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				“Giulio Boccaletti makes a strikingly original and persuasive case that the history of human civilization can be understood as a never-ending struggle over water. His command of a vast range of material, across time and space, is astonishing.”

				—Nicholas Lemann, Columbia University Graduate School of Journalism

				“It was an inspired idea to write a ‘biography’ of water and Boccaletti has carried it off in style. His book is impressively global in scope. It ranges from the earliest human societies to questions of water security in our own time, combining bold lines of argument with compelling examples. Ambitious, assured, and very well written, this is an impressive and very welcome addition to the literature.”

				—David Blackbourn, Vanderbilt University

				“In this deeply researched and vivid story, Boccaletti deftly reveals how the struggle to master water is also the root of all organized society. From antiquity to today’s precipice of water scarcity, he spins a dramatic, sweeping story that forces the reader to reappraise all of human history through a water lens. A transformative, dramatic, and revelatory tale of how our struggle to master water defines us as humans.” —John Bredar, WGBH–Boston

				“What makes this fascinating book stand out from other accounts of how water has shaped human history across the ages is Boccaletti’s brilliant and nuanced treatment of the political and economic dimensions of water’s role in history. The breadth and substance of the narrative are outstanding. The book is a tour de force!”

				—Michael Hanemann, Arizona State University

				“The story of Water is our story. Boccaletti takes us on an extraordinary journey through water history, from the retreating glaciers of the ice age that shaped the landscape and the livelihoods of local communities to the emergence of nation states and the industrialized world, presided over by democrats, despots, and dreamers. This book is a cautionary tale for our times.”

				—Alan Yentob, BBC producer and presenter

				
				“As humanity strays across planetary boundaries, Boccaletti’s political biography of water is essential reading. This bold and ambitious saga offers important lessons and instils humility in the reader, both of which we need as we face the dangers of increasing pressure on nature, climate change, and corrosive inequality.”

				—Rachel Kyte, The Fletcher School, Tufts University

				“A dazzling tale spanning millennia, geography, science, and human civilizations that is more than the story of water. It is a story of ideas and institutions, of tensions between individual enterprise and collective action, of human needs and planetary dynamics. I am astonished at its breadth, depth, and scholarship, at once encyclopaedic yet also highly readable.”

				—Lynn Scarlett, The Nature Conservancy

				“Magisterial. Boccaletti has pinned down our complex relationship with our most vital resource. We live, like the ancients, in a hydraulic civilization—one determined to a remarkable degree by where and when we can find water. As he reveals with startling clarity, we face a water crisis as profound as our climate crisis. The fate of the Anthropocene hangs on the fate of water.”

				—Fred Pearce, author of When the Rivers Run Dry

				“Excellent. Boccaletti takes the reader on a polyglot tour de force that shows how the flow of human history, economics, and geopolitics is utterly connected to the constant blue thread of our need for water. His book poses challenging questions about how best to secure our water future and, as a result, ensure our very existence.”

				—Dominic Waughray, World Economic Forum

				“Water could have no better biographer than Boccaletti, who takes us on a fascinating journey, telling the story of how humanity’s interactions with this most precious resource has shaped our history and our present, and will define our future.  Brilliant and enlightening.”

				—Eric D. Beinhocker, University of Oxford
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			Prologue

			On July 19, 2010, a Monday evening, water came crashing down the Yangtze River. Intense rain from the East Asian monsoon hit southwest China. Water poured from the sky. As Monday turned into Tuesday, the flood roared down: every second, seventy thousand cubic meters of water came through, equivalent to thirty Olympic-size swimming pools. In the past, water would have collected in the river, gushing between the rocky banks of three incised gorges in the middle of the mainstem above the city of Yichang. The swollen river would have then overwhelmed the embankments, flooding the plains downstream. Instead, that night the current gently slipped into a wide lake near the city of Chongqing, far above those three incised gorges, oozing out as the crest of the flood dissipated. Six hundred kilometers downstream, the water level in the reservoir rose by four meters, held back by twenty-eight million cubic meters of concrete. Nothing more happened. Three Gorges Dam had passed its first real test.

			The plan to build the largest dam in the world had been green-lit in 1992, under Chinese premier Li Peng. The approval had not been without controversy. Li had trained as a hydroelectric engineer in the Soviet Union. He had pushed to get the project commissioned despite concerns for the relocation of one and a half million people, and for the loss of ecosystems and historical artifacts. Eventually, a majority of the National People’s Congress voted for the construction. Work began in 1994. Only nine years later the reservoir began filling, ahead of schedule and under budget.

			
			The story of why and how this enormous piece of infrastructure came to be is a familiar one. The high modernist project of the twentieth century was to liberate society from a variable climate, to celebrate the final victory of man in his conquest of nature. Today, everyone operates under the illusion that water on the landscape is, or should be, nothing more than an inert backdrop on the stage of human events. That illusion is created because of the forty-five thousand structures taller than fifteen meters that dam the rivers of the world, a number that grows to millions if all barrages cluttering streams are counted. This enormous stock of infrastructure is capable of catching around 20 percent of the world’s annual runoff, the water that collects in rivers and streams across all lands. Modern water infrastructure has replumbed the planet. Three Gorges Dam is one of the latest additions to this vast stock, proof that this modern story of progress has yet to fully run its course. Technology enthusiasts celebrate its achievement, while environmentalists bemoan its impacts. Either way, it is the story of a technological emancipation from nature, in which science and engineering have given humanity, for better or for worse, full control over its own destiny.

			This story is familiar. It is also wrong. The story of water is not technological, but political. The impact of water on society must be read through the scars left by a continuous cycle of adaptation. All communities relate to water over time through a process of action and reaction. A levee might protect people settled behind it. A dam might store water for those times when none comes from the sky. But as towns grow and farms expand, people forget why those structures were built in the first place. Society evolves and habituates to its newfound security. Institutions develop in the shadow of infrastructure designed to create an illusion of stability. Then one day, unexpectedly, the levee fails or the reservoir behind the dam goes dry. Loss follows, sometimes catastrophically. People are forced to reconsider their environment, which is no longer the inert scenery to their life. They learn, rebuild, expand, reaching a new level of security. Their institutions adjust, habits change. The cycle repeats.

			Technological progress and people’s emancipation from nature are a secondary theme in this story. The effects of humanity’s ongoing relationship with water are not merely written in rivers. They are etched into the fabric of society, into the beliefs, behaviors, and systems that regulate everyday life. What is most engineered is not landscape, but political institutions.

			
			The central argument of this book is that humanity’s attempts to organize society while surrounded by moving water led people to create institutions, which tied individuals together in mutual dependence as they tried to deal with their environment. From countless variations over centuries, the republic emerged as the most successful mechanism to mediate the modern concerns of individual freedom and collective benefit in the face of water’s overwhelming force. The argument is not strictly deterministic: water by itself could not have “determined” the form of political institutions. However, institutions did emerge, at least in part, so that society could express its agency over a changing environment. In that sense, the heart of the story of water on the planet is a political answer to material conditions.

			Seen through this lens, the roots of modern society’s relationship to water go far back in time. The story begins when, ten thousand years ago, humans took the crucial step of becoming sedentary. By then, Homo sapiens had already been around for three hundred thousand years, but from a fixed place of observation, the full force of water became overwhelming. Droughts interfered with food production. Storms disrupted people’s lives. Floods destroyed communities. Because of water’s force, individuals had limited power in controlling their environment. Rather, society as a whole had to learn how to exercise its own power.

			Over the course of human history, life on the water landscape forged a social contract. Water is the ultimate res publica—a public good—a moving, formless substance that defies private ownership, is hard to contain, and requires collective management. People developed institutions that required mediating individual desires and collective action in the face of water’s force. Those institutions eventually became dominant across the modern world. Legal and political systems, the territorial nation-state, finance, a system of trade, all evolved over thousands of years, while communities tried to ensure they could survive—even harness—the force of water in service of a commonwealth. Without understanding where those ideas came from, and how their development related to water, it is impossible to make sense of why and how the landscape looks the way it does today.

			Part I of this book follows the dialectic relationship between the water landscape and human society from the neolithic to classical antiquity, showing how it contributed to shaping statehood. Part II then shows how—over a thousand years—antiquity was metabolized by European nations into the modern state. The legal legacy of Rome, classical republicanism, political liberalism, the sirens of utopianism, all mixed to inspire institutions, from the American Republic to the British Empire, which set the stage for the twentieth century. Part III describes how the power of the modern state and the force of industrial capitalism led to the most radical transformation of landscape in history. Its success was so complete as to make society’s relationship with water invisible, hidden under the fabric of modern life, and sowing the seeds of the dangerous illusion that governs the present. Part IV, the last one, describes how, below the visible surface of a society that believes itself separated from nature, the undercurrents of water’s agency still flow as powerful as ever.

			
			Such a millennial story is not just an account of events and physical constructions. It is a story of ideas. In fact, it is impossible to explain the former without the latter. Three Gorges Dam, for example, was first the product of Dr. Sun’s dream. Sun Yat-sen is often referred to as the father of the Chinese nation. He was a character of extraordinary complexity, a voracious intellect, a lifelong radical, a charismatic leader. Dr. Sun’s life exposed him to a broad spectrum of cultures, tracing a path from his birth in a village in Guangdong, to his early schooling in an Anglican college in the kingdom of Hawaii, to his training as a medical doctor in Hong Kong in the 1880s. Along the way, he converted to Christianity. He was a physician, but his gift was revolution.

			Dr. Sun was inspired by the profound transformations of the end of the nineteenth century, caught between British imperial aspirations and the utopianism of a modern, industrial society mesmerized by the echoes of classical republicanism. He sought to first reform and then overthrow the reactionary Qing regime in China. During years of exile and failed revolts, his anti-reactionary fervor grew. Like many modern revolutionaries he was intimately familiar with the history of Western political thought. He embraced ideals of emancipation and justice, admiring the French, American, and British constitutional settlements, even while resenting the policies those powers pursued. After the revolution of 1911, the Qing finally overthrown, Dr. Sun became the president of the Provisional Government of the Republic of China. The opportunity to make his dreams a reality had arrived.

			
			Alas, China’s first modern republic quickly descended into chaos, as the old military elites turned to dictatorship. Unable to realize his utopian vision for the future, Dr. Sun moved to the French concession in Shanghai and wrote about it instead. International Development of China was his blueprint for the country’s economic rebirth. His point of reference was America. Sun Yat-sen proposed to “make capitalism create socialism in China so that these two economic forces of human evolution will work side by side in future civilization.” His political philosophy required transforming the water resources of China. He compared the potential of the Yellow River to that of the Mississippi, imagining a delta designed to mimic the jetties of New Orleans. He imagined improving existing canals and embankments, constructing new waterways, hydropower, and irrigated agriculture. Then, he imagined a dam in the middle of the mainstem of the Yangtze, at three incised gorges, to “form locks to enable crafts to ascend the river as well as to generate water power.” It was 1920.

			Dr. Sun was not an engineer, but the interpreter of ideas that stretched as far back as human history. His was the dream of a utopian and a revolutionary. The Three Gorges Dam that stopped the flood in 2010 was not about catching up to the latest technology. The dam was the product of a society that had long chosen to tame the environment on an unprecedented scale. It was the product of a hundred-year-old dream steeped in republican values, one which spoke of commonwealth and progress, of rights of individuals and national aspirations, and which had crystallized long before the modern multipurpose dam had become a common feature of the landscape.

			Dr. Sun’s dream gave the idea of Three Gorges Dam the strength to persist through time, through Chiang Kai-shek’s Nationalist government, through Mao Zedong’s era, through Deng Xiaoping’s reforms, to, finally, Li Peng’s premiership. Once built, the dam seemed to prove that those living downstream could sleep soundly in the knowledge that something powerful watched over them. The significance of that security was in its political intent. Its engineering had become an instrument of the state in creating an illusion of final emancipation from nature in service of a commonwealth. The question is what happens when—not if—the illusion of emancipation is shattered.

			
			At the dawn of the twenty-first century, humanity has become a force on the planet so powerful that some have renamed this era “the Anthropocene.” But that has not heralded the conquest of nature. Far from it. The profound modifications inflicted on the planet have tightened, not severed people’s relationship with water. The increase in greenhouse gas concentrations in the atmosphere is having a measurable impact on the energy balance of the planet, modifying Earth’s water cycle. The extraordinary rainfall of 2010 on the Yangtze basin was a harbinger of much more to come. Changes in the climate system will eventually shatter the illusion of any final emancipation from nature. When they do, what will be concerning, above all, will not be the flaws they expose in the engineered landscape, but the societal response they stimulate.

			The success of a republic in managing the tension between individual liberty and collective action rests on fragile and unstable foundations. By destabilizing those foundations, the water events of the twenty-first century could have profound political consequences. What compromises people will be willing to make in order to achieve further security in a newly uncertain world—what sacrifices to individual liberty they will endure and what choices they will make in the pursuit of a collective benefit—will determine whether the unstable balance between freedom and commonwealth can be preserved. That is, above all, what is of fundamental importance to everybody’s future.

			The questions posed by having to manage the power of water on the planet are not primarily technical, scientific, or even aesthetic. They are fundamentally questions about power, about who gets to decide what happens in everyone’s home. The answer is often found in the minds of radical dreamers. Dr. Sun’s dream a hundred years ago led to the Three Gorges Dam. Similar dreams created the modern world. To imagine what kind of future current dreams might bring, it is crucial to understand humanity’s relationship to water, the most powerful agent of the climate system on Earth. For that, the combined story of people and water—a biography of water—matters a great deal.

		

	
		
		
			
			PART I

			 

			ORIGINS

		

	
		
		
			
			1

			Standing Still in a World of Moving Water

			
				Hydraulic Control

				Long before Earth ever formed, the subatomic particles that emerged from the Big Bang’s first instants formed a plasma of hydrogen and helium. Gravity pulled them together in a nuclear fusion that fueled the first stars, the furnaces that forged heavier elements like oxygen. In the proto-stellar material left by the death of those first stars, hydrogen and oxygen reacted. They produced water.

				That is why water is everywhere in the solar system. Saturn, Uranus, Neptune, Mars, Jupiter, and many of their moons were formed from a solar nebula that contained water, the debris left by previous generations of stars. But Earth could not have begun its existence covered in water as it is today. The inner solar system, the portion closest to the Sun in which Earth coalesced four and a half billion years ago, was too hot in its early phase for liquid water to survive on the surface of a planet. So, whatever water is found on Earth today must have either arrived after it cooled (carried by asteroids) or been released as vapor from the planet’s interior. Either way, the amount of water on Earth has been fixed ever since.

				If distributed on the Earth’s surface as a uniform, liquid layer, it would be just over two thousand and seven hundred meters thick. That may sound like a lot, but when compared to the radius of the planet—over six and a half million meters, a thousand times more—it is hopelessly thin. Today, 97 percent of that water resides in the oceans. Almost all of the remaining 3 percent is divided between ice caps and groundwater. If liquefied, the first would form a layer of about sixty meters, while the second would amount to about twenty. What remains—a tiny fraction, less than a fiftieth of 1 percent—is the water contained in lakes, rivers, and soils, which creates the environment that surrounds all terrestrial creatures, including people. If spread over the planet, it would be less than half a meter thick. The amount of water vapor in the atmosphere, a crucial quantity in this story, is less still, just two and a half centimeters, while the ice and water droplets that form the clouds floating in the sky would contribute a layer the thickness of a human hair.

				
				The amount of water in each of these stocks has changed over the planet’s existence, from an ice-covered world to one entirely ice-free, but human beings were not around for most of those changes. In fact, hominids appeared and grew in number during a period of relative stability in the planet’s climate, over the last three million years. Still, very significant changes were occurring in the water environment during this time, the most significant of which were the ice ages, periodic changes in ice cover with a hundred-thousand-year cadence.

				What drives ice ages are small, periodic variations in the planet’s orbit around the Sun and in the tilt of its axis, which in turn modify the amount of energy reaching Earth. However small, the response of the planet is still extraordinary in human terms: twenty thousand years ago, at the time of the Last Glacial Maximum—the peak of the last ice age—ice covered much of the Northern Hemisphere, from Canada to Russia, and most mountains, from the Alps to the Himalayas. In many places, ice sheets were over a kilometer thick. Ice accreted enough water that the global sea level was about 130 meters below where it is today. Why and how relatively small changes in sunlight would result in such an enormous response is still a matter of substantial debate. But in almost all explanations, water itself plays a crucial role. Understanding this role requires appreciating how water interacts with the Sun’s energy.

				The Sun emits electromagnetic radiation on a broad spectrum of wavelengths, the peak of which is between a quarter and three-quarters of a micron. This is the frequency band which the human eye evolved to interpret as visible light. When this sunlight reaches the Earth’s surface, it warms it up. The surface then emits back to space infrared radiation, which is at much longer wavelengths. Oxygen and nitrogen, which account for over 99 percent of the volume of the atmosphere, absorb and scatter visible light (hence the blue color of the sky), but are largely transparent to infrared radiation.

				
				Were the atmosphere exclusively made up of those two gases, almost no heat would be trapped near the surface and the planet would be much, much colder. Water vapor, on the other hand, is largely transparent to visible light, but the water molecule, with its three atoms and slightly bent shape, happens to be particularly effective at intercepting and absorbing infrared radiation. As a result, water vapor acts as an enormous blanket over the planet, trapping outgoing heat: it is the principal greenhouse gas. Of all the forms in which water exists on Earth, by far the most fundamental is water vapor, for it is thanks to its presence in the atmosphere that the planet is habitable.

				But water is not just a powerful greenhouse gas. It is also an amplifier of change. The atmosphere absorbs water vapor until it saturates, but the saturation point is itself a function of temperature. The higher the temperature, the more water the atmosphere can absorb: 7 percent more water for every degree of temperature increase, in fact. The more water there is, the more the atmosphere becomes opaque to infrared radiation. The more it is opaque, the higher its temperature. This is called the water vapor feedback. It is a powerful amplifier.

				A small change in sunlight such as that associated with orbital changes (or, for that matter, a small change in the concentration of carbon dioxide) would have by itself a commensurately small impact on the temperature of the planet if it wasn’t for the water vapor feedback. But because of the latter, a small change in temperature increases the amount of water in the atmosphere, in turn amplifying the temperature change further. Earth’s climate is sensitive because there is water in it. Earth’s climate is controlled by water.

			

			
				Sapiens and the Great Melt

				The first chapter in the story of water and people must describe the role this consequential, ubiquitous substance played in the development of complex societies. As colossal as the peak of the last ice age was twenty thousand years ago, its impacts on people were even more remarkable when ice began to melt. In the Northern Hemisphere, ice sheets began retreating around nineteen thousand years ago. Melting was punctuated by a series of abrupt regional shifts. Between fourteen and eleven thousand years ago, for example, there was a cold spell called the Younger Dryas. It was named after the Dryas octopetala, a flowering shrub that thrives in the cold. Fossil traces of the plant had revealed to scientists that the spell had happened. During the Younger Dryas, the climate of the Northern Hemisphere, particularly in Europe, reverted to glacial conditions for a thousand years, before warming again.

				
				As water streamed down from the ice sheets, it shaped the landscape. It ground down mountains, cut valleys, flooded plains, and created coastlines. To be clear, no one would have experienced these phenomena as a sudden shift: at its peak around 12,000 BCE, melting caused sea levels to rise four meters per century, which is four centimeters per year. But changes would have been measurable over the course of a lifetime, particularly a human one.

				The population of Homo sapiens swelled in Africa around 130,000 years ago, between the last two ice ages. It ultimately replaced all hominid species: erectus, heidelbergensis, and neanderthalensis. However, any evidence of human culture—anything beyond mere existence, that is—has reached modernity almost exclusively from the last twenty thousand years, right when the planet was leaving the Last Glacial Maximum. By 5000 BCE, sedentary farming was established, various forms of proto-writing had developed, and complex societies were well on their way. So, the years between roughly 18,000 BCE and 5000 BCE were not just years of great change for the water landscape. They were also critical for humans to set themselves up as organized societies.

				Early humans emerged from the last ice age still nomadic foragers and hunters, as they had been for all of their existence up to that point. But, as the population grew, megafauna like bison or mastodons, all of which represented a primary source of food, disappeared. Why this so-called Pleistocene extinction occurred at all is a matter of some debate. It may have been the result of the effectiveness of Homo sapiens as hunters or of environmental change.

				Be that as it may, hunter-gatherers had to broaden their diet to survive, foraging a wider range of food. These early foragers moved around, relying on multiple food webs and highly productive ecosystems like wetlands and forests. Because the productivity of ecosystems waxed and waned with climate, the demographics of these foraging communities followed. Natufian communities in the Levant, for example, thrived during warmer periods, but became more ephemeral as the Younger Dryas set in.

				
				And then, the transition to sedentary farming happened. The first step in that transition was the domestication of plants, evidence for which dates back to the very end of the Last Glacial Maximum in Israel, long before any stable transition to full-scale farming. In other parts of the world, domestication happened later. In north China, for example, millet seems to have been domesticated around 8000 BCE. The simplest hypothesis for how domestication happened is trial and error: given the small number of wild plant and animal species suitable for domestication, it probably took some time for foragers to happen onto the right specimens.

				Sedentary farming was the next step and implied creating artificial ecosystems. That is when people locked their journey to water. Any productive ecosystem, natural or constructed, needs enough water to survive. Early communities faced different options, depending on where they were. Dry farming was entirely reliant on rainfall, and would have been the most straightforward form of agriculture. But it was labor intensive and needed abundant rain. Flood-recession agriculture, in which farmers took advantage of the moisture and nutrients left behind by the receding flood of a river, was less labor intensive, but did expose communities to malaria and the destructive power of floods.

				Between the ninth and eighth millennia BCE, as it turns out, the first communities to transition to sedentary agriculture relied on dry farming in the “fertile crescent,” a rainfed area that traced an arc from central Israel, through Lebanon, along the southern side of the Anatolian plateau and down on the other side of the Tigris River, along the Zagros Mountains. Rather than adjusting to a changing environment, these communities became a force controlling nature in service of the plants and animal species they had domesticated. It was the Neolithic revolution.

				Sedentism required human societies to make radical adjustments to their relation with water. Rivers meander, landscapes change, floods and droughts may completely alter the ability of an ecosystem to support a community. While nomads could relocate in the face of these changes, sedentary people were unable to move and had to modify the surrounding environment to fit their needs, or suffer the consequences. That was the true Faustian bargain that society made when it transitioned to stationary farming: it chose to tame an unstable, dynamic environment. The journey of modern man had begun and the distribution of water had defined its starting point.

			

			
				
				Production Begins

				Sedentary agriculture changed human society. Most natural ecosystems do not maximize digestible calories for humans, but farming can. The numbers are stark. The basis for agriculture was the cultivation of grains. Unlike other crops—legumes, fruits, or tubers—grains were particularly well suited for constrained landscapes. They were highly productive on a calories-per-hectare basis. A small territory under the control of a sedentary community could yield well beyond subsistence levels. Grains could also be harvested all at the same time, which meant that they could be more easily packed and stored. Ancient dry farming could produce about six hundred kilograms of grain per hectare. With irrigation and multiple cropping, farmers could obtain up to two thousand kilograms of grain per hectare, providing a hundred times more calories than grazing cattle, for example. As a result, farming could support more people than nomadism.

				Nomads needed several hectares per head of cattle and had to constantly relocate, so having too many mouths to feed would have strained their scarce resources. Those limits were not an issue for sedentary communities. More children meant more people to feed, but they were also an insurance policy against early mortality. Living in settlements inevitably increased exposure to water-borne diseases like dysentery and cholera. A number of diseases crossed over to humans from the animals that lived with them. As a result, sedentary communities entered a demographic regime of high fertility and high mortality, through which the population developed resistance. This gave sedentary populations a competitive advantage over others. The sedentary population grew.

				
				Between the sixth and the fifth millennium BCE, the earliest settlements were in northern Mesopotamia, far from large, dangerous rivers and near spring sources. Initially, communities were sparse, ten or fifteen people per square kilometer. As the settlements grew, they did so in clusters, surrounded by uninhabited areas. Hierarchies among settlements developed. The landscape began to specialize, with some areas used for grazing, others for growing crops, mostly barley and wheat. Smaller settlements might be one or two hundred people, their size limited by the scale of social interactions. Eventually, larger, walled centers might reach a few thousand people, again limited by the environment and the potential of the local economy. Transport of cereals was limited to three to five kilometers, because everything had to be carried by mule or on foot. This was not an integrated economy.

				Rapid expansion of organized society had to wait for the southeastern plains of Mesopotamia. There, richer ecosystems with greater carrying capacity allowed higher concentration of people. But this transition could only happen once the melting world had fully stabilized. At the end of the Last Glacial Maximum, the Persian Gulf was dry from the Strait of Hormuz all the way up to modern Kuwait. Then sea levels began to rise. A few meters’ sea level rise per century might seem like a relatively small affair. However, because of the continental slope into the Gulf, such vertical displacement would have moved the waterline back horizontally one or two kilometers. Once the water reached the shelf, which is significantly shallower and with a much lower incline, a ten-meter change in sea level would have moved back the shoreline somewhere between a hundred and two hundred kilometers. This rate of change was too fast to allow any coastal ecosystem to stabilize. Productive wetlands or estuaries could not form along the moving coastline until the sea level rise had stopped.

				That happened around 5000 BCE. At that point, the water flowing down from the glaciers and across the landscape brought nutrients to coastal ecosystems, transforming them into remarkable sources of food. Estuarine fisheries alone could yield up to a ton of fish per hectare per annum, which in caloric terms is comparable to the productivity of dry-farmed agriculture. As the coastline stabilized, the landscape of southern Mesopotamia also formed its distinctive structure. During the great melt, rainfall had been high in this part of the world. Full rivers had brought additional sediments, which in turn had lifted the riverbeds. Close to the coast, saltwater intrusions mixed with freshwater to create a vast system of marshlands. Wetlands and marshes, particularly those in brackish waters, are among the most productive ecosystems in nature. They offer a myriad of food sources, grazing for cattle, resources for communities. Lower Mesopotamia turned into an area of unparalleled richness and productivity.

				
				The communities that formed during this, the so-called Ubaid period of lower Mesopotamia, took advantage of being at the interface between saltwater and freshwater, engaging in water transport and irrigation as well as fishing and growing salt-tolerant crops. They acted as an interface between the earliest farming communities of northern Mesopotamia and the rich ecosystem of the Gulf. The explosion of their population led to the specialization of labor. Centers began to grow. Real towns emerged. Eventually a system of interconnected communities gave way to the first city-states of deep antiquity.

			

			
				Living with Weather

				Social complexity stemmed in part from the need to organize to confront water phenomena, whose scale far exceeded the agency of any individual. The scale of those phenomena, in turn, was a consequence of the physical properties of water. In an average year, seventy centimeters of liquid water fall down, which means that the entire stock of water in the atmosphere cycles through it almost thirty times over that period. In that process, water transfers vast amounts of energy from the surface of the planet into the atmosphere, warming it. The energy involved in weather associated with those cycles of water can overwhelm all human activity, even today. If the energy used in the global economy—all transport, power plants, homes, heating systems—were one unit of energy, then the water cycle of an average hurricane releases roughly one unit, the Asian monsoon about ten units, and global annual precipitation several thousand units. Water overwhelms humanity.

				The reason for this awesome power is an astrophysical accident. Earth is the only planet in the solar system to have a particular combination of mass and distance from the Sun, which produces average temperatures and atmospheric pressures that keep the planet close to water’s triple phase point, the temperature and pressure at which liquid water, ice, and vapor coexist in precarious equilibrium. Because of these conditions, water can experience all phase transitions within a range of temperatures and pressures commonly found on Earth: from ice, to liquid, to vapor, and back.

				
				In those transitions, water has the highest latent heat of any common substance found on the planet. For example, the energy it absorbs in transitioning from ice to liquid is far greater, for a comparable weight, than what iron, gold, or silver need for liquefaction at their respective points of fusion. Similarly, the energy needed to evaporate water is almost six times that of benzene and ten times that of petroleum. If one had to design the perfect molecule to transfer energy on Earth, water would be it. These phase transitions power the weather phenomena that shaped the development of the first fragile, sedentary communities.

				For example, the East Asian monsoon is one such powerful weather phenomenon. It is so powerful, in fact, that in the twenty-first century, China built Three Gorges Dam to manage its rainfall, which gives some measure of how disruptive the monsoon must have been to China’s earliest communities.

				To understand what those communities faced, it is helpful to know how the monsoon behaves. The East Asian monsoon has both summer and winter phases. During summer, tropical storms form a band of rain running along the coast, from the southwest to the northeast of China, all the way up to Japan, bringing the Mei-yu, the “plum rains.” These storms release vast amounts of energy, driving the monsoon. Its surface branch draws air across the equator from Indonesia and Borneo, bringing water into China. Meanwhile, above the Tibetan Plateau, a huge anti-cyclone sucks air upwards, generating storms that pour rain into the Yangtze basin. As the whole front moves inland towards the northeast, it switches from the Yangtze to the Yellow River basin, persisting until late September. During the winter phase, a large high-pressure system over Siberia pushes cold air southward, replacing tropical storms, drying and cooling north China. The cold air then crashes into the Tibetan Plateau and into the moist warm air of the southeast, generating winter storms and cold surges over the South China Sea. The cycle repeats.

				The distribution of rain and winds associated with the monsoon was at the heart of the development of early Chinese society. The story of China began in the north, where the hydrology of the Yellow River was controlled by this monsoon. Neolithic communities began settling in the mid-basin around the middle of the fifth millennium BCE, supported by a mix of low-intensity farming, grazing, and foraging. Those Neolithic cultures spread to the northeast Tibetan Plateau between the fourth and third millennia BCE, when abundant rain and a warm climate encouraged greater agricultural production.

				
				The heart of Chinese agriculture was the Loess Plateau, a large flat platform the size of France, a thousand meters in elevation, which stretches over part of the mid-river. It is the largest such formation on the planet. The plateau is covered in a few hundred meters of loess, a loose deposit of yellow fine silt, mostly brought by wind from the Gobi Desert to the west, during the winter phase of the East Asian monsoon. When this loose material makes it into the Yellow River, it suspends in water, contributing the color that gives the river its name.

				Over the centuries, as the monsoon changed in strength and location, it transformed the environment of the mid-river. Geographical shifts in precipitation, if sufficiently long-lasting, changed vegetation. During much of the fourth millennium the mid–Yellow River was wet, but starting in the third millennium the monsoon moved south. The resulting drought in the mid-river forced populations to move down in the lower valley, while further east, parts of the upper river transitioned back from rainfed agriculture to pastoralism.

				The cooling and drying of northern China created a transition zone that cut through the Loess Plateau, from the northeast to southwest, separating grazing in the steppe from sedentary farming. From then on, nomadic people occupied the middle and northern parts of the middle basin, while farmers withdrew to the southeast and kept expanding to the lower river. That boundary has moved throughout the history of China following changes in the monsoon. Wetter climates meant that more of the upper river could be farmed. Drier climates pushed that boundary further downstream.

				With each oscillation, the Yellow River saw transitions between Chinese sedentary farmers and the nomadic populations of the steppes. The tug and pull between them at the margin of the monsoon amplified its impact on sedimentation in the Yellow River. As farming moved in and out of the coarser sediment, the amount of mud and silt that monsoonal rains washed into the river changed, altering the speed at which the channel would rise as a result of the deposits. That affected the rate of breaching of natural levees downstream, which pushed the population to engineer artificial ones to protect agriculture. The example of the East Asian monsoon shows the complex route through which large and powerful weather phenomena could both drive long-term changes in the landscape and provoke the response of the population.

				
				What is true for China is true for most societies on the planet. Storms, hurricanes, and monsoons feed off energy released by water vapor condensing into rain or snow. These powerful weather phenomena are capable of transforming the environment through floods and drought, and of doing work which can overwhelm human activities. In response, early communities adapted, beginning a process of developing institutions to manage this uncertain environment, which continues to this day.

			

			
				Memory

				The fundamental struggle with water has never really abated since it first began on the shores of the Persian Gulf. The multiple transitions, from nomadism to sedentism, from hunting and foraging to domesticated agriculture, from small rural communities to a productive, specialized, urbanized society, were severe disruptions. But while individuals would have lived through them as gradual, incremental transformations, over the course of Homo sapiens’ existence, they amounted to shocking events. From the moment Homo sapiens, late in its history, decided to stay in one place, surrounded by a changing environment, it began to wrestle with water, an agent capable of destruction and life-giving gifts.

				The reason the early story of water and society matters is that it has left deep cultural traces guiding and inspiring human adaptation ever since. For example, given the experience of the early Chinese communities described above, it is not surprising that water myths are abundant in that culture, and have captured the role of the water landscape in Chinese identity. One Chinese myth tells of how the world formed from the body of a giant, whose blood and veins turned into water and rivers. In another, the Jade Emperor, Lord of Heaven, entrusted four great dragons to bring rain to the people. Their names were Long, Yellow, Pearl, and Black. After they disobeyed him, he entrapped them in mountains, so the dragons turned themselves into rivers, becoming the Yangtze, Yellow, Pearl, and Amur Rivers, the great historical sources of water for agriculture. These are the cultural traces of the great East Asian monsoon.

				
				Chinese culture is not alone in recording its relationship with water. Stories from the past reflected the concerns of societies dealing with the overwhelming power of water. For example, floods are exceedingly common as a foundational myth. The Lenape, the original inhabitants of Manhattan, were believed to be descendants of the survivors of a great deluge who had escaped by riding the back of an ancient turtle while following a bird to dry land. The Navajos believed they originated from Insect People, chased away by gods that sent water to cover the land, and who had been guided by a swallow in their escape. Both found in the story of water a powerful source of identity.

				When in the sixteenth century Cristóbal de Molina and Sarmiento de Gamboa spoke to those who had survived from Cuzco, they learned of the Unu Pachacuti flood, which covered the land around Quito. Similarly, Maya populations left accounts of a mythical flood that destroyed the race of men and established a new order. In Scandinavia, the Old Norse frost giant Bergelmir was the only one to survive a destructive flood, saving himself and his wife by boat. Even the aboriginal societies of Australia, isolated on the continent for fifty or sixty thousand years, in their ancient songs told of a time when much of the coast was dry land, and of how the waters came to cover it.

				It is unlikely that these flood myths all refer to an actual, synchronous memory, for example that of the melting of the Last Glacial Maximum. But such a wide canon of evocative water-related stories is an indication of just how traumatic those adjustments must have been for early societies.

				The stories from Mesopotamia, in particular, speak to the oldest memories of humanity’s relationship to water. In a famous tablet from Nineveh, a schematic river, the Euphrates, flows through the center of a map, and through Babylon. Below the city, the river ends in marshes, a canal, and, finally, the sea. One image, a few etched marks on unfired clay, captures the significant elements for early societies: the river and the water landscape as whole systems with the life of an organized people.

				
				What propelled the Mesopotamian records like this one to unprecedented modern fame was one tablet in particular. It told an episode of an Akkadian epic in which its protagonist, Gilgamesh, had set out to find the patriarch Utnapishtim, “the faraway.” When he found him, Utnapishtim told Gilgamesh of how he had saved himself from a destructive flood by building a vessel, of how he had received a divine mandate to save animals, of the endless floating, of a dove sent out to seek land, of landing, finally, on the mountain in Urartu. It was Noah’s story from the Old Testament.

				When Assyriologist George Smith broke the news of this discovery in 1872, it hit the public like a thunderbolt. Here was what seemed to the Victorians as independent confirmation of the biblical story, from about a thousand years before the writing of the Old Testament. The great flood, the deluge, the story of the destabilizing havoc that an immense amount of water supposedly wreaked on a prehistorical society. For forty days and forty nights, an implausibly old Noah, his family, and seven pairs of each animal on the planet floated in the ark, as God let water out from “the springs of the deep and the flood gates of the heavens.” The Akkadian story of Utnapishtim and the flood mesmerized the world. Newspapers went straight for the sensational. In a moment of lyrical abandon, the Daily Telegraph and the New York Times both ran this line: “History was jealous of Romance until last week; but then suddenly she gave to the world, by the marvelous skill of a scholar in the British Museum, a fragmentary story far more wonderful and entertaining than any work of fiction.”

				That societies produced these composite allegories of the relationship between the powerful and unbridled force of the environment and human society supports one basic conclusion: the story of the struggle with water is the root of organized society, and it started when people stopped and noticed that the water around them moved.

			

		

	
		
		
			
			2

			The Rise of the Hydraulic State

			
				Water and the State

				From the fifth millennium BCE onwards, the earliest states began leaving consistent traces of themselves. Societies governed by states produced art, science, and writing systems. Those traces are what can be relied on to reveal how the development of the earliest states was shaped by the water conditions they evolved in.

				Now, the word “state” conjures modern ideas of political representation or huge, bureaucratic institutions, but the early states in which sedentary communities evolved were not comparable to modern ones in size or scope. Yet they shared with them basic traits, including an army and the ability to collect tributes and redistribute resources. They fought each other, engaged in diplomacy, relied on ideology to reinforce allegiance and on administration to overcome tribal relationships. To be clear, there was nothing inevitable about the rise of states. In fact, many societies remained stateless well into the eighteenth century, surviving in small self-sufficient communities or nomadic tribes. Some are still stateless today. But societies that organized in states eventually outpopulated all others.

				The first—the Sumerian city-states, followed by the Akkadian Empire, which loosely coalesced into a Mesopotamian civilization—are often described as a “river valley civilization,” because they developed on the banks of the Tigris and Euphrates, just like the Egyptian state would later develop along the Nile, or the Xia and Shang state on the Yellow. However, the narrow view that attributes the origin of the state solely to river management is largely without empirical grounds. In fact, quite the opposite: large rivers are not essential to explain the rise of complex states. River management was not at the root of the Maya forest civilization, for example, nor did the states of northern Mesopotamia have to deal with a river. And, vice versa, stateless communities continued to exist along rivers for centuries. “River valley civilization,” it turns out, is a geographical descriptor, not an explanation of why states happened.

				
				But explaining why things happen is not the same as explaining how they happen. The water conditions in which a state developed interacted extensively with its institutions. Water moves. Actions by those living upstream affect those living downstream. People had to work together to respond to the power of water. In a world drenched with it, sedentism encouraged cooperation, and states, however they arose, had to adapt to it. In this sense, Mesopotamia is indeed where the first hydraulic states developed.

				In the story of the Tigris and Euphrates, there is a tight relationship between the nature of the state and how the water landscape evolved. Water obeyed the boundary conditions imposed by the climate system. People, on the other hand, organized into states to exercise collective power and change the environment to their benefit. Environmental conditions did not cause the rise of the state, but they did help to shape it. From the first city-state, to a multitude of competing states, to the very first empire, the story of Mesopotamia is the story of how these two interacted.

			

			
				Middle Earth

				The land was once known as Al-Jazirah, “the Island” between the two rivers. “Mesopotamia” comes from the Greek mesos, “middle,” and potamos, “river.” The name first appeared in a second-century CE history of Alexander the Great by the Greek historian Arrian of Nicomedia.

				The Tigris and Euphrates Rivers have been protagonists of the story of the Near East since the Neolithic. They were the setting for the emergence of the first states, and it stands to reason that their behavior would have contributed to shaping them. The sources of these consequential rivers were shrouded in mystery. In the Babylonian poem Enuma Elish, the god Marduk undammed the eyes of the slain water goddess Tiamat, unleashing the rivers. But their sources are far less mythical, if equally powerful. The water that feeds them is the result of the complex interaction between the circulation of the atmosphere and the nearby Mediterranean Sea.

				
				The Earth’s climate is more or less in what scientists call a state of radiative-convective equilibrium, thanks to water’s dual role as greenhouse gas and as a vector for latent heat, which is released into the atmosphere when vapor condenses into rain. Both effects depend on the amount of water vapor in the air column, which is in large measure controlled by how much evaporates from the surface, itself a function of sunlight reaching the ground. Therefore, the temperature of each air column is mostly dependent on the amount of sunlight reaching the surface at that particular point.

				Because sunlight intensity is lower at the poles, higher at the equator, the resulting north-south difference drives a circulation in which colder, heavier air from the poles slides towards the tropics, while warmer, more buoyant air flows above it towards the poles. But air moving towards the poles also moves closer to the planet’s axis of rotation, accelerating eastward relative to the surface of the planet (the same conservation of angular momentum that a skater relies on when she draws her arms in close to her body to accelerate her spin). The result is a powerful jet stream, at 40 degrees latitude, 10 kilometers or so up in the atmosphere, flowing at about 180 kilometers an hour relative to the surface.

				The jet stream circumnavigates the globe and is strongest during winter, when the equator-to-pole temperature difference is greatest. During that season, its core becomes highly unstable, and perturbations grow, forming bands of weather systems, troughs, and ridges associated with the familiar cyclones and anti-cyclones of weather maps. These bands of turbulence and instability are “storm tracks.” During winter, storms that originate around the jet stream enter the Mediterranean basin and follow the axis of the sea from west to east. This secondary storm track passes over warm waters, which act as a fuel injector for the storms.

				As storms approach the southeastern corner of the basin, those that veer northward draw moisture from the eastern Mediterranean and crash into the Taurus Mountains of southern Turkey and the Zagros Mountains of eastern Iraq and western Iran, releasing their water. The storms that swerve southward move over the hot, dry Sinai desert, bringing hardly any rain at all. As a result, winter rainfall is distributed along a very steep north-to-south gradient across Mesopotamia and the Levant. During summer, these storm tracks weaken. Local weather turns dry as the Indian monsoon generates large-scale standing waves across the atmosphere, including a persistent rainless region of high pressure over Mesopotamia.

				
				The flows of the Tigris and Euphrates experienced by the early communities of Mesopotamia were the result of these annual cycles. They fed on the abundant winter rainfall in the northern mountains and traversed the persistently arid south. Despite their common origin, the rivers were not the same. The Euphrates had a relatively stable flow and was what river morphologists call an anastomosing river: before modern engineering constrained it, it separated into multiple smaller, meandering channels. The Tigris, on the other hand, was bigger by at least 50 percent, as a number of tributaries from the Zagros Mountains added to its flow. Silt suspended in its water was three times that of the Euphrates, making it a dangerous river of mud. Its floods were so violent that they could drown most artificial structures of antiquity. If given the choice, people would have found it easier to take someone else’s territory along the Euphrates rather than to dig a canal from the Tigris to move water.

				The rivers traveled through a fertile plain. Even with the limited technology available in antiquity, the Euphrates alone could support irrigation on land in excess of a million hectares. The two rivers combined, if tamed, could in principle reach up to three million hectares. But both rivers presented a similar problem. Both had strong peaks in the spring, when the snow left by winter storms in the high mountains melted. As a result, the timing of their flow was wrong. Their peak flow did not correspond to the needs of irrigated agriculture: floods would happen when grains were ripe and ready for harvest. This timing meant that farmers had to do a lot of work to transform the Mesopotamian plain into a viable environment for agriculture. And that is the story on which hinges the evolution of the first state.

			

			
				
				Growing with Water

				Below the rainfed north, the Tigris and Euphrates left their respective valleys, entering the floodplain. For every kilometer the rivers traveled towards the Gulf, they dropped by five or ten centimeters at most. The floodplain was so flat that, had farmers attempted to use its incline to irrigate, they would have had to dig canals over forty kilometers long to generate enough pressure. No individual community of the fifth millennium BCE would have had the labor force and territorial control to pull off something like that. But in this case, nature provided the solution.

				On the flatlands both rivers slowed. They became unstable, meandering and increasing their length with every bend, frequently flooding their surroundings. Because the amount of sediment that came down from the mountains was substantial, each inundation lifted the banks and bed of the river further. Over time, the rivers began traveling a few meters above the rest of the plain, held in by natural levees. This process created a landscape of elevated banks. In the direction perpendicular to the river, they were much steeper than the incline of the floodplain heading towards the Gulf.

				People took advantage of this configuration, particularly settlements on the braided part of the lower Euphrates River. These communities dug short irrigation canals, taking off from the top of the embankment and running downhill across it, generating enough force to irrigate. The canals were about three to four hundred meters from one another. Over time, sediment from the floods filled the space between them, establishing narrow strips of cultivable land, a few kilometers wide, straddling the length of the river. The nature of this landscape shaped agriculture.

				The space between the canals defined long fields of about thirty or forty hectares, which formed a herringbone structure along the river. Some of the long fields were divided further into plots of about two hectares each. This field structure could be plowed using large seeder-plows pulled by multiple oxen, digging furrows along the length of the fields and pushing seeds into the soil. The effect on productivity was dramatic: while rainfed agriculture in the north could harvest at most two or three seeds for every one planted, barely above subsistence, the system in the south could produce, under ideal conditions, twenty or thirty to one, a tenfold difference.

				
				The problem was the timing of the flow. When irrigation was needed, the flow was low. It then peaked when it was time to harvest, not to irrigate. If the off-take canals had been dug sufficiently shallow to enable the low flow to spill into the irrigation system at the right time, they would have then easily overtopped when the flood came, putting at risk the entire harvest. The solution was to cut the canals deep enough to contain the flood, and then use temporary structures—dams made out of mud and reeds—to raise the water levels during low flow.

				It was a labor-intensive approach. Canals needed continuous dredging. Soils needed care, because water applied to the fields evaporated, leaving behind salts, while the high water table prevented water from leaching the salts away. And so the water landscape shaped several traits of what communities did in southern Mesopotamia: the type of crops they grew, the maintenance of the irrigation system, plowing techniques. These activities in turn required institutions and social structure. The calendar had to be organized around a predictable, time-bound set of tasks. Their variety led to labor specialization, which encouraged more efficient production. Population concentrated, facilitating further specialization. Tax collection and food rationing became easier. Population grew. Villages turned into towns. Towns into cities. Bureaucracies emerged. As the first Sumerian city-states appeared, the river shaped their life.

				It is worth pointing out that these processes were not unique to Mesopotamia. On the other side of the world, mud and silt flowed down from the middle Yellow River in northern China, depositing on the riverbed and raising it. Eventually the channel became unstable and the natural levees breached. A new branch of the river formed, while the old one got left behind. The cycle then started again.

				As discussed in the previous chapter, the amount of sediment coming down the Yellow River was a function of the conditions under the East Asian monsoon. During the cool and dry climate of the second and first millennia BCE, grasslands kept much of the loess in place and sediments in check. When the monsoon shifted north or south, vegetation on the loess would follow it, changing the sediment yield and sedimentation rates. There too society and the river began a precariously balanced dance from which, once started, neither could be freed.

				The complex interaction between the violent monsoon and agriculture transformed the Yellow River, making it far more challenging for the Chinese state than the Euphrates was for Mesopotamian states. Agriculture was supremely vulnerable to the continuous breaches of natural levees, so much so that even the earliest communities had to intervene to manage the river. Although no archaeological remains have been found of the supposed first dynasty of China—the second-millennium Xia—myths and legends survived in the Chinese canon that give some sense of just how difficult the environment was for those first communities. Yu the Great, the legendary founder of the Xia, supposedly drained the North China Plain, excavating nine waterways to the sea, and, according to the later philosopher Mencius, “the water that passed through the land is what is now the Yangtze, Huai, Yellow, and Han rivers.” The stories of Yu rooted the management of rivers in legend, reminding everyone that the relationship with water was at the heart of the Chinese state.

				
				The societies living in northern China, like those of southern Mesopotamia, confronted a complex water environment. The configuration of the river did not uniquely determine the path they took. But it did shape their journey.

			

			
				Mother Cities

				The very first state was Uruk, in southern Mesopotamia, a city founded almost a thousand years before the great pyramids of the Egyptian Old Kingdom, two thousand years before the Trojan War, and three thousand years before Rome’s republic. It existed for an extraordinary four thousand years, until it was abandoned in the fourth century CE. It was famous for its mighty walls—over six miles long and seven meters high—allegedly built by the great King Gilgamesh himself. Uruk grew out of an initial crop of towns that developed along the lower Euphrates. By the fourth millennium BCE it had become an important religious center, dedicated to the gods Anu and Ishtar.

				Water did not just contribute to shaping the state in terms of its activities—calendars, public works, and so forth. Critically, it also shaped the structure of society. Thanks to the levee system, agricultural productivity had made a massive leap. In early Uruk, however, that wealth did not end up in the hands of private individuals. Instead, temples were the principal landowners. As agricultural yields grew, temples grew bigger and began organizing work on the long fields: they drew corvée labor from local communities, paying them grain rations in return. What was not used for rations was collected, centralized, and invested in public buildings or used to pay administrative elites, strengthening the state.

				
				The early temple was a total institution, it was designed to capture most of people’s life. It provided storage for food, a meeting place, a place of worship, an administrative center. The temples could exercise authority over people, even commanding corvée labor, because they were thought to intercede with the gods. Even that intercession was related to the water environment.

				The Sumerians, the civilization that dominated southern Mesopotamia, had a theocratic mode of experiencing reality. Causes of events were always the realization of the actions of gods, which gave temples authority. This was particularly true for the water landscape. When the spring floods came down the river Tigris, for example, the red, muddy waters of the flood were evidence of the deflowering of the goddess Ninhursag, the “Lady Foothills,” by Enlil, the god of the great mountains and of the winds. People went along with corvée labor and paying tributes, because the temple was the center of divine power.

				In Atrahasis, one of the oldest Akkadian epics discovered among the tablets of the ancient library of Ashurbanipal in Nineveh, a world with no humans saw the gods organized in a hierarchy: lesser gods were forced to maintain canals under the guidance of the god Ennugi, the canals controller. Eventually, the gods, tired of having to do all the work, created man to do the digging for them. In other words, those who wrote Atrahasis believed that humans existed for the struggle of managing water. That is what gave authority to the temple.

				Over time, surplus production made urban life more attractive. By the beginning of the third millennium BCE, 80 percent of the population was urban, a higher percentage even than today. At its peak, in the third millennium, the city of Uruk covered an area of two and a half square kilometers. Its population was around a hundred thousand, the largest city in Mesopotamia until Babylon surpassed it two thousand years later.

				In the levee system, cultivable land was limited to a thin tract around the river. As Uruk grew, it began facing the limitations of its immediate surroundings. Besides, a society of growing wealth and power needed metals, wood, precious stones, all of which could not be found in lower Mesopotamia and needed to be imported. The easiest solution was to trade, taking advantage of fluvial transport. The canal system became a transport network.

				
				Modern ideas of market forces do not easily apply to this early trading system. After all, trade was centralized because the state controlled the surplus to pay for imports. However, there were a few recognizable traits of modern markets. Commerce along the fluvial system depended on merchants, who inevitably escaped centralized control while traveling. At the point of exchange, evidence from stamp seals suggests that they behaved as rational agents in the modern economic sense, sensitive to price and profit.

				The management of water had not only enabled the accumulation of surplus to support a state, but had also created the conditions for the rise of the first long-distance markets. As trade inevitably shortened distances between urban centers along the levee system, competition among them increased. During the Early Dynastic period between the twenty-eighth and the twenty-fourth centuries BCE, a series of city-states of comparable size and status displaced Uruk in dominance, to compete with one another over Sumer.

				The network of canals around which Sumerian cities were organized shaped their international relations. A state upstream could supply or cut water downstream, allowing it to control its neighbor. The destructive force of water could be used as a weapon. That was the setting for the oldest known state conflict over water, between Lagash and Umma.

				Lagash was a state between modern-day Baghdad and Basra, located in the southeast corner of modern Iraq, close to both the Persian Gulf and Elam. Girsu, Lagash’s religious center, was caught between Umma, an ancient city to the northwest, and its allies, the cities of Ur and Uruk, to the southwest. The object of contention with Umma was a land parcel of a few thousand hectares called Gu’edena, which translates to “the Edge of the Plain.” It was a “beloved field” of the god Ningirsu. A few thousand hectares might seem small, but area is a deceptive measure of importance in this context: on irrigated embankments, the wealth of a state was not the area of land it controlled, but the amount of linear embankment it managed. Umma had access to two hundred thousand hectares, but only twenty thousand were cultivated, because it could not move more than half a kilometer out of the levee. Small plots of land could become significant casus belli.

				
				The conflict played out over several generations. According to Girsu’s side of the story, the only one to survive, Umma had leased part of Ningirsu’s land, but had failed to pay rent, accruing a stratospheric debt of over four trillion liters of barley. It is hard to imagine this was a real number: it would have corresponded to an annual interest rate of 50 percent over forty years. But the fact that Umma was unable to repay was probably real. To avoid settling its debt, Umma invaded. Because it was upstream, its strategy was to divert irrigation waters from reaching Girsu, starving its agriculture. In response, Eanatum I, king of Lagash, launched the construction of a sixty-kilometer-long channel, taking water “from the Tigris to the Nun-canal.” This was probably the Shatt al-Gharraf in Iraq, an ancient waterway that still connects the Tigris and Euphrates today. Eventually Lagash defeated Umma, reclaiming the land.

				The conflict had severe, unintended consequences. Eanatum’s canal transferred water between the Tigris basin and that of the Euphrates, but the volume of water far exceeded the needs of Girsu. As a result, the water table rose, leading to salinization. Salinization is a process by which the magnesium, calcium, and sodium found in water accumulate in the soil, binding with clay and making the soil impermeable. In those conditions, plants struggle to germinate, and roots fail to absorb nutrients. Farmers tried to leach the soil by pouring more water on it, to grow deep-rooted weeds to dry it out and to drain it, all to no avail. Salinization could not be stopped. The impacts on productivity were catastrophic. Yields in the twenty-fifth century BCE had been over two and a half tons per hectare. By the eighteenth century BCE, they were below nine hundred kilograms per hectare, less than was needed to support a complex bureaucracy. Sumerian control over southern Mesopotamia collapsed.

				Water had not only shaped the environment in which powerful states developed and competed—it had also sown the seeds of their destruction.

			

			
				
				The Curse of Akkad

				Over time, changes in water conditions could not only provoke an adjustment in society, but the development of new state institutions. Changes in rainfall in Mesopotamia, for example, could be felt over hundreds and even thousands of years. Why the climate system should shift on such timescales is unclear: it is
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“Brimming with ideas and unexpected correlations, Water is far more
than a biography of its nominal subject. . . . The book stands as a compelling
history of civilization itself.” —Gerard Helferich, 7he Wall Street Journal
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