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million people), in India it is 19 percent,
and in South Africa, 30 percent. Toilets are
even rarer in many countries: 33 percent of
Brazil’s population does not have one, nor
does 49 percent of Indonesia’s or 84 per-
cent of India’s.!?

Polluted water is a major contributor to
one of the largest disparities today’s world
faces: the health gap. Although infant mor-
tality rates have dropped 25-50 percent in
many countries in the past decade, they still
stand at 43 per thousand live births in
China and 70 per thousand in India. (See
Table 1-3.) Much of the wide difference in
this number around the world results from
undernutrition and common infectious dis-
eases that remain rampant in many poor
countries. More intractable diseases such as
cholera and tuberculosis are also becoming
epidemic in many areas.

More alarming still is the fact that AIDS,
which has been brought under control in
some rich countries, is spreading rapidly in

many developing nations. The crisis is par-
ticularly acute in southern Africa, which a
decade ago had relatively low rates of infec-
tion. By 2000, HIV infection rates had
reached a stunning 20 percent in South
Africa, 25 percent in Zimbabwe, and 36
percent in Botswana. Decades of rising life
expectancy are being reversed in a matter of
years, as hundreds of thousands of young
adults and children succumb to the disease.
Health care budgets are being over-
whelmed, and education undermined by
the early deaths of many teachers. It is no
accident that the countries most ravaged by
AIDS are those with high rates of social dis-
ruption and limited government health ser-
vices. In China, poor people who sell their
blood in order to make ends meet are pay-
ing a high price in the form of HIV infec-
tion from contaminated needles. Ironically,
in parts of Africa, it is those who are just
emerging from poverty that are being hit
the hardest—devastating a generation of

Table 1-3. Health Indicators in E-9 Nations

Country Health Expenditures Infant Mortality Tuberculosis HIV Prevalence
per Person, 1990-98! 1980 1998 Incidence, 1997  Among Adults, 1997
(dollars of purchasing (per thousand (per 100,000) (percent)
power) live births)
United States 4,121 8 4 7 0.76
Germany? 2,364 12 5 I5 0.08
Japan 1,757 13 29 0.0l
South Africa 571 42 31 394 12.91
Brazil 503 70 33 78 0.63
Russia 404 22 17 106 0.05
China 142 90 43 113 0.06
India 73 15 70 187 0.82
Indonesia 38 67 51 285 0.05

'Data are from the most recent year available.
Germany is most populous EU member.

2Comparable data for European Union not available;

SOURCE: World Bank, World Development Indicators 2000 (VWashington, DC: 2000), 90-92, 102-04, 106—08.
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educated young workers, a cataclysm that
may forestall the growth of an economical-
ly secure middle class.!¢

One of the key ingredients of economic
progress is education, and on this front, the
world is doing better than it was two decades
ago. (See Table 1-4.) In India, the share of
children in secondary school has risen from
41 percent to 60 percent; in China, it has
gone from 63 to 70 percent; and in South
Africa, from 62 to 95 percent. But even with
these improvements, many countries are fail-
ing to invest adequately in their young peo-
ple, who are unlikely to be able to participate
in or benefit from today’s most vibrant eco-
nomic sectors, which demand not only basic
literacy but often specialized training. Girls
in particular are receiving inadequate educa-
tion in many countries. Adult female illitera-
cy rates remain as high as 25 percent in
China and 57 percent in India, levels that
virtually guarantee a host of social and eco-
nomic problems—and that make environ-
mental threats more difficult to address.
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Testing the Limits

When the Russian icebreaker Yamal
reached the North Pole in July 2000, the
scientists aboard were confronted with a
strange sight: an expanse of open, calm
water in place of the two or three meters of
pack ice that is common to the region even
at the height of summer. In the 91 years
since Robert Peary and Matthew Henson
reached the North Pole by dogsled in
1909, nothing like this had been reported.
But human memory is the wrong scale on
which to measure this development: scien-
tists estimate that the last time the polar
region was completely ice-free was 50 mil-
lion years ago.l”

The dynamic, shifting character of
the Arctic ice pack suggests that the open
water over the pole itself was, for now, a
fleeting phenomenon. But recent scientific
evidence confirms the underlying trend:
Earth’s frozen top is melting at an extraor-
dinary rate. Submarine sonar measurements

Table 1-4. Education in E=9 Nations

Adult llliteracy Rate

Female Male Share of Children in Secondary School
Country 1980 1998 1980 1998 1980 1997
(percent) (percent)
Germany' - - - - 82 95
Japan - - - - 93 100
United States - - - - 94 96
Russia 2 | | 0 98 88
Brazil 27 16 23 16 46 66
South Africa 25 16 22 15 62 95
Indonesia 40 20 21 9 42 56
China 48 25 22 9 63 70
India 74 57 45 33 41 60

'Comparable data for European Union not available; Germany is most populous EU member.
SOURCE: World Bank, World Development Indicators 2000 (Washington, DC: 2000), 74-76, 82—84.
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indicate a 40-percent decline in the average
thickness of summer polar ice since the
1950s, far exceeding the rate of melting
previously estimated. Based on these obser-
vations, scientists now estimate that by the
middle of this century the Arctic could be
ice-free in summer.!8

Among the myriad signs of human-
induced global climate change—fossil fuel
combustion was recently estimated to have
raised atmospheric concentrations of carbon
dioxide to their highest levels in 20 million
years—this one may be the most dramatic.
In late 2000, the Intergovernmental Panel
on Climate Change (IPCC), the scientific
body that advises government negotiators,
produced its latest report. It included the
strongest consensus statement yet that soci-
eties’ release of carbon dioxide and other
greenhouse gases “contributed substantially
to the observed warming over the last 50
years.” By the end of the century, the IPCC
concluded, temperatures could be 5 degrees
Celsius higher than in 1990—an increase
greater than the change in temperature
between the last Ice Age and today.?

While the shipping industry is already
beginning to view the Arctic meltdown as a
potential short-term opportunity—perhaps
cutting the transit distance between Europe
and the Far East by as much as 5,000 kilo-
meters—the full economic and ecological
consequences would be far more extensive
and hard to predict. Scientists have recently
learned that Arctic ice is a key part of the
“engine” that drives the powerful oceanic
conveyor belt—the warm Gulf Stream—
that provides northern Europe with the rel-
atively temperate and stable climate that
allowed European societies to flourish.
Shutting it down could change the climate
of Europe more than at any time since the
last Ice Age. And because the Gulf Stream
is a dominant feature in the oceanic circula-
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tion system, any major change in its course
would have ripple effects globally. More-
over, with less ice to reflect the sun’s rays,
the warming of Earth that caused the ice to
melt in the first place would accelerate.??
Some 10,000 kilometers south of the
North Pole lies a very different environ-
ment—the world’s tropical oceans and their
abundant coral reefs, a biologically rich
ecosystem that has been described as the
rainforest of the ocean (65 percent of fish
species are reef dwellers). One of the richest
is the Belize Barrier Reef on the Yucatan
Peninsula in the Caribbean, the site of a
recent diving expedition by marine biolo-
gist Jonathan Kelsey and journalist Colin
Woodard. What was intended to be an
exciting exploration of the region’s spectac-
ular, multihued marine life turned out to be
a disturbing disappointment: “Bright white
boulders dotted the seascape in all direc-
tions, a sign of severe coral distress,”
Woodard reported. “A centuries-old stand
of elkhorn coral as big as an elephant was
now dead and smothered in a thick two-
year growth of brown algae....Across the
plane, the corals appeared to be dying.”?!
Around the world, from the Caribbean
to the Indian Ocean and Australia’s Great
Barrier Reef, similar observations have been
reported in the past two years. Coral polyps
are temperature-sensitive, and often sicken
or die when ocean surface temperatures rise
even slightly. The temporary warming of
ocean waters that accompanies El Nifo
anomalies in the Pacific is generally hard on
coral reefs, but the 1998 El Nifio was some-
thing different: reports of sick coral were
soon being filed by marine biologists
around the world, who estimated that more
than one quarter of the coral reefs were sick
or dying. In some areas of the Pacific, the
figure is as high as 90 percent. For many
small island nations, the loss in income
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from fishing and tourism, as well as
increased storm damage from the loss of
coral reefs, may be enough to trigger the
collapse of their economies.??

Following another serious episode of
coral bleaching just a decade earlier, this
recent epidemic of coral disease is another
strong indication that the world is warming.
But it is more than that: coral reefs are sort
of a marine version of the famous canary in
a coalmine—vulnerable to many environ-
mental stresses that now run rampant,
including urban sewage, agricultural runoft,
and the sedimentation that comes from
deforestation. The recent decimation of
coral reefs and the growing frequency of
such events suggest that the world’s ecolog-
ical balance has been profoundly disturbed.

Whether it is Arctic ice, tropical corals,
oceanic fisheries, or old-growth forests, the
forces driving ecological destruction are var-
ied, complex, and often dangerously syner-
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gistic. Population is one factor. The nearly
fourfold expansion in human numbers over
the past century has drastically increased
demands on natural resources. The combi-
nation of population growth and deforesta-
tion, for example, has cut the number of
hectares of forest per person in half since
1960—increasing pressures on remaining
forests and encouraging a rapid expansion
in plantation forestry. Demand for water,
energy, food, and materials have all been
driven up by the unprecedented expansion
in human numbers. And increasingly, it is in
the world’s developing countries that natur-
al systems are declining the fastest and peo-
ple face the most serious environmentally
related stresses. (See Table 1-5.)23
Population growth alone could not have
tested environmental limits this severely,
however. The pressures it imposes have
been magnified by rising consumption lev-
els as each individual demands more from

Table 1-5. Ecological Health of E-9 Nations

Change of Share of Share of Share of
Share of Land Average Annual Mammals Flowering Plants ~ Land Area
AreaThat is Deforestation, Threatened, Threatened, Nationally
Country Forested, 1995! 1990-95 1996 1997 Protected, 1996
(percent)
Russia 22 0 1.5 - 3.1
Brazil 16 0.5 18.0 24 4.2
United States 6 -03 8.2 4.0 13.4
China 4 0.1 19.0 1.0 6.4
Germany? 3 0 10.5 0.5 27.0
Indonesia 3 | 294 0.9 10.6
India 2 0 23.7 77 4.8
Japan 0.7 0.1 22.0 12.7 6.8
South Africa 0.2 0.2 13.4 9.5 5.4

'Data may refer to earlier years. 2Comparable data for European Union not available; Germany is

most populous EU member.

SOURCE: World Bank, World Development Indicators 2000 (Washington, DC: 2000), 126-28.
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nature. Meat-based diets and automobile-
centered transportation systems are among
the highly consumptive practices first
adopted by the billion or so people living in
rich countries, and now proliferating quick-
ly in many parts of the developing world.
Meanwhile, government regulations and
emission control technology have lagged
well behind the pace of adoption in richer
countries. As a consequence, the most seri-
ous air pollution is now found in cities such
as Jakarta and Sao Paulo. (See Table 1-6.)

The combination of population growth
and increased consumption is projected to
cause the number of people living in water-
deficit counties to jump from 505 million
to over 2.4 billion in the next 25 years. In
countries that already face severe water
shortages, such as Egypt, India, and Iran,
water scarcity is likely to require large-scale
food imports. In northern China, the water
table under Beijing fell 2.5 meters in 1999,
bringing the total decline since 1965 to 59
meters. Similarly, surging demand for oil—
particularly in North America and East

Asia—contributed in the year 2000 to the
highest sustained oil prices the world has
seen since the early 1980s. Beyond the
proximate political reasons for higher oil
prices, the underlying cause is clear: world
oil production is nearing its eventual all-
time peak, and producers are struggling to
meet the combined demands of first-time
car owners in China and those who are buy-
ing the large SUVs now found in nearly half
of U.S. garages.?*

While the last decade’s growth in afflu-
ence contributed to many environmental
problems, keeping people poor is not the
answer—either morally or practically. In
impoverished areas around the world, the
rural poor are pushed onto marginal, often
hilly lands, from which they must hunt
bushmeat, harvest trees, or clear land for
pasture or crops in order to survive. A 2000
study on the root causes of biodiversity loss,
sponsored by the World Wide Fund for
Nature (WWF), concluded that together
with other forces, poverty often plays a
major role.?®

Table 1-6. Air Pollution in E=9 Nations

Country Sulfur Dioxide, 1995

Suspended Particulates, 1995

Nitrogen Dioxide, 1995

(micrograms per cubic meter)

Germany (Frankfurt)' I

Japan (Tokyo) 18
South Africa (Cape Town) 21
United States (New York) 26
India (Mumbai) 33
Brazil (Sio Paulo) 43
China (Shanghai) 53
Russia (Moscow) 109

Indonesia (Jakarta) -

36 45
49 68
- 72

- 79
240 39
86 83
246 73
100 -
271 -

'Comparable data for European Union not available; Germany is most populous EU member.
SOURCE: World Bank, World Development Indicators 2000 (VWashington, DC: 2000), | 62—-64.
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In the Philippines, for example, the
country’s rich array of coral reefs, forests,
and mangroves—home to an estimated
40,000 species—are shrinking rapidly in
area, while the remaining pockets lose much
of their original diversity. According to the
WWE study, rural poverty and the unequal
distribution of land in the Philippines are
among the major causes of biodiversity loss
that must be remedied if the country’s nat-
ural wealth is to be preserved for future
generations. Similarly, a study in the south-
ern Mexican state of Campeche found that
much of the pressure on the Calakmul Bios-
phere Reserve is coming from the efforts of
local indigenous people to meet their mate-
rial needs. Meeting those needs sustainably
is a key component of any effective program
to reverse environmental decline.?®

Seizing the Moment

The last year has been marked by a roiling
worldwide debate on the merits of eco-
nomic globalization and how best to assure
accelerated human and ecological progress
in the decades ahead. Virtually every impor-
tant meeting of international financial insti-
tutions has been met by thousands of
protesters seeking to influence or shut
down the discussions. While the demon-
strations have been colorful, the endless
argument over whether market liberaliza-
tion and globalization are good or bad for
people and the planet is not a particularly
productive note on which to start a new
century. Each side tends to simplify and
demonize the position of the other, result-
ing in a rhetorical standoff.

There can be little doubt that opening
markets in countries with weak govern-
ments, inadequate legal systems, and ram-
pant corruption can exacerbate both social
and environmental problems. However,
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more-open markets are at the same time
potentially powerful tools for building eco-
nomic and social opportunities for the poor
and contributing to the development of
civil society. In many parts of the develop-
ing world, capital is now more available to
start small businesses, new ideas are flowing
more freely, and the number of nongovern-
mental organizations (NGOs) is burgeon-
ing. People are excited and energized as
they consider future possibilities, in ways
they were not a decade ago.

The multifaceted debate that has flowed
from the protests about globalization has
been echoed within the World Bank, where
preparation of the annual World Develop-
ment Report—focused in 2000 on the
theme of poverty—created a vigorous inter-
nal and external debate that led its main
author, Cornell economist Ravi Kanbur, to
resign in protest. At the center of the World
Bank debate was the view of Kanbur and
other experts and NGO representatives that
market liberalization and economic growth
are insufficient by themselves to reduce
poverty.?”

To the surprise of many, the published
version of the Bank’s report, which
appeared a few months later, acknowledged
the failure of economic growth to reduce
the numbers in poverty or close the equali-
ty gap in many nations. The report urged a
broader, more comprehensive strategy to
fight poverty, noting that, “facilitating the
empowerment of poor people—by making
state and social institutions more responsive
to them—is also key to reducing poverty.”
Around the world, a strengthened consen-
sus is emerging that reducing poverty is a
complex undertaking that requires exten-
sive but delicate government interventions,
including investments in education and
health, strong legal and financial systems,
land reform, and strong anti-corruption

13
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policies. The experience of Russia, where
market liberalization has been accompanied
by an increase in poverty rates of 50 per-
cent, is an important reminder that a
healthy political system in which all of a
society’s interests are adequately represent-
ed and a strong legal and regulatory struc-
ture are key ingredients to meeting the
needs of the poor.?8

In southern India, a group called

Myrada is a broker between banks and
groups of poor people who use the money
they borrow to start small businesses.

Social and ecological progress will also
require a shared commitment to an agreed
set of goals—goals that go beyond the
expansion-of-wealth model that predomi-
nates in many political systems today.
Expanding human options, eliminating
poverty, and bringing the human economy
into balance with Earth’s natural systems are
challenges large enough to frame a new mil-
lennium, but pressing enough that they
must be met within the current century.
Together, these changes would represent a
revolution as fundamental as any in human
history—an “Econological” Revolution that
will test our technological abilities, our eco-
nomic capacities, and even our humanity.

Transitions of this magnitude do not
occur without strong pressures to change,
since people generally resist disruptions to
their existing patterns unless there is a clear
need to do so. (See also Chapter 10.)
Anthropologists believe that the Agricultur-
al Revolution occurred in regions where
environmental stress or population pres-
sures were making the traditional hunter-
gatherer way of life less viable. Similarly, the
Industrial Revolution was precipitated in
part by the social and economic limits of
the prevailing eighteenth-century economy.

14

An Econological Revolution must be
accompanied by wide recognition that
change is necessary—that without it,
human progress will slow and then reverse.
But it is also essential that people under-
stand the opportunities that lie ahead if the
revolution succeeds. As a Greenpeace rep-
resentative told a conference in Oslo in
June 2000, “If you want people to build
boats, you must first create a longing for
the islands.”?

This should not be difficult. The world at
the dawn of the millennium is extraordinar-
ily dynamic, and despite the continued dete-
rioration reflected in many ecological and
social indicators, hundreds of success stories
can be pointed to—seeds of change that will
grow and spread if properly nurtured.

One of the most encouraging success sto-
ries of recent years is the growing attention
to directly meeting the needs of the poor in
many countries. Government investments in
education and health care have increased
substantially in some nations, spurred in
part by increased commitments by interna-
tional financial institutions. Latin America,
in particular, which has historically been
marked by enormous inequalities, has been
closing the gap by investing more heavily in
people. Since 1980, for example, the share
of Brazilian children in secondary school has
risen from 46 to 66 percent, while the pro-
portion of women who are illiterate has fall-
en from 27 to 16 percent. And in the poor
northeastern state of Ceara, a preventive
health program that relied on 7,300 com-
munity health agents, 235 trained nurses,
and a media campaign contributed to a
decline in infant mortality from 102 per
thousand live births to 65.3°

Closing the large gender gaps that still
exist in many countries is one of the keys to
social progress. In many parts of Asia,
Africa, the Middle East, and Latin America,
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women still lack many of the legal rights
that men enjoy, and they are denied equal
access to education, credit, and other ingre-
dients to economic progress. This not only
disadvantages half the human population, it
impedes the advance of small business and
agriculture, which are female-dominated in
many countries. But this situation, too, is
beginning to change, as women organize
NGOs such as the Self-Employed Women’s
Association in India, which has provided
day-to-day support for women as well as
giving them a voice within the established
political system. Around the world, many of
societies” impediments to women’s progress
are slowly being erased.3!

One of the recent social innovations that
has proved particularly helpful to women is
micro-credit, a concept pioneered by the
Grameen Bank in Bangladesh and Bolivia’s
BancoSol. Over the last decade, this
approach has been adapted to scores of
countries, reaching over 10 million borrow-
ers with tiny loans that turn them into small
entrepreneurs, able to own and operate
their own businesses. In southern India, a
group called Myrada is serving as a broker
between banks and groups of poor people
who use the money they borrow to
start small businesses. Such efforts
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ment equations used by most economists.
In many cases, deforestation, soil erosion,
and groundwater depletion have left vil-
lagers unable to meet basic needs, and with-
out the financial resources needed to invest
in social progress. Experience in India,
however, has shown that empowering com-
munities and providing them with assis-
tance in managing their local forests and
watersheds can lead to rapid improvement
in living standards.33

Another innovation that has taken root
in recent years is organic farming. More
than 7 million hectares of farmland are now
devoted to organic agriculture, up roughly
10-fold over the last decade. Recent food
scares, particularly in Europe, have spurred
consumer demand for food that is free of
artificial pesticides and fertilizer, as has
growing recognition of the ecological ben-
efits of these new methods of farming. Gov-
ernment agencies have contributed to the
growth in organics by certifying organic
foods, and in some cases providing subsi-
dies. Private farmers have taken advantage
of the higher prices for organic crops by
planting more land using the new tech-
niques. (See Figure 1-1.) And with nation-

Million Hectares

have helped educate many policy-
makers to the fact that lack of access

to affordable capital is limiting eco- 41
nomic progress in many poor com-
munities. International financial 34
institutions and industrial countries
are now providing funds to support 2

many micro-credit programs.3?
Social progress also requires a &
healthy environment, particularly in

Source: Lampkin

rural areas where the poor generally 0
depend on local resources to provide
food, water, shelter, and energy—a
factor that is left out of the develop-

1985

1990 1995 2000
Figure I-1. Certified Organic Agricultural

Area in European Union, 1985-99
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al trade barriers falling, farmers in countries
such as Argentina, India, and Uganda are
growing organic foods for export to indus-
trial countries. At an estimated $22 billion
annually, the global organic food market is
still a tiny fraction of the total, but recent
growth rates suggest a critical mass is being
reached that may soon make it possible for
most food to be grown in this way.3*
Matching the boom in organic agricul-
ture is the recent surge in interest in envi-
ronmentally certified wood products. What
started slowly with a small number of con-
sumers who were upset about wood prod-
ucts that came from old-growth forests has
recently mushroomed, attracting large buy-
ers such as Home Depot and two of the
largest U.S. home building companies. The
key to this shift in the wood products mar-
ket is the Forest Stewardship Council,
which set up the first certification system in
the early 1990s. Working with the World
Wide Fund for Nature in the United King-
dom, it set up the first buyers’ groups; more
than 600 different companies in 18 coun-
tries now belong to the Global Forest and
Trade Network, and some 25 countries are
developing sustainable forestry standards.
Currently, 20 million hectares of for-
est are under independently certified

tric utilities and independent power pro-
ducers to market electricity from different
sources—renewable energy from biomass,
wind, and solar energy generally being the
most popular. Among the countries where
sizable numbers of power customers have
signed up for green power are the United
States (particularly in California, Colorado,
and Pennsylvania), Australia, Germany,
Japan, and the Netherlands. Green power is
proving popular both with businesses and
with consumers, who are sending a strong
signal to the market about the energy
sources they prefer. Over the next few years,
this is likely to lead to substantial addition-
al investment in renewable energy.3¢

One manifestation of the growing inter-
est in green energy is the booming market
in wind power in the last two years (see Fig-
ure 1-2); in 1999, wind turbine sales grew
by 65 percent—almost as fast as mobile
phone sales. Although the more than
18,000 megawatts of wind power that was
projected to be in place by the end of 2000
produces less than 1 percent of the world’s
electricity, the share has already surpassed 2
percent in Germany, and exceeds 10 per-
cent in Denmark.?”

. Megawatts

sustainable management, a number 4000
that is projected to grow to 200 mil- 0| Source: BTM Consult
lion hectares by 2005.3°

The greening of the wood prod- 10000
ucts market is being followed by the 80001
more recent emergence of a market
for “green” power. Electricity, which 6000
is mainly generated from coal and 4000
nuclear power in most countries, has
in the past been sold as a single, 20007
undifferentiated commodity. But 0

1980 1985 1990 1995 2000

Figure 1-2. World Wind Energy Generating
Capacity, 1980-99

some governments are NOw requir-
ing “labeling” of electricity on
power bills, and allowing both elec-
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The concentration of wind energy devel-
opment in just a few countries is a reflection
of policies that provide market access at
favorable terms, motivated by the local jobs
and tax revenues generated by wind energy
investments. However, because wind power
technology is based on standard components
and manufacturing techniques, it has been
disseminated rapidly from one nation to oth-
ers as electricity policies are changed. In
2000, sizable wind energy projects started
up in China, Japan, India, and the United
States, suggesting that some of the world’s
largest power markets are becoming more
favorable for wind development. Another
sign of the times is the announcement by the
power equipment giant ABB that it is shift-
ing from its historical focus on multibillion-
dollar thermal power plants to smaller scale
generators, including wind power and other
renewable energy technologies.®

From micro-credit to micro-power, the
lesson of the past few years seems to be that
rapid change is possible—when the condi-
tions are right. Even as the sudden melting
of the North Pole reminds us that environ-
mental problems do not proceed in a neat,
linear progression, we can take some com-
fort in knowing that environmental and
social solutions can also unfold at exponen-
tial rates. This process of change—and how
to accelerate it—is explored at length in
Chapter 10.

North Meets South

Scientists studying the early evolution of
technologies have noted that some of the
most successful new devices and practices
emerged when one human society took an
idea developed elsewhere, and then adapted
and improved upon it. Indeed, even before
the age of exploration opened much of the
globe to rapid diffusion of ideas, the slow
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spread of innovation from one village to the
next allowed cultures as distant as those of
Western Europe and China to learn from
each other. But such diffusion has always
occurred more rapidly in an East-West
direction than between North and South,
where variations in climate and difficult-to-
cross deserts made travel and communica-
tion more difficult.

In today’s world, these traditional barri-
ers are largely gone. A person can travel
physically to most points on the globe with-
in a day, and the Internet has provided
nearly instantaneous connections between
diverse cultures in distant places. The ques-
tion now is whether this potential for com-
munication, and the growing level of
commerce between nations, can be translat-
ed into a common effort to tackle shared
problems.

The greatest benefits would come from a
shared North-South commitment to a sus-
tainable world, since differences in perspec-
tive between rich and poor countries have
plagued efforts to deal effectively with issues
ranging from population growth to biologi-
cal diversity and climate change. In many
international negotiations, finger-pointing
has delayed action and slowed the adoption
of effective policies. It is time for industrial
countries to accept their historical responsi-
bility for the current state of the planet—and
time for developing countries to recognize
that they are at great risk from environmen-
tal problems but will also benefit from the
economic opportunities unleashed by a new
development path. Shared burdens and
leadership are now critically important.

Take one example: Climate change is an
unequally distributed problem if ever there
was one. Industrial countries produced
most of the global warming gases that cause
climate change, and yet it is developing
countries that are likely to feel the most
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severe effects. The densely populated
nations of South Asia, East Asia, and West
Africa, where millions of people live on vast
deltas at or below sea level, are most vul-
nerable to rising sea levels. In Bangladesh,
for example, a 1-meter sea level rise would
inundate 3 million hectares and displace
15-20 million people. In Viet Nam’s
Mekong Delta, the figure is 2 million
hectares and 10 million people. In Nigeria,
up to 70 percent of the coast could be cov-
ered and close to 4 million people dis-
placed, including many residents of Lagos,
the capital. Another North-South disconti-
nuity is seen in the fact that the technolo-
gies to combat climate change, such as
more benign industrial chemicals, fuel cells,
and solar photovoltaics, are coming primar-
ily from the R&D centers of northern
countries, and yet the booming industrial
and energy markets where they are most
needed are in the South.*

Bridging these gaps between North and
South will require a combination of innova-
tive market reforms and a common commit-
ment by governments to fill the gaps left by
the private sector. Most of the recent empha-
sis has been on the market, pointing to devel-
opments such as the certified forest products
market and booming consumer interest in
ecotourism. And even government-negotiat-
ed treaties such as the Kyoto Protocol on
climate change now rely on market mecha-
nisms as primary tools for achieving their
goals. Greenhouse gas trading schemes are
being viewed as a way of not only trimming
emissions as efficiently as possible, but also
distributing the burden of addressing the
problem among various countries.

Market mechanisms are often effective,
and private innovation is key to solving
many problems, but North-South coopera-
tion will have to be based on something
more than commercial relationships if the
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world’s current problems are to be sur-
mounted. Cooperation among NGOs, for
example, allows innovative social programs
and political techniques to be transferred
rapidly from one country to another, dra-
matically speeding the rate of progress. The
recent surge in the number of these groups
in the developing world is being spurred by
the support of foundations in industrial
countries, as well as by the spread of
democracy in many poor nations. And the
Internet is proving a boon to the spread of
civil society in countries where it has been
weak in the past. The ability of citizens to
communicate easily among themselves—
and with people in distant lands with simi-
lar concerns—is rapidly transforming the
political equation in many countries, and is
creating more favorable conditions for
addressing social and ecological problems.
Government leadership is also key: gov-
ernments need to forge strong partnerships
and provide sufficient funding to invest in
the public infrastructure needed to support
a sustainable economy. The failure of many
industrial countries to meet the financial
commitments they have agreed to under
various international agreements and the
failure of some developing countries to
carry through on political and economic
reforms have left a residue of distrust that
must be overcome. Although it is unlikely
that foreign aid levels will ever return to the
figures that were typical in the 1960s and
1970s, a steady flow of well-targeted grants
is essential to sustain progress. And with pri-
vate capital taking up much of the burden of
industrial growth and large-scale infrastruc-
ture, government aid can be targeted at
pressing needs, with multiplier effects on
human progress and environmental protec-
tion: areas such as education, health care,
the status of women, micro-credit, and
broad Internet access. One essential step is



State of the World 2001

reducing the developing-country debt bur-
den, which has reached onerous levels in
recent years. (See Chapter 8.)

The economic and political weakness of
many developing countries has prevented
them from taking the more central position
on the world stage that is now logically
theirs. With 80 percent of the world’s pop-
ulation, the bulk of its natural resources,
and an opportunity to learn from the his-
torical mistakes of today’s industrial coun-
tries, it seems clear that the South will
increasingly dominate the twenty-first cen-
tury. Today’s industrial powers will likely
resist this shift, but they will soon find that
they cannot achieve their own goals with-
out the cooperation of the South. The sum-
mer of 2000 saw an intriguing sign of the
changing balance of power when Mexico
elected its first president from outside the
traditional ruling party. Vicente Fox, a
charismatic modern leader, traveled to
Washington and called for allowing workers
to travel as freely across the Mexico-U.S.
border as capital now does.*

The existing structure of international
institutions such as the World Bank and the
World Trade Organization will have to be
reformed to allow developing countries to
take the more central role that is now essen-
tial to solving the world’s most difficult
problems. With shared power will come
shared responsibility—a role that seems far
more achievable today than it did two
decades ago, when participatory political sys-
tems were still rare in the developing world.

One new organizing principle for coun-
tries that is particularly appropriate is the
E-9 group described earlier—a coalition of
northern and southern countries that
between them have far greater impact on
global social and ecological trends than do
the Group of Eight (G-8) industrial coun-
tries. Between them, the E-9 have 60 per-
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cent of the world’s population, 73 percent
of the carbon emissions, and 66 percent of
higher plant species. (See Table 1-7.). They
have both the ability and the responsibility
to lead the world in addressing the main
challenges of the twenty-first century.

North-South cooperation will have

to be based on something more

than commercial relationships if
the world’s current problems are
to be surmounted.

It is time for the E-9 to be organized as
a semi-official group of nations that meets
regularly to consider the range of econom-
ic, social, and environmental issues facing
the world. Although such meetings may be
less harmonious and more freewheeling than
the current G-8 meetings, they would also
be far more consequential, as they would
involve a group of countries with the ability
to shape global trends and to help forge a
worldwide, North-South consensus on key
issues. Under this model, the E-9 would not
be a substitute for wider international bodies
that represent all nations large and small, but
rather it would spur those broader institu-
tions, as well as the private sector, to action.

One example of the potential impact is
climate change, where the E-9 accounts for
nearly three quarters of the world market for
oil, coal, and natural gas, whose combustion
is the principal cause of climate change. A
commitment by these nine to shift rapidly to
energy efficiency, renewable energy, and
zero-emission cars would put the global cli-
mate on a new trajectory. Similarly, a strong
commitment by the E-9 to address the
underlying causes of poverty—implement-
ing economic and legal reforms and provid-
ing resources—would go far to close the

equity gap.*!
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Table 1-7.The E-9: Leaders for the Twenty-first Century

Share of
World PPP Gross World Carbon World World Vascular
Population, Domestic Emissions, Forest Area, Plant Species,
Country 1999 Product, 1998 1999 1995 1997
(percent)
China 21.0 10.2 13.5 4 1.9
India 16.5 5.4 4.5 2 5.9
European Union 6.3 20.5 14.5 3 -
United States 4.6 21.3 255 6 6
Indonesia 35 1.3 9 3 10.9
Brazil 2.8 2.9 1.5 16 20.8
Russia 2.4 2.4 4.6 22 -
Japan 2.1 8.0 6.0 0.7 2.1
South Africa 0.7 0.9 2.0 0.2 8.7
E-9 Total 59.9 72.9 73 56.9 66.3

SOURCE: Worldwatch calculations based on Population Reference Bureau, “1999 World Population Data
Sheet,” wall chart (Washington, DC: June 1999); World Bank, World Development Indicators 2000 (Washing-
ton, DC: 2000), 10—-12; BP Amoco, BP Amoco: Statistical Review of World Energy (London: June 2000), 38; U.N.
Food and Agriculture Organization, State of the World’s Forests 1999 (New York: 1999), 125-30; World Con-
servation Union—IUCN, /997 IUCN Red List of Threatened Plants (Cambridge, U.K.: 1998), xvii, xxvii—xxxiii.

In the end, the greatest challenge will
not be technological or even economic. As
University of Maryland economist Herman
Daly has written, a sustainable economy
“would make fewer demands on our envi-
ronmental resources, but much greater
demands on our moral resources.” One of
those demands will be to reorganize inter-
national institutions so that power is based
not on who has the biggest GNP but on a
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human sense of fairness, balance—and what
is ultimately needed to ensure a healthy
future for humanity and the planet. This
may seem like a big leap in the first few years
of the new century. But as we leave a centu-
ry that began with women prohibited from
voting in most countries, and with war
viewed as the accepted means of settling dif-
ferences among major powers, we should
set a high standard for the decades ahead.*?
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Chapter 2

Uncovering Groundwater
Pollution

Payal Sampat

A young man in London turns on his tap.
As he watches a tea kettle fill, chances are he
isn’t giving much thought to the water’s
history. After all, some of the water is
already boiling away into steam or has dis-
appeared down the drain; the rest will be
consumed within minutes. How could
something so seemingly short-lived have a
history? He’d be surprised to learn, then,
that some of the water flowing out of his
tap might have fallen as rain many millennia
ago, around the time when woolly mam-
moths were tramping over today’s Trafalgar
Square. London draws much of its water
from the Chalk aquifer, a huge under-
ground reservoir of fresh water that lies
hundreds of feet beneath the city; some of
the water it holds trickled underground as
long ago as the last Ice Age.!

It’s natural to think of water as some-
thing that flows or evaporates. We see it

An expanded version of this chapter appeared as
Worldwatch Paper 154, Deep Trouble: The Hidden
Threat of Groundwater Pollution.

coming down as rain, or running in streams
or rivers. But most of our fresh water is not
so casily observed because it lies deep
underground in aquifers—geological for-
mations made of porous materials such as
sand and gravel, or spaces between subter-
rancan rocks. These formations can retain
enormous quantities of water. Aquifers are
recharged—if they are recharged—Dby rain-
fall, runoft from rivers, or glacial melts. So
most of our water is not visible on the sur-
face: some 97 percent of the planet’s liquid
fresh water is stored in aquifers.?

In the last half-century, as global popula-
tion and food demand have more than dou-
bled, and rivers and streams have become
more polluted, we have increasingly turned
to aquifers for drinking and irrigation
water—and in the process, we have made a
sobering discovery. Despite the popular
impression that groundwater is shielded
from contaminants, scientists are uncover-
ing cases of pollution in aquifers near farms,
factories, and cities on every continent. We
are now learning that the water buried
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beneath our feet is not only susceptible to
pollution, it is in many ways more vulnera-
ble than water above ground.

This is a distinction of enormous conse-
quence. Because water moves through the
earth with glacial slowness, aquifers become
sinks for pollutants, decade after decade.
Some aquifers recharge fairly quickly, while
others, like the Chalk, store their water for
millennia. But the average residence time
for groundwater is 1,400 years, as opposed
to just 16 days for river water. So instead of
being flushed out to the sea or becoming
diluted with constant additions of fresh
water, its pollutants accumulate. And in
these sources, unlike rivers, the pollution is
generally irreversible.?

Just as the onset of climate change has
awakened us to the fact that the air over our
heads is an arena of titanic forces, the water
crisis has revealed that, slow-moving
though it may be, groundwater is part of a
system of powerful hydrological interac-
tions—between earth, surface water, sky,
and sea—that we ignore at our peril. A few
years ago, reflecting on how human activity
is beginning to affect climate, Columbia
University scientist Wallace Broecker
warned, “The climate system is an angry
beast and we are poking it with sticks.” A
similar statement might now be made
about the system under our feet. If we con-
tinue to drill holes into it—expecting it to
swallow our waste and yield fresh water in
return—we may unpredictably jeopardize
supplies of the world’s most important nat-
ural resource.*

Valuing Groundwater

For most of human history, groundwater
was tapped mainly in arid regions where
surface water was in short supply. Over the
centuries, as populations and cropland
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expanded, water became such a valuable
resource that some cultures developed elab-
orate mythologies imbuing underground
water and its seekers with special powers. In
medieval Europe, people called water
witches or dowsers claimed the ability to
detect groundwater using a forked stick and
mystical insight.®

In the second half of the twentieth cen-
tury, the soaring demand for water turned
the dowsers’ modern-day counterparts into
a major industry. Today, massive aquifers
are tapped on every continent, and ground-
water is the primary source of drinking
water for 1.5-2 billion people worldwide.
(See Table 2-1.) The aquifer that lies
beneath the Huang-Huai-Hai plain in east-
ern China alone supplies drinking water to
nearly 160 million people. Some of the
largest cities in the developing world—
including Dhaka, Jakarta, Lima, and Mexi-
co City—depend on aquifers for almost all
their water. And in rural areas, where cen-
tralized supply systems are undeveloped,
groundwater is typically the sole source of
water. Almost 99 percent of the rural U.S.
population and 80 percent of rural Indians
depend on groundwater for drinking.¢

A principal reason for the explosive rise
in groundwater use since 1950 has been a
dramatic expansion in irrigated agriculture.
In fact, irrigation accounts for about two
thirds of the fresh water drawn from rivers
and wells each year. In India, the leading
country in total irrigated area and the
world’s third largest grain producer, the
number of shallow tubewells used to draw
groundwater surged from 3,000 in 1950 to
6 million in 1990. Today aquifers supply
water to more than half of India’s irrigated
land. About 40 percent of India’s agricul-
tural output comes from areas irrigated
with groundwater, bringing groundwater’s
contribution to the gross domestic product
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Table 2-1. Groundwater as a Share
of Drinking Water Use, by Region,

Late 1990s'
Share of
Drinking Water People
Region from Groundwater Served
(percent) (million)
Asia-Pacific 32 1,000 to 1,200
Europe 75 200 to 500
Latin America 29 150
United States 51 135
Australia 15 3
World 1,500 to 2,000

'Data on Africa not available.

SOURCE: Asia-Pacific and Latin America from United
Nations Environment Programme, Groundwater: A
Threatened Resource (Nairobi: 1996), 101 |; Europe
from Organisation for Economic Co-operation
and Development, Water Resources Management:
Integrated Policies (Paris: 1989); U.S. Environmental
Protection Agency, Office of Water, The Quality of
Our Nation’s Water (Washington, DC: 1998); Envi-
ronment Australia, State of the Environment Report
1996 (Canberra: 1996).

to about 9 percent. The United States, with
the third highest irrigated area in the world,
uses groundwater for 43 percent of its irri-
gated farmland.”

While agriculture is the largest ground-
water consumer, other sectors of the econ-
omy have been expanding their water use
even faster—and generating much higher
profits in the process. On average, a ton of
water used in industry generates roughly
$14,000 worth of output—about 70 times
as much profit as the same amount of water
used to grow grain. Thus as the world has
industrialized, substantial amounts of water
have been shifted from farms to more lucra-
tive factories. Industry’s share of total con-
sumption has reached 22 percent and is
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likely to continue rising rapidly. The
amount of water available for drinking is
thus constrained not only by a limited
resource base, but by competition with
other, more powerful users.?

As rivers and lakes are stretched to their
limits—many of them dammed, dried up,
or polluted—people are growing more and
more dependent on groundwater for all
their needs. In Taiwan, for example, the
share of water supplied by groundwater
almost doubled in just eight years—from
21 percent in 1983 to over 40 percent in
1991. Bangladesh, which was once almost
entirely river- and stream-dependent, dug
over a million wells in the 1970s to substi-
tute for its badly polluted surface-water
supply. Today, 95 percent of its people use
only groundwater for drinking. In wealthi-
er countries, sales of bottled spring water
(supposedly from underground sources) are
soaring: in the United States, bottled water
use grew ninefold between 1978 and
199822

Even as our dependence on groundwater
increases, the resource is becoming less
available. On almost every continent, many
major aquifers are being drained much more
rapidly than their natural rates of recharge.
Groundwater depletion is most severe in
parts of India, China, the United States,
North Africa, and the Middle East, resulting
in a worldwide water deficit of an estimated
200 billion cubic meters a year. Removing
large amounts of water from an aquifer can
magnify the concentration of pollutants in
the groundwater that remains. And in some
cases, polluted surface flow or salty ocean
water may pour into the aquifer to replace
the depleted groundwater—thus further
shrinking supplies.!?

To compound the problem, groundwa-
ter overdraft can cause aquifer sediments to
compact under certain geological condi-
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tions, permanently shrinking the aquifer’s
storage capacity. This loss can be quite con-
siderable and is irreversible. The amount of
water storage capacity lost because of
aquifer compaction in California’s Central
Valley, for example, is equal to more than
40 percent of the combined storage capaci-
ty of all human-made reservoirs across the
state. Compacted aquifer sediments can
also cause the land above to sink. Such
“land subsidence” has occurred in some of
the world’s most populous places, including
Mexico City, Beijing, and some 45 other
Chinese cities.!!

As the competition among factories,
farms, and households intensifies, it is easy
to overlook the extent to which groundwa-
ter is also required for essential ecological
services. It is an important component of
the planet’s hydrological cycle. When it
rains, some water trickles into soil and soaks
underground into an aquifer. Over cen-
turies, the aquifer gradually releases the
water to the surface, and eventually to the
sea. Therefore it is not just rainfall but also
groundwater welling up from beneath that
replenishes rivers, lakes, and streams. In a
study of 54 streams in different parts of the
United States, the U.S. Geological Survey
(USGS) found that groundwater is the
source for more than half the total flow, on
average. The 492 billion gallons (1.86
cubic kilometers) of water that aquifers add
to U.S. surface water bodies each day is
nearly equal to the daily flow of the Missis-
sippi. Groundwater provides the base con-
tribution for the Mississippi, the Niger, the
Yangtze, and many more of the world’s
great rivers—some of which would other-
wise not flow year-round. Wetlands, impor-
tant habitat for birds, fish, and other
wildlife, are often entirely groundwater-fed,
created in places where the water table
overflows to the surface on a constant basis.
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Where too much groundwater has been
depleted, the result is often dried up
riverbeds and desiccated wetlands.!?

In addition to providing enough water
to keep surface bodies stable, aquifers also
help prevent them from flooding: when it
rains heavily, aquifers beneath rivers soak up
the excess water, preventing the surface
flow from rising too rapidly and overflow-
ing onto neighboring fields and villages. In
tropical Asia, where the hot season can last
as long as nine months and where monsoon
rains can be very intense, this dual hydro-
logical service is of critical value. Aquifers
also provide a way to store fresh water with-
out losing much liquid to evaporation—
another service that is especially valuable in
hot, drought-prone regions, where such
losses can be quite high. In Africa, for
instance, on average a third of the water
removed from reservoirs each year is lost via
evaporation.!3

Tracking the Hidden Crisis

In 1940, during World War II, the U.S.
Department of the Army acquired 70
square kilometers of land around Weldon
Spring and its neighboring towns near St.
Louis, Missouri. Where farmhouses and
barns had been, the Army established the
world’s largest TNT-producing facility. In
this sprawling warren of plants, toluene (a
component of gasoline) was treated with
nitric acid to produce more than a million
tons of the explosive compound each day at
the peak of production.!*

Part of the manufacturing process
involved purifying the TNT—washing off
unwanted “nitroaromatic” compounds left
behind by the chemical reaction between
the toluene and nitric acid. Over the years,
millions of gallons of this red-colored muck
were generated. Some of it was treated at
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wastewater plants, but much of it ran off
from the leaky treatment facilities into
ditches and ravines, and soaked into the
ground. In 1945, when the Army left the
site, soldiers burned down the contaminat-
ed buildings but left the red-tinged soil and
the rest of the site as they were. For decades,
the site was abandoned and unused.'®

In 1980, the U.S. Congress passed
“Superfund” legislation that required the
cleanup of several sites in the country that
were contaminated with hazardous waste.
Weldon Spring made it to the list of high
priority sites. The Army Corps of Engineers
was assigned the task, and what the workers
found baffled them. While they expected
the soil and vegetation around the site to be
contaminated with discarded nitroaromatic
wastes, they found that the chemicals were
also showing up in people’s wells, in towns
several miles from the site—a possibility
that no one had anticipated because the
original pollution had been completely
localized. Eventually, geologists determined
that there was an enormous plume of cont-
amination in the water below the TNT fac-
tory—a plume that over 35 years had
flowed through fissures in the limestone
rock to other parts of the aquifer.'®

The Weldon Spring story may sound
like an exceptional case of clumsy planning
combined with a particularly vulnerable
geological structure. But in fact there is
nothing exceptional about it at all. Across
the United States, as well as in parts of
Europe, Asia, and Latin America, human
activities are still unwittingly sending dan-
gerous pollutants into groundwater. This is
not entirely new, of course; the subter-
ranean world has always been a sink for
whatever we need to dispose of—whether it
be our sewage, our garbage, or our dead.
But prior to the twentieth century, these
practices did not usually result in serious
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damage to groundwater. This has changed
as the sheer volume of materials used has
escalated—and as scientists have introduced
thousands of chemicals that did not exist a
century ago. And many of these new sub-
stances not only endure far longer in the
environment, they are often more toxic
than their predecessors. Pesticide formula-
tions available today, for instance, are
between 10 and 100 times more potent
than those sold in 1975.17

In many parts of the world, we are

only just beginning to discover

contamination caused by practices

of 30 or 40 years ago.

What happened in Weldon Spring shows
that we cannot always anticipate where the
pollution is going to turn up in our water,
or how long after it is deposited it will reap-
pear. Because it can often take months or
years for a chemical to make its way from
the surface into groundwater, damage done
to aquifers may not show up for decades. In
many parts of the world, we are only just
beginning to discover contamination caused
by practices of 30 or 40 years ago. Some of
the most egregious cases of contamination
now being unearthed date back to cold
war—era nuclear testing and weapons-mak-
ing, for example. And once it gets into
groundwater, the pollution usually persists.
Aquifers usually contain less in the way of
dissolved oxygen, minerals, microbes, and
organic matter than soils—conditions that
do not encourage chemical breakdown. And
many aquifers are very large—the Ogallala
in the United States, for instance, spans por-
tions of eight midwestern states. These giant
formations can contain enormous volumes
of water, and may be very hard to access—
and thus virtually impossible to purify.!8
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As this covert crisis unfolds, we are only
beginning to understand its dimensions.
Even hydrogeologists and health officials
have only a hazy impression of the likely
extent of groundwater damage in different
parts of the world. Few countries regularly
track the health of their aquifers, as the
enormous size and remoteness make them
extremely expensive to monitor. Nonethe-
less, given the data we now have, it is possi-
ble to sketch a rough map of the regions
affected and the principal threats they face.
(See Table 2-2.)

Jack Barbash, an environmental chemist
at the U.S. Geological Survey, points out
that we may not need to wait for expensive
tests to alert us to what to expect in our
groundwater. “If you want to know what
you’re likely to find in aquifers near Shang-
hai or Calcutta, just look at what’s used
above ground,” he says. “If you’ve been
applying DDT to a field for 20 years, for
example, that’s one of the chemicals you’re
likely to find in the underlying groundwa-
ter.” While the full consequences of today’s
chemical-dependent and waste-producing
economies may not become apparent for
another generation, Barbash and other sci-
entists are beginning to get a sense of just
how serious those consequences are likely
to be if present consumption and disposal
practices continue.!?

The Slow Creep of Nitrogen

Fertilizers and pesticides applied to crop-
land have seeped into groundwater beneath
farming regions in many parts of the world.
Since the early 1950s, farmers have stepped
up their use of nitrogen fertilizers 20-fold
in an attempt to boost yields. But the larg-
er doses of nutrients often cannot be fully
used by plants. A study of a 140,000-
square-kilometer region of northern China,
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for example, found that crops used on aver-
age only 40 percent of the nitrogen that
was applied. The U.S. National Research
Council estimates that in the United States,
between a third and half of nitrogen fertil-
izer applied to plants is wasted. In an aero-
bic (oxygen-containing) environment,
nitrogen is converted to nitrate—a form
more readily used by plants. Much of the
unused nitrate dissolves in rain and irriga-
tion water, eventually trickling through the
soil into underlying aquifers.?®

Joining the excess chemical fertilizer
from farm crops is the organic waste gener-
ated by farm animals and the sewage pro-
duced by cities—both of which have a high
nitrate content. Because of its enormous
volume, livestock waste forms a particularly
potent tributary to the stream of excess
nutrients flowing into the environment. In
the United States, farm animals produce
130 times as much waste as people do—
with the result that millions of tons of cow
and pig feces are washed into streams and
rivers or seep into groundwater. To this
burden can be added the innumerable leaks
and overflows from urban sewage systems;
the fertilizer runoff from suburban lawns,
golf courses, and landscaping; and the
nitrates leaking (along with other pollu-
tants) from landfills.?!

Nitrate pollution of groundwater has
become particularly severe in places where
human population—and the demand for
high food productivity—is most concentrat-
ed. In the northern Chinese counties of Bei-
jing, Tianjin, Hebei, and Shandong, nitrate
concentrations in groundwater exceeded 50
milligrams per liter (mg/liter) in more than
half of the locations studied. (The World
Health Organization (WHO) drinking
water guideline is 45 mg/liter of nitrate.) In
some places, the concentration had risen as
high as 300 mg/liter. It is likely that these
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Table 2-2. Some Major Threats to Groundwater

Health and Ecosystem

Threat Sources Effects at High Concentrations Principal Regions at Risk
Nitrates Fertilizer runoff, manure  Restricts amount of oxygen reaching Parts of midwestern
from livestock operations; brain, which can cause death in and mid-Atlantic United
septic systems infants (“blue-baby syndrome”); States, north China
linked to digestive tract and other plain, northern India,
cancers; causes algal blooms and parts of Eastern Europe
eutrophication in surface waters
Pesticides Runoff from farms, Organochlorines linked to repro- Parts of United States,
backyards, golf courses; ductive and endocrine disorders China, India
landfill leaks in wildlife; organophosphates
and carbamates linked to nervous
system damage and cancers
Petro- Underground petroleum  Benzene and other petrochemicals United States,
chemicals  storage tanks can be cancer-causing even at United Kingdom, parts
low exposure of former Soviet Union
Chlorinated Metals and plastics Linked to reproductive disorders California, industrial
solvents degreasing; fabric and some cancers zones in East Asia
cleaning; electronics
and aircraft manufacture
Arsenic Naturally occurring Nervous system and liver damage; Bangladesh, West

Other heavy
metals

Radioactive
materials

Fluoride

Salts

Mining waste and tailings;
landfills; hazardous
waste dumps

Nuclear testing and

medical waste

Naturally occurring

Seawater intrusion

skin cancers

Nervous system and kidney
damage; metabolic disruption

Increased risk of certain cancers

Dental problems; crippling
spinal and bone damage

Freshwater unusable for drinking
or irrigation

Bengal, India, Nepal,
Taiwan

United States, Central
America, Eastern
Europe

Western United States,
parts of former Soviet
Union

Northern China, north-
western India; parts of

Sri Lanka, Thailand, and

East Africa

Coastal China and
India, Gulf coasts of
Mexico and Florida,
Australia, Thailand

SOURCE: Compiled from various sources cited throughout the chapter.
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levels have increased, as fertilizer applica-
tions have escalated since the tests were car-
ried out in 1995. They may increase even
more as China’s population (and demand
for food) swells and as more farmland is lost
to urbanization, industrial development,
nutrient depletion, and erosion.??

Reports from other regions show similar
results. (See Table 2-3.) In India’s bread-
basket states of Punjab and Haryana, where
nitrogen fertilizer is applied intensively,
wells tested in the early 1990s contained
nitrate at levels 5 to 15 times higher than
the safe limit. The USGS found that about
15 percent of shallow groundwater sampled
below agricultural and urban areas in the
United States in the mid-1990s had nitrate
concentrations above the drinking water

guideline; in some states, such as Nebraska,
a third of the wells exceeded this limit.?

Although there is little historical infor-
mation available about trends in the pollu-
tion of aquifers, several studies indicate that
nitrate concentrations have increased as fer-
tilizer applications and population size have
grown. In California’s Central Valley, for
instance, nitrate levels in groundwater
increased 2.5 times between the 1950s and
1980s—a period in which fertilizer inputs
grew sixfold. Levels in Danish groundwater
have nearly tripled since the 1940s.2*

What happens when nitrates get into
drinking water? Consumed in high concen-
trations—at levels above 45 mg/liter—they
can cause infant methemoglobinemia, or
so-called blue-baby syndrome. Because of

Table 2-3. High Nitrate Levels in Groundwater, Selected Regions, 1990s'

Region

Nitrate Levels

Source

Northern China

Yogyakarta, Indonesia

Canary Islands

Central Nigeria

Romania

East Anglia, United Kingdom

Yucatan Peninsula, Mexico

locations tested

Nebraska and Kansas,

United States samples tested

Above 50 mg/liter in more than half
the locations tested

Above 50 mg/liter in half the wells tested

Ranged between 70 and 265 mg/liter
in tested wells beneath banana plantations

Ranged between 50 and 500 mg/liter
in wells tested near small towns

Above 50 mg/liter in 35 percent of
groundwater tested

Above 50 mg/liter in 142 locations tested

Shallow groundwater had levels above
45 mg/liter at more than half the

Above 45 mg/liter in 35 percent of

Fertilizer runoff from
farms

Septic tanks

High nitrogen fertilizer use
on banana plantations

Human and animal
waste disposal

Unsewered wastewater

Fertilizer leaching from
fields

Domestic animal and
human waste; agricultural
runoff

Fertilizer runoff from
farms

'Levels found exceeded the WHO drinking water limit of 45 mg of nitrate per liter.

SOURCE: See endnote 23.
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low gastric acidity, infant digestive systems
convert nitrate to nitrite, which blocks the
oxygen-carrying capacity of a baby’s blood,
causing suffocation and death. Since 1945,
about 3,000 cases have been reported
worldwide—nearly half of them in Hun-
gary, where private wells have particularly
high concentrations of nitrates. Ruminant
livestock such as goats, sheep, and cows are
vulnerable to methemoglobinemia in much
the same way infants are, because their
digestive systems also quickly convert
nitrate to nitrite. Nitrates have been linked
to miscarriages in women and to an
increased risk of non-Hodgkin’s lym-
phoma. They have also been implicated in
digestive tract cancers, although the epi-
demiological link is still uncertain.?

In cropland, nitrate pollution of ground-
water can have a paradoxical effect. When
nitrate-laden water is used to irrigate crops,
the net result may be to reduce rather than
increase production. In Libya, for example,
grape vines irrigated with water containing
50 mg/liter of nitrogen bore almost no
fruit. Too much nitrate can also weaken
plants’ immune systems, making them more
vulnerable to pests and disease. Over-fertil-
izing makes wheat more susceptible to
wheat rust, for example, and it makes pear
trees more vulnerable to fire blight. At con-
centrations above 30 mg/liter, but some-
times as low as 5 mg/liter, nitrate
applications can delay crop maturity, can
severely damage plant roots, and can thin
stems and branches, making it difficult for
plants to bear their own weight. The U.N.
Food and Agriculture Organization (FAO)
reports that, in general, too much nitrogen
in irrigation water has the same effect on
crops as too much fertilizer.?¢

Nitrates in groundwater can also damage
surface ecosystems. Consider the Chesa-
peake Bay in the mid-Atlantic United
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States. Once a thriving ecosystem and
vibrant fishery, much of the bay is now suf-
fering the consequences of too many nutri-
ents. Enormous volumes of nitrogen and
phosphorus are washed into its waters each
day from the region’s chicken farms, crop-
land, and septic systems; these nutrients
spur the growth of algae, which now cover
the water’s surface. These massive algal
blooms slowly atrophy the ecosystem by
blocking sunlight from sea grasses—impor-
tant habitat for fish and shellfish, and food
for waterfowl. And when the algae die, their
decomposition sucks up dissolved oxygen,
killing off other aquatic species.?”

Nitrates have been linked to

miscarriages in women and to an
increased risk of non-Hodgkin’s

lymphoma.

The bay’s plight has alarmed many of the
region’s residents, but they might not be
aware of groundwater’s role in the ecosys-
tem’s collapse. Almost half of the nutrients
that pour into the bay are carried there by
aquifers either directly or, more typically,
via the region’s streams: groundwater con-
tributes more than half of the 190 billion
liters of water that rivers and streams empty
into the Chesapeake Bay every day.?8

The amount of a chemical that reaches
groundwater depends on a number of fac-
tors: the amount used above ground, the
geology of the region, climate, cropping
practices, and the characteristics of the
chemical itself, such as how mobile and sol-
uble it is in water. Aquifers that are frac-
tured in many places and that lie below
coarse-textured and porous soils can be
very vulnerable to pollution. This is true for
the basalt and the sand and gravel deposits
that lie beneath southeastern Washington
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state’s potato and corn fields. These fields
are heavily irrigated, thus expediting the
flow of water and chemicals into the under-
lying aquifer. Other aquifers may be less
susceptible: the relatively impermeable clay
soils in some parts of the U.S. Midwest, for
example, make it difficult for water and
chemicals to seep underground. Because
the soils drain water so poorly, the region’s
farmers have constructed tile drains and
ditches to divert the excess irrigation water.
As a result, farm chemicals run off over land
into streams and lakes, which is why the
region’s surface water has among the high-
est nitrate levels in the country.?®

In places where farms are adjacent to
woods and forests, groundwater nitrate lev-
els are often significantly lower. This is
because forested areas create conditions that
prevent the biological transformation of
nitrogen into nitrate. Vegetation can also act
as a filter, absorbing some of the nutrients
before they enter groundwater. In the nutri-
ent-laden Chesapeake Bay watershed, for
instance, the lowest levels of nitrate in
groundwater were reported in areas where
farms were interspersed with woodlands. On
the other hand, groundwater beneath homo-
geneous farmland that is heavily fertilized is
more likely to carry high levels of nitrate.3°

Pesticides on Tap

Pesticides are designed to kill. Yet it took
several years after the first synthetic pesti-
cides were introduced in the 1940s before
it became apparent that these chemicals
were also injuring non-target organisms—
including humans. Even when the health
concerns about some pesticides were wide-
ly recognized in the 1960s, it was assumed
that the real dangers lay in the dispersal of
these chemicals among animals and
plants—not deep underground. It was gen-

30

erally assumed that very little pesticide
would leach below the upper layers of soil,
and that if it did, it would be degraded
before it could get any deeper. Soil, after all,
is known to be a natural filter that purifies
any water that trickles through. It was
thought that industrial or agricultural
chemicals, like such natural contaminants as
bacteria or leaf mold, would be filtered out
as the water percolated through the soil.3!

But over the past 35 years, this assump-
tion of safety has proved mistaken. Cases of
extensive pesticide contamination of
groundwater have come to light in farming
regions of the United States, Western
Europe, and South Asia. In the United
States, for instance, nearly 60 percent of
wells sampled in agricultural areas in the
mid-1990s contained these chemical com-
pounds. And because they are also used to
get rid of weeds on front lawns and golf
courses, and to kill mosquitoes and other
disease-carrying insects, pesticides also lurk
in aquifers below cities and suburbs.3?

We now know that pesticides not only
leach into aquifers, but sometimes remain
there long after the chemical is no longer
used. The organochlorine pesticide DDT,
for instance, is still found in U.S. ground-
water even though its use was banned 30
years ago. In the San Joaquin Valley of Cal-
ifornia, the soil fumigant DBCP (dibro-
mochloropropane), which was used
intensively in fruit orchards before it was
banned in 1977, still lingers in the region’s
water supplies. Of 4,507 wells sampled by
the USGS between 1971 and 1988, nearly a
third had DBCP levels that were at least 10
times higher than the maximum allowed by
drinking water standards. And dieldrin, an
organochlorine that was used for termite
control around Atlanta until its use was pro-
hibited in 1987, showed up in the city’s well
water in tests conducted in the mid-1990s.33
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In places where organochlorines are still
widely used, the risks continue to mount.
After half a century of spraying in the east-
ern Indian states of West Bengal and Bihar,
for example, the Central Pollution Control
Board found DDT in groundwater at levels
as high as 4,500 micrograms per liter—sev-
eral thousand times higher than what is
considered acceptable. Organochlorines are
especially dangerous because they accumu-
late in body fat and tissue, and because their
concentration magnifies as they move up
the food chain.3*

In recent decades, chemical companies
have developed hundreds of compounds
that are highly toxic but considered less
ecologically damaging because they are
short-lived. A pesticide’s persistence is mea-
sured in terms of its half-life—the time it
takes for 50 percent of a chemical’s mass to
decay—in soil. What scientists are learning,
however, is that pesticides are far more per-
sistent in groundwater than they are in soil.
The herbicide alachlor, for instance, has a
half-life of 20 days in soil, but of nearly four
years in groundwater.3®

Many of the pesticides that have replaced
the organochlorines are known to be acute-
ly toxic to humans and wildlife. The
organophosphate and carbamate insecti-
cides, for instance, are necurotoxins, or
nerve poisons. A number of herbicides fre-
quently detected in groundwater—includ-
ing alachlor, atrazine, and triazine—are
thought to interfere with the body’s repro-
ductive systems. And several pesticides are
known to cause cancers, suppress the
body’s immune systems, or interfere with
childhood development.3¢

Pesticides are often found in combina-
tion, because most farms use a range of tox-
ins to destroy different kinds of insects,
weeds, and plant diseases. The USGS
detected two or more pesticides in ground-
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water at a quarter of the sites sampled
across the United States. (See Table 2—4.)
In the Central Columbia Plateau aquifer,
under the states of Washington and Idaho,
two thirds of water samples contained mul-
tiple pesticides. And even when the original
pesticide does not appear to be in ground-
water, its breakdown components, or
degradates, often show up. When USGS
researchers tested groundwater for this phe-
nomenon, degradates of herbicides turned
up more frequently than the original, or
parent, compounds. For example, although
just 1 percent of wells sampled in Iowa con-
tained alachlor at levels above 0.2 micro-
grams per liter, more than half contained its
degradates. These compounds can be as
persistent and toxic as the original pesticide,
or more s0.%

In the United States, nearly 60 percent
of wells sampled in agricultural areas in
the mid-1990s contained pesticides.

Scientists are not entirely sure what hap-
pens when these chemicals come together.
Water quality standards do not exist for the
many hundred individual pesticides in
use—the U.S. Environmental Protection
Agency (EPA) has drinking water standards
for just 33 of these compounds—to say
nothing of the infinite variety of toxic
blends now trickling into the groundwater.
But there is some indication of possible
additive or synergistic surprises we can
expect. When researchers at the University
of Wisconsin examined the effects of
aldicarb, atrazine, and nitrate blends in
groundwater—a mixture typically found
beneath U.S. farms—they found that
“more biological responses occur in the
presence of mixtures of common ground-
water contaminants than if contaminants
occur singly.” Fluctuation in concentrations
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Table 2-4. Groundwater Contamination in the United States,
Selected Chemicals, 1990s

Share of Groundwater

Containing at Least

Chemical Group Chemical Tested For

Containing Two or More
Chemicals in Group

Above Drinking
Water Guidelines
for a Single Chemical

Nitrates 71

Pesticides 50

Volatile Organic 473
Compounds?

(percent)
not applicable' I5
25 not significant
29 6

'Nitrates are typically found in aquifers where pesticides are detected, however. 2A small share of
these VOCs are used as pesticides. 3Samples from urban areas only.

SOURCES: Bernard T. Nolan and Jeffrey D. Stoner, “Nutrients in Groundwaters of the Conterminous United
States, 1992—-1995,” Environmental Science & Technology, vol. 34, no. 7 (2000), | I56; U.S. Geological Survey,
The Quality of Our Nation’s Waters—Nutrients and Pesticides (Reston,VA: 1999) 57-58, 76; Paul J. Squil-
lace et al.,“Volatile Organic Compounds in Untreated Ambient Groundwater of the United States,” Envi-
ronmental Science & Technology, vol. 33, no. 23 (1999), 4176.

of the thyroid hormone, for example, is a
typical response to mixtures, but not usual-
ly to individual chemicals. Other research
found that combinations of pesticides
increased the incidence of fetal abnormali-
ties in the children of pesticide sprayers.38
While the most direct impacts may be on
drinking water, there is also concern about
what occurs when the pesticide-laden water
below farmland is pumped back up for irri-
gation. One apparent consequence is a
reduction in crop yields. In 1990, the con-
gressional Office of Technology Assessment
reported that herbicides in shallow ground-
water had the effect of “pruning” crop
roots, thereby retarding plant growth.%
Although most studies on pesticide con-
tamination have been conducted in temper-
ate regions, these chemicals pose serious
risks to groundwater in the tropics as well.
Researchers found such extensive atrazine
contamination beneath sugarcane planta-
tions in Barbados that they concluded the
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chemical was “more or less ubiquitous” in
the island’s coral limestone aquifer. (Barba-
dians get almost all their water from this
aquifer.) And high levels of the soil insecti-
cide carbofuran and its more persistent
degradate, carbofuran-phenol, were detect-
ed in groundwater under vegetable farms
on Sri Lanka’s northwest coast, where soils
are sandy and permeable.4

The Pervasiveness of Volatile
Organic Compounds

San Jose, California, is the capital of the
world’s high-tech industry. As you drive
into the city, it may be hard to imagine that
the squeaky-clean veneer of the computer
industry conceals a dirty underbelly: Silicon
Valley has more Superfund sites than any
other area its size in the United States. Its
pollution is reflected not in smokestacks but
in the contaminated aquifers beneath the
valley. The source? Thousands of under-
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ground tanks that leak chlorinated solvents
and other chemicals that are stored or dis-
carded by electronics firms. In industrial
countries, waste that is too hazardous to
landfill is routinely buried in underground
tanks. But as these caskets age, they eventu-
ally spring leaks. As of February 2000, there
were about 386,000 confirmed leaks from
underground storage tanks in the United
States. In Silicon Valley, local groundwater
authorities found that 85 percent of the
tanks they inspected had creaks.*!

Pull into any gas station in the United
States and you will likely park over a second
pervasive groundwater threat: an under-
ground storage tank for petroleum. Like
the tanks that store solvents, many of these
were installed two or three decades ago.
Left in place long past their expected life-
times, many have rusted through—allowing
a steady trickle of chemicals into the
ground. EPA estimates that in the United
States, about 100,000 of these tanks are
leaking. In 1993, petroleum giant Shell
reported that a third of its 1,100 gas sta-
tions in the United Kingdom were known
to have contaminated soil and groundwater.
Because the tanks are underground, they
are expensive to dig up and repair, so the
leakage in some cases continues for years.
Petroleum and its associated chemicals—
benzene, toluene, and gasoline additives
such as MTBE, a fuel oxygenate added to
reduce carbon monoxide emissions—is the
most common category of groundwater
contaminant found in aquifers in the Unit-
ed States.*?

Both petrochemicals and chlorinated sol-
vents are types of synthetic chemicals
known as volatile organic compounds
(VOCGs), whose chemical and physical prop-
erties allow them to move freely between
water and air. VOCs often turn up in
groundwater beneath industrial areas and
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cities: they were detected in almost half the
wells sampled near U.S. cities between
1985 and 1995. Between 35 million and 50
million people in these urban areas may be
drinking water containing varying levels of
these compounds.*3

In many ways, solvents are ideal candi-
dates as groundwater pollutants. One rea-
son is that they are produced and used so
widely. Synthetic organic chemical produc-
tion expanded from less than 150,000 tons
in 1935 to 150 million tons in 1995; these
compounds are now used in paints, adhe-
sives, gasoline, plastics, and hundreds of
other everyday products. They are also used
for cleaning and degreasing in the electron-
ics and aerospace industries, as well as by
small firms such as photo developers and
dry cleaners.*

A second reason for this pollution is
chlorinated solvents’ physical and chemical
properties. They do not stick to soils,
meaning that almost none of the chemical is
absorbed by sediments on its underground
journey. Because many solvents are denser
than water, they can sink deep into an
aquifer. And since they do not degrade eas-
ily, they remain there for a long time, dis-
solving slowly and circulating to other parts
of the aquifer—as happened in Weldon
Spring.*

VOCs can be dangerous to human and
animal health when they are consumed
even in tiny concentrations. Petrochemicals
such as benzene, for example, at extremely
low levels can cause cancer. Women
exposed to chlorinated solvents have a two-
to fourfold higher incidence of miscarriage.
These compounds have also been linked to
kidney and liver damage and childhood
cancers. An early case came from the town
of Woburn, Massachusetts, in the 1970s,
where a cluster of childhood leukemia cases
was traced back to high levels of the chlori-
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nated solvents perchloroethylene (PERC)
and trichloroethylene in the city’s wells.

Ironically, a major factor in such conta-
mination is that in most places people have
learned to dispose of waste—to remove it
from sight and smell—so effectively that it
is easy to forget that Earth is a closed eco-
logical system in which nothing permanent-
ly disappears. The methods normally used
to conceal garbage and other waste—land-
fills, septic tanks, and sewers—become the
major conduits of chemical pollution of
groundwater. In the United States, busi-
nesses drain almost 2 million kilograms of
assorted chemicals into septic systems each
year, contaminating the drinking water of
1.3 million people. In many parts of the
developing world, factories still dump their
liquid effluent onto the ground and wait for
it to disappear.”

Today, arsenic in drinking water could
threaten the health of 20-75 million
Bangladeshis—more than half the
country’s population.

In part, the “volatility” of these com-
pounds has made it seem deceptively easy
to get rid of them. When poured over the
earth, as they were in Woburn, VOCs seem
to disappear completely, to evaporate into
the atmosphere. But in fact, some amount
seeps underground and gets into ground-
water. Even protected landfills can be a
potent source of aquifer pollution: EPA
found that a quarter of the landfills in
Maine, for example, had contaminated
groundwater.*8

Sometimes waste is funneled directly
into aquifers. Sixty percent of the most haz-
ardous liquid waste in the United States—
34 billion liters of solvents, heavy metals,
and radioactive materials—is injected

34

straight into deep groundwater via
thousands of “injection wells” across the
country. Although EPA requires that these
effluents be injected below the deepest
source of drinking water, some of these
wastes have entered aquifers used for
water supplies in parts of Florida, Texas,
Ohio, and Oklahoma. And in India, a study
across five industrializing states—Gujarat,
Haryana, Punjab, Andhra Pradesh, and
Karnataka—found that scores of factories
were illegally injecting their wastes into
tubewells that were used to pump out
drinking and irrigation water.*

Like pesticides, VOCs are typically found
in combination. In the United States, 29
percent of wells tested near urban areas
contained multiple VOCs; overall, a total of
46 different kinds of these compounds
turned up in groundwater. But Paul Squil-
lace, the lead researcher in the study, notes
that “because current health criteria are
based on exposure to a single contaminant,
the health implications of these mixtures
are not known.”>0

VOCs have been detected in groundwa-
ter in other industrial countries as well. In
the Netherlands, one study found that 28
percent of groundwater used for drinking
contained PERC, a solvent used widely in
dry cleaning, at levels greater than 10
micrograms per liter. Chlorinated solvents
were found in close to half the groundwater
used for drinking in England in 1985. And
a survey of 15 Japanese cities found that 30
percent of all groundwater supplies con-
tained varying levels of chlorinated solvents,
although just 3 percent were above pre-
scribed limits. The source was leaky storage
tanks from electronics companies. Few data
are available from other rapidly industrializ-
ing countries of East Asia, but this is a
region where VOC use is accelerating. For
instance, the production of semiconductor
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chips, which involves chlorinated solvents,
is expected to nearly triple in the Asia-Pacif-
ic region (excluding Japan) between 1999
and 2003.!

Some of the greatest shocks may be felt
in places where chemical use and disposal
have climbed in the last few decades, but
where the most basic measures to shield
groundwater have not been taken. In India,
for example, the Central Pollution Control
Board surveyed 22 major industrial zones
and found that groundwater in every one of
them was unfit for drinking. When asked
about these findings, the Board’s chairman
D.K. Biswas remarked, “The result is fright-
ening, and it is my belief that we will get
more shocks in the future.”3?

The Threat of Natural
Contaminants

In the early 1990s, several villagers living
near India’s West Bengal border with
Bangladesh began to complain of skin sores
that wouldn’t heal. A researcher at Calcut-
ta’s  Jadavpur  University, Dipanker
Chakraborti, recognized the lesions imme-
diately as early symptoms of chronic arsenic
poisoning. In later stages, the disease can
lead to gangrene, skin cancer, damage to
vital organs, and eventually death. In the
months that followed, Chakraborti learned
that patients with similar symptoms were
streaming into hospitals in Bangladesh. By
1995, it was clear that the region faced a
crisis of untold proportions, and that the
source of the poisoning was water from
tubewells, from which 95 percent of
Bangladesh gets its drinking water.>?
Experts estimate that today, arsenic in
drinking water could threaten the health of
20-75 million Bangladeshis—more than
half the country’s population—and another
6-30 million people in West Bengal, India.

UNCOVERING GROUNDWATER POLLUTION

As many as 1 million wells in the region may
be contaminated with the heavy metal at lev-
els between 5 and 100 times the WHO
drinking water guideline of 0.01 mg/liter.
Arsenic poisoning has already caused at least
7,000 deaths, say local officials in
Bangladesh. WHO predicts that within a
few years, 1 in 10 deaths in southern Bangla-
desh may be from arsenic-related cancers.>

How did the arsenic get into groundwa-
ter? Until the early 1970s, rivers and ponds
supplied most of Bangladesh’s drinking
water. Concerned about the risks of water-
borne disease, international aid agencies
launched a well-drilling program to tap
groundwater instead. The agencies,
unaware that soils of the Ganges aquifers
are naturally rich in arsenic, did not test the
sediment before drilling tubewells. Scien-
tists are still debating what chemical reac-
tions released the arsenic from the mineral
matrix in which it is naturally bound up.
But since the effects of chronic arsenic poi-
soning can take up to 15 years to appear,
the epidemic was not recognized until it
was well under way.®

Salt is another naturally occurring
groundwater pollutant that is often intro-
duced by human activity. Normally, water
in coastal aquifers empties into the sea. But
when too much water is pumped out of
these, the process is reversed: seawater
moves inland and enters the aquifer.
Because of its high salt content, just 2 per-
cent of seawater mixed with fresh water
makes the water unusable for drinking or
irrigation. And once salinized, a freshwater
aquifer can remain contaminated for a very
long time. Brackish aquifers frequently sim-
ply have to be abandoned because desalin-
ization is very expensive. This has been the
case in Bangkok, Thailand, and in parts of
Gujarat state and the city of Madras in
India.5¢
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In Manila, where groundwater levels
have fallen 50-80 meters because of over-
draft, seawater has flowed as far as 5 kilo-
meters into the Guadalupe aquifer that lies
below the city. Similarly, salt water has trav-
eled several kilometers inland into aquifers
beneath Jakarta, parts of Florida in the
United States, and along parts of coastal
Turkey and China. Saltwater intrusion is
also a serious problem on islands such as the
Maldives and Cyprus, which are so depen-
dent on aquifers for water supply.?”

Fluoride is another natural contaminant
that threatens millions in parts of Asia.
Aquifers in the drier regions of northwest-
ern India, northern China, and parts of
Thailand and Sri Lanka are naturally rich in
fluoride deposits. Fluoride is an essential
nutrient for bone and dental health, but
when consumed in high concentrations it
can lead to crippling damage to the neck
and back and to a range of dental problems.
WHO estimates that 70 million people in
northern China and 30 million in north-
western India are drinking water with
excessive fluoride levels.>

Changing Course

The various incidents of aquifer pollution
described thus far may seem isolated. A
group of wells in northern China have
nitrate problems; another cluster in the
United Kingdom are laced with solvents. In
each place it might seem that the problem
is local and can be contained. But put them
together and the bigger picture starts to
emerge. Some of the world’s most popu-
lous and rapidly expanding regions are in
essence unintentionally poisoning their
own wells—thus giving up their supplies of
a vital source of fresh water. Perhaps most
worrisome is that despite only limited mon-
itoring and testing of underground water,
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we have discovered as much damage as we
have. And because of the time lags
involved—and given our high levels of
chemical use and waste generation in recent
decades—the future may bring even more
unpleasant surprises.

In most cases, responses to groundwater
pollution have been largely “end-of-pipe”
solutions: utilities have installed filters or
have abandoned groundwater supplies alto-
gether. Several cities around the world have
had to seek out alternate supplies of water
because their groundwater became unus-
able. (See Table 2-5.) In recent years, half
of all wells in Santa Monica, California, for
instance, have been shut down because of
dangerously high MTBE levels. In places
where alternate supplies are not easily avail-
able, utilities will have to resort to increas-
ingly elaborate filtration set-ups to make
the water safe for drinking. In heavily cont-
aminated areas, hundreds of different filters
may be necessary. By one estimate, utilities
in the U.S. Midwest spend an added $400
million each year to treat water for just one
chemical—atrazine, a commonly detected
pesticide in U.S. groundwater. When chem-
icals are found in unpredictable mixtures
rather than discretely, providing safe water
may become even more expensive.*

Where engineers have actually tried to
“clean” contaminated aquifers, difficult
though that might be, the favored technolo-
gy has been “pump-and-treat.” Three quar-
ters of the highly contaminated Superfund
sites in the United States where cleanup is
under way use this technology. Groundwater
is sucked out of the aquifer, its contaminants
are flushed out or chemically treated above
ground, and the water is injected back into
the aquifer. This technology works on the
principle that decades of such treatment will
ultimately dilute the underground contami-
nation. The amount of water needed to
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Table 2-5. Selected Examples of Aquifers Abandoned due to Chemical Pollution

Region Chemical(s)

Comments

Bangkok, Thailand Salt

Santa Monica, California,
United States

Shenyang, China

pollutants

MTBE, a gasoline additive

Nitrate, ammonium, oils,
phenol and other industrial

Excessive pumping of groundwater caused
seawater to enter the aquifer. Chloride
levels increased 60-fold; many wells have
been abandoned.

A petroleum spill produced MTBE levels
30 times higher than the guideline. Wells
supplying half the city’s water had to be
closed down.

Overpumping and pollution have forced
authorities to replace groundwater with
more expensive surface water supplies.

SOURCE: See endnote 59.

purge an aquifer is “unimaginably large,” say
scientists at the U.S. National Research
Council. And they add that “simple calcula-
tions...show that predicted cleanup times
range from a few years to tens, hundreds,
and even thousands of years.”%0

The National Research Council estimates
that in the United States, the costs of clean-
ing up the 300,000—400,000 heavily conta-
minated sites where groundwater is
polluted will be as high as $1 trillion over
the next 30 years. (So far, cleanup work has
begun on just 4,000 of these sites since
Superfund laws were passed in 1980.)
Experts concur that in most cases, complete
cleanup is nearly impossible. This is in large
part due to the enormous size of aquifers
and the persistent nature of many synthetic
chemicals now found underground. Some
of the radioactive waste that has leaked into
Washington State’s Central Columbia
Plateau Aquifer has a half-life of 250,000
years. (Since 1943, hundreds of billions of
gallons of radioactive wastes have been
dumped into the aquifer and soils by the

U.S. Department of Energy’s Hanford
Nuclear Reservation.) When such long-
lived waste gets into aquifers—as it has in
Washington—cleanup is not even an
option.°!

In many places, various authorities and
industries have tried to fight contamination
leak by leak, or chemical by chemical, only
to find that individual fixes simply do not
add up. As landfills are lined to reduce leak-
age, for instance, tons of pesticide may be
running off nearby farms and into aquifers.
As holes in underground gas tanks are
mended, acid from mines may be seeping
into groundwater. Clearly, it is essential to
control damage already inflicted, and to pro-
tect communities and ecosystems from the
poisoned fallout. But given what is already
known—that damage done to aquifers is
mostly irreversible, that it can take years
before groundwater pollution reveals itself,
that chemicals react synergistically and often
in unanticipated ways—it is equally clear
that a patchwork response will not be effec-
tive. (See Table 2-6.) Given how much
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Table 2-6. Evaluating Responses to Groundwater Pollution

Strategy

Evaluation

End-of-pipe filters

Necessary if groundwater is the only available drinking water

source. Expensive; does not protect people against multiple
chemicals. Does not prevent pollution of aquifers.

Cleaning aquifers using “pump-and-treat”
and other remediation technologies

Very expensive; can take decades or centuries before water
quality improves significantly. Technically impossible to

completely clean an aquifer. Does not prevent pollution of

aquifers.

Restricting chemical use and disposal
above vulnerable aquifers

Transfers polluting activity away from most vulnerable
aquifers; does not prevent pollution from entering the

environment altogether.

Changing polluting systems by moving
toward closed-loop agricultural, urban,
and industrial systems

Reduces the amount of pollution in the entire system,
lightening the load on aquifers as well as other ecological
systems.

SOURCES: National Research Council, Alternatives for Ground Water Cleanup (VWashington, DC: National Acad-
emy Press, 1994); U.N. Environment Programme, Groundwater: A Threatened Resource (Nairobi: 1996).

damage this pollution inflicts on public
health, the environment, and the economy
once it gets into the water, it is critical that
emphasis shift from filtering out toxins to
not using them in the first place. Andrew
Skinner, who heads the International Associ-
ation of Hydrogeologists, puts it this way:
“Prevention is the only credible strategy.”s?

To do this requires looking not just at
individual factories, gas stations, cornfields,
and dry cleaning plants, but at the social,
industrial, and agricultural systems of which
these businesses are a part. The ecological
untenability of these systems is what is poi-
soning the world’s water. It is the predom-
inant system of high-input agriculture, for
example, that floods the land—and the
underlying water—with massive applica-
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tions of agricultural chemicals. It is the sys-
tem of car-dominated, geographically
expanding cities that flood aquifers and
soils with petrochemicals, heavy metals, and
sewage. An adequate response will require a
thoughtful overhaul of each of these sys-
tems.

Perhaps the most dramatic gains will
come from reorienting agriculture so that it
is far less dependent on chemicals. Farm
runoff is a leading cause of groundwater
pollution in many parts of Europe, the
United States, China, and India—and it is
impossible to control this pollution in a
piecemeal fashion. Lessening its impact
thus calls for adopting practices that sharply
reduce this runoff—or, better still, that
require far smaller amounts of pesticides
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and fertilizers to begin with. Even without
radical shifts in the way we farm, there is
plenty of room to improve the efficiency of
chemical use. On average, roughly 85-90
percent of pesticides used for agriculture
never reach target organisms, but instead
spread through the environment. In Brazil,
for example, farmers spray orchards with
almost 10,000 liters of pesticide per hectare
each week. FAO experts say that with mod-
ified application techniques, these chemicals
could be applied at one tenth that amount
and still be effective.5?

In the Netherlands, some 550 farmers
have reduced their levels of inputs by
between 30 and 50 percent—and have
completely eliminated their insecticide
use—by monitoring and altering their farm-
ing practices: testing soil fertility to estimate
how much additional nutrients are needed,
for example, and planting a diverse array of
crops. Since they have been able to main-
tain crop yields while using less input, their
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Yields for maize and soybean crops differed
by less than 1 percent between the three
cropping systems over 10 years.%®

Nearly 150 years ago, Charles Darwin
observed in On the Origin of Species that
wheat fields planted in diverse varieties of
the grain were more productive than those
planted in single varieties. This is because
mixtures check the spread of pathogens
and, therefore, of disease. For centuries,
farmers have practiced such “polycropping”
to protect their fields against disease. And
in China, all the farmers in the Yunnan
Province recently reconfirmed Darwin’s
observations. Until 1998, they planted
monocultures of just two kinds of hybrid
rice—and constantly battled the fungal dis-
ease, rice blast. But by growing multiple
varieties of rice in the same paddies, they
were able to double yields and at the same
time to completely eliminate their use of
fungicide.%¢

Even without radical shifts in the way
we farm, there is plenty of room to
improve the efficiency of chemical use.

profit margins have increased. Meanwhile,
their farms pollute far less: nitrogen and
phosphorus levels in drainage water have

declined 40-80 percent.

But while greater efficiency constitutes a
major improvement, there is also the possi-
bility of replacing chemicals with nonpol-
luting methods of improving soil fertility
and controlling pests. Recent studies sug-
gest that farms can still maintain high yields
using this approach. One decade-long
investigation by the Rodale Institute in
Pennsylvania, for example, compared a
high-intensity system with traditional
manure and legume-based cropping sys-
tems that used no synthetic fertilizer or pes-
ticides. The researchers found that the two
traditional systems retained more soil
organic matter and nitrogen—indicators of
soil fertility—and leached 60 percent less
nitrate than the high-intensity system.

Since 1986, Indonesian farmers have
practiced ecologically based pest control—a
set of practices known as integrated pest
management (IPM). In addition to planting
diverse species, strategies include introduc-
ing a pest’s natural predators and interspers-
ing crops with plants that repel pests. In the
first four years of Indonesia’s nationwide
program, pesticide use on rice fell by half
and vyields increased by 15 percent. Similar
programs have helped rice farmers in seven
other Asian countries to cut pesticide use by
nearly half while raising yields on average 10
percent. IPM has also taken root in places as
diverse as Kenya, Cuba, Peru, and Iowa in
the United States.®”

Reining in agriculture’s excessive depen-
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dence on chemicals will call for innovative
responses not just from farmers, but from
policymakers and businesses too. For
instance, Indonesia’s success was duc in
large part to parallel changes in policies: 57
pesticides were banned for use on rice, and
pesticide subsidies were removed—saving
the government $120 million. Several
European countries, including Denmark,
Finland, Norway, and Sweden, now tax pes-
ticide sales to encourage farmers to use
fewer inputs. Sweden’s 7.5-percent tax (per
kilogram of active ingredient) has had
impressive results: it helped slash the coun-
try’s pesticide use by 65 percent between
1986 and 1993. The program is still under
way, with the goal of reducing pesticide use
by another half. The French government is
considering a steep tax on fertilizers and
pesticides, spurred largely by water pollu-
tion problems in the country.®®

In Germany, private water supply com-
panies have discovered the economic bene-
fits of organic farming. Firms in Munich,
Osnabriick, and Leipzig pay local farmers as
much as 550 Deutsche marks ($250) per
hectare for three years to convert to organ-
ic operations. The firms are responsible for
supplying clean water to their customers,
and have found that it costs less to invest in
sustainable farming than to strip pesticides
out of polluted water.®

New York City has also worked with
farmers to protect its water sources. The
city’s water supply depends on 5,000
square kilometers of watershed located 250
kilometers to its north. The watershed is
also home to many of New York’s small
dairy farmers, who grow corn and hay for
feed. Policymakers in the 1980s knew that
farm runoff would affect water quality, but
believed that the only way to protect New
York’s water supply was by installing elabo-
rate filtration systems. The filters would
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have doubled the costs of New York’s
water, and mandatory farm regulations
would have put many small farmers out of
business.”?

Concerned about the expense and short-
sightedness of this solution, in 1991 Al
Appleton, the Commissioner of the city’s
Department of Environmental Protection,
began to develop an alternate plan. Today,
the farmer-led Watershed Agricultural
Council helps New York’s farmers better
manage their operations to protect water
quality—for example, to time their fertiliz-
er applications better and to be more effi-
cient with their use of inputs. Although it is
too early to quantify the water quality ben-
efits, the program’s financial savings have
been considerable. While the filtration sys-
tem would have cost upwards of $4 billion,
New York City’s watershed protection will
cost an estimated $1.5 billion. Nationwide,
EPA estimates that reducing agricultural
pollution could save at least $15 billion in
avoided costs of constructing advanced
water treatment facilities.”!

In industrial settings, building “closed-
loop” production and consumption systems
can help slash the amounts of waste that
factories and cities send to landfills, sewers,
and dumps—thus protecting aquifers from
leaking pollutants. In places as far-ranging
as Tennessee in the United States, Fiji,
Namibia, and Denmark, environmentally
conscious investors have begun to build
“industrial symbiosis” parks in which the
unusable wastes from one firm become the
input for another. Such waste exchanges
help an industrial park in Kalundborg, Den-
mark, to keep more than 1.3 million tons of
effluent out of landfills and septic systems
each year, while preventing some 135,000
tons of carbon and sulfur from leaking into
the atmosphere.”?

By reusing spent materials and chemi-
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cals, individuals and firms can help reduce
the risk of groundwater pollution from
heavy metals, insulation chemicals, cleaning
solvents, and other toxic substances that
leak out of landfills. The Xerox Corpora-
tion, for example, remanufactures more
than a third of its photocopiers by using
components from older machines—a strat-
egy that saved 143,000 tons of materials
from bring dumped in landfills in 1999
alone. Each remanufactured machine must
meet the same standards as a newly minted
one and comes with the same warranty.”?

Some regions have set waste reduction as
a collective goal. The Netherlands, for
instance, has a national goal of cutting its
wastes 70-90 percent. Pollution taxes have
already helped the nation slash discharges
of heavy metals into waterways by 72-99
percent between 1976 and the mid-1990s.
The city of Canberra in Australia aims for a
“No-Waste-by-2010” goal. As part of the
campaign, authorities in the city have set up
an online resource exchange—an informa-
tion center that helps match suppliers of
waste material with buyers.”*

In some cases, the costs of using a par-
ticular chemical may be so great that the
only way to protect human health and the
environment adequately is to eliminate its
use completely. In 1987, for instance, the
global community signed a treaty phasing
out the use of substances that were found
to deplete the ozone layer. Since that time,
their use has fallen substantially—Dby 88 per-
cent in the case of chlorofluorocarbons,
chemicals that were commonplace in refrig-
erators and air conditioners just a few years
earlier. Currently under negotiation is an
international treaty on a class of dangerous
synthetic materials known as persistent
organic pollutants. Under discussion is a
proposed phaseout of 12 of these chemicals
nicknamed The Dirty Dozen—9 of which
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are pesticides, including DDT and dieldrin.
Many participants in the treaty process
argue that the list of chemicals to be phased
out should be expanded to include dozens,
even hundreds, of other persistent chemi-
cals whose presence in the environment
poses an unacceptable risk to humanity.”®

In Germany, private water supply
companies have discovered that it
costs less to invest in sustainable

farming than to strip pesticides out

of polluted water.

As it becomes clearer to decisionmakers
that the most serious threats to human
security are no longer those of military
attack but instead pervasive environmental
and social decline, experts worry about the
difficulty of mustering sufficient political
will to bring about the kinds of systemic—
and therefore revolutionary—changes in
human life necessary to turn the tide in
time. In confronting the now heavily docu-
mented assaults of climate change and bio-
diversity loss, leaders seem on one hand to
be paralyzed by how bleak the big picture
appears to be, and on the other hand too
easily drawn into inaction by the seeming
lack of immediate consequences of delay.

But the need to protect aquifers may pro-
vide a more immediate incentive for change.
It simply may not be possible to live with
contaminated groundwater for as long as
we could make do with a gradually more
irritable climate or polluted air or impover-
ished wildlife. Although we have damaged
portions of some aquifers to the point of no
return, scientists believe that a large part
of the resource still remains pure—for
the moment. That’s not likely to remain
the case if we continue to depend on
simply stepping up the present reactive tac-
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tics of cleaning up more chemical spills,
replacing more leaking gasoline tanks, plac-
ing more plastic liners under landfills, or
issuing more fines to careless hog farms and
copper mines.

Protecting our water in time requires the
same fundamental restructuring of the
global economy that stabilization of the cli-
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mate and biosphere as a whole rests on—the
rapid transition from a resource-depleting,
oil- and coal-fueled, high-input industrial
and agricultural economy to one that is
based on renewable energy, compact cities,
and a very light human footprint. We have
been slow to come to grips with this, but it
may be our thirst that finally makes us act.
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Chapter 3

Eradicating Hunger:
A Growing Challenge

Lester R. Brown

In 1974, U.S. Secretary of State Henry
Kissinger made a pledge at the World Food
Conference in Rome: “By 1984, no man,
woman, or child would go to bed hungry.”
Those attending the conference, including
many political leaders and ministers of agri-
culture, came away inspired by this com-
mitment to end hunger.!

More than 26 years later, hunger is still
very much part of the social landscape.
Today, 1.1 billion of the world’s 6 billion
people are undernourished and under-
weight. Hunger and the fear of starvation
quite literally shape their lives. A report
from the U.N. Food and Agriculture
Organization (FAO) describes hunger: “It
is not a transitory condition. It is chronic. It
is debilitating. Sometimes, it is deadly. It
blights the lives of all who are affected and
undermines national economies and devel-
opment processes...across much of the
developing world.”?

Kissinger’s boldly stated goal gave the
impression that there was a plan to eradi-
cate hunger. In fact, there was none.

Kissinger himself had little understanding
of the difficult steps needed to realize his
goal. Unfortunately, this is still true of most
political leaders today.

In 1996, governments again met in
Rome at the World Food Summit to review
the food prospect. This time delegates from
186 countries adopted a new goal of reduc-
ing the number who were hungry by half
by 2015. But as in 1974, there was no plan
for how to do this, nor little evidence that
delegates understood the scale of the effort
needed. FAO projections released in late
1999, just three years after the new, modest
goal was set, acknowledge that the objec-
tive for 2015 is not likely to be reached
because “the momentum is too slow and
the progress too uneven.”?

Assertions such as Kissinger’s and those
of other political leaders may make people
feel good, but if they are not grounded
in a carefully thought out plan of action
and supported by the relevant govern-
ments, they ultimately undermine confi-
dence in the public process. This in turn
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can itself undermine progress.

In its most basic form, hunger is a pro-
ductivity problem. Typically people are
hungry because they do not produce
enough food to meet their needs or because
they do not earn enough money to buy it.
The only lasting solution is to raise the pro-
ductivity of the hungry—a task complicated
by the ongoing shrinkage in cropland per
person in developing countries.

The war against hunger cannot be won
with business as usual. Given the forces at
work, it will no longer be possible to stand
still. If societies do not take decisive steps,
they face the possibility of being forced into
involuntary retreat by continuing popula-
tion growth, spreading land hunger, deep-
ening hydrological poverty, increasing
climate instability, and a shrinking backlog
of unused agricultural technology. Eradicat-
ing hunger—never easy—will now take a
superhuman effort.

A Hunger Report:
Status and Prospects

As noted, 1.1 billion people are undernour-
ished and underweight as the new century
begins. The meshing of this number with a
World Bank estimate of 1.3 billion living in
poverty, defined as those living on $1 a day
or less, comes as no surprise. Poverty and
hunger go hand in hand.*

The alarming extent of hunger in the
world today comes after a half-century dur-
ing which world food output nearly tripled.
The good news is that the share of popula-
tion that is hungry is diminishing in all
regions except Africa. Since 1980, both
East Asia and Latin America have substan-
tially reduced the number and the share of
their populations that are hungry. In the
Indian subcontinent, results have been
mixed, with the number of hungry contin-
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uing to increase but the share declining
slightly. In Africa, however, both the num-
ber and the share of hungry people have
increased since 1980.°

The decline in East Asia was led by
China, which brought the share of its peo-
ple who are hungry down from 30 percent
in 1980 to 11 percent in 1997. China’s
economic reforms initiated in 1978 led to a
remarkable surge in agricultural output,
one that boosted the grain harvest from
roughly 200 kilograms per person a year to
nearly 300 kilograms. This record jump in
production in less than a decade led to
the largest reduction in hunger on record.
For most countries, the best nutrition
data available are for children, who are also
the segment of society most vulnerable
to food scarcity. In Latin America, the share
of children who are undernourished
dropped from 14 percent in 1980 to 6 per-
cent in 2000.¢

These gains in eradicating hunger in East
Asia and Latin America leave most of the
world’s hungry concentrated in two
regions: the Indian subcontinent and sub-
Saharan Africa. In India, with more than a
billion people, 53 percent of all children are
undernourished. In Bangladesh, the share is
56 percent. And in Pakistan, it is 38 percent.
In Africa, the share of children who are
undernourished has increased from 26 per-
cent in 1980 to 28 percent today. In Ethi-
opia, 48 percent of all children are
underweight. In Nigeria, the most populous
country in Africa, the figure is 39 percent.”

Within the Indian subcontinent and sub-
Saharan Africa, most of the hungry live in
the countryside. The World Bank reports
that 72 percent of the world’s 1.3 billion
poor live in rural areas. Most of them are
undernourished; many are sentenced to a
short life. These rural poor usually do not
live on the productive irrigated plains, but
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on the semiarid/arid fringes of agriculture
or in the upper reaches of watersheds on
steeply sloping land that is highly erodible.
Eradicating hunger depends on stabilizing
these fragile ecosystems.®

Recognizing that malnutrition is largely
the result of rural poverty, the World Bank
is replacing its long-standing agricultural
development strategies, which were cen-
tered around crop production, with rural
development strategies that use a much
broader approach. The Bank planners
believe that a more systemic approach to
eradicating poverty in rural areas—one that
embraces agriculture but that also inte-
grates human capital development, the
development of infrastructure, and social
development into a strategy for rural devel-
opment—is needed to shrink the number
living in poverty. One advantage of encour-
aging investment in the countryside in both
agribusiness and other industries is that it
encourages breadwinners to stay in the
countryside, keeping families and commu-
nities intact. In the absence of such a strat-
egy, rural poverty simply feeds urban
poverty.’

Demographically, most of the world’s
poor live in countries where populations
continue to grow rapidly, countries where
poverty and population growth are rein-
forcing each other. The Indian subconti-
nent, for example, is adding 21 million
people a year, the equivalent of another
Australia. India’s population has nearly
tripled over the last half-century, growing
from 350 million in 1950 to 1 billion in
2000. According to the U.N. projections,
India will add 515 million more people by
2050, in effect adding roughly twice the
current U.S. population. Pakistan’s num-
bers, which tripled over the last half-centu-
ry, are now expected to more than double
over the next 50 years, going from 156 mil-
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lion to 345 million in 2050. And
Bangladesh is projected to add 83 million
people during this time, going from 129
million to 212 million. The subcontinent,
already the hungriest region on Earth, is
thus expected to add another 787 million
people by mid-century.!?

The war against hunger cannot be

won with business as usual.

No single factor bears so directly on the
prospect of eradicating hunger in this
region as population growth. When a farm
passes from one generation to the next, it is
typically subdivided among the children.
With the second generation of rapid popu-
lation growth and associated land fragmen-
tation now unfolding, farms are shrinking
to the point where they can no longer ade-
quately support the people living on them.

Between 1970 and 1990, the number of
farms in India with less than 2 hectares (5
acres) of land increased from 49 million to
82 million. Assuming that this trend has
continued since then, India may now have
90 million or more families with farms of
less than 2 hectares. If each family has six
members, then 540 million people—over
half India’s population—are trapped in a
precarious balance with their land.!!

Whether measuring changes in farm size
or in grainland per person, the results of
continuing rapid population growth are the
same. Pakistan’s projected growth from
156 million today to 345 million by 2050
will shrink its grainland per person from
0.08 hectares at present to 0.03 hectares, an
area scarcely the size of a tennis court.
African countries, with the world’s fastest
population growth, are facing a similar
reduction. For example, as Nigeria’s popu-
lation increases from 111 million today to a

45
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projected 244 million in 2050, its per capi-
ta grainland, most of it semiarid and unirri-
gated, will shrink from 0.15 hectares to
0.07 hectares. Nigeria’s food prospect, if it
stays on this population trajectory, is not
promising.!?

In Bangladesh, average farm size has
already fallen below 1 hectare. According to
one study, Bangladesh’s “strong tradition
of bequeathing land in fixed proportions to
all male and female heirs has led to increas-
ing landlessness and extreme fragmentation
of agricultural holdings.” In addition to the
millions who are now landless, millions
more have plots so small that they are effec-
tively landless.!?

Further complicating efforts to expand
food production are water shortages. Of
the nearly 3 billion people to be added to
world population in the next 50 years,
almost all will be added in countries already
facing water shortages, such as India, Pak-
istan, and many countries in Africa. In
India, water tables are falling in large areas
as the demands of the current population
exceed the sustainable yield of aquifers. For
many countries facing water scarcity, trying
to eradicate hunger while population con-
tinues to grow rapidly is like trying to
walk up a down escalator.!*

Even as the world faces
prospect of adding 80 million people
a year over the next two decades,
expanding food production is becom-
ing more difficult. In each of the three

food systems—croplands, rangelands,  200-
and oceanic fisheries—output expand-
ed dramatically during the last half of 100

the twentieth century. Now all that
has changed.

Between 1950 and 2000, the world
production of grain, the principal
product of croplands, expanded from
631 million tons to 1,860 million
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tons, nearly tripling. In per capita terms,
production went from 247 kilograms per
person in 1950 to an all-time high of 342
kilograms in 1984, a gain of nearly 40 per-
cent as growth in the grain harvest out-
stripped that of population. After 1984,
production slowed, falling behind popula-
tion. Production per person declined to
308 kilograms in 2000, a drop of 10 per-
cent from the peak in 1984. (See Figure
3-1.) This decline is concentrated in the
former Soviet Union, where the economy
has shrunk by half since 1990, and in Africa
where rapid population growth has simply
outrun grain production.'®

Roughly 1.2 billion tons of the world
grain harvest are consumed directly as food,
with most of the remaining 660 million
tons being consumed indirectly in livestock,
poultry, and aquacultural products. The
share of total grain used for feed varies
widely among the “big three” food produc-
ers—ranging from a low of 4 percent in
India to 27 percent in China and 68 per-
cent in the United States.!¢

Over the last half-century, the world’s
demand for animal protein has soared.
Expanded output of meat from rangelands

Kilograms
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W
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Figure 3-1. World Grain Production Per
Person, 1950-2000
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and of seafood from oceanic fisheries
has satisfied most of this demand. World
production of beef and mutton
increased from 24 million tons in 1950
to 67 million tons in 1999, a near
tripling. Most of the growth, however,
occurred between 1950 and 1990,
when output went up 2.5 percent a
year. Since then, beef and mutton pro-
duction has expanded by only 0.6 per-
cent a year. (See Figure 3-2.)17

An estimated four fifths of the 67
million tons of beef and mutton pro-
duced worldwide in 1999, roughly 54
million tons, comes from animals that
forage on rangelands. If the grain
equivalent of the forage-based output is set
at seven kilograms of grain per kilogram of
beef or mutton, which is the conversion
rate in feedlots, the beef and mutton pro-
duced on rangeland are the equivalent of
378 million tons of grain.!®

The growth in the oceanic fish catch
exceeded even that of beef and mutton,
increasing from 19 million tons in 1950 to
86 million tons in 1998, the last year for
which data are available. This fourfold
growth, too, was concentrated in the peri-
od from 1950 to 1990, a time during which
the annual growth in the oceanic catch—at
3.8 percent—was easily double that of
world population. As a result, seafood con-
sumption per person worldwide roughly
doubled, climbing from 8 kilograms in
1950 to 16 kilograms in 1990. Since then,
it has fallen by some 10 percent. Assuming
the fish farm conversion of less than two
kilograms of grain for each kilogram of live
weight added, then the grain equivalent of
the 86-million-ton fish catch in 1998 was
172 million tons of grain.!?

The new reality is that fishers and ranch-
ers can no longer contribute much to the
growth of the world’s food supply. For the
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first time since civilization began, farmers
must carry the burden alone.

For a sense of the relative importance of
rangelands and oceanic fisheries in the
world food economy, compare the grain
equivalent of their output with the world
grain harvest. With rangelands accounting
for the equivalent of 378 million tons of
grain and with fisheries at 172 million tons,
rangelands contributed 16 percent of the
world grain supply and oceanic fisheries 7
percent. (See Table 3-1.)

Thus rangelands and oceanic fisheries
provide the equivalent of nearly one fourth
of the world grain supply. With their output
no longer expected to expand, all future
growth in the food supply must come from
the 77 percent of total grain equivalent that
is represented by croplands. With little new
land to plow, the world’s ability to eradicate
hunger in the years ahead will depend heav-
ily on how much cropland productivity can
be raised. This is also one of the keys to
eliminating poverty.

Eradicating hunger in the Indian sub-
continent and Africa will not be easy. It is
difficult to eradicate for the same reasons it
exists in the first place—rapid population
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Table 3-1. Cropland, Rangeland, and Oceanic Fishery Contributions to World Food
Supply, Measured in Grain Equivalent, 1999

Source Quantity of Grain Share of Total
(million tons) (percent)
Grain production from cropland 1,855 77
Grain equivalent of rangeland beef and mutton 378 16
Grain equivalent of oceanic fish catch! 172 7
Total 2,405 100

'Fish production data from 1998.

SOURCE: USDA, Production, Supply, and Distribution, electronic database, Washington, DC, updated September
2000; FAO, Yearbook of Fishery Statistics: Capture Production (Rome: various years).

growth, land hunger, and water scarcity.
But there are also new forces that could
complicate efforts to eliminate hunger. For
example, Bangladesh, a country of 129 mil-
lion people, has less than one tenth of a
hectare of grainland per person—one of the
smallest allotments in the world—and is
threatened by rising sea level. The World
Bank projects that a 1-meter rise in sea level
during this century, the upper range of the
recent projections by the Intergovernmen-
tal Panel on Climate Change, would cost
Bangladesh half its riceland. This, com-
bined with the prospect of adding another
83 million people over the next half-centu-
ry, shows just how difficult it will be for
Bangladesh, one of the world’s hungriest
countries, to feed its people.?°

Water shortages are forcing grain
imports upward in many countries. North
Africa and the Middle East is now the
world’s fastest growing grain import mar-
ket. In 1999, Iran eclipsed Japan, which
until recently was the world’s leading
importer of wheat. And Egypt, another
water-short country, has also edged ahead
of Japan.?!

Many developing countries that are fac-
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ing acute land and water scarcity will rely on
industrialization and labor-intensive indus-
trial exports to finance needed food
imports. This brings a need to expand pro-
duction in exporting countries so they can
cover the import needs of the growing
number of grain-deficit countries. Over the
last half-century, grain-importing countries,
now the overwhelming majority, have
become dangerously dependent on the
United States for nearly half of their grain
imports.

This concentration of dependence
applies to each of the big three grains—
wheat, rice, and corn. Just five countries—
the United States, Canada, France,
Australia, and Argentina—account for 88
percent of the world’s wheat exports. Thai-
land, Viet Nam, the United States, and
China account for 68 percent of all rice
exports. For corn, the concentration is even
greater, with the United States alone
accounting for 78 percent and Argentina
for 12 percent.??

With more extreme climate events in
prospect if temperatures continue rising,
this dependence on a few exporting coun-
tries leaves importers vulnerable to the
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vagaries of weather. If the United States
were to experience a summer of severe heat
and drought in its agricultural heartland
like the summer of 1988, when grain pro-
duction dropped below domestic consump-
tion for the first time in history, chaos
would reign in world grain markets simply
because the near-record reserves that cush-
ioned the huge U.S. crop shortfall that year
no longer exist.?

The risk for the scores of low-income,
grain-importing countries is that prices
could rise dramatically, impoverishing more
people in a shorter period of time than any
event in history. The resulting rise in
hunger would be concentrated in the cities
of the Third World.

Raising Cropland Productivity

In a world where there is little new land to
plow, raising the productivity of existing
cropland is the key to feeding the 80 mil-
lion people added each year. It is also essen-
tial for protecting the environment. If
farmers had not been able to raise grain
yield per hectare since 1950, it would have
been necessary to clear the equivalent of
half of the world’s remaining forestland for
food production. In addition, raising crop-
land productivity is the key to eradicating
rural poverty and hunger in the Indian sub-
continent and sub-Saharan Africa.

There are at least three ways of raising
cropland productivity. One, the most con-
ventional, is raising the yield per crop per
hectare. The second is increasing the num-
ber of crops per hectare through multiple
cropping. And the third is to get more out
of the existing harvest. In the last case, there
is a huge unrealized potential for using crop
residues, such as wheat or rice straw or corn
stalks, to produce meat and milk by “pro-
cessing” them through ruminants.

ERADICATING HUNGER: A GROWING CHALLENGE

Raising grain yields in the two regions
where the world’s hungry are concentrated
will not be easy. India’s wheat yield, for
example, has tripled since 1960. The rise in
rice yield, which went from just under 1 ton
per hectare in 1965 to 1.9 tons in 1993, has
slowed, failing to reach 2 tons per hectare
during the seven years since then. Lifting
land productivity in India is constrained by
the country’s proximity to the equator. Day
length during the summer is relatively
short, and since rice is typically grown dur-
ing the summer monsoon season, when
cloud cover is heavy, solar intensity is low.2*

The area that is multiple cropped can be
expanded by harvesting and storing water
during the monsoon season so that more
crops can be produced during the dry sea-
son. In some situations in India, particularly
where there is an abundance of labor, poly-
cropping—which is growing more than one
crop in a field—may provide a higher yield.

With the rise in land productivity slow-
ing, continuing rapid population growth
makes eradicating rural hunger much more
difficult, if not impossible. Perhaps the sin-
gle most important thing India can do to
enhance its future food security is to accel-
erate the shift to smaller families. This
would enable it to move to the low-level
U.N. population projection instead of the
medium-level one, thereby adding only 216
million people instead of 515 million in the
next 50 years.?®

Eradicating hunger in Africa, which has
the world’s lowest crop vyields, is an even
more daunting challenge. Africa has the
fastest population growth of any region and
a largely semiarid climate, which limits the
potential for irrigation and fertilizer use. It
has not had a Green Revolution for the
same reason that Australia has not: it is too
dry to use much fertilizer, the key to raising
yields. And now a new variable—the HIV
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epidemic—is decimating the adult popula-
tion in sub-Saharan Africa, reducing the
number of able-bodied people who can
work in the fields.

Africa can substantially increase its pro-
duction of food, but this depends on
strengthening its agricultural infrastructure,
including farm-to-market roads and grain
and fertilizer storage facilities, as well as
strengthening institutions in agricultural
research, agricultural extension, and farm
credit. Minimum government price sup-
ports for food staples can encourage invest-
ment in agriculture. With women
responsible for so much of the food pro-
duction in Africa, small loans to those who
are working the land can pay large divi-
dends. Even while waiting for infrastructure
to develop, African farmers can do much
more with nitrogen-fixing green manure
crops, which will help improve the structure
of their soils while providing nitrogen, one
of the key nutrients (along with phosphate
and potash) needed to restore soil fertility.?®

The world is now having difficulty sus-
taining rises in land productivity. Over the
last century or so, plant breeders greatly
boosted the genetic yield potential of
grains, particularly the three major ones—
wheat, rice, and corn. At the heart of this
effort was an increase in the share of pho-
tosynthate, the product of photosynthesis,
going to the seed. While the originally
domesticated wheats did not use much
more than 20 percent of their photosyn-
thate to produce seed, today’s highly pro-
ductive varieties devote half or more to seed
formation. The theoretical upper limit for
the share that can go toward seed while still
maintaining the rest of the plant is estimat-
ed at 60 percent.?”

Realizing the genetic potential of the
new seeds depends on removing any nutri-
ent or moisture constraints of soils. Fertiliz-
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ers are designed to remove the limits
imposed by nutrient deficiencies. As cities
have grown over the past century, there has
been a massive disruption of the nutrient
cycle, making the world ever more depen-
dent on fertilizer. In carlier times, when
food was produced and consumed locally,
nutrients were automatically recycled back
onto the land in the form of livestock and
human waste. But as cities developed and as
international trade expanded, the net loss of
nutrients from food-producing areas was
offset with the use of fertilizer.

Where fertilizer use is excessive, nutrient
runoff into rivers and oceans can lead to
algal blooms that then use up all available
oxygen in the water as the algae decompose,
creating dead zones with no sea life. Nutri-
ent runoff from the U.S. Mississippi basin
creates a dead zone each year about the size
of New Jersey in the Gulf of Mexico. Food
output on land is expanding in part at the
expense of that from the oceans.?®

As world fertilizer use climbed from 14
million tons in 1950 to 134 million tons in
2000, it began in some countries to press
against the physiological limits of plants to
absorb nutrients. In response, the use of
fertilizer has leveled off in the United
States, Western Europe, and Japan, and
now possibly China as well. In these coun-
tries, applying additional nutrients has little
effect on production. Some parts of the
world, such as the Indian subcontinent and
Latin America, can still profitably use addi-
tional fertilizer. But for the world as a
whole, the ninefold growth in the use of
fertilizer—the engine that helped triple the
world grain harvest during the last 50
years—is now history.?’

Just as fertilizer removes nutrient con-
straints on production, irrigation can
remove moisture constraints, enabling
plants to realize their full genetic potential.
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In some cases, irrigation simply boosts
land productivity, but in others it permits
an expansion of cropping onto land that is
otherwise too dry to support agriculture.

While the world as a whole has nearly
tripled land productivity since 1950,
some countries have done even better.
Over the last half-century, China, France,
the United Kingdom, and Mexico have
quadrupled wheat yield per hectare. The
United States has quadrupled its corn
yield per hectare. India has nearly done
the same with its wheat yield.3°

For several decades scientists generat-
ed a steady flow of new technologies
designed to raise land productivity, but
that is now slowing down. As it does, the
backlog of unused technology is shrinking.
In some countries, farmers are now literally
looking over the shoulder of scientists at
agricultural experiment stations, seeking
new technologies. In countries where yields
have already tripled or quadrupled, it is
becoming difficult for farmers to continue
raising yields. For example, wheat yields in
the United States have increased little since
1983. Rice vyields in Japan have gone up
hardly at all since 1984.3!

Even some developing countries are now
experiencing a plateauing of grain yields.
Between 1961 and 1977, rice yields in
South Korea increased from 3.1 to 4.9 tons
per hectare, a gain of nearly 60 percent. But
they rose by only 1 percent between 1977
and 2000. Similarly, wheat yields in Mexico
climbed from 1.7 tons per hectare in 1961
to 4.4 tons in 1982, a rise of 160 percent.
Since then there has been little change. (See
Figure 3-3.) As yields level off in more and
more countries, both industrial and devel-
oping, expanding global grain output will
become progressively more difficult.3?

For the world as a whole, the rise in
world grain yield per hectare since 1990 has
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slowed markedly. From 1950 until 1990,
world grain yield per hectare rose 2.1 per-
cent a year. Between 1990 and 2000, how-
ever, the annual gain was only 1.2 percent.
(See Table 3-2.) Most of the rise in crop-
land productivity since agriculture began
was compressed into the four-decade span
between 1950 and 1990, when average
yield per hectare climbed from 1.1 to 2.5
tons per hectare. The challenge during this
decade will be to sustain a steady climb in
grain yield per hectare, preventing it from
dropping below the 1.2 percent of the
1990s.

Table 3-2. Gains in World GrainYield
Per Hectare, 1950-2000

Yield Per Hectare!  Annual Increase

(tons) (percent)
1950 1.06
1990 2.47 2.1
2000 2.78 1.2

'Yield for 1990 is three-year average.

SOURCE: USDA, Production, Supply, and Distribution,
electronic database, Washington, DC, updated
September 2000.
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Biotechnology is often cited as a poten-
tial source of higher yields, but although
biotechnologists have been engineering
new plant varieties for two decades, they
have yet to produce a single variety of
wheat, rice, or corn that can dramatically
raise yields. The reason is that conventional
plant breeders have already done most of
the things they could think of to raise grain
yields. One area where biotechnology
might prove useful is in the development of
more drought-tolerant crop varieties. Per-
haps the largest question hanging over the
future of biotechnology is the lack of
knowledge about the possible environmen-
tal and human health effects of using genet-
ically modified crops on a large scale over
the long term.

Beyond increasing the yield per crop,
land productivity can also be raised by
increasing the crops per year where temper-
ature and soil moisture permit. In China,
for instance, double cropping of winter
wheat and corn is widespread, enabling
farmers in the north China plain to harvest
two high-yielding grain crops each year. In
northern India, the double cropping of
winter wheat and summer rice is now com-
monplace, a key to sustaining India’s popu-
lation of 1 billion. Argentina and the
United States both double crop winter
wheat with soybeans as a summer crop.3?

Although the United States and China
occupy similar latitudes, double cropping is
not as common in the former, partly
because until recently, farmers’ eligibility for
government support prices depended on
their willingness to restrict the area planted,
thus discouraging multiple cropping. While
there was surplus land, there was little rea-
son to seriously consider double cropping.

Future increases in double cropping in
the United States could provide a strategic
assist in expanding the world food supply,
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while at the same time disrupting pest cycles
and—because the land is covered with veg-
etation throughout the year—reducing soil
erosion. At present, 2.5 million hectares
(6.2 million acres) of the U.S. soybean har-
vested area of 29.1 million hectares (72.8
million acres) are double cropped, mostly
with wheat, making this by far the most
common double cropping combination.3*

The expanding market for U.S. farm
products is stimulating interest in the
potential for double cropping in midwest-
ern state agricultural experiment stations.
In Missouri, for example, double cropping
sunflowers, which are more drought-resis-
tant, with wheat is an attractive alternative
to double cropping with soybeans in dry
years. In Nebraska, the double cropping of
wheat and soybeans can be expanded if one
of the crops is harvested early for forage.
Harvesting the wheat as hay before the
grain is ripe means it can be harvested two
or three weeks earlier, thus making it possi-
ble to double crop with soybeans further
north, where the growing season is some-
what shorter. And similarly, soybeans can be
grown for forage, either as hay or ensilage,
and harvested while the beans are still green
in the pod. These are but a few examples,
but if world demand for U.S. farm products
increases as projected, many new double
cropping combinations are likely to emerge
in order to get the highest possible output
from each hectare.3®

Raising Water Productivity

Over the last half-century, world irrigated
area tripled, climbing from 90 million
hectares in 1950 to an estimated 270 mil-
lion in 2000. Most of the growth occurred
from 1950 to 1978, when irrigated area
expanded faster than population and boost-
ed irrigated land per person from 0.037
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hectares to 0.047 hectares, an increase of
one fourth. Since 1978, however, the
growth in irrigated area has slowed, falling
behind that of population and shrinking
irrigated area per person by 8 percent in
2000. (See Figure 3—4.)3%

During the next half-century, the combi-
nation of aquifer depletion and the diver-
sion of irrigation water to nonfarm uses
may bring the historical growth in irriga-
tion area to an end. If so, the world will be
facing a steady shrinkage in the irrigated
area per person as long as population con-
tinues to grow. This in turn could translate
into falling food production per person.

In many countries, the competition for
water between the countryside and cities is
intensifying. As countries industrialize, water
use in industry climbs, often at the expense
of agriculture. Although projections of the
future diversion of irrigation water to resi-
dential and industrial uses do not exist for
most countries, a World Bank forecast for
South Korea—a relatively well-watered
country—gives some sense of what may lie
ahead. Like many countries, Korea today is
using virtually all available water. The Bank
calculates that if the Korean economy grows
5.5 percent annually until 2025,
growth in water withdrawals for resi-
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not favor agriculture. In China, for example,
a thousand tons of water can be used in agri-
culture to produce one ton of wheat worth
perhaps $200 or it can be used to expand
industrial output by $14,000. Wherever
economic growth and the creation of jobs
are a central preoccupation of political lead-
ers, scarce water will likely go to industry.
China, the world’s largest grain producer,
now gives cities and industry top priority in
the competition for scarce water, leaving
agriculture as the residual claimant.3®

In addition, key food-producing coun-
tries that are overpumping, such as China,
India, the United States, and Mexico, will
lose irrigation water from aquifer depletion.
Once the rising demand for water surpasses
the sustainable yield of an aquifer, the gap
between demand and sustainable vyield
widens each year. As it does so, the drop in
the water table also increases each year. In
this situation, food production becomes pro-
gressively more dependent on the aquifer’s
depletion. When it is depleted, pumping is
necessarily reduced to the amount of annual
recharge. The resulting precipitous drop in
food production could lead to rising food
prices and political instability.?

dential and industrial use will reduce 0.050 Hedtares
the yearly supply remaining for irriga-

tion from 13 billion to 7 billion tons, 0,045
cutting it by nearly half. The study
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Farmers everywhere face an uphill
battle in the competition for water
since the economics of water use do
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The need for water in the Indian sub-
continent as a whole is already outrunning
the supply. Water tables are falling in much
of India, including the Punjab, the coun-
try’s breadbasket. The excessive use of
water is encouraged by electricity subsidies
to farmers, who use mostly electric pumps
for irrigation. The low cost of pumping
encourages farmers to use more water
rather than invest in water efficiency. Phas-
ing out water subsidies may be the only way
to avoid potentially precipitous drops in
food output when aquifers are depleted.
The adverse economic effect on farmers
often can be offset with programs to train
them in water use efficiency.*

The key to raising water productivity
is pricing water at its market value.

In sub-Saharan Africa, the potential for
irrigation is limited simply because so much
of the continent is arid and semiarid. The
greater promise here may lie in water har-
vesting and systematically building soil
organic matter so that soils can absorb and
retain more of the low rainfall. The con-
struction of earthen terraces supported by
rocks retains water and reduces erosion of
soil by water. Leguminous trees planted as
windbreaks reduce wind erosion and add
nitrogen to the soil.

For the world as a whole, the situation
with water today is similar to that with
cropland at the middle of the last century:
the opportunities for developing new sup-
plies are fast disappearing. By 1950, the
frontiers of agricultural settlement had
largely vanished, leaving little productive
new land to plow. In response, govern-
ments launched a broad-based effort to
raise land productivity, one that included
government price supports for farm com-
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modities that encouraged farmers to invest
in yield-raising inputs and land improve-
ments, heavy public investment in agricul-
tural research to raise crop yields, and the
building of public institutions to support
this effort—from agricultural extension ser-
vices to farm credit banks. Societies mobi-
lized a wide array of resources to raise land
productivity.

As the new century begins, a similar
broad-based effort is needed to raise water
productivity, but we lack even the vocabu-
lary and indicators to talk about this goal,
not to mention the data-gathering systems
to measure progress toward it. Lacking pre-
cise data, we use the rule of thumb that it
takes 1,000 tons of water to produce one
ton of grain, and then use this ratio to
roughly calculate future water needs in agri-
culture. In reality, we need a common mea-
sure of water productivity, such as kilograms
of each grain produced per ton of irrigation
water. To do this, we need more precise
data on water use by individual crops in spe-
cific situations if we are to systematically
boost water efficiency in agriculture. For
instance, farmers will want to ask seed sales-
men about the grain yield per ton of water
used, much as they have traditionally asked
for the yield per hectare of land used.*!

There are several avenues to raising
water productivity, but the key is pricing
water at its market value, a step that leads to
systemic advances in efficiency. The attrac-
tion of market pricing is that it promotes
rational water use throughout the economy,
affecting decisions by all water users.

With 70 percent of the water that is
diverted from rivers or pumped from under-
ground being used for irrigation, any gains
in irrigation water efficiency have benefits
that extend far beyond agriculture. Indeed,
getting enough water for cities and industry
while maintaining food production may be
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possible only if irrigation productivity is
systematically raised worldwide.*?

Among the specific steps needed to
boost water productivity is the use of more
water-efficient irrigation practices. There
are many ways to irrigate crops, including
furrow, flood, overhead sprinkler, and drip
irrigation. Furrow irrigation, probably the
earliest form, is used with row crops, with a
small trench being cut near each row of
plants. Flood irrigation, traditionally used
on rice, is now being reconsidered since
recent research indicates that in at least
some situations periodic flooding will pro-
duce the same yield as continuous flooding,
but use much less water.*?

Overhead sprinkler irrigation, which is
widely used in the U.S. Great Plains, is
often coupled with the use of underground
water. The circles of green crops that can be
seen when flying over the central and
southern Great Plains of the United States
during the summer are created with water
from center-pivot overhead sprinklers that
use well water to irrigate. (In this region,
most of the water is drawn from the Ogal-
lala aquifer—essentially a fossil aquifer since
its recharge is limited.) Shifting from a
high-pressure to a low-pressure overhead
sprinkler system can increase irrigation effi-
ciency from, say, 65 percent to 80 percent.
Shifting to a low-energy precision applica-
tion sprinkler system can raise efficiency of
water use to 90 percent or better.**

Drip irrigation, a technology pioneered
in Israel, is extraordinarily efficient; it uses a
pipe or a plastic hose with holes that is
either laid on the soil surface or installed
several inches below the surface. This high-
cost, labor-intensive form of irrigation is
generally profitable only on high-value
crops such as fruits and vegetables. Where
profitable, however, it can easily cut water
use by half.#®
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Another way to raise irrigation water
productivity is to shift to more water-effi-
cient crops. For example, wheat typically
produces half again as much grain per unit
of water as rice does. Shaping policies to
take advantage of the varying water efficien-
cies of grains has not progressed far simply
because data on the water productivity of
individual grains are not widely available.*¢

As a general matter, the higher the yield
of a crop, the more productive the water
use. For example, a rice crop that yields
four tons per hectare uses little more water
than one that yields two tons per hectare
simply because so much of the water used
to produce rice by flooding is lost through
evaporation from the water surface. Since
this evaporation is essentially a constant,
producing more tons per hectare substan-
tially reduces the water use per ton. Simply
put, raising land productivity also raises
water productivity.

Restructuring the
Protein Economy

The demand for meat—beef, pork, poultry,
and mutton—is everywhere on the rise.
Perhaps driven by the taste for meat
acquired during our 4 million years as
hunter-gatherers, this innate hunger for ani-
mal protein, which manifests itself in every
society when incomes begin to rise, has lift-
ed the world demand for meat each year for
40 consecutive years. One of the most pre-
dictable trends in the global economy,
world meat consumption climbed from 44
million tons in 1950 to 217 million tons in
1999, an increase of nearly fivefold. (See
Figure 3-5.) This growth, roughly double
that of population, raised meat intake per
person worldwide from 17 kilograms in
1950 to 36 kilograms in 1999.47

Once the limits of rangelands and fish-
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such as poultry or farmed fish. A
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third approach is to rely on rumi-
nants to convert more roughage into
either meat or milk.

Not surprisingly, the economics of
the varying conversion rates is accel-
erating growth in output among the
more efficient converters. The
world’s existing feedlots are being
maintained, but there is little new
investment in feedlots simply because

O 1 1 T T
1950 1960 1970 1980 1990

Figure 3-5. World Meat Production, 1950-99

eries are reached, then the growing demand
for animal protein can be satisfied by feed-
ing cattle in feedlots or fish in ponds; by
expanding the production of pork, poultry,
and eggs, all largely dependent on feed con-
centrates; or by producing more milk.

In this new situation, the varying effi-
ciency with which grain is converted into
protein—beef, pork, poultry, and fish—
begins to shape production trends. Cattle
in feedlots require roughly seven kilograms
of feed concentrate per additional kilogram
of live weight. For pigs, the ratio is less than
four to one. Chickens are much more effi-
cient, using scarcely two kilograms of grain
concentrate for one of weight gain. Fish,
including both herbivorous and omnivo-
rous species, require less than two kilo-
grams of grain concentrate to gain an
additional kilogram.*®

There are three ways to increase animal
protein supply without consuming more
grain. One is to improve the efficiency of
grain conversion into animal protein
through breeding and better management.
A second is to shift from the less efficient
forms of conversion, such as beef in the
feedlot or pork, to the more efficient ones,
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of the higher cost of fed beef. From
1990 to 1999, world beef produc-
tion increased very little—only 0.5
percent a year compared with 2.5
percent a year for pork. Not surpris-
ingly, the most rapidly growing source of
meat during this period was poultry,
expanding at 4.9 percent annually. (See
Table 3-3.)

The oceanic fish catch has increased hard-
ly at all since 1990, thus falling far behind
the soaring growth in demand for seafood.
In response, aquacultural output expanded
from 13 million tons of fish produced in
1990 to 31 million tons in 1998, growing
by more than 11 percent a year. Even if the
growth of aquacultural output slows some-
what during the current decade, world aqua-
cultural output is still on track to overtake
the production of beef before 2010.#

Public attention has focused on the forms
of aquacultural production that are particu-
larly disruptive environmentally, such as
salmon, a carnivorous species, and shrimp.
Yet world aquaculture is dominated by her-
bivorous species, importantly carp in China
and India, but also catfish in the United
States and tilapia in several countries.>

China is the world’s leading aquacultur-
al producer, accounting for 21 million tons
of the global output of 31 million tons in
1998. Its output is rather evenly divided
between coastal and inland areas. Coastal
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output is dominated by shellfish—mostly
oysters, clams, and mussels. It also includes
small amounts of shrimp or prawns and
some fish. Coastal aquaculture is sometimes
environmentally damaging because it
depends on converting wetlands into fish
farms or because it concentrates waste,
leading to damaging plankton blooms.>!

Most of China’s aquacultural output is
produced inland in ponds, lakes, reservoirs,
and rice paddies. Some 5 million hectares of
land are devoted exclusively to fish farming,
much of it in carp polyculture. In addition,
1.7 million hectares of rice land are used to
produce rice and fish together.

Over time, China has evolved a fish poly-
culture using four types of carp that feed at
different levels of the food chain, in effect
emulating natural aquatic ecosystems. Silver
carp and bighead carp are filter feeders, eat-
ing phytoplankton and zooplankton,
respectively. The grass carp, as its name
implies, feeds largely on vegetation, while
the common carp is a bottom feeder, living
on detritus that settles to the bottom. Most
of China’s aquaculture is integrated with
agriculture, enabling farmers to use agricul-
tural wastes, such as pig manure, to fertilize
ponds, thus stimulating the growth of
plankton. Fish polyculture, which typically
boosts the fish yield per hectare over that of
monocultures by at least half, also domi-
nates fish farming in India.

As land and water become scarce,
China’s fish farmers are intensifying pro-
duction by feeding more grain concentrates
to raise pond productivity. Between 1990
and 1996, China’s farmers raised the annu-
al pond vyield per hectare from 2.4 tons of
fish to 4.1 tons.>*

In the United States, catfish, which
require only 1.8 kilograms of feed to gain 1
kilogram of live weight, are the leading
aquacultural product. U.S. catfish produc-
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tion of 600 million pounds (270,000 tons)
is concentrated in four states: Mississippi,
Louisiana, Alabama, and Arkansas. Missis-
sippi, with some 174 square miles (45,000
hectares) of catfish ponds and easily 60 per-
cent of U.S. output, is the catfish capital of
the world.

Although rangelands are being grazed to
their full capacity and beyond, there is a
large unrealized potential for feeding agri-
cultural residues—rice straw, wheat straw,
or corn stalks—to ruminants, such as cattle,
sheep, and goats. Ruminants have a highly
sophisticated digestive system, one that can
convert straw and corn stalks into meat and
milk without using the grain that can be
consumed by humans. At present, most
food consumption comes from the photo-
synthate going into seed, but by feeding
animals straw and corn stalks, the photo-
synthate that goes into stems and leaves also
can be converted into food.%

In India, both water buffalo, which are
particularly good at converting coarse

Table 3-3.World Production of Animal
Protein by Source, 1990-2000

Annual Rate

Source of Growth

(percent)
Aquaculture' 1.4
Poultry 4.9
Pork 2.5
Beef 0.5
Oceanic fish catch' 0.1

1199098 only.

SOURCE: FAQ, Yearbook of Fishery Statistics: Capture
Production and Aquaculture Production (Rome: vari-
ous years); FAO, FAOSTAT Statistics Database,
<apps.fao.org>, updated 5 April 2000; USDA, FAS,
Livestock and Poultry: World Markets and Trade
(Washington, DC: March 2000).
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roughage into milk, and cattle figure
prominently in the dairy industry.
India has been uniquely successful in
converting crop residues into milk,
expanding production from 19 mil-
lion tons in 1966, the first year for
which data are available, to 79 million
tons in 2000—more than a fourfold
increase in 34 years. Following a path
of steady growth, milk became India’s
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leading farm product in value in 1994. 0

In 1997, India overtook the United
States to become the world’s leading
milk producer. (See Figure 3-6.)
Remarkably, it did so by using farm
byproducts and crop residues rather than
grain for feed. India was able to expand the
protein supply without diverting grain from
human consumption to cattle.5”

Between 1966 and 2000, India’s milk
production per person increased from 0.7
liters per week to 1.5 liters, or roughly 1
cup of milk per day. Although this is not a
high level of consumption by industrial-
country standards, it is a welcome expan-
sion of the animal protein supply in a
protein-hungry country.®®

1966 1970
Figure 3-6. Milk Production in India and the

1980 1990 2000

United States, 1966-2000

Ownership of only a few cows or buffalo,
which is typical in India, also means a supply
of manure for cooking fuel and for fertilizer.
One of India’s challenges is to introduce
new energy sources for cooking in order to
reduce the cow manure used as fuel, there-
by increasing that available for fertilizer.5
China also has a large potential in the
grain-producing regions to feed corn stalks
and wheat and rice straw to cattle or sheep.
As the world’s largest producer of both rice
and wheat and the second ranked producer
of corn, China produces some 500 million
tons of straw, corn stalks, and other crop

In 1997, India overtook the United
States to become the world’s leading

residues. At present, much of this either is
burned, simply to dispose of it, or it is used

milk producer. in villages as fuel. Fortunately, China has

The dairy industry structure in India is
unique in that the milk is produced almost
entirely by small farmers, who typically have
only one to three cows. Milk production in
India is integrated with agriculture, involv-
ing an estimated 70 million farmers. For
them it is a welcome source of supplemental
income. Dairying, even on a small scale, is a
labor-intensive process, including gathering
the roughage to stall-feed the cows, milking
them, and transporting the milk to market.
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vast wind resources that can be harnessed to
produce electricity for cooking, thus freeing
up roughage for feeding additional cattle or
sheep.%0

In a scientific analysis of the potential for
feeding straw and corn stalks to cattle, Gao
Tengyun of the Veterinary College at
Hunan Agricultural University discusses the
value of ammoniating crop residues (that is,
incorporating nitrogen) to increase both the
palatability and the digestibility of roughage.
The addition of nitrogen helps the microbial
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flora in the rumen of the cattle and sheep to
digest the roughage more completely. The
use of this technology in the north China
plain, particularly in the crop-producing
provinces of Heibei, Shandong, Henan, and
Anhui, has created what U.S. Department of
Agriculture analysts call the “Beef Belt.”
Beef output in these four provinces now
dwarfs that of the grazing provinces of Inner
Mongolia, Qinghai, and Xinjiang.°!

Even though the Chinese, like other East
Asians, have traditionally not used dairy
products and are often lactose-intolerant,
milk consumption is now catching on.
Since the economic reforms in 1978, milk
production has climbed from 2.8 million to
10.4 million tons in 1999 as an embryonic
dairy industry has begun to develop. Milk
output is scarcely one eighth that of India,
but it is expanding rapidly.®?

The feeding of crop residues to rumi-
nants means a given crop can yield two har-
vests—the grain that is initially harvested
and then the meat or the milk that is pro-
duced with the straw and corn stalks. With
human demands for food now pressing
against the photosynthetic capacity of crop-
lands, this processing of corn stalks and
straw by ruminants into food enables farm-
ers to make fuller use of existing photosyn-
thetic products.

Ruminants also produce soil-enriching
manure. This valuable fertilizer not only
returns nutrients to the soil, it also adds
organic matter, enhancing its productivity
by improving both soil aeration and water
retention capacity. Roughage-based live-
stock systems are almost necessarily local in
nature because roughage is so bulky, and
not easily transported.

Satistying the demand for protein in a
protein-hungry world where water scarcity
is likely to translate into grain scarcity is a
challenge to agricultural policymakers

ERADICATING HUNGER: A GROWING CHALLENGE

everywhere. As pressures mount on the
world’s food supply and grain becomes
scarce, as now seems likely, other countries,
such as the United States, Canada, and
France, may follow India’s example of using
ruminants to systematically convert crop
residues into food.

Eradicating Hunger:
The Key Steps

This chapter began by noting that eradicat-
ing hunger will now take a superhuman
effort, one that goes far beyond agriculture.
It may depend as much on the efforts of
family planners as on farmers and as much
on the decisions made in ministries of ener-
gy that shape future climate trends as on
decisions made in ministries of agriculture.

Within agriculture, raising land produc-
tivity deserves even greater priority today
than in the past. This means raising crop
yields in biological terms wherever possible,
including minor crops. It also means more
multiple cropping, a potential not yet fully
realized in all countries.

Given the constraints on crop yields
imposed by inadequate soil moisture, rais-
ing water productivity is a key to further
gains in land productivity. Governments
running the risk of an abrupt drop in food
production as a result of aquifer depletion
may be able to avoid such a situation only
by simultaneously slowing population
growth and raising water productivity in
order to stabilize water tables.

Eradicating hunger also means getting
more out of an existing harvest. It means
increasing the efficiency with which the 35
percent of the world grain harvest that is
fed to livestock, poultry, and fish is convert-
ed into animal protein. Simply put, it means
eating less feedlot beef and less pork and
more poultry and farmed fish or plant
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sources or protein. Within fish farming, it
may also mean replacing fish monocultures
with polycultures following the highly suc-
cessful Chinese model. For the world’s
affluent, it means moving down the food
chain by consuming less fat-rich livestock
products, something they should be doing
for health reasons anyway.%?

as it is difficult. If rapid population growth
continues in many developing countries, it
will lead to further land fragmentation of
holdings, as well as to hydrological poverty
on a scale that is now difficult to imagine.
Literally hundreds of millions of people will
not have enough water to meet their most
basic needs, including food production.
Addressing this challenge requires an

educational effort on two fronts. The first
links various family sizes, say two-child and
four-child families, to population projec-

For sub-Saharan Africa, eradicating
hunger depends on curbing the
HIV/AIDS epidemic.

Ruminants can be used to convert crop
byproducts into animal protein. In effect,
this offers a second harvest from a given
crop while converting the roughage into
manure that goes back on the land to main-
tain fertility. India, with its enormously suc-
cessful effort to mobilize small farmers to
use cattle to convert roughage into milk; is
the model in this case.

Now that the backlog of agricultural
technology available to raise land produc-
tivity is shrinking, providing enough food
for children to realize their full physical and
mental potential may depend on strength-
ening international agricultural research
assistance. Appropriations for agricultural
research are lagging far behind needs. For
some farmers, the technology pipeline is
running dry. It is not just wheat farmers in
the United States or rice farmers in Japan
who are exhausting the supply of new tech-
nologies to raise land productivity, but also
wheat farmers in Mexico and rice farmers in
India and South Korea. More locally ori-
ented investment in agricultural research
that will help expand multiple cropping and
intercropping could pay large dividends.

Eliminating hunger in this new century
requires an effort that goes far beyond agri-
culture. Stabilizing population is as essential
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tions and then relates these to the availabil-
ity of land, water, and other basic resources.
Without this information, individuals may
not understand the urgency of shifting to
smaller families. In addition, if policymakers
lack this information, they will not be able
to make responsible decisions on popula-
tion and related policies, such as investment
in family planning services.

The second front is the educational level
of women. As female educational levels rise,
fertility falls. As women’s education rises,
the nutrition of their children improves,
even if incomes do not rise, apparently
because more education brings a better
understanding of nutrition. We should be
educating young women in developing
countries as though future progress
depends on it, because indeed it may.*

The numbers used in discussing future
population growth in this chapter are the
U.N. medium projections, those that have
world population going from 6 billion at
present to nearly 9 billion by 2050. There is
also a high projection, which has human
numbers approaching 11 billion by 2050,
and a low projection, which has population
peaking at 7.5 billion in 2040 and then
declining. (See Figure 3-7.)%°

This low number assumes that the entire
world will quickly move to replacement-
level fertility of two children per couple.



State of the World 2001

ERADICATING HUNGER: A GROWING CHALLENGE

Billion eradicate hunger. Fortunately, this
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Figure 3-7. Total World Population, 1950-98,

with Projections to 2050

This is not only achievable, but it may be
the only humane population option, simply
because if the world does not shift quickly
to smaller families, the spreading land and
water scarcity that is already translating into
increasing hunger and mortality in some
countries could reach many more.

Many of the key decisions to achieve this
lower figure have to be made by national
governments, but unless world leaders—the
Secretary-General of the United Nations,
the President of the World Bank, and the
President of the United States—urge gov-
ernments and couples everywhere to adopt
a goal of two surviving children per couple,
hunger will not likely be eradicated, or even
greatly reduced. The issue today is not
whether individual couples can afford more
than two children, but whether Earth
can afford couples having more than two
children.

For sub-Saharan Africa, eradicating
hunger depends on curbing the HIV/
AIDS epidemic, which is depriving societies
of healthy adults to work in the fields. If
Africa continues to lose its adult breadwin-
ners, it will further complicate efforts to

for transmitting the virus and the
changes in behavior needed to curb
its spread. Uganda is the model for
curbing the spread of HIV /AIDS.%
A half-century ago, no one was
concerned about climate change. But if we
cannot now accelerate the phaseout of fos-
sil fuels, more extreme climate events may
disrupt food production, threatening food
security. Of particular concern is the rise in
sea level that could inundate the river flood-
plains in Asia that produce much of the
region’s rice. The rise in sea level over the
last century of 20 centimeters (8 inches) or
more is already affecting some low-lying
coastal regions. If sea level rises by 1 meter
during this century, the upper level project-
ed, it will take a heavy toll on food produc-
tion, especially in Asia. Here the principal
responsibility lies with the United States,
the leading source of carbon emissions. If
the United States does not assume a leader-
ship role in phasing out fossil fuels, the
global effort to stabilize climate is almost
certain to fail.&”

In countries such as India, where the
average farm size is continuing to shrink, it
becomes more difficult to raise land produc-
tivity enough to provide adequate nutrition.
The challenge in these areas is to mobilize
capital both through domestic savings and
by attracting investment from abroad to

6l
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build the factories needed to provide
employment and income in rural areas. This
will keep rural families and communities
intact. In this case, the model is China,
which has achieved high savings rates and
attracted record amounts of foreign capital.®®

In a report outlining steps to eradicate
hunger, the World Bank talks about the
“indifference of many governments” to
these issues. This indifference is often
evident in the priorities in the use of public
resources. In some ways, India today is
paying the price for its earlier indiscretions
when, despite its impoverished state, it
invested in a costly effort to design and
produce nuclear weapons to become a
member of the exclusive nuclear club.
Spending three times as much for military
purposes as for health and family planning,
India now has a nuclear arsenal capable
of protecting the largest concentration of
hungry people on Earth.®
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Unless political leaders are willing to
commit themselves to taking the difficult
steps just described, bland assertions that we
will eradicate hunger are meaningless. The
time for such statements is past. We need to
be honest with ourselves and either acknowl-
edge that with business as usual there will be
even more hungry people in the future, or
decide to take the demanding actions need-
ed to reverse the trends that cause hunger.

If we do not act decisively, there is a real
possibility that the food situation could
deteriorate rapidly in some developing
countries. The world could begin to slide
backward, with hunger affecting ever more
people. Spreading food insecurity could
lead to political instability on a scale that
would disrupt global economic progress.
Everyone has a stake in ensuring that the
difficult steps needed to eradicate hunger
are taken, lest spreading hunger and its con-
sequences spiral out of control.
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