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More Praise for

MORE FROM LESS

“I’ve always believed that technological progress and entrepreneurship make our lives better. Here, Andrew McAfee shows how these powerful forces are helping us make our planet better, too, instead of degrading it. For anyone who wants to help create a future that is both sustainable and abundant, this book is essential reading.”

—Reid Hoffman, cofounder of LinkedIn and coauthor of Blitzscaling

“Andrew McAfee’s optimistic and humane book documents a profoundly important and under-appreciated megatrend—the dematerialization of our economy. In a world where there is much to worry about, his analytical optimism is very welcome. Anyone who worries about the future will have their fears allayed and hopes raised by reading this important book.”

—Lawrence H. Summers, former Secretary of the Treasury and director of the National Economic Council

“In More from Less Andrew McAfee conclusively demonstrates how environmentalism requires more technology and capitalism, not less. Our modern technologies actually dematerialize our consumption, giving us higher human welfare with lower material inputs. This is an urgently needed and clear-eyed view of how to have our technological cake and eat it too.”

—Marc Andreessen, cofounder of Netscape and Andreessen Horowitz

“In More from Less Andrew McAfee lays out a compelling blueprint showing how we can support human life using fewer natural resources, improve the state of the world, and replenish the planet for centuries to come.”

—Marc Benioff, chairman and co-CEO of Salesforce

“A must-read—timely and refreshing! Amid the din of voices insisting that the ravages of climate change are unstoppable, McAffee offers a desperately needed nuanced perspective on what governments and society have got right, and he compellingly argues that commendable progress has already been made. His book is not a call for complacency; rather, it’s a welcome and thoughtful recognition of where we’ve succeeded and a practical path for what more can be achieved in the efficient use of natural resources. A gem of a book!”

—Dambisa Moyo, author of Dead Aid, How the West Was Lost, Winner Take All, and Edge of Chaos

“Andrew McAfee’s new book addresses an urgent need in our world today: defining a framework for addressing big global challenges. His proposals are based on a thorough analysis of the state of the world, combined with a refreshing can-do attitude.”

—Klaus Schwab, founder and executive chairman of the World Economic Forum

“Yet another magnificent contribution from Andrew McAfee. Along with his prior works, More from Less will help us navigate society’s future in profound ways.”

—Clayton M. Christensen, Kim B. Clark Professor of Business Administration at Harvard Business School
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To my mother, Nancy, who showed her children the world and taught them to love it




We are as gods and might as well get good at it.

—Stewart Brand, Whole Earth Catalog, 1968








INTRODUCTION README



    Listen! I will be honest with you,

    I do not offer the old smooth prizes, but offer rough new prizes

—Walt Whitman, “Song of the Open Road,” 1856



We have finally learned how to tread more lightly on our planet. It’s about time.

For just about all of human history our prosperity has been tightly coupled to our ability to take resources from the earth. So as we became more numerous and prosperous, we inevitably took more: more minerals, more fossil fuels, more land for crops, more trees, more water, and so on.

But not anymore. In recent years we’ve seen a different pattern emerge: the pattern of more from less. In America—a large, rich country that accounts for about 25 percent of the global economy—we’re now generally using less of most resources year after year, even as our economy and population continue to grow. What’s more, we’re also polluting the air and water less, emitting fewer greenhouse gases, and seeing population increases in many animals that had almost vanished. America, in short, is post-peak in its exploitation of the earth. The situation is similar in many other rich countries, and even developing countries such as China are now taking better care of the planet in important ways.

This book is about how we turned the corner and started getting more from less, and what happens from here forward.

I want to make one thing clear at the start: my argument is not that things are good enough now, or that there’s nothing to be concerned about. Those claims would be absurd. Human-caused global warming is both real and bad, and we urgently need to take action to deal with it. We also need to reduce pollution levels around the world and bring back the species we’ve pushed to the brink of extinction. And we have to keep fighting poverty, disease, malnutrition, fraying communities, and other roadblocks to human flourishing.

So we have plenty of work ahead. The broad point I want to make is that we know how to succeed with this work. In large parts of the world we’ve already turned the corner and are now improving both the human condition and the state of nature. The trade-off between the two has ended, and I’m confident it’s never going to reappear if we play our cards right. In these pages I’ll explain where this confidence comes from and try to get you to share it.

The Thread of the Argument

This book shows that we’ve started getting more from less and tells how we reached this critical milestone. The strangest aspect of the story is that we didn’t make many radical course changes to eliminate the trade-off between human prosperity and planetary health. Instead, we just got a lot better at doing the things we’d already been doing.

In particular, we got better at combining technological progress with capitalism to satisfy human wants and needs. That conclusion will strike many people as bizarre, and for good reason. After all, it’s exactly this combination that caused us to massively increase our resource use and environmental harms starting with the Industrial Revolution in the late eighteenth century. The Industrial Era was a time of startlingly large and fast improvements in human prosperity, but these improvements came at the expense of our planet. We dug out resources, chopped down forests, killed animals, fouled the air and water with pollution, and committed countless other offenses against the earth. We committed more and more of them year after year, apparently without end.

The twin forces of tech progress and capitalism unleashed during the Industrial Era seemed to be impelling us in one direction: that of increasing human population and consumption while degrading our planet. By the time of the first Earth Day festival in 1970, it was obvious to many that these two forces would push us to our doom, since we couldn’t continue to abuse our planet indefinitely.

And what actually happened? Something completely different, which is the subject of this book. As I’ll show, capitalism continued and spread (just look around you), but tech progress changed. We invented the computer, the Internet, and a suite of other digital technologies that let us dematerialize our consumption: over time they allowed us to consume more and more while taking less and less from the planet. This happened because digital technologies offered the cost savings that come from substituting bits for atoms, and the intense cost pressures of capitalism caused companies to accept this offer over and over. Think, for example, how many devices have been replaced by your smartphone.

In addition to capitalism and tech progress, two other forces have also been essential for allowing us to get more from less. These are public awareness of the harms we’re doing our planet (such as pollution and species loss) and responsive governments, which act on the desires of their people and put in place sound measures to counteract these harms. Both public awareness and responsive government were greatly accelerated by Earth Day and the environmental movement in the United States and around the world.

I call tech progress, capitalism, public awareness, and responsive government the “four horsemen of the optimist.”I When all four are in place, countries can improve both the human condition and the state of nature. When the four horsemen don’t all ride together, people and the environment suffer.

The good news is that all four are at present advancing around the world. So we don’t need to make radical changes; instead, we need to do more of the good things that we’re already doing. Let me switch, metaphorically, from horses to cars: we don’t need to yank the steering wheel of our economies and societies in a different direction; we just need to step on the accelerator.

Something for Everyone to Dislike

As you read this book, it’ll be important to keep an open mind because you’re likely to come across at least a few ideas and conclusions that won’t seem right at first. I’ve found that the book’s fundamental concept—that capitalism and tech progress are now allowing us to tread more lightly on the earth instead of stripping it bare—is hard for many people to accept.

It was hard for me to accept when I came across it for the first time—in Jesse Ausubel’s amazing essay “The Return of Nature: How Technology Liberates the Environment,” published in 2015 in the Breakthrough Journal. When I encountered that headline, I had to click on it, which led me to one of the most interesting things I’d ever read.

Ausubel documented the dematerialization of the American economy. Even though he did it carefully and thoroughly, I found myself thinking, “Well, that can’t be right.” It was hard to let go of the notion that as economies grow they must consume more resources. Ausubel’s work started me down a path of questioning that notion, and eventually rejecting it.

An important part of traveling that research path was coming up with an explanation of how we started getting more from less. What caused economic growth to become decoupled from resource consumption? What caused dematerialization to take over? As I’ve already mentioned and as you’ll see in the chapters ahead, capitalism is a big part of my explanation.

This is not a universally popular conclusion. Ever since Marx, capitalism has been passionately opposed by many—and viewed with much skepticism by many more. So my cheerleading for it is going to strike many as ignorant, or worse. If you’re one of these people, I’m glad you’re reading this book. I hope that you’ll listen to what I mean when I talk about capitalism and evaluate my arguments based on the evidence and logic I present.

And if you’re a fan of capitalism, you might not like that I argue here in favor of new taxes (on carbon) and strict regulation (on pollution and trade in products from endangered animals). Many ardent capitalists will dislike these ideas. I also propose more nuclear power and genetically modified organisms, both of which are adamantly opposed by many people.

So just about any reader will probably initially feel that something in this book is wrong. Again, I just ask that you approach the book’s ideas with an open mind. I hope you’ll believe that I’m arguing in good faith. My intention here is not to write a polemic or start a flame war. I’m not trying to troll or dunk on anyone (in other words, I’m not trying to provoke anyone into losing their temper or to demonstrate my superiority). I’m just trying to highlight a phenomenon that I find fascinating and deeply encouraging, explain how it came about, and discuss its implications. I hope you’ll come along for the journey.

I. They stand in sharp contrast to the Four Horsemen of the Apocalypse portrayed in the New Testament’s book of Revelation, which are commonly interpreted as war, famine, pestilence, and death.






CHAPTER 1All the Malthusian Millennia



[A state of war is similar] to the time wherein men live without other security than what their own strength, and their own invention, shall furnish them withal. In such condition, there is no place for Industry… and consequently no Culture of the Earth… and which is worst of all, continual fear, and danger of violent death; and the life of man, solitary, poor, nasty, brutish, and short.

—Thomas Hobbes, Leviathan, 1651



A lot of people would like to have their names echo down the centuries. But probably not as shorthand for “laughably wrong.”

Unfortunately for him (and his descendants), this is the role that the Reverend Thomas Robert Malthus plays for many in their discussions about humanity’s relationship with our planet. Malthusian has become one of those words that function simultaneously as a label for an argument, a dismissal of it, and an insult toward the person advancing it.I This adjective has come to signify unwarranted and underinformed pessimism about the future.

In one sense, this is entirely fair. As we’ll see, the gloomy predictions that Malthus made right at the end of the eighteenth century have proved to be so wrong that they deserve a special designation. But in another sense we’re being too hard on the good reverend. Most discussions of his work overlook that while Malthus was badly wrong about the future, he was broadly correct about the past.

Bad Vibrations

Malthus is best known for An Essay on the Principle of Population, published in 1798. It’s tough going for a modern reader. This is not only because prose styles have changed a lot over more than two centuries but also because his writing reveals casual racism and a loose command of the fact that combine to jarring effect. He maintains, for example, that “the passion between the sexes is less ardent among the North American Indians than among any other race of men.”

Reading passages such as this, one can easily conclude that his Essay consists of nothing but smug Eurocentric generalizations. But later research revealed that Malthus was right. Not about the sex lives of North American indigenous people, but instead about an aspect of human history that is strikingly consistent across groups and over long periods. It’s what Malthus called “oscillation” or “vibration” in population, by which he meant periods of growth followed by periods of decline in the number of people. As he wrote, “That in all old states some such vibration does exist… no reflecting man who considers the subject deeply can well doubt.”

A main goal of his Essay was to show mathematically why such vibrations had to happen to every group of people. Malthus pointed out, correctly, that human populations grow rapidly if no force acts to reduce them. If a couple has two children, each of whom has two children, and this process keeps repeating, then the original couple’s total number of descendants will double with each generation from two to four, then eight, then sixteen, and so on. People can do only two things to retard this exponential (or “geometric”) growth in numbers: not have children, or die.

Malthus said that both of these checks on population were bound to occur, and to occur frequently enough to slow down or even reverse the total size of every human group. This would happen for a simple reason: the land can’t keep feeding exponentially increasing numbers of people. Malthus held that while population increased geometrically (2, 4, 8, 16…) the amount of food that could be obtained increased only arithmetically (or linearly: 2, 3, 4, 5…). Much of his Essay is devoted to fleshing out the dire consequences of this mismatch: “Population, when unchecked, increases in a geometrical ratio. Subsistence increases only in an arithmetical ratio. A slight acquaintance with numbers will shew the immensity of the first power in comparison of the second.… This implies a strong and constantly operating check on population from the difficulty of subsistence. This difficulty must fall somewhere and must necessarily be severely felt by a large portion of mankind.”II

Limits to Growth

Is this what actually happened? Thanks to a large body of fascinating research, we now know the answer to this question. Over the past forty years economic historians, led by the pioneering work of Angus Maddison, have pieced together lines of evidence spanning many centuries about peoples’ standards of living—their ability to acquire the things they wanted and needed.

Living standards are often expressed in terms of real wages or incomes.III Even though the currencies used within countries have changed over time, and even though medieval peasants often weren’t paid with money in anything like the modern sense of these words, the notions of wages and incomes are valuable because they let us examine affluence and poverty in a consistent way. Another stream of research has given us a clear picture of historical demographics—how big populations were, and how they fluctuated.

The economic historian Gregory Clark put these two types of evidence together and provided my favorite view of what life was like in England over six centuries prior to the publication of Malthus’s Essay. It’s not a pretty picture.

Clark’s graph, reproduced on the next page, puts England’s population on the horizontal axis and a measure of personal prosperity on the vertical axis.IV It has one data point for each decade between 1200 and 1800 and connects these data points with a line (I’ve alternated the shading and marked the start of each century to make it easier to follow the line).

If this line moved steadily up and to the right, it would mean that as the centuries passed England’s population became both larger and more prosperous. But this is not at all what happened. Instead, for hundreds of years after 1200 the line moved back and forth in an arc between the upper left and lower right of the graph—between, in other words, a state of low population and relatively high prosperity and the opposite: a state of large population but low affluence. (Data sources for all of this book’s graphs are given in the endnotes, and the data themselves are available at morefromlessbook.com/data.)


Population and Prosperity in England, 1200–1800
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For hundreds of years after 1200 England’s population oscillated just as described by Malthus. The country’s population shrank and expanded by a factor of three until about 1700, mainly ranging between 2 million and 6 million people. They were relatively prosperous only when there were relatively few of them. There was essentially an upper limit on the amount of resources, primarily food, that humans could extract from the land. When population bumped up against this limit, the cruel correcting mechanisms of privation brought it back down.

The trade-off between population and prosperity eased a bit in the eighteenth century, most likely due to improved agricultural practices, but didn’t change the grim overall picture. The average Briton, for example, was worse off throughout the 1700s than in 1200. Clark summarized, “As we go over 600 years from 1200 to 1800 we see confirmation of one of the basic tenets of the Malthusian model of pre-industrial society.”

Researchers have also found Malthusian vibrations in the populations of Sweden, Italy, and other European countries over the same period. The transition of most human societies away from hunter-gatherer or nomadic lifestyles and toward settled agriculture—the so-called Neolithic revolution—did not free them from famines and starvation.V The basic math of “mouths to feed” versus “resources available” remained harsh and unforgiving and caused populations to oscillate. When they got too big for the land, resource scarcity drove them back down.

Us Against the World

Between the time we Homo sapiens left our African cradle over one hundred thousand years ago and the dawn of the Industrial Era in the late eighteenth century, we lived in a Malthusian world. We covered the planet, yet didn’t conquer it.

Humans spread to every continent except permanently frozen Antarctica and adapted to virtually all of our planet’s terrains and climates. We were ceaselessly busy and clever. We domesticated animals and plants, altering their genes via breeding programs so that they suited us better. We built great cities; the sixteenth-century Aztec city of Tenochtitlán (located at the site of modern Mexico City) spread out over five square miles, and London’s population exceeded half a million by the end of the seventeenth century. We also invented a huge range of technologies that let us shape our environment, from irrigation and the plow to cement and gunpowder.

But there were never very many of us. Ten thousand years ago, about 5 million people were on the planet. As we moved into new regions and improved our technologies, that number increased along a steady but shallow exponential curve, reaching almost 190 million people by the time of Christ. Agriculture allowed higher population densities, so as farming spread, human population growth accelerated in the Common Era.

By the year 1800, just about a billion of us were on the planet. That sounds like a big number, but when compared to the inhabitable areaVI of the earth, it starts to look small. If all the world’s people were spread out evenly around the planet’s inhabitable land in 1800, everyone would have had almost sixteen acres—an area about as large as nine World Cup soccer fields—to himself or herself. We would not have been able to hear each other, even by shouting.

Part of the reason population grew so slowly throughout all this time was that we didn’t live long. According to demographer James Riley, “Global life expectancy at birth was about 28.5 years in 1800,” and no region of the world at that time had a life expectancy as high as thirty-five years. In addition to not growing old, we also didn’t grow rich. Angus Maddison notes, “The advance in per-capita income was a slow crawl—the world average increased only by half over a period of eight centuries [beginning in 1000]” and usually even more slowly before that.

In short, we lived in Malthus’s world during just about all of our history as modern humans. The most basic task for any group of people is to get enough food and other resources from the environment to permit survival. But nature is stingy and does not give up its bounty easily. Over thousands of years it is remarkable how little progress we made at taking more from the planet—enough more to make a meaningful difference in how big or prosperous human groups could be. We are tenacious creatures and we strove mightily, but it would be far too big a stretch to say we conquered nature prior to the end of the eighteenth century. Instead, it held us in check.

I. The natural sciences have a pretty good consensus about such words. Every biologist, for example, hears creationist the same way. The social sciences are more fractious. Socialist and capitalist—two terms we’ll revisit later—are widely used both as insults and proud self-descriptions.

II. Malthus didn’t explain in detail why sustenance couldn’t grow exponentially, as human population could. He just posited, “The most enthusiastic speculator cannot suppose a greater increase than [arithmetic]” for producing food.

III. In this context, real means “after taking inflation into account.”

IV. Clark used as his measure of prosperity English craftsmen’s wages because they’re a good indicator of the overall health of the economy, and because high-quality data about them are available going back centuries.

V. Skeletons reveal that the first generations of farmers were noticeably shorter and less well nourished than their hunter-gatherer ancestors. It took a surprisingly long time for settled agriculture to yield healthier people than older lifestyles did.

VI. The human-inhabitable areas of the earth exclude mountains, deserts, and Antarctica.






CHAPTER 2 Power over the Earth: The Industrial Era



If we are to bring the broad masses of the people in every land to the table of abundance, it can only be by the tireless improvement of all our means of technical production.

—Winston Churchill, MIT Mid-Century Convocation, 1949



If Malthus was right about population oscillations and all the other ways that nature had limited the size of human communities throughout most of our time on this planet, then why is his name now widely used as a pejorative? Because the Industrial Revolution changed everything. In particular, a machine unveiled twenty-two years before Malthus published his Essay assured that the widespread famine he predicted would rank among the worst predictions anyone has ever made.

The Most Powerful Idea in the World

In March of the earthshaking year 1776I the inventor and investor team of James Watt and Matthew Boulton demonstrated their new steam engine at the Bloomfield coal mine outside Birmingham, England.

The idea of using steam-powered machines to pump out flooded English coal mines was not new; an engine developed by Englishman Thomas Newcomen had been used for that purpose for decades. In fact, it was used for little else because the Newcomen engine was so coal hungry that it was economical to use only where its fuel was most cheap and abundant, which was right at the mouths of mines. The engine Watt debuted at Bloomfield, which combined his eureka insights with years of dogged work, provided more than twice as much useful energy per bushel of coal as Newcomen’s. Watt, Boulton, and others soon realized that the new engine’s greater efficiency and power made it suitable for many, many other uses.

For all of human history to that point, the only power sources we could draw on were muscles (ours and those of the animals we domesticated), wind, and falling water. The Watt steam engine and its descendants added to that list a set of machines that drew on fossil fuels such as coal and profoundly changed our relationship with our planet. The new power-generating machines didn’t create the Industrial Revolution entirely on their own—this also required many other kinds of innovations including joint-stock companies, patents and other types of intellectual property, and the diffusion throughout society of scientific and technical knowledge that had previously largely been reserved for elites—but without them there would have been nothing that merited the term revolution. The title of William Rosen’s book about the history of steam power is apt; it was The Most Powerful Idea in the World.


From Steam to Soil

How exactly was steam powerful enough to end Malthusian oscillations? How does an engine that can extract large amounts of chemical energy from coal and convert it to mechanical energy (to, for example, turn a wheel or lift a weight) end the cycles of population growth and decline that had plagued us throughout history? A first guess might be that steam-powered tractors made farms much more productive, but this is not what happened. A few such tractors were produced in the latter half of the nineteenth century, but they were too unreliable and too heavy to be practical. They got bogged down in mud, and farms are muddy places. Steam changed the course of humanity not by helping to plow farms, but instead by helping to fertilize them.

Farmers have known for millennia that many minerals are effective fertilizers. The discovery early in the nineteenth century of huge deposits of sodium nitrate in Chile’s Atacama Desert was exciting news for English agriculturalists and the entrepreneurs who wanted to supply them, since that salt is a key ingredient for many fertilizers. Exciting, too, were the huge quantities of bird droppings, called guano, found on islands off the South American coast where seabirds had been congregating for centuries.

In 1838 William Wheelwright founded a company that sent cargo ships back and forth between England and the west coast of South America. Instead of using wind-powered sailing ships, however, he used steamships. These were a relatively recent development—the first transatlantic trip completed largely under steam power had taken place only fifteen years earlier—but were already transforming how people and goods moved over the world’s waters. The first two ships of Wheelwright’s Pacific Steam Navigation Company, dubbed the Chile and the Peru, entered service in 1840. Soon many more Industrial Era ships were carrying English coal to South America, and coming back full of minerals that would make English farms more productive.

The bones of slaughtered animals also yielded good fertilizer, as did coprolite, fossilized animal dung, discovered in huge deposits in Southeast England in the 1840s. For all of these materials, steam was essential at every stage of the transformation into fertilizer. The materials all had to be transported; over time, this was increasingly done by steamships and trains. The large-scale chemical reactions that converted minerals into fertilizers required a great deal of energy. Coal supplied this energy, and the mines that supplied this coal were kept free of water and ventilated by steam-driven equipment. The furnaces in chemical factories benefitted from a forced stream of combustion-supporting air, and the bellows supplying this stream were powered by steam. Steam trains then carried fertilizer from the factories to agricultural regions. Via fertilizer, in short, soil and steam became inextricably linked during the nineteenth century.

Farms that made use of Industrial Era fertilizers produced more food and so could feed more people. This phenomenon was not confined to England. Britain was the birthplace of the Industrial Revolution, but not its sole beneficiary. Steamships, trains, mass-produced fertilizer, and many other industrial novelties spread quickly because they were so much better than what was available before.

The rapid spread of powerful technologies heightened a long-standing tension caused by the fact that some regions of the European mainland were able to produce crops more cheaply than England. This did not sit well with the country’s land-owning nobility, who were politically powerful enough to do something about it. Starting in 1815, they enacted a set of measures known as the Corn Laws, which restricted the sale of imported grain.

Most other groups in the country hated the Corn Laws since they made food more expensive. After extensive battles in Parliament, the Corn Laws were repealed in 1846.II Free trade exposed the weaknesses in English agriculture. By 1870 the total amount of cropland in the country had begun to shrink as uncompetitive farms went fallow.

Gains, Germs, and Meals

Luckily for the British, free trade also exposed the superiority of their manufacturing and mining industries. England became a powerhouse in global trade, and its economy grew and diversified rapidly.III By 1750 the country was producing about 8 percent of Europe’s iron; a little more than a century later it was making almost 60 percent. In the middle of the nineteenth century, Britain, with less than 2 percent of the world’s population, was responsible for half of all global cotton textile production and more than 65 percent of all coal mining. The country had no steam locomotives in commercial operation before 1825, but by 1850 steam railways covered six thousand miles. The number of patents issued rose twentyfold in the century leading up to 1850.

The new class of English inventors and entrepreneurs—people such as Watt and Boulton—did fantastically well for themselves as the Industrial Era progressed. But what about the rest of the British people? How did they fare? One way to answer this question is to extend Gregory Clark’s graph of total population versus real wages. As we saw in the previous chapter, this graph showed clear evidence over centuries up to 1800 of the privation-caused oscillations in total population described by Malthus. So what happened after 1800?

Something completely different. So different that we have to greatly expand the graph along both axes—total population and average wage—to see all the data, which takes off along a trajectory never before seen. The line connecting population and average prosperity (wages, in other words) zooms off upward and to the right at the start of the nineteenth century and rarely again changes course. England’s Malthusian oscillations and vibrations fade into a small corner of the past.


Population and Prosperity in England, 1200–2000
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Among economic historians who study the effects of the Industrial Revolution a debate exists about exactly when the average English worker’s real wages started to increase. Some, such as Clark, conclude from their research that this happened right at the start of the nineteenth century. Others believe that it happened decades later, only after workers’ bargaining power over their employers increased. These decades have been called the Engels Pause, after Friedrich Engels, a German philosopher (and son of a Manchester textile-mill owner) who believed that English laborers were suffering greatly under Industrial Era capitalism. Engels wrote The Condition of the Working Class in England in 1845 and coauthored The Communist Manifesto with Karl Marx in 1848.

However real and long the Engels Pause was, it was ending by the time The Communist Manifesto was published. And when Marx wrote in 1867’s Das Kapital that “as capital accumulates, the situation of the worker, be his payment high or low, must grow worse,” events were showing just how durably wrong that statement was.IV Capital was accumulating and economies were growing as never before in human history, but instead of growing worse, workers’ situations were also improving as never before.V

Self-Healing Cities

But incomes don’t tell the whole story. The quality of a person’s life is determined by much more than his or her purchasing power, as important as that is. We all care about our health, and the common view is that the early decades of the Industrial Revolution were bad for it. The narrative most of us have heard is that industrialization turned England’s towns and cities into densely populated cesspools of disease and misery.

That narrative is pretty accurate about the situation, but not about its causes. Urban environments were much less healthy than rural ones well before the Industrial Revolution started. England’s cities and towns had dense populations, poor sanitation, and many unhealthy practices long before they were dotted with steam-powered factories. Available evidence suggests that cities in many ways became more healthy, not less, as the Industrial Era advanced. This is because while cities lend themselves to the spread of many diseases, they also lend themselves to epidemiology—the study of disease—and to effective interventions.

My favorite illustration of this is London’s fight against cholera, a terrible bacterial disease that spreads when the diarrhea of its victims contaminates drinking water. After this illness reached London in 1832 from its home in the Ganges River delta two major outbreaks killed more than fifteen thousand people. “King Cholera” caused great fear in part because its roots were unknown. The idea that many diseases were caused by microorganisms was not yet widely accepted; most scientists, like the public, believed that illnesses were spread instead by miasmas, or “bad airs,” from rotting vegetables and corpses.

A third cholera outbreak, in 1854, killed more than five hundred people in the Soho neighborhood within two weeks and threatened to sow panic throughout the city. It was stopped only when the physician John Snow plotted all London cholera cases on a map; they were tightly clustered around the public water pump on Broad Street, the water of which had become contaminated. Snow persuaded the authorities to close this pump, stopping the outbreak. Citywide plumbing that brought clean water and took away sewage, combined with Louis Pasteur’s convincing demonstrations that germs caused diseases such as cholera, ensured that this was London’s last brush with King Cholera.

Cholera outbreaks hint at an important fact: something like an Engels Pause occurred in aspects of health at the start of the Industrial Era. Improvements were not immediate. Urban infant mortality, for example, increased for several decades after 1800 before beginning to fall late in the nineteenth century.VI As we’ll see in the next chapter, this was due in part to pollution. The air in cities was foul enough to end young lives and stunt growth. But things got much better. By 1970 the English were among the world’s tallest people.

Yes! We Have Some Bananas

Some of the most striking changes brought to the lives of non-elite people by the Industrial Era were improvements to their nutrition and diets. Again, these improvements were widely felt only after a pause after the start of the Industrial Revolution. A Plain Cookery Book for the Working Classes, published in 1852 by Charles Elmé Francatelli (Queen Victoria’s former chief cook), contains recipes that combine bland ingredients and remorseless thrift. Breakfast was boiled milk with a spoonful of flour and a dash of salt added, perhaps combined with bread or a potato. After boiling greens or beans, the leftover “pot liquor” was to be combined with oatmeal. Francatelli wished good fortune upon his readers: “I hope that at some odd times you may afford yourself an old hen or cock.”

Eventually, they could afford them. In 1935, the English social reformer B. Seebohm Rowntree found the working classes in York were eating much the same diets as their employers, a huge change from what he had found during a similar 1899 survey. Even during the depths of the Depression, Rowntree observed that poor families could afford roast beef and fish each once a week, and sausages or other animal protein two more times.

By that time these families were probably also eating bananas, a previously unimaginable luxury. Because bananas grow far from England and spoil relatively quickly after being picked, they were close to unknown in the country well into the Industrial Era. Charles Dickens’s A Christmas Carol, published in 1843, mentions apples, pears, oranges, and lemons as seasonal treats, but not bananas. Refrigerated steamships eventually shrank the time and distance between tropical plantations and northern Europe. In 1898 more than 650,000 bunches of bananas, each bearing as many as a hundred pieces of fruit, were exported from the Canary Islands.

So how big, overall, were the changes brought by the Industrial Revolution? An evidence-based answer comes from historian Ian Morris, who has constructed a numeric index that quantifies the level of social development in a civilization. Morris’s index is calculated from four traits: per-person energy capture, information technology, war-making capacity, and organization.

It shows a startling change. As Morris puts it, “In 1776, WesternVII social development had clawed its way up just forty-five points since Ice Age hunter-gatherers had prowled the tundra in search of a meal; within the next hundred years it soared another hundred points. The transformation beggared belief. It turned the world inside out.”


Western Social Development, 2000 BCE–1900 CE
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The Electrifying, Combustible Second Century

Yet the transformations of the next hundred years were even bigger. In the West, after climbing 120 points in the century preceding 1900 to reach a level of 170 points, Morris’s social development index then climbed another 736 points by 2000.VIII


Western and Eastern Social Development, 2000 BCE–2000 CE
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These huge gains were achieved in large part by adding three more world-altering technologies to the mix: the internal combustion engine, electrical power, and indoor plumbing. The first two expanded on what steam gave us: the ability to generate and effectively wield massive amounts of power. The third expanded on London’s triumph over cholera and let us live longer and healthier lives, especially in the densely populated cities that became ever more common around the world.

More Power to the People: Internal Combustion and Electricity

Steamships bore the great weight of their engines and coal fuel by floating on water, and locomotives by traveling on railroads designed to support heavy loads. Outside of these uses, though, steam power wasn’t mobile. The German gunsmith Gottlieb Daimler worked on early internal combustion engines and saw that these novelties might be well suited for transportation. Not only were the engines relatively light but they also burned energy-rich fuels such as gasoline. In 1885, Daimler and his colleague Wilhelm Maybach demonstrated their Petroleum Reitwagen, a clunky motorcycle-like machine that was the world’s first vehicle powered by internal combustion. There would be many more of them, more than a few built by the company that became Daimler-Benz, the home of Mercedes.

Electric power started small, got big, then shrank again. In 1837 the Vermont blacksmith and tinkerer Thomas Davenport received a US patent for an “Improvement in Propelling Machinery by Magnetism and Electro-Magnetism.” We now call such devices for propelling machinery motors. Unfortunately for Davenport, the batteries of his time were too primitive to supply the electrical energy his device needed, and power lines, utilities, and the grid did not yet exist. Davenport was apparently bankrupt when he died in 1851.

About half a century after Davenport’s patent was granted, Thomas Edison, Nikola Tesla, and others made use of an electric motor running in reverse—it could be used to convert mechanical energy (from falling water or expanding steam) into electrical energy. When used in this way, a motor becomes a generator. The electricity could then be conducted over wires to one or more distant motors.

This sounds inefficient, but it wasn’t. An 1891 comparison of steam and electric power for factories concluded, “We must look upon electricity as an enormously powerful and convenient means of transferring power from one point to another with the greatest simplicity and very small losses.” From that point on the electrification of industry was unstoppable.

At first, factories electrified by simply replacing their single big steam engine with a single big electric motor. The new power source, just like the old one, was connected to all the machines in the plant by an elaborate and failure-prone (and often unsafe) system of shafts, pulleys, and belts. The belts were often made of leather, and factories needed so many of them that in 1850 leather manufacturing was America’s fifth-largest industry.

People who were able to think differently about factories realized that electricity could cut through this rat’s nest of twisting and turning equipment. They started using smaller motors to power smaller groups of machines, instead of an entire factory full of them. As the twentieth century progressed, they eventually went all the way and put motors on every individual piece of gear that needed power, an idea that had seemed ludicrous to most industry insiders in 1900.

Electricity affected more than just manufacturing. It lit homes, sidewalks, and streets; saved labor by powering vacuum cleaners, washing machines, dishwashers, and dryers; kept food fresh via refrigeration; allowed cities to grow vertically by powering skyscrapers’ elevators; and enabled countless other transformations. And internal combustion’s impact certainly didn’t stop at motorcycles. Engines that converted petroleum products into mechanical energy were quickly deployed in everything from cars to airplanes to ships to tractors to chain saws.

Growing with the Flow: Indoor Plumbing

To some, indoor plumbing might not seem a profound enough innovation to stand alongside electricity and internal combustion. A flush toilet and water on demand out of a tap are certainly convenient, but are they fundamentally important to the story of twentieth-century growth? They absolutely are. Health researchers David Cutler and Grant Miller estimate that the availability of clean water explains fully half of the total decline in the overall US mortality rate between 1900 and 1936, and 75 percent of the decline in infant mortality. Historian Harvey Green calls the technologies of widespread clean water “likely the most important public health intervention of the twentieth century.”

Plumbing was critical in the countryside as well as in the city. Before it came along, domestic work on farms could literally be close to backbreaking. Bringing enough water to run a household from a remote well each day was a staggering amount of work that often fell to women and children, since men typically worked outside the home all day. For example, in Texas’s Hill Country the typical well was located so far from the house that bringing water required more than five hundred hours of labor and 1,750 miles of walking each year.IX

Electricity and indoor plumbing eliminated this constant toil. In the 1930s a Tennessee farmer summarized the immense value of the technologies of the second century of the Industrial Era: “The greatest thing on earth is to have the love of God in your heart, and the next greatest thing is to have electricity in your house.”

The transformations experienced during the first century of the Industrial Era—from the 1770s to 1870s—turned the world inside out. Lines on a graph of humanity’s progress, whether measured by economic growth, population, or social development, were close to horizontalX over the millennia prior to the late eighteenth century. After that, they took off like a rocket leaving the launchpad.

The stunning fact about the second century of the Industrial Era is that the rocket kept right on ascending. It seems incredible that the progress kicked off by the Promethean steam engine and its kin could have been sustained, but electricity, internal combustion, and plumbing were more than up to the task.

Feed the World

In particular, they were up to the task of continuing to feed exponentially increasing numbers of people. Once again, innovations in fertilizer were critical in accomplishing this. In the first century of the Industrial Era the fertilizers essential for feeding more and more people came from the land. But in 1898 the chemist William Crookes, who was then the head of the British Association for the Advancement of Science, warned that the “bread eaters of the world,” in their ever-increasing numbers, would soon exhaust South American supplies of guano and nitrates. Crookes predicted a global “general scarcity” of wheat unless science and technology came to the rescue.

They did, thanks to a pair of German chemists who allowed us to “win bread from air,” as the physicist Max von Laue put it. They did this by fixing nitrogen, thereby fixing a huge problem.

We humans focus our attention on oxygen because going without it for even a short time is so unpleasant for us, but nitrogen is the most important element for life on Earth. It’s necessary for fundamental things such as proteins, DNA, and chlorophyll. It’s also abundant in the atmosphere, making up almost 80 percent of each breath we take. However, atmospheric nitrogen isn’t much use to most life on the planet because it’s chemically inert; it doesn’t want to bond with other atoms. So it must be “fixed” to elements such as hydrogen before it can become fertilizer to help plants grow.

By the early twentieth century chemists had demonstrated that they could fix atmospheric nitrogen and create ammonia (which is one atom of nitrogen and three of hydrogen; it’s poisonous to us, yet makes great fertilizer for plants). But these laboratory demos were far too small and expensive to be of practical use. Fritz Haber applied himself to the challenge of scaling them up.

Haber’s work got a big boost when he started working with BASF, then the world’s largest chemical company. In 1909, an experimental model less than three feet tall turned out liquid ammonia for five hours straight. Another boost came when BASF assigned Carl Bosch to help accelerate Haber’s work.

Less than five years after the demonstration, a BASF factory was producing fertilizer at scale. Haber won a Nobel Prize in chemistry in 1918 for synthesizing ammonia. Bosch and his colleague Friedrich Bergius won theirs in 1931 for “chemical high pressure methods.” Today, the Haber-Bosch process for producing fertilizer is so fundamental to human enterprise that, according to the energy analyst and author Ramez Naam, it uses about 1 percent of the world’s industrial energy.

Is that energy well spent? Absolutely. Vaclav Smil, a prodigious scholar of humanity’s relationship with our planet, estimates that “the prevailing diets of 45 percent of the world’s population” depend on the Haber-Bosch process. Author Charles Mann writes, “More than three billion men, women, and children—an incomprehensively vast cloud of dreams, fears, and explorations—owe their existence to two early-twentieth-century German chemists.”

Abundant energy gave us modern fertilizers, and these fertilizers gave us freedom from the severe, deprivation-induced Malthusian population oscillations that plagued societies before the Industrial Era. To maintain this freedom we also needed other breakthroughs, such as the Green Revolution, kicked off by the American agronomist Norman Borlaug. Borlaug’s methods combined back-bending toil in fields with painstaking work at the laboratory bench to develop new varieties of crops. His work with wheat in Mexico showed what was possible and inspired similar breakthroughs, most notably at the International Rice Research Institute in the Philippines. He was awarded the Nobel Peace Prize in 1970.

Masters of Our Domain

The breakthroughs of the Industrial Era—technological, scientific, institutional, and intellectual—created a virtuous cycle of increasing human population and prosperity. It took over two hundred thousand years for the global population of Homo sapiens to hit 1 billion. It only took 125 years to add the next billion, a milestone that was reached in 1928. And the timescales kept getting shorter. Subsequent billions were added in thirty-one, fifteen, twelve, and eleven years.

Thanks to better nutrition and health, all these people kept living longer; global life expectancy more than doubled from less than twenty-nine years in 1770 to sixty years two centuries later. Around the world humans also became wealthier and enjoyed a higher standard of living. In the century leading up to 1970, for example, real GDP per capita increased by 500 percent or more in Western Europe and in Latin America, 400 percent in the Middle East and North Africa, and 250 percent in East Asia.

It’s not correct to say that the advances of the Industrial Era have allowed us humans to entirely master our planet. We still can’t direct the weather or control lightning, hurricanes, volcanoes, earthquakes, or tidal waves. Our planet’s crust weighs 4.7 trillion times more than all of us put together and is composed of tectonic plates that are going to shift no matter what we do about it. So we are not its boss. But we are no longer at the Malthusian mercy of the environment as we try to scratch a living from the ground.

In fact, we have reversed the situation. We are now imposing ourselves on nature, instead of the other way around. Perhaps the clearest way to see this reversal is to look at changes in the biomass—the total worldwide weight—of mammals. As recently as the time of Christ all of us humans together probably weighed only about two-thirds as much as all the bison in North America, and less than one-eighth as much as all the elephants in Africa.

But in the Industrial Era our population exploded and, as we’ll see, we killed bison and elephants at industrial scale and in nightmarish numbers. The balance shifted greatly as a result. At present, we humans weigh more than 350 times as much as all bison and elephants put together. We weigh over ten times more than all the earth’s wild mammals combined. And if we add in all the mammals we’ve domesticated—cattle, sheep, pigs, horses, and so on—the comparison becomes truly ridiculous: we and our tamed animals now represent 97 percent of the earth’s mammalian biomass.

This comparison illustrates a fundamental point: instead of being limited by the environment, we learned to shape it to our own ends during the Industrial Era. And did we do this wisely as well? In many ways and many places we did not.

I. Also in 1776 the American Declaration of Independence was signed and the Scottish economist Adam Smith published his landmark The Wealth of Nations (a book we’ll come back to later).

II. The battles over the Corn Laws led the politician James Wilson, who was in favor of free trade, to found The Economist. It’s still published today and is one of my favorite magazines (even though it calls itself a newspaper).

III. It would have made sense for England to concentrate on manufacturing even if it were more productive than mainland Europe at both farming and manufacturing. “Comparative advantage” is the counterintuitive idea that even if country A is more efficient at producing both of two products than country B, the best thing is for it to produce only one of those products—the one where its comparative advantage in efficiency is bigger—and trade for the other one with country B. This arrangement is in the self-interest of both countries and leaves them both better off. Comparative advantage was first described by the English political economist David Ricardo in 1817. The Nobel Prize–winning economist Paul Samuelson tells the story that he was once asked by the mathematician Stanislaw Ulam to “name me one proposition in all of the social sciences which is both true and non-trivial.” Samuelson’s answer, which he only thought of years later, was comparative advantage. As he wrote, “That it is logically true need not be argued before a mathematician; that it is not trivial is attested by the thousands of important and intelligent men who have never been able to grasp the doctrine for themselves or to believe it after it was explained to them.”

IV. I had a vague memory that Marx also wrote about “the machinery of capitalism being oiled with the blood of the workers.” When I tracked down that quote, though, I learned that it comes from Homer Simpson.

V. Marx thought workers’ situations would be bad even if they had high wages because the prices they would have to pay for things would be even higher. He thought, in other words, that their real wages would not increase. As Clark’s graph shows, this was not at all what happened.

VI. In the nineteenth century, both the cities and the countryside in England were shockingly unhealthy. Infant mortality, for example, ranged from around 100 to 200 deaths per 1,000 births. In 2016, the United Kingdom had 3.8 infant deaths per 1,000 births.

VII. Morris defines East and West as the societies that developed out of the easternmost and westernmost cores of domestication in Eurasia near the end of the last Ice Age.

VIII. The East, starting from a lower level, gained over 2,300 percent over the same period.

IX. President Lyndon Johnson’s programs brought electrified plumbing to the Hill Country, where he had grown up. His biographer Robert Caro traveled there for his research. He wrote, “An interviewer from the city is struck by the fact that Hill Country women of the older generation are noticeably stooped, much more so than city women of the same age.… More than once, and more than twice, a stooped and bent Hill Country farm wife says, ‘You see how round-shouldered I am? Well, that’s from hauling the water.… My back got bent from hauling the water, and it got bent when I was still young.’ ”

X. Except for some Malthusian oscillations.






CHAPTER 3 Industrial Errors



Perhaps you think the Creator sent you here to dispose of us as you see fit. If I thought you were sent by the Creator, I might be induced to think you had a right to dispose of me. Do not misunderstand me, but understand fully with reference to my affection for the land. I never said the land was mine to do with as I choose. The one who has a right to dispose of it is the one who has created it.

—Hinmaton-Yalaktit (known as Chief Joseph), in a speech to US government representatives, 1876



Not all of the Industrial Era’s transformations were for the better. Everyone who has spent time studying the period has probably compiled at least an informal list of its missteps, crimes, and moral failures. Prominent on many of these lists are slavery, child labor, colonialism, pollution, and the devastation of several species of animal.

Spending some time on these issues is important for two reasons. First, honesty demands that we do. It’s simply wrong to portray the Industrial Era as great for everyone, or for the environment. The previous chapter was accurate about the huge gains that took place, but it was also incomplete. We need to also discuss the dark side of this unprecedented chapter in human history.

Second, the mistakes and failures of the Industrial Era led to a set of ideas that are still very much with us today. The heart of these ideas is the notion that we humans don’t take adequate care of one another, or of the planet we live on. We use extraordinarily powerful tools such as the steam engine and electricity to dominate other peoples, and to plunder and befoul the earth.

As we’ll see in this chapter, the history of the Industrial Era provides plenty of justification for this point of view. The interesting question is whether that viewpoint is still justified. We’ll get to that question soon. First, let’s look here at the events and actions that caused so many to think that industrialization—that combination of capitalism and technological progress that defined an era—was a terribly negative force.

As we’ve seen, the Industrial Era was such a sharp break from what had come before because we humans became so much better at producing things—at converting inputs into outputs. One way to look at the moral failures of this era is to see that they’re perversions of the desire to produce more. The great mistakes we made were to force people to become part of the machinery of production (slavery and child labor), to take their land and resources and use them as inputs (colonialism), to use animals as inputs so wantonly that we wiped them out or nearly did, and to pay too little attention to the terrible pollution generated as a side effect of industrial production.

When we look at this era’s great mistakes this way, an interesting pattern emerges. As industrialized countries advanced and became more prosperous, they first started treating humans better. They stopped enslaving people or making children work and eventually gave up claims to foreigners’ lands. Better treatment of animals was slower to come and in some cases arrived too late to save a species. And better treatment of our planet came last of all. We kept heedlessly plundering and polluting it for almost two centuries after the Industrial Revolution started.

Let’s look more closely at how this pattern of mistakes and corrections unfolded.


People as Property

It has been acceptable in many societies throughout history for people to own other people, especially if they come from a different ethnic group, religion, or tribe. The cognitive scientist Steven Pinker writes that sentiment toward slavery began to change in the late 1700s with the rise of humanism, or the belief that “the universal capacity of a person to suffer and flourish… call[s] on our moral concern.” As Pinker writes in his book Enlightenment Now, “The Enlightenment is sometimes called the Humanitarian Revolution, because it led to the abolition of barbaric practices [such as slavery] that had been commonplace across civilizations for millennia.” This humanitarian revolution has been hugely successful; around the world most people now believe that “if slavery is not wrong, nothing is wrong,” as Abraham Lincoln put it in an 1864 letter.

Revulsion at slavery was so strong and so widespread that the movement to abolish it gained momentum even as the Industrial Era did. This era brought with it a great demand for labor (which was, as we’ll see, sometimes satisfied by children), but many people and governments concluded that to buy, sell, and own humans to meet this demand was unacceptable.

The abolitionist movement in England began in 1787 with a meeting of twelve people in a London bookstore and printing shop. The speed with which it accomplished its goals is, in retrospect, astonishing. In 1807 the Abolition of the Slave Trade Act made it illegal to trade slaves throughout the British Empire. On August 1, 1838, it also became illegal to own them, and approximately eight hundred thousand people throughout the world gained their freedom. In Jamaica, the end of slavery was commemorated by the burial of a casket containing a whip and chains.

Most other European and Latin American countries abolished slavery around the same time as Great Britain. The United States took longer. The huge cotton industry of the American South was built on the back of slave labor, and plantation owners and their elected representatives were in no hurry to change the situation. It took the American Civil War—still by far the bloodiest in the country’s history—to end slavery. President Lincoln issued the Emancipation Proclamation in 1863 while the war was still raging, and the Thirteenth Amendment to the US Constitution, which stated that “neither slavery nor involuntary servitude… shall exist within the United States,” was passed in December 1865.

Suffer the Children

Children have long done useful work in human communities, but the dawn of the Industrial Era brought something new and grotesque: large-scale, grueling child labor in the factories, mills, and mines of rapidly growing economies. Poor families, especially those that had lost an adult breadwinner, were the most likely to send their children to work, and in Britain “parish apprentice” children, usually orphans who were wards of the state, were given no choice.

Many industrialists had no compunction about putting this labor force to work. A 1788 survey in England and Scotland, for example, found that approximately two-thirds of all employees in nearly 150 cotton mills were children. In 1815, a parliamentary commission heard testimony from women who had been working thirteen-hour days from the age of six at jobs strenuous enough to deform their bodies.

Outrage at such practices grew, and a succession of laws in the first half of the nineteenth century raised the ages at which children could be used as industrial laborers. The Factory Act of 1833 forbade employment of children younger than nine and limited the length of the workday for those younger than fourteen; the Mines Act of 1842 kept children younger than ten aboveground. To the modern eye these limits seem entirely inadequate, but they helped change things. By Queen Victoria’s death in 1901, compulsory-schooling laws, public sentiment, and increasing levels of automation and standardization in factories and mills had combined to greatly reduce the importance of child labor in industry.

This Land Is Now My Land

The post-Enlightenment moral outrage that blossomed at the idea of taking people to serve as property apparently didn’t extend to taking their land and its bounty. The Industrial Era’s great appetite for resources was part of the reason that many European countries spread out around the world and claimed ownership, or at least control, over territories that already had inhabitants, societies, and governments.

The United States and most Central and South American countries had gained their independence by the mid-1800s, but other nations lost theirs over the nineteenth century. Much of South and Southeast Asia became colonized, as did many islands in the South Pacific. Europeans also engaged in a “Scramble for Africa”: by the early twentieth century more than 90 percent of the continent had been claimed by France, Britain, Spain, Portugal, Germany, and Italy. King Leopold II of Belgium didn’t even go through the motions of using his country’s government as the instrument of colonization. He instead established himself as the “proprietor” of the Congo Free State, a huge amount of land in the middle of the continent corresponding roughly to the modern Democratic Republic of the Congo.

In 1542 the Spaniard Bartolomé de las Casas, a Dominican friar who was one of the first European settlers in the Americas, wrote an elegant and sad history of colonialism to that point, and an indictment of much future behavior. As he put it in his Short Account of the Destruction of the Indies, “The pretext upon which the Spanish invaded each of these provinces and proceeded to massacre the people and destroy their lands… was purely and simply that they were making good the claim of the Spanish Crown to the territories in question.… Whenever the natives did not drop everything and rush to recognize publicly the truth of the irrational and illogical claims that were made… they were dubbed outlaws and held to be in rebellion against His Majesty.… Everybody involved in the administration of the New World was blind to the simple truth enshrined in the first principles of law and government that nobody who is not a subject of a civil power in the first place can be deemed in law to be in rebellion against that power.”

Some four hundred years later, the Austrian economist Ludwig von Mises elaborated on the colonizers’ worldview. He wrote in 1944, “The most modern pretense for colonial conquest is condensed in the slogan ‘raw materials.’ Hitler and Mussolini tried to justify their plans by pointing out that the natural resources of the earth weren’t fairly distributed. As have-nots they were eager to get their fair share from those nations which had more than they should have had.”

The sun finally set on the colonial era after World War II. The postwar decades saw most countries around the world gain their independence. By 2018 the United Nations recognized only sixteen remaining “non-self-governing territories”: a disputed African region called Western Sahara and fifteen island groups.

Nothing but Gray Skies

The combustion of coal produces smoke, soot, sulfur dioxide, and plenty of other forms of pollution. During the Industrial Era steam-powered factories and mills joined the households that were already burning coal, resulting in bad air and bad health. The author and artist William Blake described “dark Satanic Mills” in an 1804 poem. The image stuck because mills really did contribute to darkened skies.

Because English air-pollution levels weren’t monitored before the twentieth century, it’s hard to directly measure the effects of pollution earlier in the Industrial Era. Modern researchers, however, have developed clever ways to estimate these effects. And they are large. Economists Brian Beach and W. Walker Hanlon used the amount of industrial activity throughout the country as a proxy for the amount of coal burned and found that a 1 percent increase in the amount of coal used was associated with the death of one additional infant per one hundred births. As they write, “Industrial coal use explains roughly one-third of the urban mortality penalty observed during [the] period [1851–60].” Among British men born in the 1890s, those from most coal-intensive parts of the country were, on average, nearly an inch shorter as adults than those who grew up with the cleanest air. This gap was twice as large as that between children of white-collar and working-class families.

We kept on polluting in the twentieth century, to the point that the harms it caused became immediate and unignorable. In 1948 the fourteen-thousand-person town of Donora, Pennsylvania, was home to steel and zinc plants, both of which burned local coal that was full of pollutants. In late October of that year a layer of dense air settled over Donora and didn’t move for several days. This “atmospheric inversion” acted as a lid; underneath it, locally generated pollution stayed close to the ground and kept accumulating.

The resulting haze became so thick that car headlights couldn’t cut through it even in daylight, and driving was dangerous. Breathing was far more unsafe. Twenty people died before the weather changed and eliminated the pollution, and thousands more suffered acute symptoms. The lives of many survivors were certainly shortened and made more miserable by the pollution they inhaled during the episode.

The episode was extreme, but not isolated. As the Industrial Era progressed, people noticed that industrial towns and car-filled cities were experiencing a new kind of weather: periods of reduced visibility, itchy eyes, and sore throats. Some originally called it London fog. This term was replaced in the early 1900s by smog, a portmanteau of smoke and fog, which entered our vocabulary as it was entering our bodies.

Unhappy Hunting Grounds

As we increased our use of steam, electricity, and internal combustion, we relied less on the muscle power of animals. But we still ate them and turned their bodies into products. During the Industrial Era a clear distinction emerged: the animals we domesticated increased greatly in number and range, while many of the ones we hunted withered.

If the goal of a species is to become more numerous and propagate its genes across successive generations, then sheep, pigs, cattle, goats, chickens, and the other animals we’ve domesticated have been hugely successful. As we saw in chapter 2, 97 percent of the total mass of the earth’s mammals now consists of us and the animals we raise.I

For many wild animals, on the other hand, the numerical and technological success of Homo sapiens during the Industrial Era posed a grave risk, and sometimes a terminal one. The most famous of all animal extinctions caused by humans is probably that of the passenger pigeon. It shocked Americans early in the twentieth century because it showed that huge numbers were no guarantee of survival.

The passenger pigeon once flew over the United States in enormous numbers—in 1813 the naturalist John James Audubon witnessed a flock, dense enough to blot out the noonday sun, that took three days to pass overhead—but the pigeons were wiped out by deforestation and large-scale hunting beginning in the second half of the nineteenth century.

America’s rapidly growing population was hungry for cheap protein, and electricity and steam helped supply passenger pigeons to meet this demand. The country’s telegraph system communicated where huge flocks of the birds had landed, and trains full of hunters headed to these destinations. They killed as many pigeons as they could not only to feed their own families but also to send back by rail to urban markets.

The hunts ended the endless flocks. By 1900, only a single wild passenger pigeon was spotted in Ohio. The last one of all, a female named Martha, died in a Cincinnati zoo in 1914.

We relentlessly pursued animals not only for food but also for adornment. The sea otters of North America’s west coast had been hunted for their luxurious peltsII since the late eighteenth century, primarily by Russian and American boats. By 1885 otter populations had been reduced so much that the total number of pelts available for sale on the London fur market was in steep decline. In 1911 only thirteen groups of the animals were estimated to remain from Mexico to Asia’s Kamchatka Peninsula.

Many other animals with desirable fur or flesh were also hunted to the brink. As the journalist Jim Sterba recounts in his book Nature Wars, “By 1894, New York’s Adirondack Mountains, the largest wild forested landscape in the eastern United States, was down to a single colony of five beavers.” Sterba documents that much the same happened with wild turkey, geese, white-tailed deer, and black bear. All these animals had large North American populations at the start of the Industrial Era. All were nearly wiped out.

The Massacre on the Plains

No animals better represent the voracious, nearly all-consuming appetite of the Industrial Era better than the North American bison and the whale. In 1800, an estimated 30 million bisonIII populated the Great Plains, coming together in huge herds to mate during the summer, then breaking into small bands to forage throughout the winter. Within a century, the total population had been reduced to something like a thousand animals.
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