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"Nothing is more important to life than water, and no one knows water better than Sandra

Postel. Replenish is a wise, sobering, but ultimately hopeful book." —Elizabeth

Kolbert"Remarkable." —New York Times Book Review"Clear-eyed treatise...Postel makes her

case eloquently." —Booklist, starred review"An informative, purposeful argument." —KirkusWe

have disrupted the natural water cycle for centuries in an effort to control water for our own

prosperity. Yet every year, recovery from droughts and floods costs billions of dollars, and we

spend billions more on dams, diversions, levees, and other feats of engineering. These

massive projects not only are risky financially and environmentally, they often threaten social

and political stability. What if the answer was not further control of the water cycle, but repair

and replenishment?Sandra Postel takes readers around the world to explore water projects

that work with, rather than against, nature’s rhythms. In New Mexico, forest rehabilitation is

safeguarding drinking water; along the Mississippi River, farmers are planting cover crops

to reduce polluted runoff; and in China, “sponge cities” are capturing rainwater to curb urban

flooding.Efforts like these will be essential as climate change disrupts both weather patterns

and the models on which we base our infrastructure. We will be forced to adapt. The question

is whether we will continue to fight the water cycle or recognize our place in it and take

advantage of the inherent services nature offers. Water, Postel writes, is a gift, the source of life

itself. How will we use this greatest of gifts?

"A remarkable story of rejuvenation."  � New York Times Book Review"Eschewing mere hand-

wringing about climate change, this clear-eyed treatise hops around the world outlining real-

world solutions that are already being implemented to affect change on the ground...Postel

makes her case eloquently...Such inspirational examples, supplemented by an efficient

overview of water-conservation ideas...give cause to celebrate small pockets of hope in our

fight to save the planet's precious and vulnerable freshwater."  � Booklist, starred review"An

informative, purposeful argument about why we must accept the moral as well as practical

responsibility of water stewardship."  � Kirkus"Dams, levees, canals: humanity's battle with water

is age-old...Sandra Postel's superb study demonstrates how working with wetlands and

watersheds can turn that tide. Replenish cites scores of sustainable wins, from permeable

pavements that control storm water in Kansas City, Missouri, to groundwater replenishment in

rural Rajasthan, India."  � Nature"Heartening and inspiring...[Postel]'s strong narrative voice and

reporter's instinct to buttress her story through quotes and firsthand accounts from affected

people around the world make Replenish as readable as it is informative."  � Civil Engineering"If

The Water Will Come gets you too depressed, here's the flip side: Postel's examination of

water projects around the world that actually work. If safe drinking water, working watersheds,

clean rivers and un-floodable cities matter to you, check this one out."  � Environment

Guru"Confronts readers with some interesting and alarming facts about the global water

cycle...Replenish can feel a little soul crushing, but Postel leavens it with successive chapters

about the resilient nature of river systems. She highlights the ingenuity of people

working with nature to restore our global water supply through regenerative agriculture,

reclaimed wastewater, flood risk reduction, and efforts to let rivers flow freely."  � Outside"Postel

weaves a hopeful story of collaboration, innovation, and victory as she imagines restoring

healthy watersheds, soils, rivers, groundwater, and atmospheric water...an inspiring journey."  �



Water Canada"To write this impressive book Postel has done an enormous amount of

research...a very readable book for anyone interested in the topic."  � Seattle Book

Review"Provocative and intriguing...Replenish presents us with countless innovative local,

national and international solutions."  � Resurgence & Ecologist"Nothing is more important to life

than water, and no one knows water better than Sandra Postel. Replenish is a wise, sobering,

but ultimately hopeful book." -- Elizabeth Kolbert, author of The Sixth Extinction"Postel's

Replenish is a great book on so many levels, full of detail-rich storytelling, authentic accounts

from communities around the globe, and thorough research. Replenish tells a hopeful story

about the future of water security that avoids pitting humans against nature. Instead, Postel

points to practical, saleable projects where people, governments, businesses, and

environments can all benefit." -- Mark R. Tercek, President and CEO, The Nature Conservancy

and author of Nature's Fortune: How Business and Society Thrive By Investing in Nature“In

Replenish, Sandra Postel has provided an eloquent explanation of the global water cycle’s role

in society and ecosystems, an urgent plea for water conservation, and a host of examples of

how real people around the world are getting it done. Everybody who wants to understand

environmental sustainability and how to achieve it should read this book.” -- John P. Holdren,

Professor of Environmental Science and Policy, Harvard University, and former Director, White

House Office of Science and Technology Policy“For a quarter century, Sandra Postel has made

the sensible, principled, indisputable case for a water ethic: Inspiring us to live with water today

in ways that don’t harm future generations and ecosystems. Postel’s restorative approach to

water has always been the wise course. Her gratifying new book shows why, in the face of

climate change, it is time to make it the prevailing one.” -- Cynthia Barnett, author of Mirage,

Blue Revolution, and Rain: A Natural and Cultural History“In Replenish, Sandra Postel travels

the world to reveal both our biggest water challenges and the new, smart solutions needed for

the 21st century. Replenish is not just restorative as its title implies; it is also wonderfully

refreshing and deeply satisfying.” -- Brad Udall, Senior Water and Climate Scientist/Scholar,

Colorado Water Institute, Colorado State University --This text refers to the paperback

edition.Book DescriptionA renowned water expert looks at repairing our broken water cycle

using nature’s rhythms. --This text refers to an out of print or unavailable edition of this

title.About the AuthorSandra Postel directs the independent Global Water Policy Project and
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water that departs forever and forever returns, we experience eternity.—Mary OliverAs I wound

my way up Poudre Canyon in northern Colorado, the river flowed toward the plains below,

glistening in the midday sun. It ran easy and low, as it normally does as the autumn

approaches, with the snowmelt long gone. I was struck by the canyon’s beauty, but also by the

blackened soils and charred tree trunks that marred the steep mountains all around. They were

legacies, I realized, of the High Park Fire that had burned more than 135 square miles (350

square kilometers) of forest during the previous year’s drought. It was September 7, 2013, and

my family and I were heading to my niece’s wedding. Tara and Eric had chosen a spectacular

place for their nuptials—Sky Ranch, a high-mountain camp not far from the eastern fringe of

Rocky Mountain National Park. As we escorted my elderly parents down the rocky path to their

seats, I noticed threatening clouds moving in. They darkened as the preacher delivered his



homily. Please cut it short and marry them, I thought to myself, before we all get drenched.The

rains held off just long enough. But that day’s brief shower was a prelude to a deluge of biblical

proportions that began four days later. A storm system stalled over the Front Range and in less

than a week dumped nearly a year’s worth of precipitation in some areas. The Poudre—short

for Cache la Poudre—flooded bigger than it had since 1930. The torrential rains washed dead

tree trunks down the hillsides into the raging river below. One canyon resident wrote that the

blackened logs “looked like Tinker Toys amid the river’s mad rush.”1The threefold punch of

drought, fire, and flood wreaked even worse havoc in neighboring mountain canyons, including

that of the Big Thompson, a river renowned for the devastating flood of 1976. While that flood

took 144 lives, it was relatively localized. This 2013 flood was vast, covering most of Colorado’s

Front Range and affecting not only high-elevation towns from Boulder to Estes Park—a

number of which experienced a 1-in-500-year storm—but the heavily populated plains from

Colorado Springs north to Fort Collins. Though by no means the deadliest, with eight lives lost,

it became one of the costliest flood events in Colorado’s history. It triggered 1,300 landslides,

damaged some 19,000 homes and commercial buildings, required the evacuation of more than

18,000 people, damaged 27 state dams (and completely took out a handful of “low-hazard”

dams), and damaged or destroyed 50 bridges and 485 miles (780 kilometers) of roads. Losses

were estimated to total some $3 billion.2Floods of this magnitude, while rare overall, are

completely unexpected in Colorado in the very late summer. In river systems fed by melting

snows, the biggest floods normally occur in the spring, as temperatures warm and snowmelt

pours into headwater streams and the rivers they feed. Intense summer thunderstorms

occasionally create localized flooding in July or August, but by September rivers are typically

running low, just as the Poudre was when I drove up the canyon.Brad Udall, a water and

climate expert at the University of Colorado in Boulder, whose house sits just 30 feet (9

meters) from a creek that’s normally dry in September, saw the creek turn into a raging stream.

“This was a totally new type of event,” Udall told National Geographic, “an early- fall,

widespread event during one of the driest months of the year.”3So often these days water

seems to be nowhere and everywhere all at once. The wild weather of 2015 became almost

legendary, even before the year was over. With raging floods in Latin America, the US Midwest,

and the United Kingdom, and withering droughts in eastern and southern Africa, most of

California and southeastern Brazil, terms such as anomalous, historic, and epic dominated the

weather lexicon. US scientists determined that during one rare October rainstorm 17 streams

in the US state of South Carolina broke records for peak flow. According to the United Nations,

two years of drought left nearly 1 million African children suffering from acute malnutrition, and

millions more at risk from hunger, water shortages, and disease.4Although the weather

phenomenon known as El Niño became the go-to explanation for the global turmoil that year,

this periodic event was not fully to blame. The El Niño came atop long-term warming trends

that are fundamentally altering the movement of water across the planet. The earth was hotter

in 2016 than since record keeping began in 1880. The previous record was 2015, which itself

had beaten the previous record of 2014 by a considerable margin. For the contiguous United

States, 2016 marked the twentieth consecutive year that the annual average temperature was

higher than the twentieth-century average.5As air warms, it expands, which allows it to hold

more moisture. This, in turn, increases evaporation and precipitation, which generally makes

dry areas drier and wet areas wetter. If disasters related to droughts, floods, and other extreme

weather seem more common globally, it’s because they are: according to a United Nations

study, between 2005 and 2014, an average of 335 weather-related disasters occurred per year,

nearly twice the level recorded from 1985 to 1995.6If we don’t adapt to these new



circumstances, a future of more turmoil is bound to unfold. The 6,457 floods, storms, droughts,

heat waves, and other weather-related events that occurred over the last two decades caused

90 percent of disasters during that period. Those disasters claimed more than 600,000 lives

and cost more than $1.9 trillion, according to the UN study. The countries hit with the highest

number of disasters over the twenty-year period were the United States, with 472, and China,

with 441, followed by India, the Philippines, and Indonesia.Meanwhile, extreme weather is also

affecting our food supply. A team of Canadian and UK scientists found that from 1964 to 2007

droughts and heat waves had each slashed the production of cereals by about 10 percent—

and by 20 percent in the more-developed countries. Altogether, the loss was estimated at 3

billion tons.7Leaders in business and government are beginning to take notice. More than 90

percent of companies in the S&P Global 100 Index see extreme weather and climate change

impacts as current or future risks to their business.8 At its annual gathering in Davos,

Switzerland, in 2016, the World Economic Forum—which counts among its members heads of

state, chief executive officers, and civic leaders—declared water crises to be the top global risk

to society over the next decade. Next on the list were the failure to mitigate and adapt to

climate change, extreme weather events, food crises, and profound social instability.9 All five

threats are intimately connected to water. Guarding against each requires a new understanding

of our relationship to freshwater—and a new way of thinking about how we use, manage, and

value it.Water is unlike any other substance. It is always on the move—falling, flowing, swirling,

infiltrating, melting, condensing, evaporating—and all the while knitting the vast web of life

together. Through its endless circulation, water connects us across space and time to all that

has come before and all that is yet to be. Our morning coffee might contain molecules the

dinosaurs drank.This profound connection is created by one of the most mysterious and

underappreciated of Earth’s natural phenomena: the water cycle. Those fifth-grade textbook

diagrams never quite do it justice. We see the labels of water stocks and flows and the arrows

signaling movement from sea to air to land, but never really grasp the magic wrought by two

atoms of hydrogen uniquely bonded to one of oxygen. Water is the only substance that can

naturally exist as a liquid, gas, or solid at normal Earth temperatures.With hydrogen from the

primordial Big Bang and oxygen from early stardust, water was born. Infant Earth, hot as

Hades, was enveloped in water vapor, but it took a billion or more years of cooling before that

vapor could condense and fall to the young planet’s surface as rain. Liquid water has wetted

Earth for at least three billion years. Today, that stock of water is finite, except perhaps for

minute additions from so-called cosmic snowballs—small comets made of water that smash

into the earth.This finite supply circulates over vastly different scales of time and space. Some

water molecules get trapped ultradeep within the earth, remain there for millennia, and then

suddenly burst into the atmosphere through an erupting volcano. Others reside close to the

earth’s surface, changing back and forth between liquid and vapor as they evaporate from a

lake, condense into a cloud, and fall as rain to join a river as it flows to the sea. From there,

they evaporate again, and the cycle continues. Still other molecules remain trapped for

centuries in glacial ice until they melt to replenish a mountain meadow and the groundwater

below. “Whenever you eat an apple or drink a glass of wine,” writes astrophysicist and author

Robert Kandel, “you are absorbing water that has cycled through the atmosphere thousands of

times since you were born. But you are also absorbing some water molecules that have only

been out in the open air for a few days or weeks, after tens or hundreds of millions of years

beneath the Earth’s crust.”10Almost all the water on Earth—97.5 percent—resides in the

ocean and is too salty to drink or to irrigate most crops. Of the remainder, about two-thirds is

locked up in glaciers and ice caps. Only a tiny share of Earth’s water—less than one one-



hundredth of one percent—is both fresh and continuously renewed by the solar-powered global

water cycle.Each year, the sun’s energy lifts nearly 500,000 cubic kilometers (132 quadrillion

gallons) of water from the earth’s surface—86 percent from the oceans and 14 percent from

the land.11 An equal amount falls back to Earth as rain, sleet, or snow, but, fortunately for us,

not in the same proportions. Wind and weather transfer about 9 percent of the vapor lifted from

the sea over to the land. This net addition of about 40,000 cubic kilometers combines with the

70,000 lifted from the land and its vegetation each year to create our total annual renewable

water supply: 110,000 cubic kilometers (29 quadrillion gallons). The 40,000 cubic kilometers

distilled and transferred from the oceans to the land makes its way back to the sea through

rivers and shallow groundwater—what hydrologists call “runoff”—completing the global cycle

and balancing nature’s water accounts.12That runoff is what we tap to irrigate crops, supply

water to our homes and businesses, manufacture all of our material goods, and run turbines to

generate electricity. It is also the water supply for all the fish, birds, insects, and wildlife that

depend on rivers, streams, and wetlands for their habitats. Although the water cycle delivers

that runoff each year, water is not always where we need it when we need it. Nature’s water

deliveries are often poorly matched with where people live or farmers find it best to grow crops.

Today, for example, China is home to 19 percent of the world’s population, but only 7 percent of

global runoff.13Although we speak of a global cycle, water circulates at many scales. Consider,

for example, the tomato plant in your garden. Through its roots, it takes up moisture from the

soil supplied by rain (and perhaps your extra watering), keeps some of it to fill its growing

stems and leaves, and releases the rest in the form of vapor back to the atmosphere through

openings in its leaves. Once aloft it may condense and fall again as rain. Similarly with the

human body, 60 percent of which is water. We take water in through food and drink, rehydrate,

and then release water back to the environment either in liquid form through our urine or in

vapor form through our breath and the evaporation of our sweat. All terrestrial plant and animal

life participates in the cycling of water.During the ten thousand years since Homo sapiens

opted for settled agriculture over its earlier hunter-gatherer existence, human activities have

increasingly altered local, regional, and, more recently, global water cycles. Among the earliest

people to do so on a substantial scale were the Sumerians, who migrated out of the

Mesopotamian highlands some 5,500 years ago and settled in the lowland plains of the Fertile

Crescent, in what is now southern Iraq. Their new locale was sunnier and, in that way, better

for growing crops, but it lacked rainfall at critical times during the growing season. So the

Sumerians constructed canals to transport water from the Euphrates River to their fields, and

as a result became the first society in the world based on irrigation.14Little did the Sumerians

know, however, that this alteration of water’s natural journey would be their undoing. The

reason was not the water war 4,500 years ago between the two Mesopotamian city-states of

Lagash and Umma. It was salt. The river water helped their wheat to grow, but once it

transpired through the plants and evaporated from their fields, it left its natural salts behind—

salts the Euphrates River would have otherwise carried to the Persian Gulf. As the salts

accumulated in the soil, their wheat yields declined. The Sumerian farmers tried growing

barley, a more salt-tolerant crop, but eventually those yields declined as well. When the land

could no longer produce enough food, the people of Sumer packed up and headed north,

leaving a salty wasteland behind.15Since those early experiments of hydraulic manipulation,

the scale and variety of human interventions in water’s natural flow through the landscape have

grown tremendously. By the second century BC, the Han dynasty in China was building

earthen dams 30 meters (98 feet) high. But it was really in the mid-nineteenth century with

advances in hydraulics, fluid mechanics, civil engineering, and other applied sciences that the



construction of large-scale water infrastructure took off. In 1885, the British began remaking

the Indus River Valley in colonial India into a massive irrigation network for the production of

wheat. Although plagued by the scourge of soil salinity, just as the Sumerian lands had been

long before, the Indus scheme eventually became the world’s largest contiguous irrigation

network, spanning 14 million hectares (35 million acres), an area a bit larger than the country

of Costa Rica.16Late nineteenth- and early twentieth-century scientific advances coincided

with an evolving utilitarian philosophy that nature could be fundamentally transformed. Samuel

P. Hays, in his 1959 book Conservation and the Gospel of Efficiency, described how, just after

1900, large-scale river development “suddenly captured the imagination” of conservation

leaders. They grasped that “flood waters, now wasted, could, if harnessed, aid navigation,

produce electric energy, and provide water for irrigation and industrial use.”17 In 1908 Winston

Churchill stood on the shore of Africa’s Lake Victoria, watching its waters spill over Owen Falls

into the White Nile, and later reflected on the experience: “So much power running to waste . . .

cannot but vex and stimulate the imagination. And what fun to make the immemorial Nile begin

its journey by diving into a turbine.”18In that same vein, geologist and inventor William J.

McGee, who held prominent US government and scientific positions during the late nineteenth

and early twentieth centuries, wrote with prescience in 1909 that “the conquest of nature is

now extending to the waters on, above, and beneath the surface. The conquest will not be

complete until these waters are brought under complete control.”19These aspirations came to

fruition in 1935 with the completion of the architecturally stunning Hoover Dam (originally

named Boulder Dam) on the Colorado River in the southwestern United States. Hoover gave

rise to the age of super dams and a whole new degree of control over water. US engineers

actively exported their dam-building knowledge and expertise to other countries, and within

decades arid lands around the world were open for business. With access to water, cities and

farms spread like mushrooms in damp woods. Large reservoirs and tall levees offered a degree

of flood control that encouraged farms and cities to locate in river floodplains, where they had

access to rich soils and shipping corridors. Turbines affixed to big dams churned out electricity

that propelled economies forward. In a speech in July 1954, India’s prime minister, Jawaharlal

Nehru, referred to dams as “the temples of modern India.”20The construction of these “modern

temples” proceeded at a rapid clip. During the last half of the twentieth century, the nations of

the world built an average of two large dams a day. As the twenty-first century dawned, some

45,000 large dams—those 15 meters (49 feet) or higher—blocked the world’s rivers. China was

also proceeding with the world’s biggest river diversion scheme to transfer water more than

1,000 kilometers (600 miles) from the Yangtze River in the south to the drier north. Farmers

around the globe were pumping vast quantities of groundwater to the surface to irrigate their

fields and boost their harvests. By then, hydropower accounted for 19 percent of global

electricity use. Populations were growing fastest in some of the world’s driest places.It is hard

to say whether the growing demand for water and development during the last half of the

twentieth century was the cause or consequence of this massive hydraulic engineering. In

some ways, big water infrastructure has the same effect that commercial advertising does—it

creates demand for its product: if you build it, they will come—and consume. To no small

degree, that is what happened.Around the world, humanity’s thirst for water grew along with the

big dams, canals, and material consumption made possible by control over water. It takes

water to make everything—from computers to bur- gers and blue jeans. Because crops

transpire so much water as they grow in farmers’ fields, our diets are particularly water

intensive. In fact, every day we “eat” a thousand times more water than we drink. A delicious

margherita pizza takes about 1,250 liters (330 gallons) of water to make, most of it consumed



during the growth of the tomatoes and the feed for the dairy cows that are milked to make the

mozzarella cheese. Likewise, a cup of coffee requires some 130 liters (34 gallons), the majority

of it transpired by the coffee bean plants. Our clothing consumes a great deal of water, as well

—including some 2,500 liters (660 gallons) to make a simple cotton shirt. On any given day we

are likely “wearing” more than 15,000 liters’ (roughly 4,000 gallons’) worth of water.21Totaling it

all up, it takes about 7,500 liters (nearly 2,000 gallons) of water a day to keep the average

American lifestyle afloat. About half of that water is hidden in our diets, a third in the energy we

use for travel and to heat and light our homes, 5 or 10 percent in the material goods we buy,

and the remaining 5 or 10 percent for household activities, such as bathing, cooking, and

watering our gardens and lawns.22In part because Americans are quite carnivorous, and meat

often (although not always, as we’ll see later) takes a lot of water to produce (think about

irrigating the grain to feed the cows), the typical American’s water footprint is twice the global

average. But humanity’s collective global footprint is large, as well, and growing, as world

population expands by some 244,000 people per day and many millions move up the income

ladder every year.23Researchers Arjen Hoekstra and Mesfin Mekonnen in the Netherlands

have made the most detailed estimate to date of the scale and patterns of humanity’s water

consumption. Using a high level of spatial resolution, they tabulated all the water from both

rainfall and irrigation that’s consumed in making goods and services for the global population.

They also added in the volume of water needed to assimilate the pollution generated along the

way. When they calculated the annual average global footprint for 1996–2005, the most recent

ten-year period for which the necessary data were available, their result was a whopping 9,087

billion cubic meters (2,400 trillion gallons) per year. That’s more than 500 Colorado Rivers.24In

some ways it’s hard to imagine our world of 7.5 billion people and $80 trillion in annual goods

and services without water engineering—dams to store water, canals to move it around, and

vast pumps to tap underground supplies. But it’s equally hard to imagine continuing down this

same path. Dams and reservoirs now intercept about 35 percent of river flows as they head

toward the sea, up from 5 percent in 1950. Reservoirs have trapped more than 100 billion tons

of sediment that rivers would otherwise have carried to the sea to replenish the coasts. As a

result, productive deltas from the Mississippi to the Nile are losing ground to the sea, and

barrier islands no longer offer coastal properties the same degree of protection from hurricanes

and storms.25Large dams have directly displaced some 40–80 million people and threatened

the livelihoods of nearly 500 million more who depend on fishing, grazing, and farming

activities contingent on the natural flows of rivers.26 In addition, the diversity of life in

freshwaters is undergoing a massive contraction that will surely worsen. The projected

extinction rate for freshwater animal species in North America is about five times greater than

that projected for the region’s terrestrial species.27 A 2016 article in the journal Science by

forty researchers from eight countries warns that the more than 450 dams planned or under

construction in the Ebook Tops, Congo, and Mekong River basins threaten up to one-third of

the world’s freshwater fish species, many of which are found nowhere else. In the Ebook Tops

basin alone, where 334 additional dams are planned or proposed, some 64 percent of the

basin’s 2,320 fish species are endemic to that region.28The blocking and diverting of rivers is

not the only way we have broken nature’s water cycle in the pursuit of economic progress.

Groundwater depletion has more than doubled since 1960 and is now widespread in many of

the world’s most important food-producing regions. Watersheds shorn of trees no longer

capture, store, and purify rainwater. Rivers bounded by levees rush floodwaters rapidly down

their channels, increasing downstream flood risks. The disconnection of rivers from their

floodplains has reduced groundwater recharge, the natural cleansing of river water, as well as



habitats crucial for birds and fish. Rivers bearing high loads of nitrogen from fertilizer runoff that

wetlands might otherwise absorb instead contribute to the creation of more than 400 low-

oxygen dead zones in coastal bays and estuaries around the world. Soils depleted of microbes

and organic matter due to poor land-use practices no longer hold moisture for plants and crops

to draw upon during dry spells. And the impermeable pavement that coats urban and suburban

landscapes causes storm water to run rapidly off the land, resulting in flooded streets and

homes and polluted creeks and bays.29For most of the last two centuries, these downsides of

large-scale water engineering seemed to pale in comparison with the benefits. As long as

progress was measured by the growth in populations served, hectares irrigated, and kilowatt-

hours generated, the construction of big dams, canals, turbines, and pumps was deemed to

serve humanity well. But the scales are tipping in the other direction as concerns about the

costs, risks, fairness, and sustainability of this hydrologic engineering mount.First, many

regions have already overshot the sustainable limits of their water supply. An unsettling number

of large rivers—including the Colorado and Rio Grande in the US Southwest, the Ganges and

Indus in South Asia, the Amu Darya in central Asia, the Yellow in northern China, the Nile in

northeastern Africa, and the Murray in southeastern Australia—are now so overtapped that

they drop to a trickle or dry up completely for long periods of time. Water tables are falling due

to the overpumping of groundwater across large areas of China, India, Pakistan, Iran, the

Middle East, Mexico, and the United States. As much as 10 percent of the world’s food is

produced by the depletion of groundwater—a hidden water debt that creates a dangerous

bubble in the food economy.30It’s tempting to try to solve these problems with bigger versions

of familiar twentieth-century projects—especially larger dams and longer water transfers. In

fact, many countries and regions are doing just that. Brazil, China, Turkey, and a number of

other developing countries are on dam-building binges that make the western US experience

look like a warm-up act. If completed as designed, China’s $60 billion water transfer from the

Yangtze River in the south to the water-short north will be the largest construction project on

Earth, annually transferring a volume of water equal to half the yearly flow of the Nile River.

India has an even more grandiose scheme. Called the Interlinking Rivers Project, it involves the

construction of 9,000 kilometers (5,600 miles) of canals to connect thirty-seven rivers. The aim

is to expand irrigation and put an end to the vicious cycles of floods and droughts that plague

the South Asian nation. The estimated price tag is some $140 billion.31Besides high capital

costs, big engineering schemes are notorious for delays, cost overruns, and hidden social and

environmental damages. Three-quarters of large dam projects end up costing nearly double

the original estimate. If planners had used these actual costs in their original project analysis,

many dams would be deemed economically unviable. Similarly, the costs of mitigating social

and environmental harms are either grossly underestimated or excluded altogether. China has

spent $26 billion to lessen the ecological impacts of its massive Three Gorges Dam on the

Yangtze River.32Moreover, giant water projects often lock governments and water users into

high operation and maintenance costs. For example, it requires a great deal of energy to move

water, so long-distance water transfers incur steep energy bills. Southern Californians get so

much of their water shipped in from the Colorado River and the northern part of the state, with

some canals snaking up and over mountain ranges, that the energy used to provide household

drinking water can rank third in overall household energy demands, after the air conditioner

and refrigerator. Statewide, the energy required to collect, move, and treat water in California

accounts for 19 percent of the state’s electricity use and 30 percent of its natural gas

consumption.33Second, scientific understanding of “ecosystem services”—the benefits society

derives from the work of nature—has advanced considerably over the last several decades.



While the term ecosystem appeared in the scientific literature in 1935, it took another four

decades for the functioning of ecosystems to be described as services to humanity. Then, in

1977, ecologist Walter E. Westman’s article in the journal Science (provocatively titled “How

Much Are Nature’s Services Worth?”) drove home the point that ecosystems have

value.34Once brought into the sphere of economics, the work of nature was on its way to

becoming a necessary factor in the benefit–cost equations of development projects—whether

they involved draining wetlands, building dams, or clearing forests. The Millennium Ecosystem

Assessment, called for by United Nations secretary-general Kofi Annan in 2000, and which

involved more than 1,300 experts from 95 countries, concluded that future human well-being

depends on correcting “the historical bias that has existed against natural services when it

comes to weighing the costs and benefits of particular economic choices. . . . The only ‘market

value’ of a forest is often in the price that can be obtained for its wood, even though the

standing forest may be worth much more for its contribution to water control, climate regulation,

and tourism.”35For the last two centuries, we have been trading nature’s services for

engineering services. Instead of floodplains controlling floods, we built dams and levees to do

that work. Instead of healthy watersheds and wetlands cleansing our water supplies, we built

filtration plants to provide that service. For the most part, we viewed this substitution of

technology for nature as a sign of progress. It gave society more control over water, opened up

new lands for development, and spurred economic growth.But a different view of nature

gradually emerged. Natural ecosystems, when healthy and functioning well, are vital to the

economy. Watersheds, wetlands, floodplains, and river systems constitute a class of

infrastructure doing valuable work, just as dams, canals, and treatment plants do. Assessments

led by economist Robert Costanza showed, for example, that the ability of freshwater swamps

and river floodplains to store water, mitigate floods, and break down pollutants delivered annual

benefits to the economy averaging some $32,000 per hectare ($13,000 per acre; both

expressed in 2016 dollars). It was foolish to continue to bulldoze, dike, and drain away these

services as if their value were zero.36Lastly, and perhaps most importantly, the changes in

weather patterns and water flows that we’re beginning to see as the planet warms call into

question the very assumptions that have underpinned our water projects for decades. In 2008,

seven top water scientists argued persuasively in the journal Science that “stationarity”—the

foundational concept that hydrologic systems vary and fluctuate within a known set of

boundaries—is dead. When it comes to water, in other words, the past is no longer a reliable

guide to the future.37Take the 2012–16 drought in California, which scientists say included the

worst consecutive three years of drought in 1,200 years. While lack of rain and snow was the

immediate problem, unusually hot temperatures intensified the drought by 15–20 percent,

according to research led by A. Park Williams at Columbia University. With the warmer

atmosphere able to hold more moisture, more water evaporated from soils and surface waters,

desiccating the landscape and depleting rivers, lakes, and reservoirs. Overall, the scientists

calculated, California’s air can now hold 32 trillion liters (8.5 trillion gallons) more water per

year than it could during the cooler temperatures of a century ago. Although natural variability

dominates, the Williams team concludes, global warming “has substantially increased the

overall likelihood of extreme California droughts.”38In much of the Northern Hemisphere,

climate change is also making flooding more severe. A warmer atmosphere that holds more

moisture can lead to harder rains, which in turn increase the chances for disastrous flooding.

Research by Myles Allen of the University of Oxford and his colleagues have linked the

warming climate to the damaging floods in 2000 in England and Wales. “What has been

considered a 1-in-100-years event in a stationary climate may actually occur twice as often in



the future,” Allen told the journal Nature, which published his research findings. In December

2015, the highest rainfall ever recorded in the United Kingdom occurred in the Lake District,

with 341.4 millimeters (13.4 inches) falling in 24 hours. That December was both the United

Kingdom’s wettest and warmest on record.39Similarly, scientists with the National Center for

Atmospheric Research in Boulder, Colorado, published findings in 2016 that rainstorms in the

United States may become more frequent and intense even at current levels of greenhouse

gas emissions. The biggest effects, they found, would be in the Northeast and Gulf Coast.

Intense storms could occur five times more often, and individual events could bring up to 70

percent more rain, causing more epic floods.40 During Hurricane Matthew in October 2016, 26

stream gauges in North Carolina and South Carolina registered record flows, according to the

US Geological Survey. As residents of the historic North Carolina town of Prince- ville

assessed the damage, many considered leaving their homes for good rather than rebuilding.

After all, this was the second time they had lived through a “100-year flood” in 17 years.41We

are living in uncertain times. The tools that engineers use to plan investments of more than half

a trillion dollars a year in dams, reservoirs, canals, and other big water projects can no longer

be fully trusted. How then do we protect public health and safety, ensure food security, and

manage risk? When the floods come, will the levees hold? With more severe droughts likely,

will the reservoirs refill? Does it make sense to build a big new dam if the water it holds back

may be insufficient to generate hydroelectric power? Will massive amounts of sediment eroded

from mountainsides by intense rainstorms fill a new reservoir with sediment and cut short its

useful life? Will farms get the irrigation water they need once the glacier-fed river flows have

dwindled? How do we plan for what once seemed unthinkable—the disappearance of prime

water sources for cities, industries, and farms? In short, how do we live with these new

realities?Decades ago, Albert Einstein reminded us of a fundamental lesson that’s hard to

learn: “We can’t solve problems by using the same kind of thinking we used when we created

them.” Fortunately, just when it’s crucially needed, a new mind-set about water is taking shape.

It’s one that blends engineering, ecology, economics, and related fields into a more holistic

approach that recognizes the fundamental value of nature’s services.As the chapters that

follow will show, this evolving mind-set is already changing the way we manage water. Working

with, rather than against, nature, pioneering cities, farmers, businesses, and conservationists

are rejuvenating watersheds and floodplains, and replenishing rivers, groundwater, and soils.

The result is a smarter way to mitigate flood damages, prepare for droughts, restore habitats,

grow food, augment water supplies, and generally strengthen water security. Investing in a

healthier water cycle, it turns out, may be the best insurance policy money can buy in this

century of rapid change.Chapter 2Back to LifeA faint bugle note soon told us they were cranes,

inspecting their Delta and finding it good.—Aldo LeopoldOn a sunny Tuesday afternoon in the

bustling border town of San Luis Rio Colorado, Sonora, Mexico, word got out that the river was

coming. Local residents streamed in from all directions and gathered beneath the San Luis

Bridge, which connects the Mexican states of Sonora and Baja California. Families picnicked to

pass the time. Dogs merrily chased balls through the sand. And in one last showy display

before the water arrived, young men spun their pickup trucks around the dry river channel. A

certain buzz filled the air. The kids growing up here had never even seen the river that had

given their town part of its name. But in just a couple of hours, the Colorado River would

arrive.Two days earlier, on March 23, 2014, engineers had opened the gates of Morelos Dam,

the last of the long line of dams that block the flow of the Colorado River as it journeys 2,330

kilometers (1,450 miles) from the US Rocky Mountains to Mexico’s Sea of Cortez. Ever since

the completion of Glen Canyon Dam in 1963, the Colorado, with a flow powerful enough to



sculpt the Grand Canyon, had rarely passed San Luis and coursed through its delta to the sea.

It gave its water up to Los Angeles and San Diego, Phoenix and Tucson, Las Vegas, Denver,

and Mexicali. It made the deserts of the Southwest burst with lettuce, tomatoes, melons, alfalfa,

and cotton.The Colorado River Delta was once a lush, watery paradise spanning some 8,000

square kilometers (3,000 square miles) and teeming with quail, deer, bobcat, jaguar, and vast

fleets of waterfowl. Its wetlands and cottonwood–willow forests once provided a crucial

stopover for millions of migratory birds on the Pacific Flyway. But deprived of water for most of

the last half century, the delta had become a desiccated place of salt flats, dry channels, and

invasive salt cedar. There were few places for the avian multitudes to rest, feed, and

breed.Fisherfolk in the upper Sea of Cortez (also known as the Gulf of California) suffered from

the river’s disappearance too. For millennia, the Colorado River’s nutrient-rich freshwater mixed

with the upper gulf’s salty tides to create the perfect water chemistry and nursery grounds for

gulf corvina, totoaba (a cousin of white sea bass), brown and blue shrimp, and other valuable

fisheries. But without the river’s freshwater flowing in, the estuary became too salty. The

indigenous Cucapá, the “people of the river,” had fished and farmed in the delta for at least a

thousand years, keying their lives to the river’s ebb and flow. But without the river, they were a

dying culture. Today only some 200 Cucapá live in the delta region.1How these changes

happened is no big mystery. In November 1922, representatives of all seven US states with

land in the Colorado River’s watershed traveled to Bishop’s Lodge outside of Santa Fe, New

Mexico. There they were met by then secretary of commerce Herbert Hoover, whose job it was

to broker a deal to divvy up the liquid lifeline of the American Southwest. But around that table,

several important voices were missing, including those of Mexico and the river itself. A treaty

between the two countries signed in 1944 at least partially corrected the first of those

omissions. It allotted 10 percent of the river’s flow to Mexico and 90 percent to the United

States. However, an allocation to sustain the delta’s wetlands, trees, fisheries, birds,

communities, and cultures didn’t factor into the discussion.Meanwhile, engineers and laborers

had already gotten to work building the infrastructure needed to deliver water and power to the

seven US states that had signed the 1922 compact. Completed in 1935, Boulder Dam (later

renamed Hoover Dam) created Lake Mead, still the largest man-made reservoir in the United

States. Davis, Imperial, Parker, and a half-dozen other dams followed. With each reservoir to

store water and each canal to deliver it to the burgeoning cities and farms throughout the

basin, the Colorado became less like a river and more like an elegant plumbing system. It was

no longer sculpting nature’s canyons and terrain so much as fashioning human landscapes—

from irrigated farm fields as far as the eye could see to rapidly expanding urban oases in the

desert.After signing the 1944 treaty, Mexico built one dam on the lower Colorado—Morelos,

named after a patriotic leader of its independence movement. The dam is situated 2 kilometers

(1.2 miles) downstream from where the boundary of California and Baja California intersects

the river. Morelos was designed only to divert water, not to store it. At the dam, Mexico’s 10

percent share of the river flows into a big canal, Canal Central, which delivers water to the

Mexicali Valley. Because the compacts and laws that divided up the river promised more water

to the seven US states and Mexico than the river typically carries, in most years over the last

half century the Colorado has been drained completely dry at Morelos. Below the dam it

becomes, in effect, a river no more.So as the gates of Morelos opened on that Sunday

morning in March 2014, cheers rang out from those who had gathered to witness a most

improbable event: the intentional release of water from an overallocated, drought-stricken,

binational river for the purpose of mimicking what the river had done naturally for millennia—

send a pulse of floodwater through its delta in the spring. As with most rivers fed by snowmelt,



the Colorado’s spring pulse is crucial to its natural flow. The flood cleanses the channel, helps

cottonwoods and willows grow along the riverbanks, replenishes backwaters and floodplain

wetlands, and delivers nutrient-rich sediment and freshwater to the estuary. Without that pulse

of water, the habitats of the delta—and all the life and economic activity they supported—could

not thrive.The Colorado River Delta.I first traveled to the Colorado River Delta more than two

decades ago, in the spring of 1996. At that time, the common narrative, at least in the United

States, was that the delta was dead. It was certainly forgotten; some US maps even showed

the river ending at the international border. For the Colorado, it was an unfortunate

circumstance of political geography that its last 153 kilometers (95 miles) were in another

country. The river had become the lifeline of the American Southwest, but on the US side of the

border its crucial role for Mexico’s land and people barely registered.Much of what I saw during

that trip in 1996 did indeed fit the narrative of a desiccated wasteland. It was hard to believe

such a place could ever come back to life—except, much to my surprise, a portion of it already

had. As I flew over the delta in a small plane with University of Arizona biologist Edward Glenn,

an oasis of green suddenly appeared in the barren brown landscape. It was a wetland called

the Ciénega de Santa Clara, a maze of lagoons ringed by cattails and marsh grasses. It was

an astounding sight—and it had formed completely by accident.On an ordinary day in 1977, a

young man named Juan Butrón was out walking not far from his home in the small delta town

of Ejido Johnson. He stumbled upon a large canal filled with water and followed it to its end,

where he was astonished to find a shallow lake spread out before him. Returning regularly, he

saw fish appear. Then cattails, reeds, and bulrushes sprang up, turning the lake into a web of

marshes and lagoons. Butrón began to picnic and fish there with his family and neighbors.

Eventually he and other Ejido Johnson residents started offering “eco-tours” of the marshy

wonderland. Over the years the Ciénega would expand and shrink along with the volume of

drainage flowing in, but the marsh now covers more than 6,100 hectares (15,100 acres), and

the mudflats just to the south span roughly an additional 10,000 hectares (24,700 acres).2It is

no exaggeration to say that today the Ciénega de Santa Clara is one of the most important

desert wetlands in North America. Yet for years it was so little known to the outside world that it

did not receive an official place-name until 1992. Today the Ciénega supports 280 species of

birds, including the elusive and endangered Yuma clapper rail. Thousands of migratory birds

stop to rest, feed, or spend their winters there.3The canal Butrón discovered originates in the

Wellton-Mohawk Irrigation and Drainage District, a farming region in southern Arizona. As

irrigation water seeps through farmland soils, it often picks up salts, pesticides, and other

chemicals that make the drainage coming off the fields highly polluted. Back in the 1960s,

Mexican officials justifiably complained to their northern neighbor that its delivery of this salty

drainage to Mexico as part of its Colorado River allotment was killing farmers’ crops across the

border. The US Bureau of Reclamation responded by building a concrete-lined canal roughly

80 kilometers (50 miles) long from the irrigation district in southern Arizona into the eastern

part of the delta in Sonora, Mexico. The canal, known as the MODE, was capable of

transporting 130 million cubic meters (105,000 acre-feet) of the district’s agricultural drainage

into the delta each year. In effect, the United States used the delta as a dumping ground for a

volume of agricultural wastewater equivalent to 0.7 percent of the Colorado’s historical annual

flow.The releases to the delta began in 1977, not long before Butrón first came upon the canal,

and they were intended to be temporary. The US plan was to treat the salty drainage in a new

desalination facility in Yuma, Arizona, and then use the water again. But the desalting plant

never fully operated. Meanwhile, scientific research by Glenn, who first visited the Ciénega in

1979, and others shined a light on the ecological importance of this wetland and the fact that it



would disappear if the drainage water went instead to the Yuma desalting plant. In 1993, the

Mexican government declared the upper Gulf of California and the Colorado Delta, including

part of the Ciénega, an international biosphere reserve, a designation sanctioned by the

United Nations and intended to protect world-class ecosystems.The lesson of the Ciénega was

plain and simple: if we just add water, in this case even low-quality water, habitats can come

back. Parts of the delta could live again. That’s what Glenn was showing me on that flyover in

1996. When I returned in February 2013, I traveled again to the Ciénega, this time with a

former graduate student of Glenn’s named Osvel Hinojosa-Huerta, director of the Water and

Wetlands Program for Pronatura Noroeste, the regional chapter of Mexico’s largest

conservation organization. He amplified Glenn’s message. “It is so resilient,” said Hinojosa-

Huerta, who has been studying the ecosystems of the Colorado Delta since 1998. “Life just

wants to return here.”Along with Hinojosa-Huerta and Butrón, who by now knew the ins and

outs of this wetland perhaps better than anyone, I climbed into a boat and plied the marshes.

American coots glided smoothly along the water’s surface. A small riot of bird sounds erupted

from the cattails. Out on the sandbars, black-neck stilts did their circus walks and long-billed

dowitchers poked deep into the mud for late afternoon snacks. Then, from some distant corner

of cattails came a “keck, keck, keck, keck.” Hinojosa-Huerta turned to me and whispered, “A

clapper rail.”Hinojosa-Huerta is an expert on the Yuma clapper rail, now an endangered bird

due to the loss of its habitat. Every year since 1998 he has organized surveys to assess

Mexico’s clapper rail population. He estimates that some 6,000–7,000 individuals live in the

Ciénega, about three-quarters of the remaining global population.As the setting sun turned the

desert sky into a quilt of brilliant reds and oranges, a pair of northern shovelers flew by. Huge

flocks of swallows swooped through the air. I recalled what the naturalist Aldo Leo- pold had

experienced when he canoed through the delta with his brother Carl in 1922, ironically the

same year the Colorado was divvied up at Bishop’s Lodge. A “milk and honey wilderness,”

Leopold called the delta. A land of “a hundred green lagoons.” The river that for Leopold was

“nowhere and everywhere” as it slowly meandered its way toward the sea was no more. But

here, an accidental wetland sustained by salty farm drainage that could be cut off in a flash

served as a precious reminder of the delta’s former glory and a beacon of hope for its

revival.4In 1995, the year before I first traveled to the Colorado Delta, I was asked by the World

Bank to join a fact-finding mission to another unique ecosystem that had lost its liquid

sustenance—the Aral Sea in Central Asia. Once the world’s fourth-largest lake, the Aral had

been shrinking for several decades because Soviet leaders in Moscow had calculated that the

two rivers flowing into the sea, the Amu Darya and Syr Darya, would be more valuable if

diverted to grow cotton in the desert. Once the size of Ireland, the Aral was evaporating into

the desert air. So in March of that year, I spent a short time in Uzbekistan and Turkmenistan

with an international team of scientists and World Bank staff. Despite all the preparation I’d

done before the trip, what I saw and experienced there shocked me.I gazed out from a bluff on

the outskirts of Muynak, a former seaside port town, but I saw no water—just an endless

expanse of desiccated earth and a graveyard of ships in the dried-up seabed. The Aral had

already split into two, a small northern sea and a much larger southern one. The larger sea

had also begun to split into western and eastern lobes. I learned that on windy days, toxic dust

storms made the air hazardous to breathe. The lake’s fish had died off, and with them went

60,000 fishing jobs. Muynak had the feeling of a ghost town, as thousands of “ecological

refugees” had fled the area. The people who remained suffered from startlingly high rates of

anemia, respiratory ailments, and cancers. Babies and infants died in high numbers. Never

before had I grasped so viscerally the connections between the decline of an ecosystem and



the decline of the people who depend on that ecosystem.At a meeting in Nukus, the capital of

an autonomous region of Uzbekistan called Karakalpakia, our team spoke with local health

specialists, environmentalists, and community groups striving to make life better in this disaster

zone. They spoke of illness, degradation, death, and deep sadness over the loss of their

beloved Aral Sea and way of life. I listened. And then they asked us, the so-called experts from

the other side of the globe, what could be done. I felt almost paralyzed. Given the political and

economic realities of the time, I saw no honest hope for a revival of the sea and the

communities that had lived around it.5The Aral Sea did indeed continue to shrink. By 2005, a

decade after I was there, the lake had lost 80 percent of its water. Satellite imagery released by

the European Space Agency in 2009 showed that the eastern lobe had lost an additional 80

percent in just the previous three years. And then, in August 2014, an image from NASA’s

Terra satellite just about knocked my socks off: it revealed that the eastern lobe had completely

dried up. Except for the small northern lake, which has been blocked off in a desperate attempt

to save a remnant of the original water body, the Aral may disappear in my lifetime.Around the

time of my back-to-back visits to the Aral Sea and the Colorado Delta in the midnineties, a

larger picture of what was happening to the world’s rivers had started to take shape in my

mind. The hydrologic data back then weren’t nearly as good as they are now, but I examined as

best I could trends in river flows from around the world. It turned out that it wasn’t just the Amu

Darya and the Colorado that were running out for months or years at a time, but many other

rivers as well—including the Indus and the Ganges in South Asia, the Nile in northeastern

Africa, the Murray in Australia, and the Yellow in China. These were major rivers, collectively

supplying hundreds of millions of people and millions of hectares of irrigated land. In 1995 I

wrote an article for the Worldwatch Institute, where I had previously worked, titled “Where Have

All the Rivers Gone?”Although the details varied, the answer to this question was similar in

each case: dams and diversions had siphoned away the river’s flow to supply water to

expanding cities and farming regions. As with the Colorado agreement signed at Bishop’s

Lodge, little thought had been given to the people and ecosystems at the end of the line. The

result was the decline of river deltas, coastal fisheries, and aquatic diversity—as well as the

cultures and economic activities tied to these river and estuarine ecosystems.The argument

went, and often still goes, that this is a necessary and smart trade-off. After all, populations are

growing, and people need food, energy, and drinking water. In order to thrive, an economy

must have water and power. The jobs and income created by putting water to use on farms and

in factories are worth the loss of wetlands, wildlife habitats, fisheries, and even cultures and

livelihoods downstream.Except, I was discovering, this argument is a red herring. Water is so

heavily subsidized and delivered at such low costs—especially to farms, which consume the

vast majority of water in areas of shortage—that it was not being used anywhere near as

efficiently and productively as possible. Water laws grounded in the “use-it-or-lose-it” principle

encouraged farmers to use more water than they really needed so as to avoid losing their

valuable water rights, and they had limited, if any, ways to sell water they didn’t really need. It

turns out there’s enough water to maintain at least some of the functions and economic

benefits of healthy rivers and wetlands if we get smarter about how we manage water.I doubt

that the kids of San Luis Rio Colorado would have been waiting expectantly for the return of

their city’s namesake river on that Wednesday afternoon in March 2014 if an accidental

wetland created by farm drainage had been the only sign of the delta’s possible resurrection.

But the Ciénega de Santa Clara wasn’t the only sign of hope. Thanks to water releases of

another kind, even the great cottonwood–willow forests so crucial to the migratory birds,

wildlife, and natural beauty of the delta had shown an ability to revitalize.Since the early 1980s,



spring floods have inundated the Colorado Delta when two conditions coincide: the giant

reservoirs behind Hoover and Glen Canyon Dams are full, and the upper Colorado watershed

receives a large amount of precipitation. The latter often happens with the arrival of the

weather phenomenon known as El Niño. In late 1982, for example, Lake Powell had just

finished filling up for the first time after the completion of Glen Canyon Dam. No water had

reached the delta for the prior 18 years. Then an El Niño cycle began. A few months later, in

the spring, a huge amount of snowmelt and rainwater rushed into the upper Colorado River.

With both Powell and Mead filled to capacity, engineers passed the floodwaters through the

reservoirs and sent them downstream, where they then flowed through the gates at Morelos

Dam and on through the delta. Similar conditions persisted for several years, such that from

1983 through 1986 the total flow into the delta averaged 12.8 billion cubic meters (10.4 million

acre-feet)—the biggest discharge in a four-year period since the 1920s, before any big dams

blocked the river. Smaller but still substantial floods coursed through the delta in 1993, 1997,

1998, and 1999.6As in the Ciénega, the delta awakened. Satellite images taken not long after

the mideighties’ floods showed that about 40,000 hectares (100,000 acres) of habitat along the

river’s channel had sprung back—a ribbon of green through a brown landscape. The floods

had helped cottonwood seeds to germinate and spread. But as the flood flows diminished and

then disappeared, so did the riverside forest. After the last significant El Niño flood in 1999, the

delta’s riparian habitat shrank back to about 2,600 hectares (6,500 acres).7 Even at this size,

though, it was far larger and better habitat for birds and wildlife than existed anywhere along

the river on the US side of the border, and it revealed the recipe for the delta’s revival: just add

water.But where would that key ingredient come from? Neither the agricultural drainage water

sustaining the Ciénega nor the floodwaters that greened-up the delta’s riparian areas were at

all secure. Starting in 2000, an unrelenting drought gripped the Colorado River basin. The next

14 years would turn out to be the driest the basin had seen in a century. Demand for the river’s

water exceeded the sustainable supply. Lakes Mead and Powell, just about full in 2000, shrank

to half their combined capacity. Researchers at the Scripps Institution of Oceanography at the

University of California–San Diego reported there was a 50 percent chance that Lake Mead

could effectively be dry by 2021. Clearly no surplus flows would be coursing through the delta

anytime soon.8But while Glenn and other scientists were documenting the resurgent biology of

the Colorado Delta, a group of economists, policy analysts, and conservationists began

exploring options for allocating some water to the delta. In June 1999, the Environmental

Defense Fund (EDF) published a report titled A Delta Once More: Restoring Riparian and

Wetland Habitat in the Colorado River Delta. In it, the binational team of authors recommended

that US and Mexican officials begin negotiations to amend the 1944 treaty so as to provide an

allocation of water for the delta. They recommended the delivery of a flood or “pulse” flow once

every four years, along with perennial or “base” flows to sustain 60,000 hectares (150,000

acres) of wetland and riparian habitat. The total volume of water recommended for the delta

per year amounted to less than 1 percent of the Colorado River’s total annual flow.9It was a

practical strategy built on a sense of the possible. The conservationists did not call for

dismantling big dams or drying up irrigated agriculture. Instead, they made a compelling case

to provide a very modest volume of water to the delta that scientific studies showed, if

delivered at the right time and to the right places, could accomplish a great deal of ecological

good.The strategy worked. These recommendations, followed by a 2005 report laying out the

conservation priorities of the delta in more detail, laid the foundation for what would become a

landmark agreement between the United States and Mexico to return some water to the

delta.10 In November 2012, after years of binational scientific collaboration, political



negotiations, strategic deal making, and no small measure of patience and persistence by all

the parties involved, the two countries signed an addendum called Minute 319 to their 1944

treaty. It began a five-year experiment to return water to the delta in the form of a pulse flow

and sustaining base flows.11With the whole Colorado basin still in drought and the levels of

Lakes Mead and Powell continuing to drop, the signing of Minute 319 was nothing short of

miraculous. “Leaving behind unilateralism, the two countries united to sign the most important

bilateral Colorado River agreement since the 1944 Treaty,” declared Jennifer Pitt, then director

of EDF’s Colorado Delta program and coauthor of both the 1999 and the 2005 stage-setting

reports. She had worked tirelessly for some 14 years to make this historic event happen. Along

with Pitt, the core members of the conservation coalition that helped bring the deal to fruition

included Arizona-based water rights attorney Peter Culp, ecologist Hinojosa-Huerta with

Pronatura Noroeste, delta water market expert Yamilett Carrillo, and resource geographer

Francisco Zamora with the Tucson-based Sonoran Institute.Much of the genius behind Minute

319 was in figuring out how to give all sides something they really wanted. The agreement

allows Mexico to store water in Lake Mead, which gives both nations more flexibility in how

they manage the Colorado’s water. It sets out a new formula for sharing both the benefits of

“surplus” water and the pain of shortages. As for the conservation community, they got the

prize they’d been striving toward for some dozen years: water dedicated to the revival of the

delta.The ink was barely dry on the document when the binational scientific and conservation

teams got busy preparing to execute the grand experiment. Minute 319 called for a five-year

pilot project to provide a total of 195 million cubic meters (158,088 acre-feet) of water to the

lower river and its delta. That’s about 1 percent of the river’s historical annual flow delivered

over five years. Although Glenn and others had recommended that a similar volume be

delivered on average every year, scientists were still confident the water could yield significant

ecological benefit if strategically timed and delivered.Two-thirds of the Minute 319 water would

be used to deliver a pulse flow designed to mimic the natural flood that historically had

occurred every spring. The two governments had equal responsibility for coming up with the

water for the pulse. A key principle Pitt and others had put forward prior to the negotiations of

Minute 319 was that of “conservation before shortage,” which essentially meant that the two

governments should work together to conserve water and store it in Lake Mead in order to

avoid the declaration of a shortage, which the US government was obligated to do if Mead’s

level dropped below 328 meters (1,075 feet) above mean sea level. So by working together to

conserve some of Mexico’s water and store it in Lake Mead, the two governments could reduce

the likelihood of a shortage declaration (and resulting water supply cutbacks) and make water

available for a pulse flow.With a few modifications, this is what the two countries did. Because

of damage to some of its irrigation infrastructure in an April 2010 earthquake, Mexico was

unable to use its full water allotment, and so it ended up storing some “surplus” water in Lake

Mead. For its part, the United States promised to help line irrigation canals in the Mexicali

Valley and financially support other conservation measures in order to come up with its share

of the pulse water, even if retroactively.The conservation coalition had responsibility for coming

up with the roughly 65 million cubic meters (52,696 acre-feet) needed for the base flows over

the five years of the pilot program. Without those sustaining flows, the trees and vegetation in

newly created habitats would die. To acquire water for these base flows, the coalition formed

the Colorado River Delta Water Trust, the first water bank in Mexico aimed at returning water to

the environment. The Trust buys and leases water from willing farmers in the Mexicali Valley,

and then works with Mexican water authorities to deliver that water through existing irrigation

infrastructure to the newly created delta habitats. Funding for the Trust’s water acquisitions



comes from an array of donors, foundations, and conservation organizations on both sides of

the border.Fortunately, a very active water market already existed in the Mexicali Valley prior to

the Minute 319 restoration, so the region’s roughly 12,000 farmers were accustomed to the

idea of buying and selling water rights. Most have small farms of less than 20 hectares (50

acres). About 70 percent of the land is planted in wheat, while the remainder is in cotton,

alfalfa, or vegetables. At the helm of the Delta Water Trust was Yamilett Carrillo, then a

consultant to Pronatura Noroeste who had studied the intricacies of the region’s water market

as part of her doctoral work at the University of Arizona in Tucson. She is now executive

director of the independent nonprofit organization into which the Delta Water Trust evolved,

Restauremos El Colorado AC.Farmers in the Mexicali Valley sell their water rights for different

reasons, Carrillo told me during my visit to the delta in February 2013. Some wish to retire and

do not have children who want to take over the business. Others pass away, and their families

wish to put the water rights up for sale. In some cases it’s purely good economics. After the

2010 earthquake and resulting damage to the region’s irrigation infrastructure, the value of

water rights roughly doubled. Some wheat farmers found their water rights to be worth seven

times their annual income. Moreover, many farmers favor selling their rights to the Delta Water

Trust rather than to Tijuana because they prefer that the water be used locally to revitalize the

landscape, create jobs, and bring back the trees and songbirds of bygone days.12Finally, after

intense months of preparation and design work by teams of scientists, the big day arrived. On

the morning of Sunday, March 23, 2014, engineers with the International Boundary and Water

Commission lifted the gates of Morelos Dam. EDF’s Jennifer Pitt popped champagne and

sprayed it over Carrillo, Culp, Hinojosa-Huerta, and Zamora. It had been a long, crazy ride, but

they had done it.“For so many years it felt like a little band of dreamers,” Pitt later told me in her

office in Boulder, Colorado. “The idea that we could actually see it happen was

incredible.”13Four days after the Morelos gates opened, a dozen dignitaries from Mexico and

the United States faced a crowd of more than 200 gathered at the dam to officially celebrate

the momentous achievement of Minute 319.“We are witnesses to history,” proclaimed Michael

Conner, deputy secretary of the US Department of the Interior. Conner lauded the

“extraordinary work of the NGO [nongovernmental organization] community on both sides of

the border” for its role in making the historic event possible. Just a few years ago, Conner

noted, experts would have said this landmark achievement could never happen.For me,

watching the Colorado River reclaim its channel, rediscover its delta, and flow toward the sea

was one of the highlights of my professional life. The freshwater restoration program called

Change the Course that I helped create during my work with the National Geographic Society

had committed funds to the Delta Water Trust to purchase water for the base flows. I had gone

to the delta with a team from National Geographic to video, photograph, research, and write

about this historic event.Just a few days after the flow release began, Hinojosa-Huerta and I

hopped into canoes just downstream of Morelos Dam and paddled the upper reaches of the

Colorado River. Juan Butrón, who by that time worked with Hinojosa-Huerta at Pronatura

Noroeste, was with us too. The river was flowing full, spreading onto its floodplain, and

nourishing native cottonwoods and willows that hadn’t gotten a good drink in quite some time.

We watched as the wind sent their seeds aloft. Many landed on the water’s surface to hitch a

ride downstream. Within days, the seeds would nestle into a moist bank to germinate.

Scientists had done their best to time the pulse flow with the window of seed germination, and

the hope was for thousands of new cottonwoods and willows to spring up as a result. Of course

the nonnative salt cedar (also known as tamarisk) would benefit from the pulse of water

too.Ecologist Osvel Hinojosa-Huerta surveys birds in the upper reaches of the Colorado River



Delta. Photo by Cheryl Zook/National Geographic.As we paddled downriver, we eyed three

muskrats along the bank. Ducks flew overhead, while rails and bitterns appeared to be looking

for places to nest. It was migration time for warblers, sparrows, and thrushes, and they were

following the corridor of trees alongside the river. “They react to cues,” said Hinojosa-Huerta,

who can identify about 350 bird species just by their calls. “They see green and structure, and

know it’s good.”While canoeing 15 kilometers (10 miles), we saw or heard 40 different species

of birds—including white-tailed kite, ash-throated flycatcher, belted kingfisher, and four

varieties of heron. It was music to an ecologist’s ears—and a sign of water bringing life to the

delta.For the duration of the pulse flow, teams of scientists fanned out across the delta to

document the results of this unique experiment. Jorge Ramírez-Hernández, a hydrology

professor at the Universidad Autónoma de Baja California, supervised two teams of students

tasked with measuring the Colorado’s flow every day at 10 different sites. They used a method

called Acoustic Doppler Current Profiler, which applies principles of sound propagation through

water to measure flow velocity. When combined with the channel’s cross-sectional area, it

provides an estimate of the river’s discharge. Other students were monitoring groundwater

levels to detect the influence of the pulse on the underground water table. When we joined

Eliana Rodriguez Burgueño, she was 300 meters (984 feet) from the still-dry main channel

dropping a piezometer into a monitoring well, a test she’d been doing monthly for six years. To

have her dissertation research coincide with such a historic event was a big stroke of luck.

“This is an experience of a lifetime,” she said.Just as we were heading out, Ramírez got a

phone call. The river would reach San Luis Rio Colorado by mid- to late afternoon. We hopped

in our Jeep and headed to the San Luis Bridge.Once there, my National Geographic

colleagues set up time-lapse cameras while I walked up the broad, sandy channel. The locals

who’d gathered were waiting expectantly. Then, around three o’clock, a shimmering mirage

appeared up the channel. It had taken about 55 hours to get here from Morelos Dam, but the

river had arrived. It advanced slowly, but before long, the sands of the channel became moist,

then wet, and then suddenly we had to move quickly to keep our boots from getting soaked.

We watched the channel fill not only with water, but with members of the community. Little

Isabella Cedillo Castro, wearing a bright yellow shirt and matching ponytail tie, kneeled in the

water and raced against time to complete her sand castle before the rising river overtook it.

Two women strolled alongside the flowing water beneath a bright red sun umbrella. In whatever

way felt right, the residents of San Luis Rio Colorado welcomed their river home.When we

returned to the bridge on Sunday afternoon, a week after the gates of Morelos were opened,

the river was flowing deep and strong.Hundreds of people lined the riverbanks near the bridge

to celebrate. Music and barbecue smells filled the air. The atmosphere was like a carnival.

Victor Reyes Cervantes, a late-middle-aged man who sells tractors for John Deere, recalled

the river flowing this big back in the 1950s. He said he hoped that the fish, birds, and wildlife

would come back along with the river. A young mother keeping watch over her two-year-old

son, Leonardo, as he played near the water’s edge, nodded in his direction and talked of how

sad he’ll feel if the river goes away. Roxana Torres, a college student, worried about the trash

the river was accumulating and the disappointment that lay ahead for the community when the

pulse flow ended. “I believe,” she said, “that people think the river will stay from now

on.”Children of San Luis Rio Colorado play in their town’s namesake river during the historic

pulse flow of 2014. Photo by Cheryl Zook/National Geographic.On the eighth day after the

initial release from Morelos, I witnessed something extraordinary. As on most mornings, I

headed out with my colleagues before dawn to find the leading edge of the river as it made its

way toward the sea. That morning, as often happened during those days tracking the river, I



ran into a group of scientists who were studying this unprecedented ecological

experiment.Along with Karl Flessa, professor of geosciences at the University of Arizona in

Tucson and co-chief scientist of the monitoring team for the pulse flow, were freshwater

biologist Rebecca Lester and marine ecologist Jan Barton from Deakin University in Victoria,

Australia. Lester and Barton were colleagues of Flessa’s, and they had come all the way from

Australia to witness this grand experiment firsthand. They were crouched in the channel and

staring intently into the dark green rim of the river’s edge as it inched along. “Copepods,” they

said excitedly as I kneeled beside them.Sure enough, the rim of the river was alive. These

microscopic crustaceans had lain dormant in the desert sands for a decade or more. The

females lay a kind of leathery egg that can remain viable for many years, even through extreme

dryness. Within a couple days of being wetted by the river’s flow, billions of tiny copepods had

hatched. Some were now feeding on algae along the river’s fringe.Just as I was taking in this

mini miracle, Lester exclaimed, “Dragonflies are coming!” And sure enough, scooting along the

river, drawn to the water to breed, were these big-eyed, winged insects. Dragonflies eat

copepods, and they were on the hunt. Then came carp, which eat dragonflies. Lester had also

seen fish larvae eating the copepods. “This is exciting,” she said. “You can see the food web

developing within minutes of the water arriving.” It was the most literal experience one could

imagine of the “water is life” maxim.Conservationists, including the author (on the left, with

notebook), observe the Colorado River as it slowly reclaims its channel in the delta and flows

toward the sea. Photo by Cheryl Zook/National Geographic.On May 15, after coursing through

its delta for nearly eight weeks, the freshwaters of the Colorado River touched the salty tides of

the upper gulf. If rivers are born with a destiny, it is to reach the sea. For that brief moment in

time, two nations and a team of dedicated scientists and conservationists had enabled the

Colorado to reach hers.After the drama of the pulse flow was over, media interest largely faded

away, but the hard work of restoration was just gearing up. The ultimate goal is to create what

Hinojosa-Huerta calls “stepping stones of habitat” that allow birds and wildlife to find enough

places across the delta to feed, breed, and rest. One of those sites, Miguel Alemán, is located

in an old meander of the Colorado River. There, Pronatura Noroeste has overseen the removal

of invasive salt cedar and the planting of thousands of native cottonwoods, willows, and

mesquites, which were grown from seed in a nearby nursery. A pipe carries water from an

irrigation canal over to the site to irrigate the seedlings. Trees planted during the spring of 2014

grew 3 meters (10 feet) by the end of the year.14Farther downstream at Laguna Grande, the

Sonoran Institute has overseen the planting of many thousands of cottonwoods, willows, and

mesquites. This area is beginning to resemble what the lower delta looked like back when Aldo

Leopold canoed through it in 1922. Ultimately, this site, which has the advantage of relatively

shallow groundwater to support the trees’ growth, will encompass some 445 hectares (1,100

acres). In October 2016, Sonoran held its fifth annual tree-planting event, bringing volunteers

together with nonprofit groups and government agencies to expand the habitat at Laguna

Grande. The community park at the restoration site allows the public to spot resident and

migratory birds, as well as wildlife drawn to this desert oasis, including bobcats, coyotes, and

beavers.15Following the pulse flow, which raised the water table, spurred native trees to

germinate, and nourished the actively planted trees at Laguna Grande and other restoration

sites, Restauremos (the water trust) is working with Mexican water authorities to deliver base

flows to support the trees’ growth. By the end of 2016, the Trust had delivered 61.6 million

cubic meters (49,979 acre-feet) of base flows to the delta restoration sites, 95 percent of the

volume required under Minute 319.16The scientific teams have documented numerous

benefits of the pulse and base flows delivered to the delta—including the beneficial recharge of



groundwater, an increased number of migratory birds in open-water areas, and an overall

green-up of the landscape. In their monitoring report released in October 2016, which covers

results through early December 2015, the scientists reported that the pulse flow had recharged

groundwater and flushed salts from the soil, both of which aid the growth of native willows,

cottonwoods, and other delta vegetation. They found that between 2013 and 2015 the

combined abundance of 19 bird species of conservation interest—including the Gila

woodpecker, the ash-throated flycatcher, and the yellow-breasted chat—had increased 49

percent. Moreover, those 19 species were 43 percent more abundant at the restoration sites

than in the rest of the floodplain, highlighting the habitat values of the active restoration areas.

The scientific team was not surprised to find that the pulse flow had little or no impact on

fisheries in the upper gulf, given the small volume of Colorado River water that actually

reached the sea.17“Some of the cottonwoods that germinated during the initial pulse flow are

now more than 10 feet tall,” said Karl Flessa, the University of Arizona professor serving as co-

chief scientist of the Minute 319 monitoring team, upon release of the assessment. “This short-

term event has had lasting consequences. This really demonstrates that a little bit of water

does a lot of environmental good.”18Through their on-the-ground measurements and

monitoring, scientists are getting a good idea of what worked well and what to do differently if a

pulse flow is again delivered to the delta. (A third and final report will be prepared after the

Minute 319 experiment ends in late 2017.) As of early 2017, negotiations for a successor to

Minute 319 were still under way. Carrillo, the head of the new water trust for the delta,

Restauremos, hopes her organization will be able to acquire enough water to allow a couple of

gates at Morelos Dam to remain open year-round, benefiting habitats in the upper reach, and

to deliver enough water through irrigation canals to keep stretches of the river farther

downstream, near the Laguna Grande restoration site, flowing continuously. “Someone once

told me,” Carrillo wrote to me in early 2017, “that ‘managing water is managing conflict.’ But

Restauremos has shown me that managing water can also be managing cooperatively to get a

river flowing again.”19The revival of the Colorado River Delta ranks among the most remarkable

—and improbable—conservation triumphs in modern times. In many ways, it gives resilience a

whole new meaning. And yet these gains are tenuous; without a sustained commitment of

water, they will evaporate. It was the coming together of two governments, a binational team of

scientists and conservationists, the support of foundations and donors, and a small dose of

serendipity that made the delta’s revival possible. How much life returns, and ultimately lives

on, is now largely in human hands.Chapter 3Put Watersheds to WorkEventually, all things

merge into one, and a river runs through it.—Norman MacleanIt’s hard to believe that any city

in Brazil, the South American nation sometimes called the “Saudi Arabia of water,” would

generate a new class of water refugees. But after two consecutive years of a punishing

drought, some residents of São Paulo—a megacity of 20 million people and Brazil’s economic

heartbeat—decided to leave. Some had gone without tap water for days at a time; many

endured half-day stints of dry taps. Resorts next to dried-out reservoirs were forced to lay off

staff and shut their doors. Economists warned that the drought could shave as much as 2

percent from the nation’s GDP.1São Paulo is no desert city. It averages 1,455 millimeters (57.3

inches) of rain per year, nearly on par with New Orleans. But in 2014–15, the worst drought in

eight decades gripped the megalopolis. The five reservoirs in the Cantareira system, which

normally provides nearly half of the city’s drinking water, dropped to 5 percent of capacity. Poor

management of the city’s water system, including leaky pipes that lost 30 percent of the water

supply, made the drought even worse. But scientists also pointed to another factor with

potentially severe and long-term consequences: the deforestation of the Ebook Tops rainforest



and resulting disruption of the region’s water cycle.2The cycling of water across the Ebook

Tops begins with easterly trade winds transferring moisture from the Atlantic Ocean to the land,

where it falls as rain. Trees then capture at least half of this rainfall, whether by intercepting it

directly or by pulling it up from the soil through their roots. This moisture then returns to the

atmosphere as vapor as it evaporates or transpires through the leaves. There it condenses into

clouds, moves westward with the winds, and falls again as rain. This continuous recycling of

moisture westward across the Ebook Tops basin forms a “flying river” that turns southward

when it hits the vertical barrier of the Andes Mountains and then curves back east, bringing

rains to southeastern Brazil, including São Paulo. It’s an elegant system and one of the best

examples in the world of how wind, rain, sun, soils, and trees work together to create regional

climatic conditions and deliver reliable water supplies.3More than three decades ago,

researchers Eneas Salati and Peter Vose of the University of São Paulo described this unique

system of moisture delivery in the Ebook Tops basin and warned of the dangers of massive

tree cutting. “Continued large-scale deforestation,” they wrote in the journal Science, “is likely to

lead to . . . reduced evapotranspiration and ultimately reduced precipitation.”4About one-fifth of

the Ebook Tops basin, some 1.4 million square kilometers (540 thousand square miles), has

been cleared to make way for crops and cattle. Another one-fifth or so is heavily degraded. The

massive road networks being built to pave the way for the construction of hundreds of

hydroelectric dams are opening vast new areas of the basin to logging and forest clearing. In

recent years, scientists have begun sounding alarms about the impact of deforestation

combined with climate change. As the region dries out and more fires burn, the already

diminished Ebook Tops forest ecosystem could tip into a different state.5For São Paulo there is

little comfort to be found in these trends. The conveyor belt of moisture that crosses the Ebook

Tops and delivers rain to the city’s reservoirs may become considerably less reliable. Antonio

Donato Nobre, a climatologist with Brazil’s National Institute for Space Research, goes so far

as to warn that if just 40 percent of the Ebook Tops is cleared of trees there could be a

massive and sudden shift of remaining forest to grassland and a breakdown of the current

climate system. If deforestation continues, he said to the New York Times in October 2015, São

Paulo will most likely “dry up.”6Leaving aside global climate change, the clearing and

degradation of the Ebook Tops rainforest is among the biggest disruptions of the natural water

cycle that has occurred so far. When coupled with climate change, it portends profound

consequences for Brazilian society that will ripple out to the world. And while Ebook Topsian

deforestation is unique in its scale and impact, the degradation of watersheds around the world

poses numerous threats to communities—including heightened risks of fire, floods, soil

erosion, pollution, and water shortages.Watersheds function as nature’s water factories. When

operating well, they collect, store, circulate, and treat water as it flows through and across the

landscape to join rivers downstream. But when degraded by poor forest management,

unsustainable crop production, and urban development, they no longer deliver these services.

Today, pioneering initiatives in China, Latin America, the United States, and elsewhere are

demonstrating ways of repairing watersheds that benefit the communities and economies

downstream. In so doing, they are cost-effectively securing the quality of drinking water,

reducing risks of fire and floods, and improving the livelihoods of those living in degraded

landscapes. They are showing that investing in healthier watersheds not only makes sense

economically, it also builds resilience to the growing impacts of climate disruption.I left Beijing,

China’s capital, on midnight train number 251, headed south for the city of Zhengzhou. Not

long after we passed the illuminated Great Hall of the People, the rumble of the train lulled me

into a deep slumber. I was determined to awaken early the next morning, so as not to miss the



crossing of the Yellow River. The Chinese affectionately call the Huang He their mother river,

because thousands of years ago it gave birth to the nation’s earliest, thriving civilization. I

traveled to China in June 1988 to learn more about the landscape that had given the Yellow

River its name—the erosion of the yellowish soils of the vast Loess Plateau, an area one-and-a-

half times the size of California in the river’s middle and upper reaches. Little did I know I would

soon see land experiments that would presage one of the biggest watershed restoration efforts

ever undertaken on the planet.7I awoke with more than an hour to spare. The countryside at

dawn was already buzzing with activity—farmers in the fields harvesting their wheat, horse-

drawn carts pulling loads of grain to market, and bicyclists heading to work down tree-lined dirt

roads. Soon I caught a glimpse of the river’s channel up ahead. As the train rumbled across it, I

gazed below and was stunned at how little water it was carrying. At this point in its 5,464-

kilometer (3,507-mile) journey, large diversions for agriculture and growing cities had turned

the great Yellow River into a paltry trickle. Farther downstream, I later learned, the river was

drying up about 130 kilometers (80 miles) before reaching the sea. By the end of the dry

season, China’s mother river was quite literally tapped out.But the Yellow had another

nickname that told a story not of shortage but of floods: China’s Sorrow. Historically, the river

transported 1.6 billion tons of silt each year, more than 90 percent of it coming from the highly

erosive Loess Plateau. The river dropped much of that sediment load when it reached the

flatter North China Plain, which resulted in the river gradually becoming elevated above the

surrounding land. This posed enormous flood risks. Over a period of 2,000 years, the Yellow

breached its dikes more than 1,500 times, causing devastating floods and loss of life.8 As the

populations of Beijing and other cities on the north plain expanded, concern also grew about

the massive sandstorms that periodically choked the capital’s air, as well as the buildup of

sediment in downstream reservoirs.After a brief visit with the Yellow River Conservancy

Commission in Zhengzhou, I headed west to Shaanxi Province, in the heart of the Loess

Plateau.The Loess Plateau in China.My traveling companions, Cheng Guangwei with the

Loess Plateau Integrated Survey Team and my highly knowledgeable interpreter Zhang

Junzuo, both worked at the Chinese Academy of Sciences. Shaanxi is perhaps most famous

as home to the Terracotta Warriors in the ancient capital of Xian, but less famously it is also

home to the most serious soil erosion problems in all of China. About half of the Yellow River’s

sediment load, some 830 million tons a year, originates from the lands of Shaanxi. Traveling

around the region, it’s easy to see why: there’s almost no flat land and far too little vegetation

on the steep slopes to hold the soil in place. Between 50 and 80 percent of the province’s

rainfall comes during three months, July through September, and the intense monsoonal

storms wash the sediment off the hillsides. In northern Shaanxi, wind and water were eroding

an average of 10,000 tons of soil from each square kilometer every year.9This brown, barren

land had once boasted extensive forests mixed with beautiful grasslands. It had supported not

only China’s early societies but also a rich diversity of wildlife. Scientists believe the land was

fairly stable for centuries, but then during the Ming and Qing dynasties (1368–1644, 1644–

1912, respectively) it spiraled downward with heavy tree cutting, crop cultivation, and

overgrazing. In the twentieth century, a growing population put even more pressure on the

land.10This history was in plain view in a Shaanxi county, Mizhi, which covers an area of 1,212

square kilometers (468 square miles), a bit smaller than sprawling Phoenix, Arizona. Its

people, who at that time numbered roughly 170,000, were some of the poorest in China. They

worked from dawn to dusk eking out an existence growing crops and herding livestock on

lands dissected by deep gullies and sloping at more than 20-degree angles. Most lived in tidy

cave dwellings built into the hillsides. In an attempt to increase their income, some villagers



tried raising more goats, which only worsened the devegetation. With fewer roots to hold the

soil and capture the rain, erosion and desiccation increased—a reinforcing cycle of poverty and

land degradation that seemed impossible to break.The afternoon we arrived in Mizhi, after a

five-hour drive on bumpy dirt roads from Yan’an, where Mao Zedong and Zhou Enlai spent

several months planning the 1949 revolution, we got out of our car briefly to stretch our legs. A

herder approached with his goats and then turned up a dirt road toward some cave dwellings.

Zhang, my translator, asked if I’d like to go up and talk with some of the villagers. We came

upon a woman chopping potatoes outside next to a wood-fueled stove. Her family, in tattered

and torn clothing, gathered around. They invited us into their modest dwelling and asked us to

stay for dinner, an astonishing act of generosity given how scarce their food supplies

undoubtedly were. On the walls hung large posters of Marx, Lenin, Stalin, and Mao, stalwarts

of the collectivization movement that was already yielding to a more market-oriented economy

in China’s countryside. After a brief conversation, we thanked them for the dinner invitation,

explained that we needed to travel on, and departed feeling enriched by our brief encounter

with this materially impoverished family.While in Mizhi, we visited two villages. The first,

Daichua, had been designated an experimental restoration village in 1979, soon after the

Chinese government had instituted the “responsibility system,” which gave farmers new

incentives to improve agricultural productivity. Daichua resembled a fairy-tale village. It was eye-

popping green, with trees, shrubs, and crops across the landscape. Where a deeply incised

gully would have been, there was flat farmland 5 kilometers (3 miles) long. The villagers had

built an earthen dam at the end of the gully to trap the eroding sediment. Over time, it built up a

thick horizontal layer of soil, which the villagers called dam land. Nearby sat a rectangular pond

to collect and store irrigation water, which greatly boosted yields on this newly created

cropland.The villagers had also shaped the sloping hillsides into flat terraces, each about 5

meters (16 feet) wide. Hundreds of terraces planted in millet, corn, sorghum, and soybeans

lined the hillsides. On the unterraced slopes, they had planted shrubs useful for fuel and animal

fodder and that held the soil in place. Fast-growing poplar, locust, and elm trees waved across

the landscape. Zhang, Cheng, and I hiked to the top of a hill to get a better view. If more of the

Loess Plateau could receive this kind of treatment, I thought, the land and people’s livelihoods

might be transformed.That transformation was in fact beginning with the experimental work

under way in Mizhi. With support from the United Nations World Food Program (WFP),

scientists at the Mizhi Experiment Station worked with villagers from 1979 to 1985 to terrace

the land and to substitute trees and grass for crops on land sloping more than 20 degrees. The

goal was to reduce both the county’s ecological degradation and its poverty level. In return for

their hard labor, villagers were typically compensated in grain from the WFP. Investments

averaged about 210 yuan per hectare ($56 per hectare at the 1988 conversion rate).

Altogether, the WFP project area encompassed 750 square kilometers (290 square miles),

about 60 percent of the county. It included 241 villages, 21,340 families, and a total population

of 105,400.11
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Ebook Tops Reader, “Eye-opening account of our global water crisis. Sandra Postel is an

expert on our most precious global resource--water. She's also an astute storyteller who takes

the reader on a journey, exploring places near and far. Water is something we take for granted,

and Postel opens our eyes about the many ways we humans are abusing this resource upon

which all life depends. And if we don't change our ways soon, future generations of all things

living will be impacted. I live in New Orleans and the chapter on flooding was fascinating to me.

I now have a different perspective on flooding than I had before reading this book--floods are

needed to keep rivers healthy. Our multitude of efforts to control them have not been

successful, despite the millions spent here on levees, floodgates, and pumps. We really do

need to rethink flood management in the US and around the world. Postel proposes an eco-

engineering approach that works with nature's ability to control floods--the aim is to make river

systems healthier while mitigating flood risks. This is an EXCELLENT book that drives home

the message that we really do need to find a way to live in an age of replenishment before it's

too late.”

Joey Fishman, “It was easy to read because it was INSPIRING and focused on .... I read this

book from start to finish this Saturday. It was easy to read because it was INSPIRING and

focused on solutions to our global freshwater challenges. Sandra does an incredible job of

transforming what could be dense subject matter into easy-to-follow, interesting and compelling

stories, and features so many different, complimentary LOCAL solutions to a shared global

challenge. The book left me totally motivated to double down on the solutions outlined in the

book. Thank you Sandra! - Val Fishman”

Marcy, “Inspiring and Hopeful. Postel shares her magisterial knowledge of water in a way that's

refreshingly clear. She has the rare ability to share an immense amount of rigorous information

in way that's both memorable and encouraging. Replenish is a smart and important book, and

the more people who read it and act on it, the better off we all will be.”

Robert Potts, “Realistic Optimism are the two words that best describe this book. Realistic

Optimism are the two words that best describe this book. In a polarized world where

environmental writing tends to be either hopeless despair or Pollyanna drivel, Postel has

delivered a well-written, engaging book that describes both problems and proven solutions in a

clear-eyed, realistic manner.  This is a must read for citizens and policy-makers everywhere.”

Mary Ann Dickinson, “Sandra Postel in this book does what Sandra Postel does best: she

presents the issues of droughts. This is a must read for anyone who thinks -- or even suspects

-- that we are in trouble with water on our planet. Sandra Postel in this book does what Sandra

Postel does best: she presents the issues of droughts, floods, groundwater depletion,



waterless deltas, overallocation of water rights, and other water problems with well researched

clarity and remarkable vision. But where this book really shines is in the presentation of

successful solutions around the world for overcoming these obstacles, presented in a

compelling storytelling narrative. Creative work is happening on the ground and she covers it.

The examples she gives are models for moving forward to ensure a viable water legacy for our

grandchildren.”

Peter 'Dr. Pete' Patterson, “Five Stars. Very authoritative expert view of how we can manage

water as a resource..”

John S. Olofson, “Not for Tree Huggers. A complete report on using and endlessly reusing our

finite supply of water.”
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