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Key Points

e Peak water poses a greater threat to our future than peak oil. We can
produce food without oil but not without water.

e Overpumping of aquifers has created water-based food bubbles, which will
burst once aquifers are depleted. Among the countries currently
overpumping their aquifers are the world’s three biggest grain producers-
China, India and the United States- which together, produce half of the
world’s grain.

e As competition for water resources from urban and industrial sources
increases, agriculture will become the residual claimant on water supplies. As
countries approach or arrive at peak water, aquifer depletion and shrinking
grain harvests could lead to peak grain.

e Water, not land, has emerged as the principle constraint on the expansion of
food supplies.

Summary

Peak oil has generated headlines in recent years, but the real threat to our future is peak
water. There are substitutes for oil, but not for water. We can produce food without oil, but
not without water.

We drink on average four litres of water per day, in one form or another, but the food we
eat each day requires 2,000 litres of water to produce, or 500 times as much. Getting
enough water to drink is relatively easy, but finding enough to produce the ever-growing
quantities of grain the world consumes is another matter.


http://www.guardian.co.uk/environment/food
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Grain consumed directly supplies nearly half of our calories. That consumed indirectly as
meat, milk, and eggs supplies a large part of the remainder. Today roughly 40 per cent of the
world grain harvest comes from irrigated land. It thus comes as no surprise that irrigation
expansion has played a central role in tripling the world grain harvest over the last six
decades.

During the last half of the twentieth century, the world’s irrigated area expanded from close
to 250 million acres (100 million hectares) in 1950 to roughly 700 million in 2000. This near
tripling of world irrigation within 50 years was historically unique. But since then the growth
in irrigation has come to a near standstill, expanding only 10 per cent between 2000 and
2010.

In looking at water and our future, we face many questions and few answers. Could the
world be facing peak water? Or has it already peaked?

Analysis

Farmers get their irrigation water either from rivers or from underground aquifers.
Historically, beginning with the Sumerians some 6,000 years ago, irrigation water came from
building dams across rivers, creating reservoirs that then enabled them to divert the water
onto the land through a network of gravity-fed canals. This method of irrigation prevailed
until the second half of the twentieth century, where with few sites remaining for building
dams, the prospects for expanding surface irrigation faded. Farmers then turned to drilling
wells to tap underground water resources.

In doing so, they learned that there are two types of aquifers: those that are replenishable
through rainfall, which are in the majority, and those that consist of water laid down eons
ago, and thus do not recharge. The latter, known as fossil aquifers, include two strategically
important ones, the deep aquifer under the North China Plain and the Ogallala aquifer under
the U.S. Great Plains.

Tapping underground water resources helped expand world food production, but as the
demand for grain continued climbing, so too did the amount of water pumped. Eventually
the extraction of water began to exceed the recharge of aquifers from precipitation, and
water tables began to fall. And then wells begin to go dry. In effect, overpumping creates a
water-based food bubble, one that will burst when the aquifer is depleted and the rate of
pumping is necessarily reduced to the rate of recharge.

Today some 18 countries, containing half the world’s people, are overpumping their
aquifers. Among these are the big three grain producers—China, India, and the United
States—and several other populous countries, including Iran, Pakistan and Mexico.

During the last couple of decades, several of these countries have overpumped to the point
that aquifers are being depleted and wells are going dry. They have passed not only peak
water, but also peak grain production. Among the countries whose use of water has peaked
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and begun to decline are Saudi Arabia, Syria, Irag, and Yemen. In these countries peak grain
has followed peak water.

Nowhere are falling water tables and the shrinkage of irrigated agriculture more dramatic
than in Saudi Arabia, a country as water-poor as it is oil-rich. After the Arab oil export
embargo in 1973, the Saudis realized they were vulnerable to a counter-embargo on grain.
To become self-sufficient in wheat, they developed a heavily subsidized irrigated agriculture
based heavily on pumping water from fossil aquifers.

After being self-sufficient in wheat for over 20 years, the Saudis announced in early 2008
that, with their aquifers largely depleted, they would reduce wheat planting by one eighth
each year until 2016, when production would end. By then Saudi Arabia projects it will be
importing some 15 million tons of wheat, rice, corn, and barley to feed its 30 million people.
It is the first country to publicly project how aquifer depletion will shrink its grain harvest.

Syria, a country of 22 million people riddled by civil war, is also overpumping its
underground water. Its grain production peaked in 2001 and during the years since has
dropped 32 percent. It, too, is becoming heavily dependent on imported grain.

In neighboring Iraqg, grain production has plateaued over the last decade. In 2012 it was
dependent on the world market for two thirds of its consumption. In addition to aquifer
depletion, both Syria and Iraq are also suffering from a reduced flow in the Tigris and
Euphrates rivers as upstream Turkey claims more water for its own use.

In Yemen, a nation of 24 million people that shares a long border with Saudi Arabia, the
water table is falling by roughly 6 feet a year as water use outstrips aquifer recharge. With
one of the world’s fastest-growing populations and with water tables falling throughout the
country, Yemen is fast becoming a hydrological basket case. Grain production has fallen by
nearly half over the last 40 years. By 2015, irrigated fields will be a rarity and the country will
be importing virtually all of its grain. Living on borrowed water and borrowed time, Yemen
could disintegrate into a group of tribal fiefdoms warring over water.

Thus in the Arab Middle East the world is seeing the collision between population growth
and water supply at the regional level. For the first time in history, grain production is
dropping in a geographic region with nothing in sight to arrest the decline. Because of the
failure of governments in the region to mesh population and water policies, each day now
brings 9,000 more people to feed and less irrigation water with which to feed them.

Other countries with much larger populations are also near or beyond peak water. In Iran, a
country with 77 million people, grain production dropped 10 percent between 2007 and
2012 as irrigation wells started to go dry. One quarter of its current grain harvest is based on
overpumping. With its population growing by a million people per year, it, too, faces a day of
reckoning.

Pakistan, with a population of 182 million that is growing by 3 million per year, is also mining
its underground water. Most of its irrigation water comes from the Indus river system, but in
the Pakistani part of the fertile Punjab plain, the drop in water tables appears to be similar
to the better-known fall that is occurring in India.
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Observation wells near the twin cities of Islamabad and Rawalpindi showed a fall in the
water table between 1982 and 2000 that ranged from 3 to 6 feet a year. In the Pakistani
province of Balochistan, which borders Afghanistan, water tables around the capital, Quetta,
are falling by 3.5 meters (11.5 feet) per year—pointing to the day when the city will run out
of water. Sardar Riaz A. Khan, former director of Pakistan’s Arid Zone Research Institute in
Quetta, reports that six of Balochistan’s seven basins have exhausted their groundwater
supplies, leaving their irrigated lands barren.

In a World Bank study, water expert John Briscoe says: “Pakistan is already one of the most
water-stressed countries in the world, a situation which is going to degrade into outright
water scarcity due to high population growth.” He then notes that “the survival of a modern
and growing Pakistan is threatened by water.”

In Mexico—home to a population of 122 million that is projected to reach 156 million by
2050—the demand for water is outstripping supply. Mexico City’s water problems are well
known. Rural areas are also suffering. In the agricultural state of Guanajuato, the water table
is falling by 6 feet or more a year. In the northwestern wheat-growing state of Sonora,
farmers once pumped water from the Hermosillo aquifer at a depth of 40 feet. Today they
pump from over 400 feet. Mexico may be near peak water use. Peak grain may be imminent.

In addition to these small and midsize countries, aquifer depletion now also threatens
harvests in the big three grain producers—China, India, and the United States—that
together produce half of the world’s grain. The question is not whether water shortages will
affect future harvests in these countries, but rather when they will do so.

Among the big three, dependence on irrigation varies widely. Some four fifths of China’s
grain harvest comes from irrigated land, most of it drawing on surface water, principally the
Yellow and Yangtze rivers. For India, three fifths of its grain is irrigated, mostly with
groundwater. For the United States, only one fifth of the harvest is from irrigated land. The
bulk of the grain crop is rain-fed, produced in the highly productive Midwestern Corn Belt
where there is little or no irrigation.

Falling water tables are already adversely affecting harvest prospects in China, which rivals
the United States as the world’s largest grain producer. A groundwater survey released in
Beijing in 2001 indicated that the water table under the North China Plain, an area that
produces half of the country’s wheat and a third of its corn, was falling fast. Overpumping
has largely depleted the shallow aquifer, forcing well-drillers to turn to the region’s deep
aquifer, which is not replenishable.

The survey reported that under Hebei Province in the heart of the North China Plain, the
average level of the deep aquifer was dropping nearly 10 feet per year. Around some cities
in the province, it was falling twice as fast. He Qingcheng, head of the groundwater
monitoring team, notes that as the deep aquifer is depleted, the region is losing its last
water reserve—its only safety cushion.

In 2010, He Qingcheng reported that Beijing was drilling down 1,000 feet to reach an
aquifer, five times deeper than 20 years ago. His concerns are mirrored in the unusually
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strong language of a World Bank report on China’s water situation that foresees
“catastrophic consequences for future generations” unless water use and supply can quickly
be brought back into balance.

As serious as water shortages are in China, they are even more alarming in India, where the
margin between food consumption and survival is so precarious. In India, whose population
is growing by 15 million per year, irrigation depends heavily on underground water. And
since there are no restrictions on well drilling, farmers have drilled more than 21 million
irrigation wells and are pumping vast amounts of underground water.

In this global epicenter of well drilling, pumps powered by heavily subsidized electricity are
dropping water tables at an alarming rate. Among the states most affected are Punjab,
Haryana, Rajasthan, and Gujarat in the north and Tamil Nadu in the south. In North Gujarat
the water table is falling by 20 feet per year. In Tamil Nadu, a state of 72 million people,
water tables are falling everywhere. Kuppannan Palanisami of Tamil Nadu Agricultural
University noted in 2004 that 95 percent of the wells owned by small farmers have dried up,
reducing the irrigated area in the state by half over the preceding decade.

India’s grain harvest has been expanding rapidly in recent years, but in part for the wrong
reason, namely massive overpumping. A World Bank study estimates that 15 percent of
India’s food supply is produced by mining groundwater. Stated otherwise, 175 million
Indians are now fed with grain produced with the unsustainable use of water. As early as
2004, Fred Pearce reported in New Scientist that “half of India’s traditional hand-dug wells
and millions of shallower tube wells have already dried up, bringing a spate of suicides
among those who rely on them. Electricity blackouts are reaching epidemic proportions in
states where half of the electricity is used to pump water from depths of up to a kilometer.”

As India’s water tables fall, larger farmers are using modified oil-drilling technology to reach
water, going as deep as 1,000 feet in some locations. In communities where underground
water sources have dried up entirely, all agriculture is now rain-fed and drinking water must
be trucked in. Tushaar Shah of the International Water Management Institute says of India’s
water situation: “When the balloon bursts, untold anarchy will be the lot of rural India.”

In the United States, farmers are over-pumping in the Great Plains, including in several
leading grain-producing states such as Texas, Oklahoma, Kansas, and Nebraska. In these
states, irrigation has not only raised wheat yields but it has also enabled a shift from wheat
to corn, a much higher-yielding crop. Kansas, for example, long known as the leading wheat
state, now produces more corn than wheat.

Irrigated agriculture has thrived in these states, but the water is drawn from the Ogallala
aquifer, a huge underground water body that stretches from Nebraska southwards to the
Texas Panhandle. It is, unfortunately, a fossil aquifer, one that does not recharge. Once it is
depleted, the wells go dry and farmers either go back to dryland farming or abandon
farming altogether, depending on local conditions.

In Texas, a large grain and cattle state, whose northern part overlies the shallow end of the
Ogallala, irrigated grain area peaked in 1975. Since then it has shrunk by two thirds, with the
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most precipitous drop in recent years. In Kansas the peak came in 1982 and irrigated grain
area has since fallen 41 percent. Nebraska, now also a leading corn-producing state, saw its
irrigated area peak most recently, in 2007. Even though aquifer depletion is reducing grain
output in several key states, it is not yet sufficient to reduce the overall U.S. grain harvest,
the bulk of which is produced in the rain-fed Midwestern Corn Belt.

At the international level, water conflicts, such as the one in the Nile river basin between
Egypt and the upstream countries, make the news. But within countries it is the competition
for water between cities and farms that preoccupies political leaders. Indeed, in many
countries farmers now face not only a shrinking water supply as aquifers are pumped dry,
but also a shrinking share of that shrinking supply.

In large areas of the United States, such as the southern Great Plains and the Southwest,
virtually all water is now spoken for. The growing water needs of major cities and thousands
of small towns often can be satisfied only by taking water from agriculture. As the value of
water rises, more farmers are selling their irrigation rights to cities, letting their land dry up.
Hardly a day goes by without the announcement of a new sale. Half or more of all sales are
by individual farmers or their irrigation districts to cities and municipalities.

In the largest farm-to-city water transfer in U.S. history, farmers in California’s highly
productive Imperial Valley agreed in 2003 to send San Diego County enough water to meet
the household needs of close to one million people each year. The agreement spans 45
years. This could reduce food production in the Imperial Valley, a huge vegetable garden not
only for California, but for countless other markets as well. Writing from the area in the New
York Times, Felicity Barringer notes that many fear that “a century after Colorado River
water allowed this land to be a cornucopia, unfettered urban water transfers could turn it
back into a desert.”

Colorado, with a fast-growing population, has one of the world’s most active water markets.
Cities and towns of all sizes are buying irrigation water rights from farmers and ranchers. In
the Arkansas River basin, which occupies the southeastern quarter of the state, Colorado
Springs and Aurora (a suburb of Denver) have already bought water rights to one third of the
basin’s farmland. Aurora has purchased rights to water that were once used to irrigate
19,000 acres of cropland in the Arkansas valley. The U.S. Geological Survey estimates that
400,000 acres of farmland dried up statewide between 2000 and 2005.

Colorado is not alone in losing irrigation water. Farmers in rural India are also losing their
irrigation water to cities. This is strikingly evident in Chennai (formerly Madras), a city of 9
million on the east coast. As a result of the city government’s inability to supply water to
many of its people, a thriving tank-truck industry has emerged that buys water from nearby
farmers and hauls it to the city’s thirsty residents.

For farmers near cities, the market price of water typically far exceeds the value of the crops
they can produce with it. Unfortunately the 13,000 privately owned tank trucks hauling
water to Chennai are mining the region’s underground water resources. As water tables fall,
eventually even the deeper wells will go dry, depriving rural communities of both their food
supply and their livelihood.
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In the competition for water between farmers on the one hand and cities and industries on
the other, farmers always lose. The economics do not favor agriculture. In countries such as
China, where industrial development and the jobs associated with it are an overriding
national economic goal, agriculture is becoming the residual claimant on the water supply.

Where virtually all water has been claimed, cities can typically get more water only by taking
it from irrigation. Countries then import grain to offset the loss of irrigated grain production.
Since it takes 1,000 tons of water to produce one ton of grain, importing grain is the most
efficient way to import water. Thus trading in grain futures is, in a sense, trading in water
futures. To the extent that there is a world water market, it is embodied in the world grain
market.

We can now see how overpumping, whether in the Middle East or the U.S. Great Plains, can
lead to aquifer depletion and shrinking grain harvests. In short, peak water can lead to peak
grain. For some countries this is no longer merely a theoretical possibility. It is a reality.

Thus far, aquifer depletion has translated into shrinking harvests only in smaller countries in
the Middle East. When we look at middle-sized countries such as Iran, Mexico, and Pakistan,
with tightening water supplies, we see that Iran is already in deep trouble. It is feeling the
effects of shrinking water supplies from overpumping. Pakistan may also have reached peak
water. If so, peak grain may not be far behind. In Mexico, the water supply may have already
peaked. With less water for irrigation, Mexico may be on the verge of a downturn in its grain
harvest.

In summarizing prospects for the three big grain producers—the United States, China, and
India—we see sharp contrasts. In the United States, the irrigated grainland is starting to
shrink largely as a result of depletion of the Ogallala aquifer, making it more difficult to
rapidly increase overall grain production.

China, with four fifths of its grain harvest coming from irrigated land, relies heavily on
irrigation, but it is largely river water. A notable exception to this is the all-important North
China Plain which relies heavily on underground water. With tight water supplies in northern
China and with cities claiming more irrigation water, the shrinking water supply will likely
reduce the harvest in some local situations. And before long it could more than offset
production gains, leading to an absolute decline in China’s grain harvest.

Of the big three countries, the one most vulnerable to overpumping is India. Three fifths of
its grain harvest comes from irrigated land. And since only a minor share of its irrigation
water comes from rivers, India is overwhelmingly dependent on underground water. Its
millions of wells, each powered with a diesel engine or electric motor, are dropping water
tables at an alarming rate. Accurate data are hard to come by, but India may have already
passed peak water. The question is, will peak water be followed by peak grain or is there
enough unrealized technological potential remaining to raise yields enough to offset any
imminent losses from wells going dry?
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The world has quietly transitioned into a situation where water, not land, has emerged as
the principal constraint on expanding food supplies. There is a large area of land that could
produce food if water were available.

Water scarcity is not our only challenge. Just as harvests are shrinking in some countries
because of aquifer depletion, they are shrinking in other countries because of soil erosion.
Among the more dramatic examples are Mongolia and Lesotho, which have each seen their
grain area shrink as a result of soil erosion. And as a result of overplowing and overgrazing,
two huge new dust bowls are forming in the world today, one in northwest China and the
other in the Sahelian region of Africa. These giant dust bowls dwarf the U.S. Dust Bowl of the
1930s.

The bottom line is that water constraints—augmented by soil erosion, the loss of cropland
to nonfarm uses, a plateauing of yields in major producing areas, and climate change—are
making it more difficult to expand world food production. The question raised is this: Is it
conceivable that the negative influences on future food production could one day offset the
positive ones, leading to a cessation in the world grain harvest?
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