colleagues showed the way left an enduring legacy: trash—ranging from bodily waste to golf clubs. Will anyone go back and pick them up?


*  *  *


The Anthropocene no longer needs humanity to make its mark, though we make that mark more indelible with each passing day. This new age is not just climate change, it is everything change: the sky, the sea, the land, the rocks, life itself. Even if humanity were whisked away tomorrow in some kind of rapture, these changes would continue to propagate through time. If we want to ensure that this epoch is more than a blip in the history of the planet, it will take all of our smarts, sociability, and technology to begin to stop hindering the functioning of formerly self-propelled systems and perhaps improve them, such as balancing the flow of carbon into and out of the atmosphere.


As you will read in the following pages, that work has already begun.


Starting with the changes wrought in the global ocean and traveling underground, over land, into the sky, and finally back into space on potential journeys even farther than Apollo 8, I will introduce you to some of the men and women attempting to wrestle with our outsized role on the planet and what might be done to ensure that this human era endures. I will argue that we must accept the responsibility that comes with the power that humanity now possesses. We must begin to manage the planet, slowly, carefully, with room for both error and improvement, but inexorably.


This is not a settled debate. No one, least of all me, can yet say what the correct role for humanity is in this novel age. But it is certainly not preserving Nature with a capital N, somehow separate from humanity, or bringing stasis to what is and always has been the dynamic flux of life, chemistry, and plate tectonics. This is about managing change, adapting to it, and increasing the resilience of our civilization at the same time as we make more room for our fellow travelers on this life-bearing spaceship.


Human life in this new era is fraught with anxiety. Are there too many of us? Is the food we eat destroying us and the planet? Is our very own technology transforming us into mindless, atomized automatons? And what exactly is the impact of all that technology on the planet itself, like the jet contrails that scar the sky day after day? In the competitive thrust of modern life, what is lost? To me, the most important question is: Are we even ready to attempt to manage the planet better?


The stakes could not be higher. As the astronomer Carl Sagan famously noted, everyone who has ever lived, all the knowledge ever known, everything anyone has ever loved lives only on this incredibly small planet in the vastness of space.


We are now stewards. As the psalm goes: “The highest heavens belong to the Lord, but the Earth he has given to mankind.” That stewardship may derive from the sty and the ward, as in warden of the pigsty—a messy, ravaged environment, full of muck, microbes, and only two kinds of megafauna: us and the pigs we raise to eat. Or we can be the kind of stewards that derive from the Old English word stig—house—full of many interlocking parts and functions that must be coordinated. We can make Earth a true home, the same kind of home we have shared with other animals and plants for the last 200,000 years—or an even better one.


What we stand to gain is nothing less than an enduring civilization and a firmer understanding of our planet and ourselves. We have arrived at a new geologic epoch of our own making. This can be very bad or even good. The choices made by our growing human family will determine that future. Only one thing is for sure: You can enter the Anthropocene any time you like, but you can never leave.


I argue the goal therefore must be to make an enduring Anthropocene, an epoch that, in geologic and civilizational terms, stretches into an era. This epoch could herald a new age of human adaptation, the greatest strength of a species that has shown an ability to thrive almost anywhere on the face of this planet.


This is a hard story to tell because it has no definitive beginning or end, and I could have gone anywhere, seen anything to tell it. We are all lost in the middle of it. That’s why I started with the moment when we first got a more holistic glimpse of the problem from space, though the problem starts within each and every one of us. That’s also why I’ll start this journey of discovery in the largest realm of this planet, a place that seems beyond human control, or even, it sometimes seems, understanding: the oceans that cover more than 70 percent of the globe.


Our impact on the ocean will prove that the Anthropocene is now, as well as what this epoch might look like. We live these days on a science-fiction planet. I will then proceed to lay out the case for this new geologic epoch as it is written in stone. This epoch’s existence argued for, I’ll move on to examine other ways—what mix of plants and animals, wildlands and cities cover the surface of Earth—that will provide a metric for the job we will do as a world-changing species.


Finally, I will turn to the future, and how to make a better one, or at least a less destructive path on which to muddle through the next century and beyond. Now our every action has an impact, whether swaths of land sacrificed to produce energy or the encroaching fields of agriculture burning down rainforest remnants. What we lack currently is control, of both ourselves and the planetary systems we change in ignorance. This is not the end of the world. This is just the end of the world as we have known it.


Welcome to the Anthropocene.
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Iron Rules


We take things out of the ocean we’ve never seen before and put things into it we don’t want to see again.


—MARINE BIOLOGIST CALLUM ROBERTS, WINNER OF THE ROYAL SOCIETY WINTON PRIZE FOR SCIENCE BOOKS, 2013


The Southern Ocean is a forbidding place, mostly unvisited by humans. Winds of more than 120 kilometers per hour wreak havoc, and waves routinely wash up and over the bow of any ship that dares to venture so far south, drenching the decks in ice-cold sea spray that instantly freezes. Worse, rare freak waves can build to towering heights and flip a ship in place. Looming icebergs can fatally wound an unwary or unarmored vessel. Beyond this storm-tossed sea lies Antarctica, locked in deep freeze by a current that reaches 4000 meters from sea surface to ocean bottom and spans thousands of kilometers in its endless encircling moat. The Southern Ocean is where the mustachioed marine biologist Victor Smetacek, like any good scientist with a plan to change the world, hopes to change the sky with the power of the sea.


Victor’s sailor father, Fritz, fled the German-speaking Sudetenland region of the former Czechoslovakia and, as a dedicated Communist, ultimately the Nazis. He washed up in India in 1939, where he dropped the z from Smetaczek. Among the teeming masses of Calcutta, he fell in love with Shaheda Ahad, a young woman from Orissa. Fritz and Shaheda moved to a onetime British hill station hundreds of kilometers to the west, closer to New Delhi. Victor, their youngest son, and his siblings were raised on a tea plantation 2000 meters up in the Himalayan foothills, far from any sea (though the hill station does surround a large lake) and just west of Nepal. Shaheda gifted her children, especially Victor, with charm and a lust for life. Young Victor indulged his passions for bird-watching, collecting butterflies, and hunting for food, starting to stalk jungle prey with his father’s shotgun at the age of ten in the company of local farmers. He eventually graduated to stalking and shooting cow-killing leopards and even, once, an elephant.


Food remains a concern in India and, as a young man in the 1960s, the tragic famines of Victor’s homeland drove him to sea. An article from a 1954 issue of Collier’s magazine called “Bread from the Sea” inspired that flight in part, and in part perhaps to echo the journeys of his beloved father. In that article, the journalist Bill Davidson suggested that so-called phytoplankton—microscopic floating life powered by photosynthesis, often also called blue-green algae or cyanobacteria—might become a stable source of food for humanity. Smetacek used his Czech surname to land a scholarship to study marine biology at the University of Kiel in Germany in 1964. He had to learn German in a hurry from reading newspapers to do it, since his father had checked the “fluent” box on his application although, in fact, young Victor spoke fluent Hindi and little Deutsche.


At Kiel, Smetacek discovered the numerous organisms hiding behind the scientific term “plankton.” This microscopic life fills the sea from top to bottom, extending even into the sediments of the seafloor. Since the 1980s, Smetacek has ventured aboard the Alfred Wegener Institute for Polar and Marine Research’s sturdy icebreaker Polarstern to study these plankton in their native habitat: the Southern Ocean. It is there that phytoplankton show their full diversity, locked in an endless struggle with zooplankton, the abundant grazers of the sea. One family, the diatoms, their elaborate shells made of the same element as sand—baroque twisting nets, thistles and thorns, even pod-shaped landing craft—guard the ocean-drifting cells as they busily turn carbon dioxide into food using the energy in sunlight. Like a jumble of children’s blocks of all shapes and sizes, a sample of seawater turns up countless thousands of the most abundant life-form on the planet, and the base of the global food chain. This variety of shapes and patterns shames plants on land, showing more range in size than the difference between moss and redwood trees, though it is the difference between the microscopic and merely tiny. There are more plankton cells in the sea than the current count of stars in the entire known universe. And some scientists argue that phytoplankton can start an ice age, given enough nutrients.


Plankton and their ancestors were the first geoengineers—large-scale manipulators of the entire planet and its biological, geological, and chemical processes. Some 2.4 billion years ago, photosynthetic bacteria began to bubble out oxygen. By 1.7 billion years ago, oxygen made up 10 percent of the atmosphere—a massive change in the chemical composition of the air. For the first time, fire was possible, if there had been anything to burn. Slowly at first, but steadily, the atmosphere became dominated equally by geology and biology, off-gassing from volcanoes, and emanations from life combining to wreath the planet in a particular mix of gases.


Now the burning of untold eons’ worth of this captured and fossilized sunshine—otherwise known as coal, oil, and natural gas—has changed that mix of gases again. Carbon dioxide piles up in the sky, swathing Earth in a slightly different mix of opaque gases that prevent the planet from shedding back to space some of the sun’s ceaseless heat. To throw off that greenhouse gas blanket, why not simply copy nature? Use photosynthesis to bind that excess CO2 in carbohydrates and then bury that food beneath land or sea. Given that the plankton of the sea produce 70 percent of the oxygen in the atmosphere, these prolific tiny plants seemed a good place to start. Scientific experiments and even accidents of industry have shown that plankton blooms can be reliably induced with the addition of extra trace nutrients like nitrogen, phosphorus, and, in the case of Smetacek’s work, iron. That’s Smetacek’s grand scheme: It shows how human intention may tinker with living flows—and even harness them. This is the Anthropocene as direct action, turning the wildest wilderness into a kind of farm, or a living system that serves human needs.


Smetacek and a boatload of forty-nine Indian and German scientists steamed out of Cape Town on January 7, 2009, bearing 20 metric tons of iron sulfate borrowed from a titanium smelter in Bremerhaven, Germany. He is too European now to be fully Indian and too Indian to be German, which made him the perfect person to pull together this joint expedition fueled by the redolent smells of curry. Plans hatched at a restaurant in Bremerhaven back in 2004 to fertilize roughly 300 square kilometers of ocean and to watch the results had finally come to fruition. But unbeknownst to Smetacek and his crew, this little iron experiment also had seeded the beginnings of a storm of controversy—and that storm was headed straight for the RV Polarstern.


*  *  *


Water covers more than two-thirds of Earth, yet the oceans often remain an afterthought for the land mammals currently at the top of the food chain. As Smetacek wrote in his final report from that 2009 cruise: “We live on a wet planet but, being land animals, we call it Earth.” The world is really made by two great fluids—the ocean and the atmosphere—roiling against each other. Land merely impedes or redirects this ceaseless flow.


Personally, I fear the ocean, having grown up in the center of the continent known as North America and endured a perhaps too early exposure to the film Jaws. In my view, our distant fishy ancestors showed great wisdom in forsaking this dismal soup for the relative safety of land. The sea stews with danger, sharks and undiscovered viruses, all with a soupçon of human additions, like plastic ghost nets that snare the unwary. The oceans encompass the majority of the globe, so what happens to the oceans will determine the future course of the planet and the prospects for this current epoch.


Today, plastic litters the shores, not left directly by careless tourists but washed up from the sea, the last great garbage dump. Reefs that once abounded with life are coated in sediment and algae, showing glimpses of bone white and haunted by only the smallest fish, fit only to be boiled to add flavor to water. The giant snapper of yesteryear is no more. Signs of human activity have even reached into the bottom muck, where life proceeds at its slowest known pace and the future of rocks is laid down.


Mostly, the oceans reveal the depths of human ignorance. We have visited the bottom of the Marianas Trench, the deepest part of the sea, only twice—and one of those visits was by a Hollywood director. We have better maps of the moon than of the ocean floor in all its vast expanse, the first such global map delivered only in 1977—eight years after Neil Armstrong walked on the lunar surface. The life habits of eels and the origins of the Sargasso Sea remain a mystery, and the most abundant photosynthetic organism in the ocean wasn’t even identified by scientists until the 1980s because the nets used to survey the sea had holes too big to capture a microbe that boasts 1 million cells or so per liter of ocean water. Marine scientists still routinely discover new species, even ones as large as dolphins. Ships on the surface can even go missing: The 100-meter-long, 1400-metric-ton Russian cruise ship the Lyubov Orlova disappeared in the North Atlantic in 2013; it still has not been found. This alien world exists in parallel to the continental crust we comfortably inhabit, refusing to forgive or forget by absorbing much of the extra heat trapped by accumulating greenhouse gases—even the carbon dioxide itself—and unleashing that heat to fuel extreme weather. The ocean’s vastness defies human scope.


We don’t even know enough to know what we’re missing. This is the phenomenon scientists have dubbed “shifting baselines,” or the fact that whatever one encountered (or didn’t encounter) as a child is likely to be the basis by which one judges what is normal (or not) when it comes to the oceans or any other part of the nonhuman world. If, like me, you have never seen a two-meter-long grouper, then you are unlikely to think that its absence is unusual. But someone who snorkeled off Jamaica just forty years ago would note this dramatic lack. If right whales have not been seen off the coast of Europe in your lifetime, or the lifetime of even your great-great-grandmother, you are unlikely to think of them as missing—or, for that matter, think of them at all. It’s a collective social amnesia that allows for continual, gradual decline.


In large part, we live with a sea haunted by ghosts. Roughly three-quarters of all large animals in the sea—fish, mammal, or otherwise—are gone. The ghosts can be dimly perceived in change. Revenants explain collapsed ecosystems like the cod banks off Newfoundland and even the price of lobster. It’s as if we were trying to study the ecology of the Amazon rain forest based on the cattle and pasture that remain after the forest is gone. Everything is different. The bones of the Hawaiian petrel stretching back 1,000 years show a reliance on big fish as food while those from the last 100 years show a shift to smaller fish, squid, and the like—a new epoch recorded even in the hollow skeletons of seabirds.


What we know for sure is equally troubling. Overfishing has allowed jellyfish and squid to take over in many regions, devolving the oceanic food chain and returning the jellies to a dominance last enjoyed more than 550 million years ago. Meanwhile, the big predators of the sea, like the mighty bluefin tuna, keep getting smaller, no longer the 4-meter-long, 700-kilogram giants that could dwarf a moose. We kill sea turtles and other jellyfish eaters in large numbers, even if mostly by accident now with our fishing gear. The only hope for change may be that humans develop a taste for these newly dominant species like the jellies or lionfish and overfish their numbers back down, though this is not a perfect solution.


In just one year—1998—humans helped kill off one-quarter of the world’s coral. The Indian Ocean alone lost more than 70 percent of its reefs due to higher water temperatures, causing coral bleaching. Warmer waters cause corals to expel the algae that live with them and the reefs lose their color. The corals are not dead—not yet—but they are stressed and, when confronted with other challenges, such as water pollution or overfishing, can easily succumb. Nearly twenty years later, only some of these reefs have recovered and the last few years have again seen unusually warm ocean waters and more mass bleaching around the world thanks to ongoing global warming. Dead reefs in turn imperil the homes of fish and other sea life that more than 1 billion people rely on for sustenance.


More than 40,000 square kilometers of ocean floor are trawled or dredged every day, creating a map of regular track marks in heavily fished seas off Europe and North America. No one knows what impact this has on life at the bottom because it is largely unstudied and unobserved, but we do know that the North Sea was once covered in oysters and is now covered in shifting sands. The seafloor has been flattened, as if plowed, and trawling is not the only way we blindly impact the deep. A tin-based coating applied to boats to keep them cleanly slicing through the water turned out to make all mollusks grow penises and, even after a ban, continues to mess with the reproductive systems of sea cucumbers living on the seafloor. Nor do we have any sense of what life is like in the true abyss around 5000 meters below the continental shelves.


We are even creating entirely new ecosystems, such as the life clinging to the rafts of plastic pellets (called nurdles) and microbits swirling in the great gyres of the world’s oceans. This “plastisphere” supports an array of microbes, from those that feast on the hydrocarbon chains in the plastic itself to opportunistic microbes that make food from sunlight or feed on those that do. Scientists have found thousands of microbes floating on individual pieces of plastic.


Some of the prelapsarian glory we will never get back in our lifetimes, including the great pods of thousands of whales that once graced the global sea, fertilizing the phytoplankton base of the food chain as they traveled by defecating. And the sea absorbs much of the fossil carbon released by the burning of coal, oil, and natural gas, rendering the salty waters more acidic. “The last thousand years have seen our influences gather like a green wave, scarcely perceptible at first but slowly lifting and steepening over centuries to burst across the globe in the last sixty years,” writes the marine biologist Callum Roberts in The Ocean of Life.


Despite all this human-made pollution and all these human-made challenges transforming the ocean and creating the conditions for a new geologic epoch, what worries some people most is the dumping of iron in a small patch of the southernmost sea.


*  *  *


The storm started with an email. ETC Group (Action Group on Erosion, Technology and Concentration) sent Smetacek an inquiry about his Indian-German iron fertilization experiment. The small environmental outfit started off twenty-five or so years ago working on protecting the livelihoods of the rural poor, but over time it has branched out into the environmental and socioeconomic impacts of any new technology. To ETC and, in particular, its program director Jim Thomas, Smetacek’s experiment amounted to geoengineering—a deliberate intervention in the planetary environment. While the United Kingdom’s Royal Society, the world’s oldest scientific body, also included the phrase “large-scale” in their definition of geoengineering—and Smetacek did not plan to fertilize much of the ocean—Thomas and his peers felt that it was close enough, particularly in light of previous efforts to fertilize the ocean near the Galápagos proposed by a commercial company.


The mischievous Smetacek responded to the email on the first day out, noting that his experiment had “the explicit permission of the German and Indian governments, including the German Ministry of the Environment, which hosted the [Convention on Biological Diversity] meeting last May.” That convention, often shortened to CBD by those wonks who traffic in its arcana, asked governments to refrain from such iron fertilization experiments “until there is an adequate scientific basis on which to justify such activities.” Armed with that wording, Thomas took Smetacek’s email to the German environmental ministry, at the time headed by the former high school teacher Sigmar Gabriel.


Gabriel professed no knowledge of the experiment and sent a request to his colleague, the minister in charge of research, Annette Schavan, that Smetacek’s experiment be stopped immediately. This apparent contradiction within the German government spawned an international media frenzy and, by day three of the Polarstern’s voyage south, the ship had to stop, leaving the scientists on board in limbo.


Yet this experiment was nothing new.


Smetacek had been chief scientist on a similar iron fertilization cruise back in 2004. What had changed? Just one thing: A peripatetic citizen-scientist named Russ George had attempted to make money from the idea.


A bearded, bespectacled, pudgy little bear of a man who looks like he just stumbled out of his hippie days and is prone to nervously biting his fingernails, George describes himself as a forest ecologist. He planted trees in Canada’s forests to replace those chain-sawed to make way for roads. He even turned tree planting into a business of sorts, starting a company called KlimaFa (Climate Trees) in Hungary in an attempt to get paid to plant trees as part of efforts to draw down the CO2 put into the atmosphere by fossil fuel burning. He planned to donate some of those forestry carbon offsets to cover the climate-changing pollution of the Vatican, that is, to make the Holy See carbon neutral. But now the bizarro entrepreneur, who also previously tried to sell cold-fusion devices (which have yet to be proven to work), had a new scheme: plankton blooms for carbon credits. In 2002, George chartered rock star Neil Young’s wooden schooner The Ragland to test out the theory behind iron fertilization off Hawaii.


Encouraged by the results and interest, by 2007 George had formed Planktos Inc. and raised funds for an expedition to the Galápagos Islands to dump iron in the water. He proposed to make that expedition a commercial venture, much like his tree-planting scheme: He would sell the rights to the CO2 sucked in by any subsequent plankton bloom. This is the core idea of an “offset”: You reduce CO2 by, say, fertilizing a plankton bloom and then sell the credit for that sucked-up CO2 to someone emitting a lot of CO2, like the owner of a coal-fired power plant. And Planktos wasn’t alone in trying to sell the idea: San Francisco–based Climos had a similar plan, as did Virginia-based GreenSea Venture. The schemes attracted investors including Elon Musk, wunderkind of electric cars and space travel these days but not shy of geoengineering then or now. Nor was it confined to the United States. Australia’s Ocean Nourishment Corp. floated similar plans. The scheme promised a forestry of the sea, but it really was more like boosting sapling growth by dumping a ton of fertilizer on otherwise degraded land in the hopes that something green would grow faster and more abundantly.


George’s expedition actually set sail, embarking in the Weatherbird II on a self-declared “Voyage of Recovery” on November 5, 2007, with plans to fertilize an area of ocean twice as big as Rhode Island off the Galápagos. The old fishing boat bore a snazzy blue-and-white paint job, along with PLANKTOS in big capital letters near the bow, just behind the much smaller RV Weatherbird II. All that remained for the captain and merry crew of fresh-faced young environmentalists to do was find the iron to do it. The U.S. Environmental Protection Agency had warned George that loading up with iron from the United States and dumping it might constitute a crime, and that sent the controversial ship in search of friendlier shores, including a stop in Bermuda and an attempt to land in the Canary Islands to pick up some iron and, potentially, fertilize the Atlantic instead. All the while, Planktos sold carbon offsets on its website at the low, low price of $5 per metric ton.


At the same time, an international consortium of environmentalists mobilized to stop George’s bid, including the captain’s former colleagues at Greenpeace. The aggressive Sea Shepherd Conservation Society, which does not fear to tangle with Japanese whaling ships in the Southern Ocean, threatened to do whatever was necessary to stop such ocean pollution. Within only a few months, George went from testifying before Congress on the benefits of iron fertilization and carbon credit sales to being an international pariah. By December, the Weatherbird II had become a modern Flying Dutchman, homeless until the ship’s crew promised to suspend operations and docked in Madeira. By February 2008, the Voyage of Recovery had been indefinitely postponed. But George’s machinations for “organic gardening” of the sea and the doomed voyage of the peripatetic Weatherbird II did have a lasting effect. The CBD meeting in Bonn in 2008 explicitly took up this idea of iron fertilization, resulting in that request for restraint.


The convention states: “Such studies should be authorized only if justified by the need to gather specific scientific data, should also be subject to a thorough prior assessment of the potential impacts of the research studies on the marine environment, should be strictly controlled and should not be used for generating and selling carbon offsets or for any other commercial purposes.” That’s exactly what Smetacek had set out to do because, frankly, no one knew whether such iron fertilization would even work to bury CO2.


*  *  *


Could plankton farming via iron fertilization poison the sea? Part of the reason for the storm of controversy also had to do with unknown side effects, perhaps toxic algal blooms, like the kind that kill sea lions and other animals with domoic acid off the coast of California. “This is crazy,” Smetacek protests when I visit him in Bremerhaven years later, noting that the zooplankton known as copepods appear not to be affected by this poison. “All plants are toxic. The plants in my garden are toxic, but the deer don’t notice.”


Perhaps such fertilization could unleash a burst of the potent greenhouse gas methane? Or maybe a bloom could create a mobile “dead zone,” like the ones at the mouth of the Mississippi caused by all the fertilizer washing off midwestern cornfields? That nitrogen works equally well for algae and, when the algae die, other microbes feast on the corpses, in the process consuming all the oxygen in surrounding waters. Anything that cannot move dies, and the dead zone recurs each summer, sometimes becoming as big as the state of Connecticut, or bigger.


The worst impact might be on the clouds and rain. In yet more proof of geoengineering ways, plankton help form clouds by pumping out gases like dimethyl sulfide—the compound responsible for the smell of the sea—while also covering the surface waters in a profusion of cells. Wind and waves loft these gases and cells into the sky. The particles from the ocean then serve as seeds in the sky around which water vapor can condense, forming the droplets that make up clouds. These clouds then drive rainfall around the globe. Some climate models suggest that fertilizing the ocean to make more microbes could end up creating less rainfall in Europe and South Asia. That seems worrisome until one realizes that we are already changing weather patterns with all our coal burning as well as the controlled burn of bunker oil to power ships. The leftover soot and ash from these controlled fires dust the sea with iron and other elements—and make for more clouds.


The surest sign that we have entered a new geologic epoch is the transformation of the ocean by us. The seas will not be the same in one hundred years: more acidic; probably fewer fish and krill; different shorelines as the waters rise. These waters will also, to some extent, be tamed for the first time in human history, seawater farmed for fish, algae, even perhaps electricity generated from harnessing the temperature difference between the top and bottom of the ocean.


Such changes by life are, of course, old, old news. The first such transformation of the planet began with just one. One tiny cell that had built inside itself a new pigment, a brilliant green, thanks to its ability to absorb only certain colors in the light of a younger, weaker sun. The pigment—dubbed chlorophyll by animals who rely on this one cell’s innumerable descendants to power naming brains—channeled the energy in sunshine into splitting the surrounding waters of Earth’s early oceans. Like its own ancestors, this blue-green cell then knit together the resulting hydrogen with carbon captured from the sky and sea to make food.


The new way of life prospered. From that one cell, millions bloomed. Together, they turned Earth’s waters a murky green some 3 billion years ago.


The planet back then was a hot, violent place, churned by continuous eruptions of magma, wreathed in an atmosphere of “sewer gas”—a pungent and poisonous combo of ammonia, suffocating carbon monoxide, hydrogen sulfide, and the simplest hydrocarbon (the one used as “natural gas” fuel today): methane. But the tiny blue-green cells went about their life’s work, over time organizing into thin mats of cells. These mats of bacteria busily turned sunlight into food. Year after year, the mats grew, layer by layer, forming small mounds or even columns. The abundance of life grew.


These columns provided the phalanxes of a budding geoengineering coup, although one that would take hundreds of millions more years to triumph. Because bubbling out of each column was a gas inimical to life on this Archaean Earth—oxygen.


Sulfurous microbial overlords ruled our planet’s early history, stealing energy from the abundant sewer gas and sulfur-based minerals. As long as sulfur remained plentiful, their dominion was assured, or so the story scientists tell goes. But over eons, these early organisms ate their future—levels of sewer gas declined and venting volcanoes no longer belched as much of the sulfurous gas. With scarcity came innovation, and evolution created the cyanobacteria—tiny blue-green cells—that could use the old, easy way of making a living along with a new, harder but more abundant, lifestyle—using sunlight to split the copious water on the planet; H2O turned to H2 and O2 via photosynthesis. The limits to growth had yet to be found.


The sulfur lovers found the by-product of this new way of life poisonous, dying when exposed to even minuscule amounts of oxygen. But the iron dissolved in the world’s oceans seems to have protected the planet’s first dominant life-forms for untold eons. The oxygen produced by the would-be usurpers rusted that free-floating iron, dropping it to the bottom of the ocean floor and, ultimately, created the red rocks visible today all over the world. Over a billion years, as oxygen began to bubble out of the oceans, the sulfur lovers were slowly driven into the dark, secret places of Earth—dense muck that keeps oxygen out, deep underground, even, eventually, our stomachs.


An oxygen catastrophe likely drove much of the diversity of early life to extinction, a mass death caused by the new masters of the planet—photosynthetic bacteria. The blue-green cells even evolved the ability to pull nitrogen out of the air and turn it into the proteins, including chlorophyll, each cell needed to thrive. New life-forms swallowed some of the tiny cyanobacteria and domesticated them into the living power plants known as chloroplasts of more advanced life: algae, eventually plants. Everywhere, more and more oxygen entered the oceans and atmosphere.


By roughly 600 million years ago, there was enough oxygen—and plants to eat—to allow a new form of life to evolve: animals. Jellylike creatures, sponges, frond-shaped plant eaters fixed in place began to consume the fruits of the cyanobacteria’s labors, using the abundant oxygen to burn the food and releasing carbon dioxide as waste. This symbiosis has governed life on Earth ever since. This symbiosis is even recorded in stone and that stone dated to what’s called the Ediacaran period by a later species obsessed with naming. By 540 million years ago, a profusion of life had emerged: from the lowly clam and coral to the buglike trilobite.


The record of life on this planet is clear. A hundred million years after the explosion of diversity of life in the sea during the Cambrian, the first plants colonized the land and raised oxygen levels to as much as 35 percent of the surrounding air. As a result, giant ancestors of today’s insects could thrive, like dragonflies with a wingspan larger than most modern birds and centipedes the size of modern alligators. As the millennia progressed, geologic processes and ever evolving life conspired to bring oxygen levels back down to the comfortable 21 percent of today. The only constant is periodic mass murders, and this endless tumult of birth, death, evolution, and extinction finally gave rise to a species that could challenge the long reign of the photosynthesizers—Homo sapiens.


The descendants of those first cyanobacteria have now ruled the planet for billions of years, diversifying to become algae, organizing into plants, reaching for the transformed skies on tree branches knit out of air. Their transformation of the atmosphere was terraforming in the best sense from our perspective, because it made the world just right for us more than 2 billion years later. And now we’re going to change the chemical composition of the atmosphere again and wrest global power from the photosynthetic microbes that made life as we know it possible.


*  *  *


Smetacek is one of a growing band of scientists called, by some, geoengineers. There’s the physicist David Keith, busy building machines to pull CO2 from the air or seed the skies with a haze of cooling smoke, which will shield the planet from some of the light and heat from the sun. He warns that humanity better come up with a more compelling rationale for saving the Amazon rain forest than its service as the lungs of the world. Otherwise, he can just build a machine that performs the same function of filling freshly cleaned air with life-sustaining oxygen and eliminate the need for conservation.


Further back in time, the brilliantined chemist Bernard Vonnegut, brother of the famous novelist, helped discover the scientific key to rainmaking in the 1940s, writing up his work in Scientific American in 1952. Tiny hexagonal crystals of silver and iodide released as glinting smoke into clouds provided a structure to the water in clouds that inspired water to form crystals as well, and crystals of water are the key ingredient of rain and snow. He suggested that such cloud seeding might do more than make rain and also allow us “to initiate and direct storms and to exercise a considerable control over the atmospheric circulation on our planet.”


His more famous brother Kurt co-opted the discovery in his novel Cat’s Cradle for ice-nine, a substance that freezes the world’s water on contact, and indeed, silver iodide finds prolific use today in a sometimes desperate bid to control the weather with what we might call ice-six, given its shape. The Soviets used such cloud seeding to keep rains laced with radioactivity from the Chernobyl nuclear accident falling on Belarus and points west rather than on Moscow. The Chinese employed batteries of silver iodide in a bid to ensure sunny weather for the 2008 Olympics and are pondering its use to clean the choking smog from its cities’ air today. The U.S. Department of Homeland Security has even revived research into controlling hurricanes through similar methods. Even drought-stricken farmers in the Horn of Africa have induced the Kenyan government to experiment with silver iodide cloud bombing.


Who is to blame for the weather, anyway? Despite Vonnegut’s invention, we’re not to the point of dialing up a thunderstorm or shutting down a tornado. But we are at the point where, much like the flapping of a tiny butterfly’s wings in that long-ago example of chaos theory, we are influencing outcomes in ways we can’t foresee. If we aren’t already, we will soon be to blame for the rain or shine. In a sense, the weather has become an artifact—a construct of human choices, like our choice to burn millions of metric tons of coal every day.


We still will not have achieved the ancient human dream of weather control that gave us deities such as Zeus, Thor, and the dragon Kuraokami or elaborate prayers and ceremonies for rain. But there has been a profound change in the weather. As the affable climatologist Stephen Schneider told a gathering of the American Academy for the Advancement of Science back in 1972: “Mark Twain had it backwards. Nowadays, everyone is doing something about the weather, but nobody is talking about it.”


Smetacek does not think of himself as a geoengineer; that would imply too much control. Nor is he a seafarer in the grand tradition, with the face of a kindly German man ensconced in the brown skin of an Indian one. He doesn’t go in for hazing at sea or other time-honored nautical rituals for first-timers crossing the equator or other, even more arbitrary, lines drawn on the globe. That just doesn’t happen, “not on my ship,” he explained to me when I visited him a few years after the research cruise in Bremerhaven—Germany’s second-largest port and home of the Alfred Wegener Institute’s fleet of research vessels.


Bombed nearly flat during World War II, Bremerhaven is both clean and industrial, an apparent contradiction only former Axis powers like Germany and Japan seem capable of achieving. The forest encroaches on Smetacek’s home, which he shares with his wife of nearly forty years as well as the martens—weasel-like forest creatures that like to chew out the inner tubing of car engines. This patch of land is almost entirely of the Smetaceks’ devising, planted with everything from bamboo and Sichuan pepper plants to the herb known as bog myrtle or gale that Vikings put in their beer to help them go berserk. But it was the quince tree in full flower back in the spring of 1986 that convinced Karen Smetacek to buy the house—with the addition of triple-paned windows to keep out the noise of cars rushing by on the Autobahn on the nearby embankment that is higher than the second floor of their home. Their warm partnership has endured despite Victor’s frequent absences in the Antarctic.


Such adventuring seems appropriate for a man who spent his childhood splitting time between hunting and a trove of the London Illustrated News stretching back to 1880. “I was more steeped in Victorian culture than an Englishman,” he observes with a chuckle. That may also help explain his graciousness and old-world charm. He is fond of a singsong string of “okay, okay, okay” or a breathy “ah” at every utterance of his guest, no matter how inane, before launching into his own explanation or theory.


He is an indefatigable host, picking me up in Bremen, most famous perhaps for its eponymous quartet of animal musicians: the outcast donkey, dog, cat, and rooster. This adventurer’s party took on human thieves and won a home, according to the fairy tale, and they recur as a motif throughout the town, along with a smattering of “degenerate art” the Nazis allowed to survive as a warning and that the Allies failed to obliterate with bombs. But Bremen might be more justifiably famous as part of a powerful trading alliance that, arguably, laid the foundations for modern capitalism during the Middle Ages in Europe. Smetacek ascribes that to the lack of abundant local stone: no stones, no fortresses, which means no warlords and feudalism to enact merchant-crushing taxes. Teamed with Hamburg, Lübeck, and Danzig in the Hanseatic League that spanned the Baltic Sea, Bremen’s merchant ships traded salted fish, coffee (a Bremen merchant invented the decaffeinated kind), and a host of other goods, setting the stage for modern capitalism as still practiced to this day.


Today, Bremerhaven is more of a boomtown for the offshore wind turbines that may make Germany’s bold experiment to rely entirely on wind, solar, and other renewable energies possible. The country hopes to eliminate much of its climate-changing pollution, shifting away from burning the region’s abundant coal to a reliance on sunshine and stiff Baltic winds to generate the electricity necessary for industry and other necessities of modern life.


I can attest to the stiffness of the Baltic wind, standing out at the edge of Bremerhaven. It is biting, worth bowing to as one takes in the kilometer after kilometer of cars waiting to board boxy car-carrying ships for export. A vertical wind turbine with its wavy white blades spins busily atop an old smokestack like an illusion of smoke. Beyond the tall earthen dike that shelters suburban German homes from storms like the hurricane-force winter storm that battered northern Europe in 2013, the wind cuts across the mudflats and grass and makes one more likely to seek hot tea than a mug of good but cold German beer. In the distance, massive platforms help the erection of the gargantuan offshore wind turbines. Let’s hope our descendants will have better luck puzzling out their use than we do in understanding the megaliths that dot now mostly drowned Doggerland, the land bridge that connected Great Britain with Europe, which disappeared under the waves as the vast ice sheets of the Pleistocene melted. More land may be lost if we continue our fossil-fuel-burning ways, melting the vast ice sheets of Greenland and Antarctica.


Smetacek is also the absentminded professor, confounded by the winding medieval streets of old Bremen where he has lived for decades and mixing up the dates of a visit. He reminds me of some of the kindly but confused characters played by Armin Mueller-Stahl, a ubiquitous German character actor. In any case, a Smetacek-led tour always seems to end with food, whether a late lunch at the venerable Bremen Ratskeller (erected 1405), a quick trip to the market for dinner makings, or a pickled shrimp sandwich consumed while staring at mudflats.


Smetacek is unlikely to return to sea, he says while munching, though if anyone were to invite him, he would accept. He still teaches the occasional course at the Alfred Wegener Institute here in Bremerhaven, including How to Think, really a guide to critical thinking and creativity, in science or otherwise. Sample question: Which is heavier, wet air or dry? And, more particularly, why?I Smetacek has an effervescent mind, with bubbling interests ranging from archaic science embedded in Buddhism and Hinduism to what’s really happening in the brain during sleep (he’s sure it’s “calibration,” which in laypersons’ terms is the body’s sensory and motor systems getting back in sync). Sleep is a subject in which he has some expertise, given the inability to sleep on a ship rolling in the swells of the Southern Ocean, and thus rolling a would-be sleeping body back and forth in his or her bunk.


His home office smells of smoke, and he calls it his cave, where he once plotted to turn patches of the ocean green. Smetacek’s grandfather was a forester in the Sudetenland, so green is in his family’s blood. A green clock on the wall of the Smetaceks’ kitchen trills out different birdcalls on the hour, including that of the now rare blue warbler. A twilight tour of the sprawling garden requires tall rubber boots to ward off the ticks that spread brucellosis. He warns me to check myself carefully in the morning.


Smetacek takes me to the Wegener Institute as part of his grand tour, and the opening of the annual polar photography contest. It features pictures of people, places, wildlife and, most compellingly, the elements themselves from both poles, the photographers drawn from most nationalities with a permanent research presence in Antarctica. The institute focuses its research on the poles, just as its namesake was primarily a polar researcher, though he is remembered most for his now accepted, once ridiculed theory of continental drift down the long ages of geologic time as well as postulating the existence of the supercontinent Pangaea. But it was the elements in Greenland that did poor Alfred in. Six months after he disappeared on an expedition, his body was found buried, with his skis marking the gravesite. It isn’t known who buried him, but his body remains there.


The institute owns the Polarstern (Polestar), a hulking ship that can overwinter in Antarctica, which allows research such as an underwater laboratory for sound in the least noisy ocean in the world (spoiler: still loud with crashing ice, especially when the Polarstern’s powerful engines are about) or sea ice surveys. Krill, the shrimplike food of big baleen whales, remain a particular focus.


It is the krill that are responsible for the rusty red trails that mark the preferred path of penguins, as pictured in one of the contest entrants’ photos. Early Antarctic explorers spoke of seas turned red by an abundance of the tiny animals. “Krill is like a sponge,” Smetacek enthuses, “a reservoir of iron.” The ubiquitous whales of the Southern Ocean used to keep that iron in circulation, Smetacek is sure. Whale poop fertilized the oceans like manure from cows and buffalo on land, only the whale’s liquid poop disperses in the water column, perfect to feed a plankton bloom and keep the cycle of life cycling. Here sperm whales play a key role—pooping out nutrients captured at depth and adding to the overall total, according to research Smetacek helped conduct. But people hunted out most whales decades ago, slowing this vital cycle.


“Give me a half tanker of iron, and I will give you an ice age,” the oceanographer John Martin growled during a lecture at the Woods Hole Oceanographic Institution in 1988. That’s because the tiny plants of the sea require one nanogram of iron per metric ton of water to grow, or roughly a paper clip’s worth in several hundred thousand Olympic-size swimming pools. But that’s not why Smetacek initially dismissed the idea. He surmised in an article in the German newsmagazine Der Spiegel that plankton were more likely to move up and down in the water column, rather than sink and bury carbon with them. Smetacek says that Martin forever called him “the elevator guy.”


Martin’s other critics noted that maybe 10 percent or less of any fertilized bloom would actually reach the seafloor and bury the carbon with the corpse. Still, why not find out if the gruff, bearded oceanographer from Moss Landing Marine Laboratories in California was right?


*  *  *


One must travel to where the plankton still rule, almost uncontested, to truly understand this fundamental planetary cycle, combining biology, chemistry, and geology. But the Southern Ocean is, in the words of Smetacek, “one of the least attractive places for human beings on Earth,” due to heaving seas, steady, strong winds, constant temperatures of roughly 4° Celsius in summer, enveloping fog, and gray socked-in skies. Smetacek and other scientists and sailors like him find themselves alone at sea, with neither fishing vessels, navies, nor tourists for company.


The Southern Ocean is unique, not least for being left out of the list of the seven seas. Its squalls and storms prevented circumnavigation of the globe for decades and remain a tremendous barrier to shipping, moderated somewhat by the great geoengineering project known as the Panama Canal. Gyres and eddies form at will in these storm-tossed waters that also boast some of the richest array of life on the planet—from tiny krill to the world’s largest animal, the blue whale. The ocean is also one of the single largest sinks of carbon dioxide from the atmosphere. Upwelling deep waters that last saw the light of day in the Arctic seas between Greenland and Norway absorb CO2 from the sky, enough to offset more than half the greenhouse gases emitted by the entire United States. These bottom waters also carry all the nutrients necessary for plankton to bloom, except iron, which rusts out quickly in water.


Decades of research cruises to study the oceanic food chain in the Southern Ocean prepared Smetacek for what may become his defining work: three cruises to fertilize plankton with iron and prove that the resulting blooms could bury carbon dioxide deep beneath the sea. With the help of these single-celled plants, Smetacek hoped to transform the atmosphere and, in the process, extend humanity’s reach into the most powerful biological loop on the planet, one that we rely on to breathe. To do that, Smetacek transformed the Polarstern with its deep draft and ability to ride out overtopping waves from a nomadic hunter of ocean knowledge to a stationary farmer tending a watery garden and its planktonic bloom.


Using the iron sulfate produced as a waste product by a Kronos titanium production plant back in Bremerhaven—sold by the bag as a lawn treatment and available right in the recently dredged port—Smetacek and his colleagues planned to supply what the plankton lacked. In Greek mythology, Kronos was the father of Poseidon, god of the sea. Kronos ruled the universe until deposed by another of his sons: Zeus, the sky god. Now Kronos’s iron would serve to rescue his sons’ mythical domains—sea and sky—from the CO2 released by all those pesky fires set by humanity. Smetacek would put a little piece of Germany afloat on the seawater to make the diatoms bloom.


The Southern Ocean stood athwart such plans, no easy place to do science even in a “luxury vessel” like the Polarstern, as Smetacek describes the research ship. Otherworldly green icebergs formed under floating ice shelves drift in this sea, a cup carefully placed on a table slides and crashes to the floor, or an invisible bully shoves the unwary scientist down as the ship heaves. It is possible to fly upstairs or find it nearly impossible to climb downstairs. The nearest land—Antarctica—remains the only continent not permanently inhabited by the world’s most invasive species: Homo sapiens. But even Antarctica, the frozen continent, is pockmarked with signs of humanity, from research stations to melting glaciers—and the entire ocean has literally soured as a result of human fossil fuel burning and its attendant CO2.


The Southern Ocean is less visited than other seas, but it is no less affected. It will get deeper and hotter as it melts ice and CO2 piles up in the atmosphere. Whalers have decimated (or more) the population of cetaceans, some of which are now in the midst of a long, slow, or even impossible rebound. The krill are disappearing, perhaps due to the loss of the whales, perhaps climate change, perhaps overfishing, perhaps all these insults and more.


Bringing back such sea life is what brought Russ George back into geoengineering in 2012. The salesman pitched the wealthy libertarians known as “seasteaders,” who want to build rules-free societies on the high seas free from nation-state interference, on iron fertilization as a business plan for their platforms. But the libertarians did not bite, this time.


So, far from the watchful eyes of the world’s environmentalists, George partnered with the Haida people of British Columbia to dump iron at sea in a bid to restore the salmon. Anecdotally, volcanic eruptions in the region had reliably prompted record salmon runs, perhaps linked to the deposition of iron at sea and its trickle-up effects on the food chain.










OEBPS/images/9781476743929.jpg
“Anyone who s about the future will want to read this.”
—ELIZABETH KOLBERT, author of The Sixth Extinctio
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