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LIFE




The universe is change; our life is what our thoughts make it.


—Marcus Aurelius Antoninus (A.D. 121–180)
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Our Story Begins




The sun and solar energy. What a source of power! I hope we don’t have to wait until oil and coal run out before we tackle that.


—Thomas Edison to Henry Ford and Harvey Firestone (1931)





Important men have been arguing about global change since before I was born.


Almost ninety years ago, the guy who invented the light bulb urged renewable energy on the guy who invented the car and the guy who invented the tire. I imagine they nodded politely, finished their drinks, and went straight back to motorizing the planet. During the decades that followed, the Ford Motor Company manufactured and sold more than three hundred million motor vehicles that burned upward of ten billion barrels of oil and required a minimum of 1.2 billion tires, also partially made from oil.


But that’s not all. Back in 1969, the Norwegian explorer Bernt Balchen noticed a thinning trend in the ice that covered the North Pole. He warned his colleagues that the Arctic Ocean was melting into an open sea and that this could change weather patterns such that farming would become impossible in North America ten to twenty years hence. The New York Times picked up the story, and Balchen was promptly shouted down by Walter Whittmann of the U.S. Navy, who had seen no evidence of thinning during his monthly airplane flights over the pole.


As is the case with most scientists most of the time, Balchen was both right and wrong in his claims. By 1999, the submarines that had been cruising the Arctic Ocean since the 1950s could clearly see that polar sea ice had thinned drastically during the twentieth century—thinned by almost half. Nevertheless, it’s been fifty years since Balchen graced the pages of the Times and American agriculture has yet to feel the full effect of any melting. Which, technically, means that Whittmann was also both wrong and right.


We shouldn’t be surprised when scientists are wrong. All human beings are a lot better at describing what is happening than at predicting what will happen. Somewhere along the way, however, we began to hope that scientists were different—that they could be right all the time. And because they’re not, we kind of stopped listening. By now we’re quite practiced at not listening to things scientists say over and over again.


For example, giving up fossil fuels is not a new suggestion. Starting in 1956, a geologist named M. King Hubbert who worked for Shell Oil started writing passionately about America’s need to embrace nuclear energy before our “inevitable exhaustion of fossil fuels.” Hubbert believed that mining uranium from the bedrock of Colorado was more sustainable than burning oil and coal, which he reckoned would hit peak production by the years 2000 and 2150, respectively. He was both wrong and right.


Let’s go back to 1969 for a moment, back when Balchen was fighting with Whittmann and Hubbert was still on his soapbox. I don’t remember 1969 personally, but, like every year, it was full of beginnings and endings, problems and solutions, equal to any that had gone before or have come since.


Most of the trees you see out your window were barely seeds in 1969. Wal-Mart Stores, Inc., was incorporated in 1969 and has since become the world’s largest private employer. Sesame Street premiered in 1969 and went on to teach millions of children how to count and spell. Big things started out as small things, then grew to change the world.


When the polluted Cuyahoga River caught fire in 1969, every single fish between Akron and Cleveland died, and Time magazine’s coverage led to the creation of the Environmental Protection Agency. That same year, an offshore oil platform disgorged more than one hundred thousand barrels of crude oil onto the beaches of Santa Barbara, California, killing every sea creature in its path and spurring the organization of Earth Day, which is now observed around the world.


Way up north, in Mower County, Minnesota, my parents weren’t paying attention, for I was one of the ten million babies born on September 27, 1969, and the last of their four children. The world would be different for this baby, my parents promised each other, and they made the ancient vow that all mothers and fathers make in the euphoria that follows a happy birth.


I would have all the love that my father could give and all the love that my mother should have been given. She will grow up free, my mother resolved—free from hunger and from the shame of being taken by the county. My father, for his part, looked forward to a century of technologies that would save us all from sickness and want. Like the millions of couples who had come before them, and would come after, they looked at the world that they lived in and thought about the one that they wanted. Then my parents turned to each other, in love, and they named me Hope. And they were both right and wrong at the same time.


Forty years later, in 2009, my department chair called me into his office and asked me to teach a class on climate change. I groaned and slouched down into my chair. Convincing people to examine their energy use is like trying to get them to quit smoking or to eat more healthfully: they already know that they should do it, but there’s a billion-dollar industry working round-the-clock, inventing new ways to make sure that they don’t. I also couldn’t help thinking about Edison and Ford and Firestone and Balchen and Whittmann and Hubbert and Sagan and Gore and all the important men who had already tried to raise the subject and, quite frankly, wouldn’t have thought much of a lab girl like me. I thought about the car I’d driven to work that morning, and how it leaked oil terribly, and wondered what business I had in telling anybody anything.


I left my chair’s office and went back to my lab, where I conferred sulkily with my coworker Bill. I asked him, after detailing the futility of it all, why I should even try. He listened patiently until I was finished and then gave me his usual pep talk: “Because it’s your job. Shut up and go do your job.”


Bill is the exception to many rules, not the least of which is that he’s right far more often than he’s wrong. As usual, he had a point. I was making too much out of this. I would go do my job, I decided, by taking my boss’s orders at face value. I sat down at my desk, turned on my computer, and began to research change. Over the next several years, I cataloged the data that describes how population has increased, how agriculture has intensified, how energy use has skyrocketed over the last half century. I accessed public databases and downloaded files of numbers and spreadsheets. I searched through the data for patterns across the decades of my own life. I set out to quantify global change in the most concrete and precise terms that I could apprehend, and I learned a lot by doing it.


This research became the foundation of a course that I taught many times. Each week during the semester, I’d pick up the chalk and teach a room full of students the numbers describing how planet Earth had changed since I was a kid back in the 1970s. I taught them what has happened. Not what I think might happen. Not what I think should happen. I taught them the things that I had taught myself. And as I did my job, I finally began to understand why I was doing it: because only after we see where we are can we duly ask ourselves if this is where we want to be.


Right now, I see the country of my birth moving backward. It has dumped the Paris Agreement, it’s close to dismantling the Environmental Protection Agency, and the United States Department of Agriculture is in very bad shape. The United States Department of Energy, which funded my lab for more than a decade to study greenhouse gases, has shut down most of its work on climate change, and NASA is under pressure to do the same. I left the United States in 2016 and moved to Norway because I believe that my laboratory will have more support here and because I am worried about the future of science in America.


All of this has convinced me that it’s time to bring global change out of my classroom and into this book. Not because I am a scientist who thinks she’s right, but because I am an author who loves both words and numbers and a teacher who has something to say.


So if you’ll listen, I’ll tell you what happened to my world, to your world—to our world. It changed.
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Who We Are




There was a time when the countless tribes of men, though wide dispersed,


Oppressed the surface of the deep-bosomed Earth.


—Stasinus, The Cypria (c. 750 B.C.)





Eighteen hundred years before the birth of Christ, the people of Mesopotamia were deeply worried that planet Earth could never provide enough food, water, shelter, and space for the population they saw increasing all along the Tigris-Euphrates River valley—which amounted to the whole world, as far as they knew. The poets of Babylon—Mesopotamia’s largest city—told how, soon after the advent of procreation, “the world teemed, the people multiplied, the world bellowed like a wild bull.” This drove the gods, deprived of sleep by the din of civilization, to cull human numbers by way of famine and disease, over and over again. These poems were written in about 1800 B.C., just as world population hit somewhere near one hundred million people. During the one thousand years that followed, global population doubled.


Aristotle believed that politicians should decide “of what numbers and of what sort of people” a country should contain. Because “too large a multitude are incapable” of keeping themselves in good order, Aristotle recommended a suite of regulations on marriage, mainly directed toward controlling women’s behavior. Within his treatise Politics, he specified that women should not marry too early (“for women who do so are apt to be intemperate”) but should not bear children too late, either (“that the children may be equally perfect”). As a bonus, Aristotle itemized a list of instructions for rearing boy children, detailed to a level that makes today’s helicopter parents appear positively negligent. Boys must be inured, he insisted, “to cold when they are very little,” a sentiment that my parents embraced two millennia later in Minnesota, completely unaware that it had originated, like democracy itself, in ancient Greece.


If the world would just follow this simple set of directions, Aristotle maintained, the population would be appropriately curbed, and Earth would forever be able to supply its inhabitants with the “necessaries of life.” He wrote these things in about 330 B.C., just as world population was nearing 250 million. During the one thousand years that followed, global population doubled again.


A medieval abbot named Suger is credited as the founder of Gothic architecture, but his actual goal was to raise money. He wanted to enlarge the Basilica of Saint-Denis in order to accommodate the drastic increase in penitents that was produced during the population explosion of the High Middle Ages. He described a church entrance so crowded that it “forced women to run to the altar on the heads of men as on a pavement,” leaving miscellaneous faithful bloodied on the floor. Suger wrote this in 1148, when the world population was about one-half billion people. Within the next five hundred years, global population doubled yet again.


It was Thomas Robert Malthus who really took overpopulation neuroses to the next level with his famous An Essay on the Principle of Population. Any and every improvement in food production, he argued, would give rise to an increase in population that would, in turn, reestablish a state of want. Malthus believed that our planet moils within an everlasting state of overpopulation and that every bite we put into our mouths makes things worse. He published his Principle in 1798, just as world population was approaching one billion, and since then, entire forests have been sacrificed to pamphlets, columns, treatises, and dissertations discussing his idea. Nevertheless, during the one hundred years that followed, global population doubled again.


Fifty years after Malthus sounded the alarm, John Stuart Mill expanded Malthus’s food-security argument to include less tangible goods and services, wringing his hands over the broader economic “penalty attached to over-population.” He spelled out his idea of our collective zero-sum game within the Principles of Political Economy: “A greater number of people can not, in any given state of civilization, be collectively so well provided for as a smaller.” He insisted these things during 1848, just as world population approached 1.5 billion people. And within the next century, the global population doubled again.


I’ve already told you about M. King Hubbert, who spent his career urging the adoption of nuclear energy while working for Shell Oil. Like a lot of his contemporaries, Hubbert was also obsessed with population control. He didn’t have any kids himself, but he knew how many other people should have. Upon hearing that his coworker had gotten married, Hubbert marched up to Mrs. Co-worker and instructed her, “Look, you can have two children, you can have them in series or in parallel, but no more than two.” Hubbert presented his ideas to the National Academy of Sciences in 1969, the same year that I was born, which added one small female to what was then a world population of 3.5 billion people. Between then and now—that is, over the course of my lifetime so far—the global population has doubled yet again.


Today, you and I share the world with more than seven billion people.


There’s a pattern here that suggests the vocal disapprobation of overpopulation is not sufficient, in and of itself, to stanch population growth. One thing that these great thinkers never explored, however, is the correlation between the status of a woman within her society and the average number of children she bears within her lifetime.


Of the world’s ten countries with the lowest gender gap (that is, the least difference between male and female health, opportunity, and participation), seven are also considered high-income relative to the rest of the world. Conversely, six of the ten countries with the highest gender gap (that is, those with the most difference between male and female health, opportunity, and participation) fall into the low-income categories. Whether this suggests that wealth gives rise to, or is a product of, female health, opportunity, and participation is not clear; it could be a combination of both.


What is clear is that societies that feature a low gender gap are also populated by women who give birth, on average, half as often as women who live in societies with a high gender gap. The average number of births per woman living in the “high gap” countries is close to four, while the number in the “low gap” countries is just under two. It makes sense that the most effective and long-lasting mechanism for curbing global population growth revolves around an elimination of gender inequality.


These data also imply that closing the gender gap around the world would likely result in something near replacement-level fertility: that is, a stable global population that neither increases nor decreases. This best-case scenario means that barring something awful—famine, plague, genocide, or forced control over reproduction—Earth will never again contain fewer than seven billion people. We must learn to live together if we want to live well.


Not all experts abhor the population increase that gave rise to their own birth. An American economist named Henry George gravely opposed Malthusian doctrine on the grounds that it “shelters selfishness from question and from conscience.” The way he saw things, the true cause of poverty among the masses was “the rapacity of man” and not the inadequacy of nature. George also posited a hopeful feedback loop between human population and food production: “Give more food, open fuller conditions of life, and the vegetable or animal can but multiply; the man will develop.”


Henry George was a humble and pious man; he had known poverty and lived modestly even after success. He believed that intelligence should both inspire sympathy and seek justice. George was ahead of his time in many ways, advocating for public transportation, labor unions, and a half-female Congress during the nineteenth century, but the public loved him. More than a hundred thousand mourners attended his funeral after he died in 1897. It also turns out that Henry George, out of all these important men, was the one who came the closest to being right about population growth.


The doubling of global population that has occurred since the time of Henry George was accompanied by a tripling of grain production, a tripling in fish production, and a quadrupling in meat production. The arrival of more people has indeed coincided with greater food production, just as Henry George believed it would—far above and beyond what was strictly required.


Henry George was also right in that most of the want and suffering that we see in our world today originates not from Earth’s inability to provide but from our inability to share, as we’ll see so many times in later pages. It is because so many of us consume far beyond our needs that a great many more of us are left with almost nothing.


The more complicated problem, unique to our generation, is that the enormous consumption of food and fuel by just 10 percent of us is actively threatening Earth’s ability to produce the basics of life for the other 90 percent. Most political discussions of climate change are predicated on the hope that this may be reversible; the truth is that it may not.


Ultimately, we are endowed with only four resources: the earth, the ocean, the sky, and each other. Because absolutely everything is at stake, it behooves us to begin by thinking clearly and simply. We’ll begin where every human story begins. We’ll begin with a baby.
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How We Are




Possibly I know now what the soldier feels when a bullet crashes through his heart.


—Mark Twain, upon learning of his daughter’s death, December 24, 1909





I had a friend in college who wasn’t afraid of anything. Motorcycle races, cliff hiking, public speaking, camping among bears, foreign languages, late-night confessions: he was first in line, never flinching, never frowning—open and ready for what was ahead and for whatever was beyond that.


When my friend was in his thirties, his wife had a baby boy. Their son was healthy, until he stopped breathing. On day five, the doctors told him that his son had been born with an extra copy of a chromosome, which had severely interfered with the formation of his heart and kidneys. A few weeks later, his son died, and my friend closed. He has spent the rest of his life working to reopen.


Two hundred years ago, losing a child was very common. In 1819, two out of every five children born alive, the world over, died before their fifth birthday. Because family size was much larger than it is today—a woman of that time gave birth, on average, six times during her lifetime—it would have been rare to meet a parent who had not endured this terrible grief at least once, if not twice. By the time I was born in 1969, this great global sorrow had been more than halved: my survival was one of the fortunate four out of five. Any number is still too high, but during the last fifty years, childhood deaths have been reduced drastically: at present, one out of twenty-five babies dies before they turn five. Because families are also smaller now (each woman gives birth, as a global average, about three times during her lifetime), we encounter this great loss and its devastation far less regularly, such that many of us cannot imagine the expectation of a new baby overshadowed by the dread of death.


Of course, in 1819 it was not only the baby that risked death while being born; the mother did as well. Two of my eight great-grandmothers died while giving birth, and my family history recorded next to nothing about the lives (and deaths) of the other six. One hundred years ago, one out of every hundred live births in the United States resulted in a dead mother. Since then, improved medical care in the form of a midwife, a nurse, or a physician with access to sterile medical tools has greatly lessened the risk for both mother and baby during childbirth. Between 1930 and 1980, advances in care brought the United States down to one maternal death for every ten thousand live births, where it has stubbornly remained to this day.


When it comes to deaths associated with childbirth, the United States fares ten times better than the global average. When I was born in 1969, only about half of the births that occurred on planet Earth took place with the benefit of improved care. By 2013, an increase in medical access of only 20 percent had reduced global maternal deaths by more than half. Today, one in five hundred live births around the world results in the death of the mother.


The history of most nations reveals a dramatic decrease in maternal and child mortality during the last three centuries. If we envision ourselves on a global journey toward eliminating the agony of loss that our grandparents endured, we should rejoice at how very far we have traveled, even while acknowledging the distance ahead. Best of all, we already know the way forward.


What do you have planned for your sixties? I hope to still be riding my bicycle regularly and picture myself coasting downhill through a light blizzard of cottonwood fluff during June 2034. I stop at dusk to lock up outside of Target Field and take my seat just in time to see the Minnesota Twins win handily in eight and a half innings, 17–0 against the Yankees.


I have good reason to make such plans, though my father never did. When he was born in 1923, the life expectancy for a newborn American child was only fifty-eight years. When I was born almost five decades later, that number had increased such that I could expect to live to be seventy-one. My son must plan not only his sixties but his seventies as well: by the time he was born in 2004, American life expectancy had increased to seventy-eight years. Maternal optimism compels me to encourage him to plan beyond eighty, and not without cause, for my own father was a true outlier who lived past his ninety-second birthday. He died of pneumonia, which is an infectious disease of the respiratory system, and while it is a common cause of death in ninety-plus-year-olds, it is otherwise a very unusual way to die in America.


For example, he could have been one of the more than four hundred thousand American men who died while fighting in World War II between the years of 1939 and 1945, but he wasn’t. World War II resulted in a terrible loss of life, with perhaps fifteen million soldiers and as many as forty-five million civilians killed worldwide over less than a decade. During the seventy-plus years since, human civilization has not witnessed anything like it. In fact, the number of deaths around the globe each year due to wartime conflicts averages about fifty thousand people, as of the last few years.


Conventional homicide continues to kill many more people than war does: five hundred thousand murders occur each year around the globe. But murder and war, even when put together, pale in comparison with the annual loss of life due to suicide: our world witnessed almost eight hundred thousand suicides during 2016, fifty thousand of them occurring within the borders of America. For all the violence we perpetrate against one another, we inflict much more upon ourselves.


The vast majority of human deaths that occur on planet Earth each year, however, are due simply to illness. Death is known as the great equalizer, so it may not surprise you to hear that people die at about the same rate in every region, be it rich or poor or in between. Every year, the world over, about 1 percent of the population becomes sick and dies. People succumb to very different illnesses, however, that are strongly associated with economic status. In the richer countries, the top two killers are heart disease and stroke, which account for one out of every four deaths. Taken together with cancer, diabetes, and kidney disease, they are responsible for about half of all deaths within the world’s wealthiest nations. Each of these diseases is dreadful in its own way, but they have something important in common: none of them are contagious.


Within the poorest regions of the world, the story is very different. People may be dying at the same crude rate, but they suffer and expire at a younger age and from diseases that have been almost eliminated within richer countries through access to clean water, improved sewage systems, vaccination, and antibiotics. Contagious infections of the lungs, intestines, and blood are responsible for 30 percent of the deaths within the poorest regions of the world, and tragedy during childbirth accounts for another 10 percent.


Nevertheless, being poor on planet Earth does not carry the death sentence that it once did. During the last twenty-five years, access to clean water has increased by 30 percent and access to improved sanitation has doubled in the poorest nations of the world. Just in the last thirty years, rates of immunization have doubled and access to prenatal care has increased by more than 30 percent in the same regions. The result is that the crude death rate in poor nations is now less than half of what it was when I was born in 1969, and as I mentioned above, it is now equal to what it is in wealthier nations. As with death during childbirth, we still have a ways to go, but we are walking the right path.


How, exactly, during the last fifty years did so much more of the world come to better fight disease and survive childbirth? They mostly did it the same way that my grandparents did it a hundred years ago: by packing up and moving into town.
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Where We Are




At Rome you hanker for your country home;


Once in the country, there’s no place like Rome.


—Horace, Satire VII (c. 35 B.C.)





How many generations must you trace back in order to encounter a farmer? In my case, I need look only to my mother’s parents, both of whom were reared upon the bucolic pastures of southern Minnesota and northern Iowa. My grandfather, after returning from World War I, wandered the country at loose ends, finally stopping in Wright County, Iowa, just long enough to barter with my great-grandfather. He swapped a fixed term of his own agronomic labor for an entire lifetime of my grandmother’s domestic labor, which was a standard midwestern contract of the time. This transaction would bear fruit in various forms, including the ten-plus offspring that my grandmother produced over the course of her lifetime—one of whom grew up to become my mother. Then, in 1920, town life called and they answered: my grandparents permanently relocated their young family to my hometown hamlet of Austin, Minnesota, and my grandfather took up indoors work in the hog kill.


If you have to look back more than eight generations to find a farmer, or a rancher, or a trapper, then you and your lineage are extremely rare and conspicuously urbane. In 1817, only 3 percent of the global population lived in any kind of a city. Now, just two hundred years later, about half of the people on planet Earth reside in cities—that is, within urban centers containing at least one hundred thousand people. Cities may hold half of the world’s population, but they are also distributed very unevenly around the globe.


Understanding the geography of the total global population is fairly straightforward. The “highly developed” set of countries that include the European Union, North America, Japan, Israel, New Zealand, and Australia (sometimes known as the Organisation for Economic Co-operation and Development, or OECD), all put together, adds up to just over one billion people. Amazingly, there are now two countries in the world that can boast more than one billion citizens: China and India each contains about one and a half billion people. The portion of Africa that sits south of the Sahara desert is also home to about one billion people. Similarly, the miscellaneous countries of East Asia (not including China) add up to about a billion people. The Arab countries of North Africa and the Middle East are home to half a billion people—as are Latin America and the rest of South Asia (not including India). The exact total, as of 2017, came to seven and a half billion people on planet Earth.
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