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Introduction


We live on a Goldilocks planet. It has water, an oxygen-rich atmosphere, and an ozone layer that protects life from damaging ultraviolet rays. It is neither too cold nor too hot, seemingly just right for life. Despite our ongoing search—which, with the recent advent of the James Webb telescope, now extends out nearly fourteen billion light years—we have thus far found no other planet in the universe with such benevolent conditions. It’s almost as if this planet, Earth, was custom made for us. And yet it wasn’t.


For the vast majority of its 4.54 billion years, Earth has proven it can manage just fine without human beings. The first hominids—proto-humans—emerged a little more than two million years ago. Only during the past 200,000 years have modern humans walked the Earth. And human civilizations have existed for only about 6000 or so years, 0.0001 percent of Earth’s history—a fleeting moment in geological time.


What is it that made this fragile yet benevolent moment of ours possible? Ironically, it’s the very same thing that now threatens us: climate change. The asteroid impact sixty-five million years ago that generated a global dust storm chilled the planet, killing off the dinosaurs and paving the way for our ancestors, tiny shrew-sized proto-mammals that scurried about, hiding from their saurian predators. With the dinosaurs no longer around, these critters could now come out from the shadows, fill new niches, and gradually branch out to produce primates, apes, and eventually us. Though such an event would prove devastating for modern human civilization if it happened today, our real and urgent threat is from fossil fuel burning and carbon pollution, and it is warming, not cooling.
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Figure 1. Estimated global temperature changes over the past 24,000 years. The fragile moment is defined by the period from around 6000 years ago to the mid-twentieth century (the “zero” of the time axis).








Climate has shaped and guided us from the start. The drying of the tropics as the planet cooled during the Pleistocene epoch of the past 2.5 million years created a niche for early hominids, who could hunt prey as forests gave way to savannas in the African tropics. Yet drying today threatens drought and wildfire in many regions. The sudden cooling episode in the North Atlantic Ocean 13,000 years ago known as the Younger Dryas, which occurred just as Earth was thawing out of the last ice age, challenged hunter-gatherers, spurring the development of agriculture in the Fertile Crescent. A similar North Atlantic cooling event looms today as Greenland ice melts, freshens the waters of the North Atlantic, and disrupts the northward ocean conveyor current system. It could threaten fish populations and impair our ability to feed a hungry planet. The Little Ice Age of the sixteenth to nineteenth centuries led to famines and pestilence for much of Europe, and contributed to the collapse of the Norse colonies. Yet it was a boon for some, such as the Dutch, who were able to take advantage of stronger winds to shorten their ocean voyages. The Dutch West and East India Companies became the dominant maritime trading companies, holding a near monopoly on European shipping routes to South and North America, Africa, Australia, and New Zealand. They seemingly ruled the world. For a while. Just like the dinosaurs did. For a while.


As we can see, the story of human life on Earth is a complicated one. Climate variability has at times created new niches that humans or their ancestors could potentially exploit, and challenges that caused devastation, then spurred innovation. But the conditions that allowed humans to live on this Earth are incredibly fragile, and there’s a relatively narrow envelope of climate variability within which human civilization remains viable. Today, our massive societal infrastructure supports more than eight billion people, an order of magnitude beyond the natural “carrying capacity” of our planet (the resource limit of what our planet can provide in the absence of human technology). The resilience of this infrastructure depends on conditions remaining the same as those that prevailed during its development.


The concentration of carbon dioxide (CO2) in the atmosphere today is the highest since early hominids first hunted on the African savannas. It is now already outside the range during which our civilization arose. If we continue to burn fossil fuels, it is likely that the planet will warm beyond the limit of our collective adaptive capacity. How close are we to the edge? In the pages that follow, I set out to answer that question.


We’ll look at how we have arrived here, and the incredible gift of a stable climate that the planet gave us along the way so that we, humans, could not just exist but thrive. And we’ll learn how our civilization will be imperiled if we continue on our current path. We’ll delve into the field known as paleoclimatology—the study of prehistoric climates—which offers crucial lessons as we contend with the greatest challenge we’ve faced as a species. You already, no doubt, know that we face a climate crisis. In the following pages, I’ll arm you with the knowledge necessary to fully appreciate the extent of the unfolding threat, while emboldening you to act before it truly does become too late. Only by understanding the climate changes of the past and what they tell us about the circumstances that allowed us to thrive, can we appreciate two seemingly contradictory realities. On the one hand, there is the absolute fragility of this moment in time—driven home on a daily basis by each devastating wildfire and every “once in a century” hurricane or 110°F day, collective signs that we seem to be slipping into the chasm of an unlivable planet. On the other hand, however, the study of Earth’s history betrays some degree of climate resilience. Climate change is a crisis, but a solvable crisis.1


An important point we’ll come back to often throughout this book is this: we must embrace scientific uncertainty. The scientific process builds on itself. New data come to light that help us refine our understanding. Sometimes it changes our previous understanding. Contrarians insist that this uncertainty is a reason for climate inaction, the implication being that we can’t trust it, or we might somehow overreact in a way that, for example, could hurt the economy. But just the opposite is true. Many key climate impacts—the increase in deadly and devastating extreme weather events, the loss of glacial ice, and the resulting inundation of our coasts—have already exceeded the earlier scientific projections. Uncertainty isn’t our friend. It is, however, a very good reason for even greater precaution and more concerted action.


A consequence of this uncertainty, as we’ll see, is that the answers aren’t always cut and dry—this is particularly true as we go back in time and the data become both sparser and fuzzier. Our instinct is to try to come up with simple analogs and definitive conclusions. But science doesn’t work that way, and a complex system like Earth’s climate certainly doesn’t work like that. So we must embrace nuance, too—and indeed it is one of our greatest tools as we seek answers to the key questions about our climate past and our climate future.


Different scientific studies often come to at least modestly different conclusions. It is only by assessing the collective evidence across numerous scientific studies that we reach more firm conclusions and begin to establish scientific consensus. I’ve always loved this story told by Ira Flatow, the amiable host of NPR’s Science Friday, about a fact-finding congressional inquiry into the potential threat posed by supersonic air travel during the early 1970s:


Senator Edmund Muskie (D-ME) was the chairman of the committee assigned to find the answers to these questions. He, in turn, appointed an august committee from the National Academy of Sciences (NAS) to study the issue. Six months later they were to report to the congressional committee. All the newspapers were there and the cameras were rolling.


The committee’s chief scientist said, “Senator, we’re ready to testify,” and Muskie responded, “Okay, tell me what the answer is. Is this going to be a danger?” The scientist then slapped down his giant sheaf of papers on the desk and said, “I’ve got these papers here that definitely tell us this is going to be a danger.” Muskie was ready to conclude right there, but then the NAS scientist interjected, “On the other hand, I have another set of papers over here that says these papers aren’t good enough to know the answer.” In exhaustion, the senator looked up and yelled, “Will somebody find me a one-handed scientist?!”2


It’s a cute story, but with a serious lesson. Everybody wants a “one-handed scientist,” but that’s not how science works.


Complicating matters further is that press releases and media coverage tend to emphasize “blockbuster” studies: ostensibly shocking new discoveries that garner clicks and pageviews. So we get the so-called whiplash effect, where we’re told one week about a study, for example, that shows that eating chocolate or drinking coffee or wine (basically all the good stuff life offers) is healthy, only to read a headline the following week about a new study insisting it’s bad for you.3


As a result, we get a skewed view of scientific understanding as more polarized and more mercurial than it actually is. The phenomenon is readily seen in the climate discourse, where we’re told one week, for example, that the Greenland Ice Sheet—and all the sea level rise that comes with it—may be on the verge of collapse, while a study the following week suggests it’s more stable than we thought. We’re frequently bombarded with dire headlines about “doomsday glaciers” and “methane bombs” that belie the still dire but more nuanced and, importantly, far less hopeless picture that emerges from an objective assessment of the underlying scientific evidence.


Keeping uncertainty and all its implications in mind, we’ll look at the big question on everybody’s mind: Are we doomed? The answer, as we’ll learn, is that it is entirely up to us. The collective evidence from the paleoclimate record—the record of Earth’s past climatic changes—actually provides a blueprint for what we need to do to preserve our fragile moment. The greatest threat to meaningful climate action today is no longer denial, but despair and doomism, premised on the flawed notion that it is too late to do anything. Our review of the paleoclimatic record will tell us otherwise.


There is a duality that governs the human species and the climate it enjoys. Human actions, particularly the burning of fossil fuels and the generation of carbon pollution, have impacted the trajectory that our climate has taken over the past two centuries, but the longer-term trajectory of our climate has also impacted us. It’s what got us here. By looking back at that trajectory, we can gain insights into what futures are possible. In my previous book The New Climate War, I examined the lobbying efforts over the past half century by fossil fuel companies and their enablers that have prevented us from thus far taking the actions necessary to avert catastrophic climate change. Thanks to the efforts of those corporations, we’re now coming up against the boundary of habitable life for us humans.


In this book, I’m inverting this perspective. We’re going to look at the influence that Earth’s climate history has had on us and what we can learn from it. But keep in mind that paleoclimate is only one line of evidence. It will not and cannot address all of the questions we might have about human-caused climate change, if for no other reason than there is no perfect analog in our past for what we potentially face in the future. But together with insights from the modern climate record and guidance from state-of-the-art models of Earth’s climate system, it informs our assessment of just how tenuous this moment is, underscoring both the urgency of actions to mitigate, and adapt to, the heightening climate crisis we face and the agency that we still possess in averting disaster.
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Figure 2. The geological timescale.
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Our Moment Begins


We are at a crossroads in human history. Never before has there been a moment so simultaneously perilous and promising. We are the first species to have taken evolution into our own hands.


—CARL SAGAN, Broca’s Brain


Imperiled today by planetary warming of our own making, we find no small amount of irony in our current plight. For we, in fact, owe our very existence to climate change, albeit the natural sort. A violent asteroid impact here, a sudden warming spike there, with a collision of tectonic plates and a collapsing ocean conveyor thrown into the mix. We wouldn’t have arrived at this moment without a remarkable series of climate episodes and accidents.


We Emerge


Climate change has shaped us from the beginning. It’s a simple statement, but the story is not. Not all evolutionary or societal trends are driven by environmental changes, let alone climate change. Some simply reflect the slow but steady progress of natural selection acting on environmental conditions, chance discoveries, and innovations. But there is no doubt that some of the key developments that made us what we are today were driven by climate events. Let’s start at the beginning.


One could argue that the possibility of human life began when the first living organism emerged from the primordial ooze somewhere around four billion years ago. But really, it began in earnest several billion years later—sixty-six million years ago to be more precise—when a giant asteroid struck Earth. It was almost eight miles wide, traveling 30,000 miles per hour (more than three times faster than the speed of sound), creating a hundred-mile-wide crater that lies beneath the waters off the coast of the Yucatan Peninsula. This epic collision ejected a massive cloud of debris into the atmosphere, blocking out sunlight and rapidly cooling the planet. Roughly eighty percent of all animal species including the non-avian dinosaurs (that “non-avian” qualifier is required because birds, as a direct lineage of the dinosaurs, are in fact a surviving subclass) disappeared.


As we’ll see throughout this story, tragedy for some often meant opportunity for others. A key consequence of this catastrophic event was that it eliminated the main predators of our extreme distant ancestors, the small rodent-like mammals that had scurried about hiding among the rocks. They could come out of hiding and occupy new niches. The collision marked the end of the Mesozoic era—the age of dinosaurs—and the beginning of the Cenozoic era—the age of mammals.


Roughly fifty-six million years ago, just a brief (in geological time) ten million years after the demise of the dinosaurs, climate change—that is, naturally occurring climate change—generated yet another challenge for life. In this case, it was a sudden warming spike known as the Paleocene-Eocene Thermal Maximum, or PETM, which occurred early in the twenty-million-year-long Eocene epoch. It created evolutionary pressures that opened a niche for a whole new order of mammals: the primates. The first one was a primitive lemur-like creature named Dryomomys. She was indeed our distant relative, though at five inches long and on a fruit diet, she would be awkward to invite to Thanksgiving dinner.1


The warm, humid greenhouse climates of the early and mid-Eocene also favored an increase in plant diversity, which in turn created new environmental niches for primates. Wet tropical and subtropical forests allowed the arboreal early primates to diversify and disperse across North America, Eurasia, and Africa. The climate then slowly cooled over the course of the mid- and late Eocene and into the Oligocene epoch, which began roughly thirty-four million years ago.


What drove this cooling trend? Back in the early 1990s, leading paleoclimate scientists Maureen Raymo and William Ruddiman argued that it was the collision of the Indian and Asian tectonic plates, beginning in the early Eocene. That collision pushed up and created the Tibetan plateau, also building the towering Himalayan mountain range (and the majestic Mt. Everest). The warm, moisture-laden air coming off the Indian ocean collides with the mountain range and rises upward toward the peaks, causing the moisture to condense into rainfall as it rises and cools in the atmosphere. Today we know this system as the South Asian summer monsoon.2


More rainfall means more weathering of rocks; CO2 from the atmosphere dissolves in streams and rivers, where it turns into carbonic acid and dissolves rocks. Silicate rocks known as feldspars, for example, dissolve into clay and calcium and carbonate ions (very small charged molecules). These materials run off into streams and rivers and eventually into the ocean. All this carbon drawn down from the atmosphere and buried in the ocean weakens the greenhouse effect and cools down the planet.


It was during the early Oligocene that the first hints of something we might call an icehouse climate began to emerge. Ice sheets formed, first in Antarctica around thirty-four million years ago and later in North America and Greenland.3


The CO2 drawdown and cooling continued on into the subsequent Miocene epoch that began twenty-four million years ago. The cooler conditions led to the retreat of subtropical forests, which were replaced by woodlands—more open environments that consist of a mix of trees, grasses, shrubs, and other plants, creating a niche for primates that spent more time on the ground and less time swinging from trees. Welcome to the “planet of the apes.” Orangutans appeared during the mid-Miocene. Gorillas appeared a few million years later, and the first chimps a few million years after that. With primates that are now partly upright, use primitive tools, and have a more complex social organization—the great apes, or hominids—we are inching closer and closer to our species, Homo sapiens.
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Figure 3. Estimated global temperature changes over the past sixty-five million years.








As forests and woodlands disappeared in Eurasia from six to twelve million years ago, so did the populations of great apes. There was an exodus of hominids to southeast Asia and to Africa, where some eventually evolve into hominins—an even more select group that includes modern humans, extinct human species, and our immediate ancestors. Meanwhile, the carbon drawdown, and cooling, continued. Grasslands expanded. So did ice sheets, which began to form in the Northern Hemisphere, in Greenland and North America.


At five million years ago we had entered into the Pliocene. This was the last time the level of greenhouse gases in the atmosphere was comparable to today, between 380 and 420 parts per million (ppm) in the atmosphere. Yet somehow, the planet was actually 3.5–5°F warmer than today, and the sea level could have been as much as thirty feet higher. What gives? We’ll explore this seeming paradox in a bit.4


Homo sapiens weren’t yet on the scene, but our direct ancestors were. The first upright walking hominins, like Ardipithecus (and, soon, Australopithecus), evolved from earlier hominids on the African continent. Cooling continued, and expansive subtropical savannas and grasslands replaced forests and woodlands. Though these environments were not well suited to the great apes, who retreated to wetter tropical locales (where they remain to this day), they were ideal for the newly evolved hominins, who carved out a niche by walking upright. They were omnivores who supplemented the fruit and nuts favored by their ape ancestors with edible grasses and sedges and the meat they obtained by hunting large game animals in packs on the savannas.


Fast-forward to 2.6 million years ago and we are headed directly into the icehouse—the Pleistocene epoch. Cooling continued and ice sheets began to take hold now in the Northern Hemisphere. Several species of our own genus Homo now roamed the African savannas. Some evolved into faster runners and more effective hunters, taking advantage of the expanded grasslands. Some used rudimentary stone tools. Some developed bigger, better brains and would ultimately evolve into our very own species, Homo sapiens.


By 700,000 years before the present, the climate had cooled yet further, and Earth experienced more extensive glaciation with ice sheets extending well down into North America and Eurasia. These expanded ice sheets displaced the jet stream toward the equator, cooling and drying the subtropics and tropics, including large parts of Africa where the hominins resided. Disrupted climate patterns may have naturally selected for species with higher-powered brains that could develop strategies to contend with the severe challenges created by the changing climate, including the design of more-sophisticated stone tools and development of increasingly more complex social communities, like hunting groups using better-designed spears and sophisticated group hunting strategies to more efficiently hunt game when other food sources were scarce.5


Larger ice sheets fundamentally changed the dynamics of the climate system itself, generating larger, slower swings between cold glacial periods (ice ages) with extensive ice sheets and warmer interglacial periods with greatly diminished ice. These swings are tied to astronomical cycles governing Earth’s orbit relative to the Sun, especially the roughly 100,000-year cycle’s eccentricity (how circular versus elliptical the Earth’s annual orbit around the Sun is). But their magnitude is determined by how cold and icy the planet can get.6


The long-term cooling trend proceeded from around 700,000 years ago, continuing for the next several hundred thousand years. That lead to the intermittent growth of larger and larger ice sheets, causing increasing climate disturbance in the African tropics and subtropics during the ensuing glacial/interglacial cycles. The most recent complete cycle was the largest swing of all, ranging from the extreme warmth of the Eemian period starting 130,000 years ago (which at its peak likely exceeded even today in warmth) to the bitter cold of the Last Glacial Maximum roughly 21,000 years ago when an ice sheet covered what is now New York City. The global temperature change during that swing was about 9°F, and twice that over middle and high latitudes, owing to the amplifying effects of growing or shrinking ice—it’s a so-called positive feedback loop—something that we’ll see is critical in climate change. These huge swings in climate put even greater selective pressure on bigger and better brains that could devise ever more clever coping mechanisms to deal with the challenges presented by climate extremes.


And so, our moment finally arrives. Bones of primitive Homo sapiens first appeared 300,000 years ago in Africa, with skulls suggesting brains of similar size to our own. Anatomically modern Homo sapiens appeared 200,000 years ago, and skulls from 100,000 years ago suggest brains that were indistinguishable from our own in all respects, including both size and shape. Between 100,000 and 200,000 years ago, Homo sapiens were collecting and cooking shellfish and making fishing tools. They were using language. They had become us. But though modern humans had finally arrived, with the help of an asteroid impact, a long-term cooling trend, and the huge seesaw cycles of warming and cooling that marked the late Pleistocene, it would take another series of climate events and accidents to yield the innovation essential for the emergence of human civilization.7


In the Wilderness


For our first hundred thousand years we were out in the wilderness—literally. Early Homo sapiens existed as nomadic, hunter-gatherer tribes. They grew in numbers and expanded into other continents including Europe and Asia, following the migrations of other archaic Homo subspecies, the Neanderthals and Denisovans, into those regions. There is evidence that we both fought with and at times interbred with these other subspecies (their genes live on in many of us today). But mostly, we outcompeted them, with some help from climate change. Some archeologists believe that Neanderthals were ill equipped to withstand an extended cold period in Europe around 40,000 years ago because they were so reliant on the hunting of particular large game animals whose populations were diminished by the effects of cooling.8


In the ensuing 40,000 years we Homo sapiens would continue to use our big brains to develop increasingly sophisticated stone tools, don clothing, and communicate with each other through complex language. We engaged in ceremonial burying of the dead, adorned ourselves with ornamental necklaces, and crafted figurines that celebrated the human form. On cave walls we painted murals that illustrated our ways of living and, especially, the animals we hunted for food. We developed seafaring and migrated to distant lands like Australasia and, eventually, the Americas.9


We had come a long way. But we were not yet civilized. Constrained by our nomadic lifestyle, we lacked the ability to establish permanent or semi-permanent settlements, complex social hierarchies, or the division of labor necessary to support large, sustainable populations. That would all change as the result of a climate accident that occurred during the great meltdown that was the end of the last ice age.


There’s a sort of “glitch” in the climate system that can occur when a large amount of freshwater is suddenly released into the oceans. The trigger in this case was the rapid melting of the expansive Laurentide Ice Sheet, a continental-sized glacier that covered the upper half of North America, its southern edge reaching as far south as Chicago and New York City. The meltdown began about 15,000 years ago as the exit from the last ice age was accelerating. It would continue for about two millennia. This warm interval is known as the Bølling-Allerød interstadial.


The rapid ice melt led to a series of massive freshwater pulses exiting to the North Atlantic Ocean. Some have speculated that the flood myths found among various cultures, including the Noachian Deluge in the book of Genesis and the great flood described in the ancient Mesopotamian epic of Gilgamesh, could have their origins in one of these meltwater events. One particularly sharp pulse, creatively titled “meltwater pulse 1A,” occurred between 13,500 and 14,700 years ago, and it dumped enough water into the ocean to raise global sea levels by a whopping forty-four feet in just 300 years.10


Some of the water from 1A, however, pooled up in a huge glacial lake, known as Lake Agassiz, that formed at the southern end of the Laurentide in south central Canada. A massive ice dam prevented the water from escaping to the ocean. Suddenly 12,900 years ago, the dam appears to have broken. The massive release of glacial meltwater would have dramatically freshened the surface of the northern region of the North Atlantic Ocean. As freshwater is lighter than saltwater and wants to remain on top, the surge halted the sinking of surface waters that forms part of the so-called conveyor belt of ocean circulation, a large-scale, ribbon-like current system that moves warm subtropical surface waters northward, warming the North Atlantic and neighboring regions (the well-known Gulf Stream is part of it). With the shutdown of the warm current, the extratropical North Atlantic and neighboring regions of eastern North America and western Europe cooled down, almost back to ice age–like conditions.11


If you’ve seen the film The Day After Tomorrow, then you’re familiar with the scenario—or at least a caricature of it. The movie is premised on a dramatically sped-up, exaggerated version of the actual phenomenon. Global warming won’t cause monster tornado outbreaks to destroy Hollywood, supercooled plumes of air to freeze people in their tracks, or an ice sheet to re-form over the United States in a week. But there’s a grain of truth to the tale. Climate models indicate that human-caused warming could lead to a slowdown in the ocean conveyor. Though there is no ice sheet over North America today, there is one over Greenland, and it is losing ice ever more rapidly. It could one day release enough freshwater into the North Atlantic Ocean to cause a similar, if less dramatic, conveyor shutdown. Some of my own research, in fact, suggests that such a shift is already underway. My collaborators and I showed that a small region of the North Atlantic just south of Greenland has actually cooled over the past century, even as the rest of world has warmed. That pattern of regional cooling bears the “fingerprint” of the initial stages of a slowing ocean conveyor.12
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Figure 4. The major surface and deep-water circulation components of the ocean that combine to form the global ocean conveyor belt.








Scientists have called this return to glacial conditions in the North Atlantic 12,900 years ago the Younger Dryas: “younger” because it’s the more recent (and more pronounced) of two cold events that occurred toward the end of the last ice age, and “dryas” after the tundra wildflower (Dryas octopetala) that is prevalent in high-latitude lake sediments dating to this time. The conveyor shutdown and consequent cooling of the North Atlantic and neighboring localities lasted roughly a thousand years, before the final exit from the last ice age.


That event seems to have spurred one of the key innovations that would ultimately make human civilization possible. The end of the Younger Dryas 11,700 years ago marked the beginning of the Holocene interglacial (warm) epoch. It also marked the beginning of what archeologists call the Neolithic period, the final stage of the Stone Age. It has been said that the Stone Age didn’t end for want of stones, and that is undoubtedly true. It ended because something better came along. That something was what has been called the Neolithic Revolution, a set of remarkable, interrelated human innovations that allowed for a shift away from our prior nomadic existence toward permanent settlements, agriculture, and farming.


It all appears to have begun in the boomerang-shaped region bordering the eastern Mediterranean Sea known as the Fertile Crescent. The Fertile Crescent spans modern-day Iraq, Syria, Lebanon, Palestine, Israel, Jordan, and Northern Egypt, together with the northern region of Kuwait, southeastern region of Turkey, and western portion of Iran. It is considered to be the “cradle of civilization” because of the numerous technological innovations—including writing, the wheel, agriculture, and irrigation—that all arose there.


Of special importance was the Natufian culture of southern Syria, which developed at the end of the archeological Paleolithic era around 15,000 years ago as we were beginning to exit the Ice Age. What’s unusual about the Natufians is that they were largely sedentary rather than nomadic, with small settlements that took advantage of the nutrient-rich soils and relative warmth and rainfall in the Fertile Crescent at that time. These favorable climate conditions allowed for stationary subsistence hunting and gathering. The Natufians had access to abundant wild cereals, legumes, almonds, acorns, and pistachios while hunting gazelle. They used sickles with flint blades and stone mortars and pestles for harvesting and grinding grains. These were precursor tools of agriculture, but the Natufians were hunter-gatherers not farmers. At least not yet.13


The Younger Dryas caused a cooling and drying in the Fertile Crescent, which created hardships for the Natufians. With conditions no longer as favorable for sedentary hunting-gathering, they were forced to adopt a variety of adaptive strategies. One group of Natufians, in the Negev Desert and northern Sinai Peninsula, became nomadic, eventually giving rise to the Harifian culture, known among other things for their Harif point arrowheads. Other Natufian groups, however, adopted the opposite strategy, remaining sedentary while intensifying their hunter-gatherer activities. It is this pathway that would lead to cultivation and agriculture.14


The Natufians were already aware, from their sedentary foraging, that planted seeds could later take root. That knowledge laid the groundwork for cultivation of wild plants, which appears to have begun during the Younger Dryas in the northern Natufian communities. These communities learned to cultivate various cereal crops as a way to intensify their procurement of food. Those Wheat Chex you ate for breakfast? Thank the Natufians.15


The newly acquired agricultural knowledge quickly spread throughout the Natufian communities of the Fertile Crescent. The widespread appearance of green beads as body decorations among Late Natufian communities seems to underscore the importance that cultivation had taken on for their culture. As the Younger Dryas came to an end, the region once again became warmer, with more reliable winter rains. Farming became more widespread and more productive. Animal husbandry also took hold, as hunting and herding naturally transitioned into the domestication of cattle, goats, sheep, and pigs by sedentary farmers.


Meanwhile, something similar was playing out in China. Once again, the climate influences of the Younger Dryas appear to have played a critical role. The warmer and wetter conditions in northern China during the Bølling-Allerød interstadial were favorable for hunter-gatherer communities in the region, and they grew in size and spread into previously arid and subarid environments. But the drier and cooler conditions that set in during the Younger Dryas made foraging more challenging, so they transitioned to the cultivation of wild millets as a means of food procurement. Livestock, such as pigs, were bred as hunters became farmers. The emergence of rice cultivation in southern China may have arisen among foragers in the Yangtze River basin around this time. The adoption of agriculture occurred independently and nearly simultaneously in disparate regions, underscoring how large-scale climate changes drove human societal innovation.16


Civilization Is Born


Our species, Homo sapiens, had finally made the transition from nomadic to sedentary existence. We had learned to cultivate food crops and raise livestock. We were beginning to transform Earth’s natural landscapes. As we became more efficient at procuring food, our numbers increased exponentially. Communities turned into villages and towns, and then cities; social hierarchies began to form. The seeds of civilization had been firmly planted. But it would take several millennia for them to germinate into the form of city-states—cities with surrounding territories that formed an independent state, a rudimentary civilization.


Eleven thousand years ago, just 700 years after the end of the Younger Dryas, a Natufian proto-city, Jericho, emerged in the semi-arid rolling hills of the Jordan River valley, at the mouth of a spring, east of modern-day Jerusalem. By 8500 BP (before the present), it had been abandoned and then reoccupied, and taken the form of a mud-brick agricultural village, containing a massive stone tower, all of it surrounded by its famous stone wall. There is evidence of domestication of goats as a dependable source of meat during this time. Jericho may have supported a population of several thousand, and the feats of construction, like the tower and wall, suggest the beginnings of coordinated labor. A number of other similar agricultural communities had been established by this time.


Then suddenly, around 8200 BP, we see the large-scale abandonment of many of these settlements in favor of smaller, more self-sufficient, individual household units, as the region once again experienced an abrupt drying event—one that lasted for about two centuries. The paleoclimate evidence suggests that this was a sort of mini–Younger Dryas event, a final massive meltwater pulse as the last vestiges of the Laurentide Ice Sheet melted away. Possibly another ice dam collapsed, releasing into the North Atlantic Ocean sufficient enough pooled meltwater from the residual Lake Agassiz to once again weaken, if not collapse, the ocean conveyor, cool the North Atlantic, and dry out the Fertile Crescent.17


Around 8000 years ago, the return to wetter conditions promoted settlement of the fertile valleys of the Tigris-Euphrates river system in the northern Fertile Crescent, where river levees and seasonal water basins were likely exploited for a very primitive form of irrigation by a farming culture known as the Halaf who inhabited the region. Including parts of southeastern Turkey, northern Iraq, and Syria, the iconic role played by this region has earned it a name: Mesopotamia, which in Greek means “the land between the rivers.” Villages such as Jarmo were exemplars of this culture, showing evidence of significant technological innovations such as decorated pottery, which replaced more primitive basketry and goat skin bags. Much of the diet came from the farming of wheat and barley and the raising of domesticated goats. The size, shape, and configuration of individual homes suggests that the primary social unit was now the extended family, while large grain storage pits suggest cooperation at the community level. Primitive social hierarchy was now necessary to determine who gets what land and how it is passed along generationally. Somebody—an individual or group—was needed to make those decisions. That encouraged more elaborate sociopolitical systems, greater societal complexity, and power hierarchies. Jarmo, for example, has been interpreted as an early chiefdom.18


Roughly 2000 years later, around 6000 years ago—what is called the mid-Holocene—the first true human civilizations—city-states—emerged in Mesopotamia. We can once again thank climate change. To understand how and why, we’ll need to consider another cyclicity involving Earth’s orbit around the Sun. This one has to do not with the shape of Earth’s orbit, but rather the precession of the equinoxes (the wobbling of the orbit). This cycle occurs over shorter periods of time—not 100,000 years but closer to 26,000 years—and the impact on the tropics and subtropics is especially pronounced.19


The axis of Earth’s rotation isn’t oriented at a right angle relative to the plane of Earth’s orbit around the Sun. It tilts at about 23.5 degrees from vertical. And Earth wobbles like a top that has been spun. Only it takes about 26,000 years for a single full wobble back and forth. Today, the wobble orients the Northern Hemisphere so that it is tilted away from the Sun (at the winter equinox, which is December 22) around the same time we’re closest to the Sun (at the perihelion, which is currently January 4). Because the Northern Hemisphere is closer to the Sun during winter, its winters are a bit less cold. Similarly, the Northern Hemisphere is farther from the Sun in mid-summer, making summers a bit cooler. Seasons are generally milder. Twelve thousand years ago, at the beginning of the Holocene, it was nearly the opposite situation, and seasonality was enhanced. And, most relevant to our story here, 6000 years ago—during the mid-Holocene—we were halfway in between the two extremes, slowly transitioning toward reduced seasonality.


Land heats up faster than the ocean. So, in coastal regions, we get sea breezes in the summer in the late afternoon when the land heats up and the air rises, drawing in cooler, moister air from the ocean. A monsoon can be thought of as a continental-scale sea breeze circulation, and when seasonality is greater and summers are warmer, you get stronger monsoons. The Indian summer monsoon, which we discussed earlier in the context of longer-term tectonic impacts on the climate, is one example, but there is a related summer monsoon in West Africa.


Both appear to have played a role in what transpired in Mesopotamia. Climate model simulations and paleoclimate proxy observations such as geochemical evidence from cave deposits indicate that the region was wetter in the early Holocene owing to a combination of a stronger and more northerly South Asian summer monsoon, bringing more Indian Ocean moisture to the region, and a stronger West African monsoon, which led to greater transport of Atlantic Ocean moisture into North Africa and a greening of the Sahara Desert. Increased vegetation in the Sahara may have altered wind patterns in a way that favored greater movement of moisture into Mesopotamia. By the mid-Holocene, as seasonality was weakening, so were the monsoons. The region thus transitioned toward a semi-arid climate.20


Much as the adverse shift in climate during the Younger Dryas put selective pressure on coping strategies that resulted in the development of cultivation and agriculture, the shifting climate in Mesopotamia by the mid-Holocene put pressure on the efficient use of water. The “land between the rivers” was ideally suited to irrigation. What was needed was the societal organization to implement a far more sophisticated version of it, one that embraced basic hydraulic engineering principles. City-states could provide that organizational support.21


Thus was born civilization in Mesopotamia. The first city-state was Sumer, established in the south (what is now south-central Iraq) and permanently occupied by the beginning of what is called the Uruk period (6100–4900 BP). Aided by irrigation technology, farmers here were able to grow an abundance of grain and other crops. That freed other citizens up to perform other tasks such as construction, leading to the formation of the first true urban settlements.


Sumer was divided into numerous independent city-states, each with a population exceeding 10,000 people. The independent states were separated by canals and stone boundaries. There was trade between them, with goods typically transported along the canals and rivers of southern Mesopotamia, which in turn led to greater homogeneity of economies and cultures. The absence of walls suggests a general absence of warfare among the different states, though—as we are now into the Copper Age—there are knives, drills, wedges, saws, spears, bows, arrows, and daggers. The latter suggest at least occasional battles.


There were numerous common features that emphasize the increasingly “civilized” nature of these city-states, though we also see here some of the foibles that would be inherited by later societies. Each state was theocratic, centered on a temple dedicated to a patron god or goddess of the city. Centralized administrations employed specialized workers and, alas, later slaves for labor. The social structure was male-dominated and stratified, headed by a priest-king, who was assisted by a council of elders. There was law—though it was sometimes brutal and unjust. Women found guilty of unfaithfulness were stoned to death with rocks. Among the initial city-states were Uruk, Ur, and Akkad. Uruk became the most urban city the world had yet seen, with a population exceeding 50,000, comparable to a small modern city.


Many of the features we today associate with civilization were now evident. There was elaborate pottery in the form of vases, bowls, and dishes. There were jars for honey, butter, oil, and even early wine (probably made from dates). They were sealed with clay. Individuals wore headdresses and had necklaces made from gold. There was rudimentary furniture, including beds, stools, and chairs. They had fireplaces and altars. They had written language, using tablets for writing. And they played music with lyres and flutes.


Other civilizations arose elsewhere around the same time in other subregions of the semi-arid Mediterranean and Middle East, drawing in each case upon sophisticated irrigation projects to deal with challenges of a drying climate. We see it in Ancient Egypt around 5000 BP, the Indus Valley Civilization around 4500 BP, and the Minoan civilization around 4000 BP. Climate change, once again, seems to have fostered similar innovations independently and nearly simultaneously in disparate regions.


But something unique happened in Mesopotamia. By 4300 BP, Sumerian and Akkadian speakers would unite under one rule and one ruler, Sargon of Akkad. The world’s first true empire was born. Centered in the city of Akkad, the Akkadian Empire extended to a vast surrounding region, using its formidable military might to exercise influence throughout Mesopotamia and neighboring regions, including Anatolia and Saudi Arabia.


The social organization, division of labor, and social hierarchy of an empire provided increased power and influence—in the form of a soldier class and increasingly advanced and effective weaponry crafted by metalworkers. It also provided increased resilience, in the form of sophisticated irrigation projects that could support farming even when rainfall became increasingly unreliable and intermittent as the region continued to grow more arid. But resilience has its limits. And so we come to perhaps the most instructive lesson of all here: the fall of the Akkadian Empire around 4200 BP.


Now, we must be wary of climate determinism: the notion that every significant historical event, every societal origin or collapse, can be interpreted entirely through the lens of climate change. We must always appreciate the complexities of human behavior and sociopolitical dynamics that effect societal changes. That being said, it is likely that an abrupt climate shift, and its interaction with societal dynamics, was the fundamental factor behind the fall of the first great empire.22


This hypothesis was first put forward by Yale anthropologist Harvey Weiss in the early 1990s based on his detailed studies of the archeological remains of Tell Leilan, which had been the administrative center of the Akkadian Empire. (Highly controversial at the time, there is now considerable paleoclimate evidence confirming the hypothesis.)23


The precise cause of the drought is debated. It might have been a large volcanic eruption. An explosive tropical volcanic eruption, like the Year Without a Summer eruption of Mount Tambora in the Philippines in 1815, could eject enough particulate matter into the stratosphere to block out a significant amount of sunlight. Though nothing compared to the asteroid impact that chilled the planet and killed the dinosaurs sixty-six million years ago, it could be enough to cool off and dry out the subtropics for more than a decade. Sediment deposits analyzed recently by one group of geologists indicate an eruption of the Cerro Blanco Volcanic Complex in the tropical Andes of northern Argentina around 4200 BP that was probably one of the most explosive eruptions of the Holocene epoch.


Other civilizations in the region were also impacted by this pronounced, widespread drought. The Old Kingdom of Egypt, builders of the majestic pyramids, as well as the Indus Valley (or Harappan) Civilization and the Early Bronze Age civilizations of Palestine, Greece, and Crete all saw diminished agricultural production. Yet only the Akkadian Empire underwent immediate collapse, seemingly because of the challenges of keeping such a sprawling and diverse civilization united.24


The Akkadian Empire had become dependent on the productivity of the northern part of the empire, using their bountiful agricultural yields to distribute food to other regions and to support their massive army. The devastating consequence of the drought was encapsulated by “The Curse of Akkad” text, which gave a decidedly stark assessment of the predicament: “… the large arable tracts yielded no grain, the inundated fields yielded no fish, the irrigated orchards yielded no syrup or wine, the thick clouds did not rain.” The agricultural collapse was followed by mass southward migration of the northern populations, which was met with opposition from the local southern populations, including the construction of a hundred-mile-long wall extending all the way from the Tigris to the Euphrates to keep out the immigrants. If that scenario sounds disturbingly familiar, there’s a reason, which we’ll get to later.


Though other civilizations in neighboring regions didn’t undergo imminent collapse, they were adversely impacted by the drought, and within a matter of centuries they, too, would meet their demise in substantial part because they had become dependent on trade with Mesopotamia that evaporated with the collapse of the Akkadian Empire. The Indus Valley Civilization would disappear within a few hundred years. Then there’s the Minoan civilization. I’ve had the pleasure of witnessing—and indeed consuming—their magnificent cultural achievements, having visited excavation sites in Crete and Thera (aka Santorini) and having imbibed a rather tasty varietal of white wine known as Assyrtiko that originated with the Minoans. Minoan civilization disappeared by 3500 BP, hastened by a destructive volcanic eruption in Thera. If you ever get the chance to swim in the hydrothermally warmed waters of the Nea Kameni caldera that was left behind, I recommend it.


Though we’ve focused on Europe and Asia thus far, a remarkably similar scenario played out in the Americas. The continent was peopled between 15,000 and 17,000 BP when Asian tribes crossed the land bridge to North America, exploiting the low sea level stands during the late stage of the Ice Age. Within a few thousand years, some traveled all the way down to Peru. And it was there, once again in the mid-Holocene, when the first true American civilization—the Caral—arose. Climate change was once again a key factor, in the form of a phenomenon known as El Niño.


El Niño is the periodic warming of the surface waters of the eastern tropical Pacific Ocean that today happens every three to five years. (It’s called El Niño—“the child”—after the Christ Child, because the warming always tends to emerge around Christmas time.) It’s tempting to say that the warming results from the weakening of the trade winds (the surface winds that tend to blow from east to west in the tropics), but causality is a tricky matter here. Strong trade winds cause deep cold waters to rise to the surface (known as upwelling) in the eastern equatorial Pacific, cooling the ocean surface. Warmer waters are found farther west on the equator over Indonesia. Those warm waters heat the atmosphere, making it rise. The warm air then travels east aloft along the equator, sinking back to the surface in the eastern Pacific, and traveling back west along the equator, giving us those very same trade winds that we started with and completing the atmospheric circulation pattern. We can’t say that the ocean causes the atmosphere to do what it does any more than we can say that the atmosphere causes the ocean to do what it does. Instead, it’s a coupled, interdependent, internally consistent state of the ocean-atmosphere system.


If that state is upset by a weather disturbance that weakens the trade winds, then surface waters warm in the equatorial east, and you lose the contrast with the warm western equatorial surface waters. But it’s that temperature contrast that drives the atmospheric circulation pattern responsible for the trade winds, so that entire pattern weakens, and the trade winds weaken further. It’s a self-enforcing loop. The system tends to oscillate back and forth every few years between a weak circulation, which favors El Niño, and a strong circulation, which is associated with La Niña, when surface waters are cold in the eastern equatorial Pacific. This entire ocean-atmosphere phenomenon is known as the El Niño/Southern Oscillation, or ENSO. The cooling and warming in the equatorial Pacific Ocean nudge the jet streams in both hemispheres, changing seasonal weather patterns in North America, Africa, and Australasia. El Niño years tend to be wet in western North America with relatively quiet Atlantic hurricane seasons. La Niña years tend to be the opposite: dry out west and stormy in the Atlantic.


Today, El Niño events are common, and we’ve seen some big ones recently, like the 1982–1983, 1997–1998, and (unusually long) 2014–2016 events. But we’ve also seen long stretches of cool La Niña conditions in the tropical Pacific Ocean. Will climate change cause bigger and more frequent El Niños? Or might it just lead to the opposite, pushing us toward more of a La Niña–like climate state? The paleoclimate record provides some hints, which we’ll get to later on.


The important thing, though, is that we’re now in a position to understand the possible reason for a dramatic weakening of the ENSO phenomenon that took place during the early to mid-Holocene according to a host of paleoclimate data, including preserved corals and ocean and lake sediments. The increasing seasonality at this time, as discussed earlier, caused a strengthening of the monsoons. That, in turn, favored stronger trade winds in the tropical Pacific Ocean during the very time—Northern Hemisphere winter—when El Niño events tend to emerge. If the trade winds are too strong, it’s difficult to trigger a weakened circulation. In other words, it’s difficult for an El Niño to take hold. As the monsoons and trade winds gradually weakened, the long period of dormant El Niño activity came to an end. By 5000 BP, El Niño was ramping up again.25


Some of the most biologically rich regions of the world’s oceans can be found along the Peruvian coastline, thanks to the coastal upwelling caused by trade winds that pump deep nutrient-rich waters to the surface. The nutrients are used by surface-dwelling phytoplankton, photosynthesizing sea life that support a rich aquatic food chain, including massive populations of sardines, anchovies, and mackerel. El Niño events cut off the upwelling, shutting down this remarkable natural fishery.


The resurgent El Niño episodes consequently led to intermittent interruptions of the key food source for the native coastal Peruvian fishing culture. But while El Niño events were bad for fishing, they were good for agriculture; the warmer coastal waters during El Niño events fed torrential rains in a region that is normally a coastal desert. With water comes the possibility of cultivation of crops and agriculture, but only if you can store the water to get through the long dry periods between El Niño events. That required water storage and irrigation technology. Only the organizational structure of civilization could support such innovations. And thus was born the complex civilization known as the Caral. They engaged in centralized food production through a dual economy of fishing on the coast and agriculture inland, with trade between the two. They built permanent homes, sunken plazas for group gatherings, and eighty-five-foot-high pyramids. The civilization lasted roughly a thousand years. If that seems brief, consider that it is roughly the amount of time that has elapsed between Erik the Red’s colonization of Greenland and today.26


Despite the disappearances of all of these early civilizations, human civilization itself would survive, thrive, and spread. In Peru the Chavín culture would cultivate maize in the Andean highlands around 3800 BP. Around the same time, the Maya of Central America would cultivate stable crops of maize, beans, squashes, and chili peppers. After the fall of the Akkadian Empire, the people of Mesopotamia eventually coalesced into two major Akkadian-speaking nations: Assyria in the north and Babylonia in the south. The Old Kingdom of Egypt disintegrated at roughly the same time as the Akkadian Empire, but this was less a “collapse” than a century-long “interlude” as the Old Kingdom transitioned to the New Kingdom. In Greece, the Mycenaean civilization flourished in the Late Bronze Age (3700–3100 BP), followed by the Ancient Greek civilization, which was marked by a number of novel political, philosophical, artistic, and scientific achievements—including the introduction of democracy as a governing system. Those contributions would fundamentally shape Western civilization as we entered the Common Era.27


The Common Era


The Common Era (CE), the roughly 2000-year-long era in which we currently reside, begins with year 1 of the Gregorian calendar (I began writing this book in 2022 CE). Within this era we find a number of examples of the subtlety in how climate has impacted human civilization. As we’ll see, it’s not simply a volcanic eruption or other climate event that wipes out civilizations, but often a complex interplay between climate stresses and sociopolitical factors that leads to societal collapse. There is perhaps no better example than Ancient Greece and Rome.


Greek civilization arguably ended with the death of Alexander the Great in 323 BCE, and was certainly kaput by the time the Romans conquered Greece in 146 BCE. It is noteworthy that, while Greece fell, the Romans actually adopted much of its culture, including its democratic political and social structures and the same pantheon of deities, demonstrating the ambiguity in the notion of downfall. Greek culture, after all, survived. The Roman Empire officially began in 27 BCE when Caesar Augustus declared himself Emperor of Rome. So, give or take twenty-seven years, the Common Era basically begins with the rise of the Roman Empire. The reign of Augustus was characterized by relative peace (known as the Pax Romana) in the Roman world, which was largely free from conflict for more than two centuries, even as it continued with its imperial expansion on the empire’s frontiers.


Within two centuries, the Romans controlled an expansive, geographically diverse region of the globe, from northern Britain to the edges of the Sahara and from the Atlantic Ocean to Mesopotamia. Its population enjoyed prosperity and reached a remarkable seventy-five million in number. Now, among climate historians, there is a widespread view that climate-induced challenges were a significant driver of the fall of this great empire. Empire is born, expands, initially thrives, becomes too thinly spread, encounters challenges—probably climate-induced—and falls.


It’s not that simple. Though many accounts attribute the fall of the Roman Empire to climate change, this is often based on selective, anecdotal, or tenuous evidence. The argument typically goes that there was a putative Roman Climate Optimum from around 200 BCE to 150 CE, when temperatures were purportedly warmer than today. The Romans were lucky, goes the argument, in having established their empire during this favorable time period. Then, climate conditions, driven by a number of large volcanic eruptions, rapidly deteriorated during the so-called Late Antique Little Ice Age, or LALIA, and the empire fell apart.28


It’s a good story, fit for an HBO docudrama. But it’s not correct. State-of-the-art assessments of the paleoclimate evidence show no evidence of a centuries-long warm period in that region, let alone globally. The evidence instead argues for regionally variable temperature and rainfall patterns and warmth during that time that did not approach modern levels. The argument that volcanic-driven LALIA cooling drove the collapse ignores the fact that the cooling occurred in the sixth century CE, whereas the initial collapse of the empire—the collapse of the western Roman Empire (essentially the western Mediterranean and neighboring regions)—occurred a century earlier, in the late fifth century CE.29


Societal pressures unrelated to climate change appear to have caused the downfall of the western Roman Empire. The poorer, decaying west became overextended, facing growing unrest from a peasant underclass resentful of the decadent lifestyle of elites. The empire was weakened by repeated invasions, severely damaged in 410 CE when the city of Rome was sacked by the nomadic Visigoths, and finished off in 476 CE when Odoacer, an Italian military leader of Germanic descent, deposed Romulus Augustulus, the last Roman emperor of the west.


But what about the eastern Roman Empire (also called the Byzantine Empire)? A collapse did occur there, but nearly a thousand years later, in the fifteenth century CE. The argument for sixth century cooling and drying as being the primary cause is once again highly implausible. But climate change likely did play a role. It might have actually extended the life of the eastern part of the empire. Paleoclimate proxy data such as lake sediments and stalactite and stalagmite deposits (called speleothems) indicate a trend toward wetter winters in the eastern Mediterranean beginning in the fifth century CE. Winter was the wet season in the region, and winter rains (and snowpack in mountainous regions) were, as they are today, critical for recharging water supplies that must hold through the long Mediterranean summers—summers that have become increasingly dry in recent millennia as part of the mid- to late Holocene drying trend discussed earlier.


What might have been behind the shift toward wetter winters that extended the life of the Byzantine Empire? Winter rainfall in the eastern Mediterranean and Middle East is dominated by the position of the jet stream as it crosses the Atlantic Ocean from west to east. Some years it heads north, bringing warm and stormy, wet conditions to Europe, but denying rainfall to more southern latitudes. Other years, it heads straight across the Atlantic into the Mediterranean region, bringing ample storm rainfall with it. This fluctuation in jet stream behavior from year to year is called the North Atlantic Oscillation, or NAO, and the latter configuration is its negative phase, associated with cold and dry conditions in Europe and wet conditions in the Middle East. The NAO is influenced by changes in solar heating. Though the mechanisms are somewhat complicated, the net effect is that a downturn in solar heating favors this negative NAO phase. Such a downturn documented in radiocarbon deposits in ice cores began in the mid-fifth century CE. It would likely have led to a negative NAO pattern and the increased rainfall that occurred in the eastern Mediterranean and Middle East at that time.30


This climate trend clearly played a favorable role in the eastern part of the Roman Empire. Evidence from pollen deposits and historical sources reveal that farming in the region thrived in the mid-fifth century CE, with an expansion of agricultural settlements. The taxation system used by the empire would have benefited from the increased agricultural productivity, providing more support for critical infrastructure, including sophisticated irrigation systems and resilience-favoring hydrological projects, further insulating farmers in the most arid subregions, all of which would support further expansion and consolidation of the empire.31


Byzantium did eventually fall in the Middle Ages. It had been weakened by the plague, with nearly half of the population of Constantinople perishing from the outbreak of 1347–1353 CE (and yes, climate may have played a role in the spread of the disease from Asia to Europe). The empire would continue to weaken and fragment, ending with the fall of Constantinople to the Ottoman Empire in 1453.32


Climate change would continue to play at least some role in guiding human history in subsequent centuries. Preindustrial temperature changes were modest at the global scale. The so-called Little Ice Age, broadly defined as the fifteenth to nineteenth centuries, appears to have been less than 2°F cooler than the previous four centuries globally—that small difference attributable to modest changes in natural drivers of the climate (solar heating and volcanic eruptions). Regional shifts in temperature and rainfall were largely, however, the result of changes in atmospheric circulation related to the NAO and ENSO, which may themselves have resulted from those same natural drivers. The medieval era (eleventh to fourteenth centuries) was relatively warm over large parts of North America, the North Atlantic Ocean, and Eurasia, but cool in the tropical Pacific Ocean. It was especially dry in the western United States ostensibly due to a persistent cool La Niña pattern in the tropical Pacific. These sizeable regional changes in climate certainly impacted human history and likely contributed to at least some societal collapses.33


The canonical example is the demise of the Norse settlements of Greenland during the fifteenth century. In 985 CE, Erik Thorvaldsson (Erik the Red) led a fleet of ships traveling from Iceland to southern Greenland, carrying around 500 men and women, livestock, and supplies. They maintained permanent settlements, raised dairy cattle and sheep, and grew grain, while maintaining, through able seafaring, trade with mainland Europe. Then it all fell apart in the fifteenth century.


The Norse had benefited from relatively warm conditions thanks in part to the positive NAO pattern that persisted during medieval times. As the positive NAO pattern gave way to a more negative NAO in the fifteenth century, the chill set in. The cooling certainly presented a challenge to these hunting and farming colonies, plausibly at least contributing to the demise of the Norse settlements between 1400 and 1450 CE. But poor decision-making contributed to the collapse, too. Scientists have argued, for example, that the overreliance of the Norse on walrus tusks, which was a valuable but dwindling trade commodity, played a key role. Additionally, the collapse of trade with mainland Europe, which was impeded by increasingly thick sea ice in the region, was at least an indirect consequence of the cooling climate, showing how climatological and sociopolitical factors combined to collapse a civilization. The demise of the Norse colonies undoubtedly altered the course of history. It opened up the opportunity for the Dutch to emerge, as we saw in the introduction, as the dominant seafaring nation. Loser, meet winner.34


The poster child for climate collapse in North America is found a number of centuries earlier with the maize-farming civilization known as the Anasazi that inhabited the Four Corners region of the American Southwest beginning in the twelfth century BCE. The civilization ended dramatically around 1300 CE. Anasazi agriculture, it appears, could not withstand the increasingly dry conditions in the western United States at that time. The drought came to a peak locally in the late thirteenth century CE, resulting in the abandonment of Anasazi settlements. In yet another example of climate-induced stress interacting with societal decision-making, scientists have used a type of modeling known as agent-based modeling to simulate how the Anasazi might reasonably have responded to changing climate conditions by altering their crops and settlement locations. Though actual Anasazi civilization collapsed rapidly and dramatically at 1300 CE, the modeling suggests that agriculture should have remained viable in the simulated civilization, albeit at a reduced level, well after that, underscoring the sometimes-complex relationship between climate and collapse.35


In some cases, the impacts of climate change, and even the question of whether they were adverse or beneficial, are ambiguous. There are numerous accounts, for example, of how the colder temperatures of the Little Ice Age in Europe—where cooling was more pronounced (thanks to the prevalence of a negative NAO weather pattern that ushered in cold air from the Arctic)—had negative societal impacts. Especially cold conditions in the late seventeenth to early eighteenth century CE in France, for example, appear to have led at least initially to poor harvests, spikes in food prices, and widespread mortality. But the French government engaged in adaptive strategies to mitigate hunger and death, by importing grain from Algeria, for example. And Londoners celebrated the winter cold with frost fairs on the River Thames. The Dutch were able to avoid food shortages by diversification of diets and actually benefited, as we learned earlier, by taking advantage of stronger winds to shorten their ocean voyages, improving trade with Asia.36


Another case in point is the French Revolution. Some accounts ascribe climate-driven factors to the event, citing the Little Ice Age as an underlying causative factor but also implicating other climate impacts, like consecutive years of heat and drought in 1788 and 1789 and even a severe hailstorm on July 13, 1788, all of which served to decimate crops and impair the food supply. As one writer described it, “the years of climatic stress, financial instability and political conflict brutally converged in 1788 and 1789” to yield the revolt. The problem is that there’s actually no evidence that the Little Ice Age—a period of colder conditions in Europe—would have caused episodes of extreme heat (and drought) in France, let alone freak individual weather events like hailstorms. Sometimes, weather is just weather, not climate.37


The underlying causes of the French Revolution were largely political rather than environmental. The prevailing government failed to deal with issues of social and economic equality (sound familiar?) and did a poor job managing the economy, the result of which was widespread unemployment, economic depression, and spiking food prices. Add in working class resentment over the extravagant lifestyles of the ruling elite, and you’ve got all of the ingredients necessary for a revolution. Could climate-related stresses have been an aggravating factor? Yes. Can they be blamed for the French Revolution? No.


Examples of the complexity of societal collapse are not limited to Europe and North America. Consider the fall of the Mayan civilization of southeast Mexico and Guatemala. A series of major, extended droughts in the ninth and tenth centuries CE (recorded in chemical deposits in ocean sediments) purportedly led to the collapse of the classic Mayan civilization in the tenth century CE. Yet the one-by-one disappearance of lowland Mayan cities was already underway in the seventh century. Documented evidence of drought is not consistent in either space or time with the demise of Mayan cities, many of which experienced only minor disruption and even flourished until the Spanish conquest of the early sixteenth century CE.38


Cautionary Tales


From sixty-six million years ago, when our distant rodent-like ancestors crawled out from the shadows of the dinosaurs, to five million years ago, when our less-distant primate ancestors came down from the trees to hunt on ancient African savannas, climate has shaped us. The coming and going of ice ages during the past several hundred thousand years turned us from hominins—apes—into hominids—humans—as the challenges of surviving huge swings in climate favored bigger brains and greater intelligence. A cold blip at the end of the last ice age 12,000 years ago forced us to learn how to cultivate plants and farm.


Since then, individual civilizations have repeatedly risen and fallen, and climate change has frequently been implicated in both instances. Yet human civilization as a whole has been remarkably stable: we have thrived and our numbers have increased exponentially. It’s not a coincidence that our stability as a species mirrors the stability in global temperatures over this precise timeframe. This interval of stable global climate has been punctuated by volcanic eruptions, solar fluctuations, and slow shifts in regional rainfall and temperature patterns, monsoons, and the El Niño phenomenon due to the precession of the equinoxes. But sizeable shifts in climate have been limited to regional scales, allowing people to migrate to new, more favorable areas when conditions deteriorate locally. The changes in climate today are driven by fossil fuel burning, and they are global. No place is safe from the detrimental impacts—coastal inundation due to global sea level rise and stronger storms, drying continents, and more extreme weather events.


The fact that global temperatures were so stable over the past 6000 years itself demands explanation. A compelling explication of this mystery has been put forward by paleoclimate scientist William Ruddiman, whose work we encountered earlier. Ruddiman sought to understand the mystery of why the global climate has been so stable over the past 6000 years when it should have been slowly cooling, descending ever so gently into the next ice age. He summarized his arguments in his 2005 book, Plows, Plagues, and Petroleum—we’ll get to the relevance of each of the words in that alliterative title shortly.39


Ruddiman is now retired from the University of Virginia, working from home in a bucolic sanctuary in the Shenandoah Valley of Virginia, perched on a foothill, nestled between the Appalachians to the west and the Blue Ridge Mountains to the east. I had an opportunity to discuss this work with him shortly before I wrote this chapter, while visiting him at his place mid-March 2020 on my way to the Virginia Festival of the Book in Charlottesville. Controversial at first but backed up by years of painstaking work, he has made a compelling case that we humans didn’t take control of the climate during the industrial revolution of the past two centuries. We actually took control more than 6000 years ago—through agriculture, deforestation, and the spreading of plagues.


Compared with past glacial/interglacial cycles, Earth, Ruddiman argues, should have begun the slow but inexorable transition from warm interglacial to cold glacial conditions about 9000 years ago, with dropping CO2 levels, cooling temperatures, and more extensive ice cover. Given the difference of roughly 9°F between peak interglacial and peak glacial conditions over the course of the roughly 100,000-year eccentricity cycle, the climate should have cooled about 1°F over this 6000-year timeframe. But that’s not what happened. Global temperatures were almost perfectly flat. The solution to the riddle, Ruddiman argues, was that this natural cooling trend was offset by modest, but non-negligible, human-caused greenhouse warming.


Clearly there weren’t coal-fired plants or SUVs thousands of years ago. But increasingly widespread deforestation for slash-and-burn agriculture in Eurasia and North America released increasingly large amounts of CO2 into the atmosphere (the “plows”). At times, CO2 actually dipped a bit due to drops in population resulting from pandemics, such as the bubonic plague in Europe during the Middle Ages and the spread of smallpox through Native American populations following European colonization of the Americas in the late fifteenth century (the “plagues”). But the overall pattern over the past 6000 years has been a steady, long-term rise in CO2 levels when orbital changes should have been driving them down. I find this to be a compelling argument, based on the evidence we have.


Then there’s methane. As we learned earlier, rice cultivation in China began in the lower Yangtze River valley of China around 6000 years ago, and it quickly spread to other parts of China and then elsewhere in Asia over the ensuing millennia. Rice farming requires flooded paddies, which creates extensive pools of standing anoxic water—a perfect breeding ground for methanogenic (methane-generating) anaerobic bacteria. Methane, though it has a shorter atmospheric lifetime than CO2 because it oxidizes rapidly in the atmosphere, is a very potent greenhouse gas. As long as it continues to be generated, it continues to have a warming impact. Ruddiman links the anomalous long-term rise in methane (which, too, should have been in decline) to the rise in rice cultivation.40


Now we appreciate the potential role played by both “plows” and “plagues.” And “petroleum”? Oil as well as coal and fossil gas are the fossil fuels that we’ve been burning since the dawn of the industrial revolution. That has caused a far more rapid and prodigious spike in atmospheric CO2 concentration. And natural gas extraction through hydraulic fracturing (aka fracking) is releasing increasingly large amounts of “fugitive” methane into the atmosphere. It seems we’ve become increasingly adept over time at turning up the thermostat.


Thus, we return to the ironic twist with which we began this chapter. Climate has indeed shaped us. Our brainy species arose in part because of the selective pressures of having to deal with the huge swings between glacial and interglacial climates that arose in the late Pleistocene. And we ultimately used our brains to create civilization, to develop irrigation and agriculture, and to build city-states. These same activities warmed the planet, just a bit. Just enough, in fact, to offset the slow descent into the next ice age. We had achieved the ultimate adaptation: the ability not simply to be controlled by climate but to actually control climate. We helped create our fragile moment, a stable global climate upon which to build the infrastructure of human civilization.


We should have stopped while we were ahead. But we went further. We constructed an industrial civilization that was entirely dependent on fossil fuels. We used our intelligence and ingenuity to generate energy by mining and burning coal, oil, and fossil gas. That energy in turn aided industrial-scale agriculture. These activities helped us support a population of eight billion people on this planet. But they began to warm the planet not a little but a lot, altering the global climate, shifting rain belts, expanding deserts, melting ice, raising sea levels, and unleashing devastating extreme weather events.


In the time span of just a couple centuries, we developed technology that takes millions of years of buried carbon and returns it to the atmosphere in a geological instant. Quoting again the great Carl Sagan: “Our civilization runs by burning the remains of humble creatures who inhabited the Earth hundreds of millions of years before the first humans came on the scene. Like some ghastly cannibal cult, we subsist on the dead bodies of our ancestors and distant relatives.”41


The industrial civilization we created has clearly engendered challenges, the climate crisis foremost among them. That is in part the peril Sagan spoke of in the quote that opens this chapter. But it has also afforded us some degree of resilience and even opportunity, insulating us to an extent from the effects of climate variability and climate change. That is in part the promise Sagan spoke of. We have sophisticated technology today that we can employ in an effort to adapt to climate change. We can build coastal defenses against sea level rise, adapt crops and cultivars to shifting temperature and rainfall patterns, and manage water resources and agriculture in the face of longer dry seasons and worsening droughts. Most importantly, we have the technological know-how to decarbonize the global economy, moving away from the harmful burning of fossil fuels toward clean energy and climate-friendly agricultural and land use policies. The obstacles here aren’t technological. They are political.


We also have distinct advantages over the past civilizations we’ve studied in this chapter because, unlike them, we have the ability to anticipate the future. Although far from a perfect crystal ball and subject to uncertainties, climate models provide a road map for how the climate system is likely to evolve in the future. Moreover, they inform our understanding of how rapidly we must reduce carbon emissions to avert dangerous levels of climate interference. We can also use demographic model projections to estimate where population growth will be greatest. All of that information can be employed to design strategies that minimize the impact of climate change on the societies that are at greatest risk. But we must recognize that there are thresholds beyond which we will simply exceed the adaptive capacity that human civilization affords us. Here again, we must respect the lessons from past examples of societal collapse.


The collapse of both the Anasazi civilization and Akkadian Empire detailed earlier in this chapter serve as cautionary tales. As we saw, modeling that takes into account climate conditions does not predict the observed Anasazi collapse in 1300 CE, suggesting the possibility that our models are missing something. It’s possible that we are underestimating the fragility of civilizations when subject to climate-driven stresses. That our best modeling efforts seem to underpredict the potential for societal collapse, in this key test case where we know precisely when it occurred, should give us pause when it comes to the unprecedented and uncontrolled planetary experiment we are now running. If our models tend to underpredict key impacts, then where there is uncertainty in the results of an intervention, we should err on the side of caution (this maxim actually has a name, the precautionary principle). And the stakes couldn’t be greater today—the continued burning of fossil fuels threatens the very viability of human civilization.






[image: image]

Figure 5. Cliff Palace in Mesa Verde National Park in Colorado was abandoned in the late thirteenth century due to the impacts of extreme drought on the Anasazi civilization in the Four Corners region of the desert Southwest.








The Akkadian Empire offers us multiple lessons as its echoes from millennia past reverberate today. There is the matter of the wall known as the “Repeller of the Amorites” built from the Tigris to the Euphrates by the Akkadians in a desperate effort to keep out immigrants as climate conditions deteriorated. It is difficult not to draw a connection with another wall: the wall that former U.S. president Donald Trump and his acolytes wish to construct at the southern border of the United States to keep out Mexican and Central American refugees. There are multiple factors behind the ongoing exodus. Among them are a desire to flee poverty and violence. But human-caused climate change, through its impact on food security, is certainly an underlying factor. Speaking about this mass migration, Andrew Harper, an adviser to the United Nations High Commissioner for Refugees, argued that “climate change is reinforcing underlying vulnerabilities and grievances that may have existed for decades, but which are now leading to people having no other choice but to move.”42


Then there’s what’s happening today in modern-day Mesopotamia itself. Unrest erupted in Syria in mid-March 2011, part of the larger uprising that has come to be known as the Arab Spring. The unrest grew into an outright civil war in Syria that has now cost hundreds of thousands of lives and has produced one of the greatest mass migrations on record. The underlying cause was a decade-long drought in Syria that is likely the worst in at least a millennium. The unprecedented drought—exacerbated, if not outright caused, by climate change—decimated agriculture in the region and forced rural farmers into the cities of Aleppo and Damascus, competing for food, water, and space with existing residents. The resulting conflict, unrest, and violence created an ideal environment for terrorist organizations to recruit disaffected individuals, and thus was born the international terrorist organization known as the Islamic State of Iraq and Syria, aka ISIS.43


The most important lesson of all, however, is that large civilizations are both resilient and fragile at the same time. They are like catamarans. The double hull design of a catamaran makes it very stable with respect to moderate forces from waves or wind tending to induce it to roll. But the very design that provides great stability for small forces leads to total instability—a literal tipping point—for large ones. The Akkadian Empire was able to reduce its vulnerability to limited water resources using the tools of civilization: large work forces that could implement water storage and irrigation and the transportation of resources from where there were surpluses to where there were deficits. But sprawling civilizations are fragile, requiring cooperation and a degree of common interest among diverse constituencies. In the face of a large force that took the form of an epic drought, the empire collapsed. What implications does that have for our truly globally connected, planetary-scale civilization today? Is it susceptible to collapse given a large climate perturbation? More precisely, just how large a perturbation can we endure?


In the chapters that follow, this will be the overriding question. We will look at episodes of climate change in the past and learn about the response of our climate system to disruptions both big and small. We will start at the very beginning, with the primordial Earth and two specific episodes that occurred early in Earth’s four-and-a-half-billion-year history: the Faint Young Sun and Snowball Earth. These two episodes speak to a seeming contradiction—the simultaneous resilience and fragility of the very climate system upon which modern human civilization is reliant.
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