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To Orville L. Freeman
19182003

Orville Freeman was one of the most remarkable public
servants of the last century. A World War I veteran and
three-term governor of the State of Minnesota, he placed
John F. Kennedy’s name in nomination for the presidency
at the Democratic National Convention in Los Angeles in
1960. This chapter of Freeman’s life is described in detail
in Rodney Leonard’s engaging new book, Freeman: The
Governor Years, 1955-1960.

As Secretary of Agriculture from 1961 to 1969, Free-
man was one of three Kennedy cabinet members, along
with Dean Rusk and Stewart Udall, to serve throughout
the eight years of the Kennedy-Johnson administration.
After leaving the Department, he was for many years the
CEO of Business International.

My relationship with Orville Freeman goes back to
the U.S. Department of Agriculture, where [ served as his
advisor on international agricultural policy and later as
Administrator of the Department’s technical assistance
agency, known then as the International Agricultural
Development Service. Qur official relationship quickly
turned into a close personal one, as he became not only a
mentor, but a friend.

One of the highlights of our years ol working together
came in 1965, when we negotiated the reform of agricul-



vi PLAN B

tural policy in India following a short harvest induced by
a monsoon failure. This reform revitalized the country’s
agriculture, enabling India to double its wheat harvest in
seven years, going from being the world’s largest wheat
importer to being self-sufficient in wheat.

Thus when 1 founded the Worldwatch Institute in
early 1974, it was natural to turn to Orville Freeman to
chair the Board of Directors. It could not have been a bet-
ter choice. During our 21 years as Chairman and CEQ we
had a close and extraordinarily productive relationship.

Orville Freeman was a football player, playing backup
quarterback on the University of Minnesota’s national
championship team; a Marine who won the Purple Heart
for heroism when leading his unit onto the beach at
Bougainville Island; and a lawyer, He had the dual dis-
tinction of being the youngest governor in Minnesota’s
history, at age 36, and then the youngest U.S. Secretary of
Agriculture, at age 42. On February 20, 2003, the world
lost a great public servant and I lost a lifelong friend.

ACKNOWLEDGMENTS

Writing a book of this scope requires a lot of help from
other people. First among these is Reah Janise Kauffman,
our indefatigable Vice President, who so ably manages
the Institute, allowing me to concentrate my energies on
research. She coordinates our worldwide network of pub-
lishers and marketing of publications. In doing this and
in negotiating speaking fees and bulk sales of our books,
she has helped boost our earned income to where it now cov-
ers half of our budget. And as if this were not enough, she
reviewed the manuscript several times, aiding in its evolution.

Janet Larsen, who anchors our research program, has
provided invaluable support. 1 rely heavily on her for
research help, assistance in the analysis, and judgment on
how to present information. In research and writing, she
is my alter ego and my best critic. Viviana Jimenez has
been enormously helpful with research, working tireless-
ly to gather needed information while also providing
administrative support.

Millicent Johnson, our Director of Publications Sales,
uses her knowledge of customer services to manage our
publications department, running the gamut from book
procurement to order fulfillment. She also serves as our
office quartermaster and assists with bookkeeping.



vifi PLANB

We’d like to especially thank the United Nations Pop-
ulation Fund for its generous support of Plan B. We are
also indebted to the Carolyn, Geraldine R. Dodge,
Farview, Richard and Rhoda Goldman, William and
Flora Hewlett, Shenandoah, Summit, and Turner Foun-
dations and to the Educational Fund of America, Their
support cnables us to provide and disseminate the vision
of an eco-economy.

Earth Policy is also supported by individual donors,
including the late Robert Wallace and his wife Raisa Scri-
abine, Junko Edahiro, and David and Katherine Moore
(in memory of their daughter Kate). We are inspired by
the generosity of other donors, including Douglas and
Deborah Baker, David Blittersdorf, Nancy Loomis Eric,
Maureen Hinkle, James McManis, Scott and Hella
McVay, Paul Myers and Welthy Soni, Peter Seidel, and
Marion Weber.

[ am indebted to more than a dozen reviewers of the
manuscript, including Board members Judy Gradwohl
and William Mansfield. Toby Clark brought his decades
of experience as an environmental analyst and adminis-
trator to bear on the manuscript, providing both the
broad structural suggestions and detailed commentary
that monev cannot buy. Readers are indebted to him for
raising the book to a higher level.

Peter Goldmark, for many years publisher of the
International Herald Tribune, was extraordinarily help-
ful in identifying the principal strengths and the weak-
nesses of the manuscript. Ellen Goldensohn, until
recently editor of Natural History, provided useful feed-
back on overall structure. Douglas and Deborah Baker
both reviewed the manuscript, helping me to think
through some of the more complex technical issues.

Maureen Kuwano Hinkle drew on her 26 years of
experience working on agricultural issues with the Envi-

Acknowledgments ix

ronmental Defense Fund and the Audubon Society to
review several drafts of the book as it evolved. She pro-
vided valuable comments and encouragement all along
the way.

Vlatka Landay, who volunteered to do research on the
World War Il mobilization, also reviewed the manuscript
twice, providing feedback and encouragement. Jean
Miller, who helped to expand our international press
database as a volunteer, also reviewed the manuscript,
offering specific suggestions for improving the structure.

My thanks also to individuals who were particularly
helpful in providing specific information: Claudine
Aholou, L. H. Allen, Jr., Adam Gromis, Ed Mongan,
Erich Pica, Reto A. Ruedy, Pedro A. Sanchez, and John E,
Sheehy.

As authors know, finding an engaging title can be
trying. This one was made easy. When I was describing
the book concept to Catherine Cameron, Executive
Director of the Wallace Global Fund, she said, “It sounds
like Plan B to me.” Thanks, Catherine.

We are supported by a network of dedicated publish-
ers for our books and Eco-Economy Updates in some 19
languages—Arabic, Catalan, Chinese, Czech, English,
French, Indonesian, Italian, Japanese, Korean, Persian,
Polish, Portuguese {in Brazil), Romanian, Russian, Span-
ish, Swedish, Turkish, and Ukrainian. There are three
editions in English (U.S.A./Canada, U.K./Common-
wealth, and India}, two in Chinese {mainland and Tai-
wan), and two in Spanish (Spain and Latin America).

These translations are often the work of environmen-
tally committed individuals. In Iran, for example, Hamid
Taravati and his wife Farzaneh Bahar, both medical doc-
tors, are concerned not only about the health of their
patients but also that of the earth. Our collaboration
began 14 years ago at Worldwatch, when Hamid began



x PLANB

publishing State of the World in Iran. Farzaneh’s transla-
tion of Full House won the Ministry of Culture’s award
for the best translation of a foreign book.

In China, Lin Zixin, with whom I’ve worked for near-
ly 20 years, was responsible for publishing Eco-Economy,
personally leading the team of translators. 1 am also
grateful to him for arranging a trip to Inner Mongolia
and Gansu provinces that helped me better understand
the pressures on the land in China’s northwest.

In Japan, Soki Oda, who started World Watch Japan
nearly 20 years ago, leads our publication efforts. He is
already hard at work planning the outreach effort for the
release of the Japanese edition of Plan B. Junko Edahiro,
my interpreter in Japan, has also been extraordinarily
helpful. In addition to organizing Japan for Sustainabili-
ty, she has put together several highly successful fundrais-
ers in Japan for the Earth Policy Institute.

Gianfranco Bologna, with whom I’ve worked for
nearly 25 years, arranges for the publishing of our books
in ITtalian. As head of World Wildlife Fund Italy, he is
uniquely positioned to assist us in this effort.

In Brazil, Eduardo Athayde is responsible for translat-
ing our books into Portuguese, where he has done an
excellent job of organizing fast-paced promotional tours
in that country’s major cities.

And in Romania, President Ton Iliescu, who started
publishing our books some 16 years ago when he headed
Editura Tehnica, personally assumes responsibility for
getting our books out quickly in Romanian.

A small organization like EPI relies on the goodwill
and dedication of many people. A growing number of
individuals and organizations are posting our Eco-Fcon-
omy Updates on their web sites. We are grateful to all,
and T especially thank the individuals or groups who
translate and post them, including Leif Ohlsson

Acknowledgments xi

(Swedish), Li Kangmin (Chinese), Gianfranco Bologna
{ltalian), Soki Oda (Japanese), Eduardo Athayde (Por-
tuguese), Joseph Robertson (Spanish), Jacques Bougie
(I'rench), and Pacific Currents (Russian distributed
through its listserv).

This book would not be complete were it not for the
cditing of Linda Starke, a veteran editor of my books.
linda’s sure-fire editing, insight, and environmental
knowledge sharpened the book in many ways. Thanks
also to Liz Doherty, who responded to our needs for a
quick design and layout even though she was starting a
new full-time job, and to Ritch Pope, who prepared a use-
ful index.

And finally, saving the best for last, my thanks to the
team at W.W. Norton & Company: Amy Cherry, our edi-
tor; Lucinda Bartley, her assistant; Andrew Marasia and
Anna Oler, who put the book on a fast-track production
schedule; Ingsu Liu, Art Director for the book jacker; Bill
Rusin, Marketing Director; and Drake McFecly, Presi-
dent, with special thanks for his support. It is a delight ro
work with such a talented team.

Lester Brown



CONTENTS

Acknowledgments
Preface

1. A Planet under Stress

Ecological Bills Coming Due
Farmers Facing Two New Challenges
Ecological Meltdown in China

Food: A National Security Issue

The Case for Plan B

I. A CIVILIZATION IN TROUBLE

2. Emerging Water Shortages

Falling Water Tables

Rivers Running Dry

Farmers Losing to Cities

Scarcity Crossing National Borders
A Food Bubble Economy

3. Eroding Soils and Shrinking Cropland

Soil Erosion: Wind and Water
Advancing Deserts
Crops and Cars Compete for Land

vl

Xy

i1
14
18

23

25
33
35
38
39

42

43
46
49

Clontents

The Land-Hungry Soybean
Grainland Gains and Losses
Spreading Land Hunger

4, Rising Temperatures and Rising Seas

The Temperature Record
The Yield Effect

Reservoirs in the Sky
Melting Ice and Rising Seas
More Destructive Storms
Subsidizing Climate Change

5. Our Socially Divided World

Life Expectancy: A Seminal Indicator
The Effects of the HIV Epidemic
Poverty and Hunger

Poverty and the Burden of Disease
The High Cost of Hliteracy

6. Plan A: Business as Usual

Accelerating Environmental Decline
Spreading Hunger, Growing Unrest
Streams of Environmental Refugees
Population Growth and Political Conflict
Plan A: Overwhelmed by Problems

II. THE RESPONSE—PLAN B

7. Raising Water Productivity

Adopting Realistic Prices

Raising Irrigation Water Productivity
Raintwater Harvesting

Raising Nonfarm Water Productivity
A Global Full-Court Press

xiif

51
33
56

59

60
62
67
69
75
77

80

81
82
86
88
89

93

95
98
100
103
108

113

114
117
122
125
129



xiv PLAN B

8. Raising Land Productivity 131
Rethinking Land Productivity 133
Multiple Cropping 135
Raising Protein Efficiency 137
A Second Harvest 141
Saving Soil and Cropland 143
Restoring the Earth 147 PREFACE
9. Cutting Carbon Emissions in Half 151
Raising Energy Productivity 153
Harnessing the Wind 156
Converting Sunlight into Electricity 162 :
Energy from the Earth 165 Two years ago [ wrote a book enntled.Eco-Economy:
Building the Hydrogen Economy 167 Building an Economy for the Earth, which argued that
Cutting Carbon Emissions 171 the environment was not part of the economy, as many
corporate planners and economists believe, but instead
10. Responding to the Social Challenge 176 that the economy was part of the environment. If we
Stabilizing Population 177 accept this latter view, [ wrote, it follows thflt the econo-
Universal Basic Education 181 my must be designed so that it is compatible with the
Curbing the HIV Epidemic 184 ecosystem of which it is a part.
Health for All 187 Eco-Economy described this environmentally com-
School Lunches for the Poor 190 patible economy, noting that we now have the technolo-
Breaking Out 193 gies to build it. Almost everything we need to do to build
this new economy, I noted, is now being done by one or
III: THE ONLY OPTION more countries in the world. f
isi Plan B not only argues further for the restructuring o
11. Plan B: Rising to the Challenge 199 the economy, it p)(;ints out why this needs to be done at
Deflating the Bubble 200 wartime speed. Time is running out. Whereas historical-
A Wartime Mobilization 203 ly we lived off the interest generated by the earth’s natu-
Creating an Honest Market 206 ral capital assets, we are now consuming those assets
Sb'jf ting Taxe.s , 210 themselves. We have built an environmental bubble econ-
f&bgl:z&;j Ié;b,:f:z:“ ;11 z omy, one where economic output is artificially inflated by

overconsumption of the earth’s natural assets. The chal-
Notes . 223 ' lenge today is to deflate the bubble before it bursts.
Index 273 : The most vulnerable economic sector may be food,



v PLAN B

where the bubble is most obvious. The overpumping of an
aquifer to expand food production in the short run almost
guarantees a drop in production in the long run. Although
grain production has declined in some smaller countries, it
is now declining in China. Over the last five years, China’s
grain harvest has dropped from 390 million to 340 million
tons—a drop equal to the grain harvest of Canada.

Thus far China has been covering its shortfall by
drawing down stocks, but it can do so for only another
year ot two. When China enters the world grain market
for massive imports, it will put heavy pressure on
exportable grain supplies. We will not have to read about
this in the newspapers. We will see che effects at the super-
market checkout counter. Rising food prices may be the
first global economic indicator to signal serious trouble
between us, now 6.2 billion, and the earth’s ecosystem.

The scope of Plasn B has been limited so that it will be
short enough to be read by busy people. There is, for
example, no chapter on biological diversity. Yer the prin-
cipal policy recommendations—stabilizing population
and stabilizing climate—are central to protecting the
diversity of life. The traditional approach of protecting
biological diversity by fencing off land as parks or pre-
serves, as valuable as that is, is not enough. If we cannot
stabilize population and if we cannot stabilize climate,
there is not an ecosystem on earth we can save.

Nor do 1 deal with water pollution in any detail. 1
have concentrated on the emergence of water scarcity as
a defining issue of this new century, To the extent that
water pollution is reducing the usable supply of water, it
is further exacerbating emerging scarcity.

And I have not included environmental education. My
good friend Ray Anderson, CEO of Interface, urged that
I promote environmental education, especially in busi-
ness schools. Ray is right. We desperately need to pro-
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duce a generation of environmentally literate business
and financial leaders for tomorrow, but it is my hope that
today’s business leaders will hear the call to greatness
outlined in Plan B and respond to it.

And finally, my apologies for using material that I
published earlier in articles, Eco-Economy Updates, apd
even in my last two books. I think it was Ken Galbraith
who said, “Self-plagiarism is an indulgence of authors
that publishers ought not to tolerate.”

It is time to redefine security. lronically, on September
11, 2001, I was in New York to give a luncheon talk on Eco-
Economy to the science and environment staff of the New
York Times. Needless to say, that talk was never delivered.
The shift in attention from environmental issues to terror-
ism that began on that fateful date continues to this day.

The basic point of Plan B is that our principal threats
are now more environmental than military. Terrorists are
a threat. But the destruction wrought by terrorists is like-
ly to be small compared with the worldwide suffering if
the environmental bubble economy collapses.

And, finally, I do not have the credentials for writing
this book. Nor do I know anyone who does. But someone

had to give it a try.
Lester R. Brown

Earth Policy Institute
1350 Connecticut Ave., N'W, Suite 403
Washington, DC 20036

Phone: (202} 496-9290
Fax: (202) 496-9325
E-mail: epi@earth-policy.org
Web site: www.earth-policy.org
May 2003
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A Planet under Stress

As world population has doubled and as the global econ-
omy has expanded sevenfold over the last half-century,
our claims on the earth have become excessive. We are
asking more of the earth than it can give on an ongoing
basis, creating a bubble economy.

We are cutting trees faster than they can regenerate,
overgrazing rangelands and converting them into deserts,
overpumping aquifers, and draining rivers dry. On our
cropland, soil erosion exceeds new soil formation, slow-
ly depriving the soil of its inherent fertility. We are taking
fish from the ocean faster than they can reproduce.

We are releasing carbon dioxide {CO,) into the atmos-
phere faster than nature can absorb it, creating a green-
house effect. As atmospheric CQO, levels rise, so does the
earth’s temperature. Habitat destruction and climate
change are destroying plant and animal species far faster
than new species can evolve, launching the first mass
extinction since the one that eradicated the dinosaurs 65
million years ago.

Throughout history, humans have lived on the earth’s
sustainable yield—the interest from its natural endow-
ment. But now we are consuming the endowment itself.
In ecology, as in economics, we can consume principal
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along with interest in the short run, but in the long run it
leads to bankruptcy.

In 2002, a team of scientisrs led by Mathis Wacker-
nagel, an analyst at Redefining Progress, concluded that
humanity’s collective demands first surpassed the earth’s
regenerative capacity around 1980. Their study, published
by the U.S. National Academy of Sciences, estimated that
our demands in 1999 exceeded that capacity by 20 per-
cent. We are satisfying our excessive demands by con-
suming the earth’s natural assets, in effect creating a
global bubble economy.1

Bubble economies are not new. American investors got
an up-close view of this when the bubble in high-tech
stocks burst in 2000 and the NASDAQ, an indicator of
the value of these stocks, declined by some 75 percent.
Japan had a similar experience in 1989 when the real
estate bubble burst, depreciating stock and real estate
assets by 60 percent. The bad-debt fallout and other
effects of this collapse have left the once-dynamic
Japanese economy dead in the water ever since.2

The bursting of these two bubbles affected primarily
people living in the United States and Japan, but the
global bubble economy that is based on the overcon-
sumption of the earth’s natural capital assets will affect
the entire world. When the food bubble economy, inflat-
ed by the overpumping of aquifers, bursts, it will raise
food prices worldwide. The challenge for our generation
is to deflate the economic bubble before it bursts.

Unfortunately, since September 11, 2001, political
leaders, diplomats, and the media worldwide have been
preoccupied with terrorism and, more recently, the inva-
sion of Iraq. Terrorism is certainly a matter of concern,
but if it diverts us from the environmental trends that are
undermining our future until it is too late to reverse
them, Osama Bin Laden and his followers will have
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achieved their goal of bringing down western civilization
in a way they could not have imagined.

In February 2003, UN. demographers made an
announcement that was in some ways mote shocking than
the September 11th attack: the worldwide rise in life
expectancy has been dramatically reversed for a large seg-
ment of humanity—the 700 million people living in sub-
Saharan Africa. The HIV epidemic has reduced life
expectancy among this region’s people from 62 to 47 years.
The epidemic may soon claim more lives than all the wars
of the twentieth century. If this teaches us anything, it is
the high cost of neglecting newly emerging threats.3

The HIV epidemic is not the only emerging mega-
threat. Numerous countries are feeding their growing
populations by overpumping their aquifers—a measure
that virtuatly guarantees a future drop in food produc-
tion when the aquifers are depleted. In effect, these coun-
tries are creating a food bubble economy—one where
food production is artificially inflated by the unsustain-
able use of groundwater.

Another mega-threat—climate change—is not getting
the artention it deserves from most governments, partic-
ularly that of the United States, the country responsible
for one fourth of all carbon emissions. Washington wants
to wait until all the evidence on climate change is in, by
which time it will be too late to prevent a wholesale
warming of the planet. Just as governments in Africa
warched HIV infection rates rise and did little about it,
the United States is watching atmospheric CO, levels rise
and doing little to check the increase.?

Other mega-threats being neglected include eroding
soils and expanding deserts, which are threatening the
livelihood and food supply of hundreds of millions of the
world’s people. These issues do not even appear on the
radar screen of many national governments.
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Thus far, most of the environmental damage has been
local: the death of the Aral Sea, the burning rainforests of
Indonesia, the collapse of the Canadian cod fishery, the
melting of the glaciers that supply Andean cities with
water, the dust bowl forming in northwestern China, and
the depletion of the U.S. Great Plains aquifer. Bur as these
lacal environmental events expand and multiply, they will
progressively weaken the global economy, bringing closer
the day when the economic bubble will burst.s

Ecological Bills Coming Due

Humanity’s demands on the earth have multiplied over
the last half-century as our numbers have increased and
our incomes have risen. World population grew from 2.5
billion in 1950 to 6.1 billion in 2000. The growth during
those S0 years exceeded that during the 4 million years
since we emerged as a distinct species,®

Incomes have risen even faster than population.
Income per person worldwide nearly tripled from 1950 to
2000. Growth in population and the rise in incownes
together expanded global economic outpur from just
under $7 teillion {in 2001 dollars) of goods and services
in 1950 to $46 trillion in 2000, a gain of nearly sevenfold.”?

Population growth and rising incomes together have
tripled world grain demand over the last half-century,
pushing it from 640 million tons in 1950 to 1,855 million
tons in 2000. To satisfy this swelling demand, farmers
have plowed land that was highly erodible—land that
was too dry or too steeply sloping to sustain cultivation.
Each year billions of tons of topsoil are being blown
away in dust storms or washed away in rainstorms, leav-
ing farmers to try to feed some 70 million additional peo-
ple, but with less topsoil than the year before

Demand for water also tripled as agricultural, indus-
trial, and residential uses climbed, outstripping the sus-
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tainable supply in many countries. As a result, water
tables are falling and wells are going dry. Rivers are also
Ieing drained dry, to the detriment of wildlife and
ceosystems.? o

Fossil fuel use quadrupled, setting in motion a rise in
viarbon emissions that is overwhelming nature’s capacity
to fix carbon dioxide. As a result of this carbon-fixing
deficit, atmospheric CO, concentrations climbed from
316 parts per million (ppm} in 1959, when official meas-
urement began, to 369 ppimn in 2000.10

The sector of the economy that seems likely to unray-
¢l first is food. Eroding soils, deteriorating rangelands,
collapsing fisheries, falling water tables, and ri‘si1.1g tem-
peratures are converging to make it more difficult to
expand food production fast enough to keep up _w_lth
demand. In 2002, the world grain harvest of 1,807 mllh.lon
tons fell short of world grain consumption by 100 million
tons, or § percent. This shortfall, the largest on record,
marked the third consecutive year of grain deficits, drop-
ping stocks to the lowest level in a generation.?!

Now the question is, Can the world’s farmers bounFe
back and expand production enough to fill the 100l-m11-
lion-ton shortfall, provide for the more than 70 million
people added each year, and rebuild stocks to a more
secure level? In the past, farmers responded to short sup-
plies and higher grain prices by planting_ more 1and-an.d.
using more irrigation water and fertilizer. Now it is
doubtful that farmers can fill this gap without further
depleting aquifers and jeopardizing future harvests.!?

In 1996, at the World Food Summit in Rome, hosted by
the UN. Food and Agriculture Organization (FAO), 185
countries plus the European Community agreed to reduce
hunger by half by 2015. Using 1990-92 as a base, govern-
ments set the goal of cutting the number of people who
were hungry—=860 million—by roughly 20 million per
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year. It was an exciting and worthy goal, one that later
became one of the UN. Millennium Development Goals. 13
But in its lare 2002 review of food security, the United
Nations issued a discouraging report: “This year we must
report that progress has virtually ground to a halt. Our
latest estimates, based on data from the years 19982000,
put the number of undernourished people in the world at
840 million...a decrease of barely 2.5 million per year
“over the eight years since 199092714
Since 1998-2000, world grain production per person
has fallen 5 percent, suggesting that the ranks of the hun-
gry are now expanding. As noted earlier, life expectancy
is plummeting in sub-Saharan Africa. If the number of
hungry people worldwide is also increasing, then two key
social indicators are showing widespread deterioration in
the human condition.1s

Farmers Facing Two New Challenges
As we exceed the earth’s natural capacities, we create new
problems. For example, farmers are now facing two new
challenges: rising temperatures and falling water tables.
Farmers currently on the land may face higher tempera-
tures than any generation since agriculture began 11,000
years ago. They are also the first to face widespread
aquifer depletion and the resulting loss of irrigation water.

The global average temperature has risen in each of
the last three decades. The 16 warmest years since record-
keeping began in 1880 have all occurred since 1980. With
the three warmest years on record—1998, 2001, and
2002—~oming in the last five years, crops are facing heat
stresses that are without precedent.16

Higher temperatures reduce crop yields through their
effect on photosynthesis, moisture balance, and fertiliza-
tion. As the temperature rises above 34 degrees Celsius
(94 degrees Fahrenheit), photosynthesis slows, dropping
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to zero for many crops when it reaches 37 degrees Celsius
(100 degrees Fahrenheit). When temperatures in the U.S.
Corn Belt are 37 degrees or higher, corn plants sutfer
from thermal shock and dehydration. They are in effect
on sick leave. Each such day shrinks the harvest.'”

In addition to decreasing photosynthesis and dehy-
drating plants, high temperatures also impede the ferril-
ization needed for seed formation. Researchers at the
International Rice Research Institute in the Philippines
and at the U.S. Department of Agriculture have together
developed a rule of thumb that cach 1-degree-Celsius rise
in temperature above the optimum during the growing
season reduces grain yields by 10 percent.!3

These recent research findings indicate that if the tem-
perature rises to the lower end of the range projected by
the Intergovernmental Panel on Climate Change, grain
harvests in tropical regions could be reduced by an aver-
age of 5 percent by 2020 and 11 percent by 2050. At the
upper end of the range, harvests could drop 11 percent by
2020 and 46 percent by 2050. Avoiding these declines will
be difficult unless scientists can develop crop strains that
are not vulnerable to thermal stress. '

The second challenge facing farmers, falling water
tables, is also recent. With traditional animal- or human-
powered water-lifting devices it was almost impossible
historically to deplete aquifers. With the worldwide
spread of powerful diesel and electric pumps during the
last half-century, however, overpumping has become
commonplace.

As the world demand for water has climbed, water
tables have fallen in scores of countries, including China,
India, and the United States, which together produce
nearly half of the world’s grain. Water tables are falling
throughout the northern half of China. As the water
table falls, springs and rivers go dry, lakes disappear, and
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wells dry up. Northern China is literally drying out.
Water tables under the North China Plain, which
accounts for a fourth or more of China’s grain harvest,
are falling at an accelerating rate.2"

In India, water tables are also falling. As India’s farm-
ers try to feed an additional 16 million people each year,
nearly the population equivalent of another Australia,
they are pumping more and more water. This is dropping
water tables in states that together contain a majority of
India’s 1 billion people.2t

In the United States, the third major grain producer,
water tables are falling under the southern Great Plains
and in California, the country’s fruit and vegetable bas-
ket. As California’s population expands from 26 million
to a projected 40 million by 2030, expanding urban water
demands will siphon water from agriculture.2?

Scores of other countries are also overpumping their
aquifers, setting the stage for dramatic future cutbacks in
water supplies. The more populous among these are
Pakistan, Iran, and Mexico. Overpumping creates an illu-
sion of food security that is dangerously deceptive
because it enables farmers to support a growing popula-
tion with a practice that virtually ensures a future drop in
food production.

The water demand growth curve over the last half-
century looks like the population growth curve, except
that it climbs more steeply While world population
growth was doubling, the use of water was tripling. Once
the growing demand for water rises above the sustainable
yield of an aquifer, the gap between the two widens fur-
ther each year. As this happens, the water table starts to
fall. The first year after the sustainable yield is surpassed,
the water table falls very little, with the drop often being
scarcely perceptible. Each year thereafter, however, the
annual drop is larger than the year before.
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In addition to falling exponentially, water tables are
also falling simultaneously in many countries. This
means that cutbacks in grain harvests will occur in many
countries at more or less the same time. And they will
occur at a time when the world’s population is growing
by more than 70 million a year.2

These, then, are the two new challenges facing the
world’s farmers: rising temperatures and falling water
tables. Either one by itself could make it difficult to keep
up with the growth in demand. The two together provide
an early test of whether our modern civilization can cope
with the forces that threaten to undermine it.

Ecological Meltdown in China

In the deteriorating relationship between the global econ-
omy and the earth’s ecosystem, food is the most vulnera-
ble economic sectot, but geographically it is China that is
on the leading edge. A human population of 1.3 billion
and their 400 million cattle, sheep, and goats are weigh-
ing heavily on the land. Huge flocks of sheep and goats
in the northwest are stripping the land of its protective
vegetation, creating a dust bowl on a scale not seen
before. Northwestern China is on the verge of a massive
ecological meltdown.2*

Since 1980, the Chinese economy has expanded more
than fourfold. Incomes have also expanded by nearly
fourfold, lifting more people out of poverty faster than at
any time in history. Like many other countries, China is
exceeding the carrying capacity of its ecosystem—over-
plowing its land, overgrazing its rangelands, overcutting
its forests, and overpumping its aquifers. In its deter-
mined effort to be self-sufficient in grain, it cultivated
highly erodible land in the arid northern and western
provinces, land that is vulnerable to wind erosion.*

While overplowing is now being partly remedied by
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Paying farmers to plant their grainland in trees, overgraz-
ing is destroying vegetation and increasing wind erosion.
China’s cattle, sheep, and goat population more than
tripled from 1950 to 2002. The United States, a country
with comparable grazing capacity, has 97 million cattle
while China has 106 million. For sheep and goats, the fig—,
ures are 8 million versus 298 million. Concentrated in the
western and northern provinces, sheep and goats are
destroying the land’s protective vegetation. The wind
then does the rest, removing the soil and converting pro-
ductive rangeland into desert.26

‘China 1s now at war. It is not invading armies that are
claiming its territory, but expanding deserts. Old deserts
are advancing and new ones are forming, like guerrilla
forces striking unexpectedly, forcing Beijing to fight on
§evera1 fronts. And worse, the growing deserts are gain-
Ing momentum, occupying an ever-larger piece of
China’s territory each year.

China’s expanding ecological deficits are converging
to create a dust bowl of historic dimensions. With little
vegetation remaining in parts of northern and western
China, the strong winds of late winter and early spring
can remove lirerally millions of tons of topsoil in a single
day—soil that can take centuries to replace.

For the outside world, it is these storms that draw
attention to the dust bowl forming in China. On April 12,
2002, for instance, South Korea was engulfed by a hugé
dust storm from China that left residents of Seoul literal-
ly gasping for breath. Schools were dosed, airline flights
were cancelied, and clinics were overrun with patients
having difficulty breathing. Retail sales fell. Koreans have
come to dread the arrival of what they now call “the fifth
season”-—the dust storms of late winter and early spring,
Japan also suffers from dust storms originating in China.
Although not as directly exposed as Koreans are, the
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Japanese complain about the dust and the brown rain
that streaks their windshields and windows.?’

Each year, residents of eastern Chinese cities such as
Beijing and Tianjin hunker down as the dust storms
begin. Along with the difficulty in breathing and the dust
that stings the eyes, there is the constant effort to keep
Jdust out of homes and to clean doorways and sidewalks
of dust and sand. Farmers and herders, whose livelihoods
are blowing away, are paying an even heavier price.

Desert expansion has accelerated with each successive
decade since 1950. China’s Environmental Protection
Agency reports that the Gobi Desert expanded by 52,400
square kilometers (20,240 square miles) from 1994 to 1999,
an area half the size of Pennsylvania. With the advancing
Gobi now within 150 miles of Beijing, China’s leaders are
beginning to sense the gravity of the sitnation.2?

The fallout from che dust storms is social as well as
economic. Millions of rural Chinese may be uprooted
and forced to migrate eastward as che deserts claim their
land. Desertification is already driving villagers from
their homes in Gansu, Inner Mongolia {(Nei Monggol),
and Ningxia provinces. A preliminary Asian Develop-
ment Bank assessment of desertification in Gansu
Province reports that 4,000 villages risk being overrun by
drifting sands.?’ ‘

The US. Dust Bowl of the 1930s forced some 2.5 mil-
lion “Okies” and other refugees to leave the land, many
of them heading west from Oklahoma, Texas, and
Kansas to California. But the dust bowl forming in China
is much larger, and during the 1930s the U.S. population
was only 150 million—compared with 1.3 billion in
China today. Whereas the U.S. migration was measured in
the millions, China’s may measure in the tens of millions.

And as a US. embassy report entitled The Grapes of
Wrath in Inner Mongolia noted, “unfortunately, China’s
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twenty-first century ‘Okies’ have no California to escape
to—at least not in China.”30

Food: A National Security Issue

The ecological deficits just described are converging on
the farm sector, making it more difficult to sustain rapid
growth in world food output. No one knows when the
growth in food production will fall behind that of
demand, driving up prices, but it may be much closer
than we think. The triggering events that will precipitate
future food shortages are likely to be spreading water
shortages interacting with crop-withering heat waves in
key food-producing regions., The economic indicator
most likely to signal serious trouble in the deteriorating
relationship between the global economy and the earth’s
ecosystem 1s grain prices.

Food is fast becoming a national security issue as
growth in the world harvest slows and as falling water
tables and rising temperatures hine at future shorcages.
More than 100 countries import part of the wheart they
consume. Some 40 import rice. While some countries are
only marginally dependent on imports, others could not
survive without them. Iran and Egypt, for example, rely
on imports for 40 percent of their grain supply. For Alge-
tia, Japan, South Korea, and Taiwan, among others, it is
70 percent or more. For Israel and Yemen, over 90 per-
cent. Just six countries—the United States, Canada,
France, Australia, Argentina, and Thailand—supply 90
percent of grain exports. The United States alone con-
trols close o half of world grain exports, a larger share
than Saudi Arabia does of oil.3!

Thus far the countries that import heavily are small
and middle-sized ones. But now China, the world’s most
Populous country, is likely to soon turn to world markers
in a major way. When the former Soviet Union unexpect-
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edly turned to the world market in 1972 for roughly a
tenth of its grain supply, following a weather-reduced
harvest, world wheat prices climbed from $1.50 to $4.89
a bushel. Bread prices soon rose too.3

If China depletes its grain reserves and turns to the
world grain marker to cover its shortfall, now 40 million
tons per year, it could destabilize world grain markets
overnight. Turning to the world marketr means turning to
the United States, presenting a potentially delicate
geopolitical situation in which 1.3 billion Chinese con-
cumers with a $100-billion trade surplus with the United
States will be competing with American consumers for
U.S. grain. If this leads to rising food prices in the United
States, how will the government respond? In times past, it
could have restricted exports, even imposing an export
embargo, as it did with soybeans to Japan in 1974. But
today the United States has a stake in a politically stable
China. With an economy growing at 7-8 percent a year,
China is the engine that is powering not only the Asian
economy but, to some degree, the world economy.33

For China, becoming dependent on other countries
for food would end its history of food self-sufficiency,
leaving it vulnerable to world market uncertainties. For
Americans, rising food prices would be the first indica-
tion that the world has changed fundamentally and that
they are being directly affected by the growing grain
deficit in China. If it seems likely that rising food prices
are being driven in part by crop-withering temperature
rises, pressure will mount for the United States to reduce
oil and coal use.

For the wotld’s poor—the millions living in cities on
$1 per day or less and already spending 70 percent of
their income on food—rising grain prices would be life-
threatening. A doubling of world grain prices today
could impoverish more people in a shorter period of time
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than any event in history. With desperate people holding
their governments responsible, such a price rise could
also destabilize governments of low-income, grain-
importing countries.

When I projected in 1995 in Who Will Feed China?
that China would one day turn abroad for part of its
grain, the U.S. National Intelligence Council, the umbrel-
la over all the US. intelligence agencies, launched the
mosr detailed assessment of China’s food prospect ever
undertaken. The council was concerned precisely
bef:ause such a move by China could drive up world grain
prices and destabilize governments in developing coun-
tries. An interdisciplinary team led by Michael McElroy,
Chairman of Harvard’s Department of Earth and Plane:
tary Sciences, conducted this extraordinarily ambitious
study. Relying on an interdisciplinary approach and a
vast array of resources, including 35 years of CIA satel-
h.te data on land use and the Sandia National Laborato-
ries to model the water supply-demand balance of every
river basin in China, the team concluded in its “most like-
ly” scenario that China would one day have to import
massive quantities of grain.3S

The team then decided that the world would not have
any difficulty in supplying grain on such a vast scale. The
Tc.hortcoming of this conclusion, in my opinion, was that
it relied too heavily on extrapolating late twentieth-
century grain production trends into the twenry-
first century, failing to take into account emerging
constraints on harvests, such as aquifer depletion and
rising temperatures.

When grain prices began to climb in 1972-74, it did
not take long for a politics of food scarcity to emerge.
Pressure from within grain-exporting countries to restrict
exports in order to check the rise in domestic food prices
was common.¢
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More recently, the Canadian Wheat Board, which
handles the nation’s wheat exports, announced in early
September 2002 that it had no more to sell. This abrupt
withdrawal from the market—even before that year’s
drought-reduced harvest was complete—illustrates the
kind of action that exporters can rake when confronted
with scarcity. Instead of letting the world market allocate
scarce supplies of high-quality wheat, the Board
decided that it would protect domestic supplies, then sell
only to traditional clients, leaving other importerts to fend
for themselves. In late October, Australia—also experi-
encing a severe drought—announced that it would ration
wheat and barley exports among its best customers,
excluding all other potential buyers.3’

Historically, the world had two food reserves: the
global carryover stocks of grain and the cropland idled
under the U.S. farm program to limit production. The lat-
ter could be brought into production within a year. Since
the US. land set-aside program ended in 1996, however,
the world has had only carryover stocks as a reserve.?®

Food security has changed in other ways. Traditional-
ly it was largely an agricultural matter. But now it is
something that our entire society is responsible for.
National population and energy policies may have a
greater effect on food security than agricultural policies
do. With most of the 3 billion people to be added to
world population by 2050 being born in countries already
facing water shortages, childbearing decisions may have a

greater effect on food security than crop planting deci-
sions. Achieving an acceptable balance between food and
people today depends on family planners and farmers
working together.?
Climate change is the wild card in the food sccuricy
deck. It is perhaps a measure of the complexity of our
time that decisions made in the Ministry of Energy may
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have a greater effect an future food security than those
made in the Ministry of Agriculture. The effect of popu-
lation and energy policies on food security differ in one
important respect: population stability can be achieved
by a country acting unilaterally. Climate stability cannot.

The Case for Plan B

Thus far, this chapter has focused primarily on how envi-
ronmental changes can affect the food prospect, but there
could be other wake-up calls, including more destructive
storms or deadly heat waves.

Unless we quickly reverse the damaging trends thar we
have set in motion, they will generate vast numbers of
environmental refugees—people abandoning depleted
aquifers and exhausted soils and those fleeing advancing
deserts and rising seas. In a world where civilization is
being squeezed between expanding deserts from the inte-
rior of continents and rising seas on the pertiphery,
refugees are likely to number not in the millions but in
the tens of millions. Already we see refugees from drifi-
ing sand in Nigeria, Iran, and China.%0

We are now looking at the potential wholesale evacu-
ation of cities as aquifers are depleted and wells go dry.
Sana’a, the capital of Yemen, and Quetta, the capital of
Pakistan’s Baluchistan province, may become the early
ghost towns of the twenty-first century#

A reversal of the basic trends of social progress of the
last half-century has long seemed unthinkable. Progress
appeared inevitable. But now we are seeing reversals. As
noted earlier, the number of hungry may be increasing for
the first time since the war-torn decade of the 1940s, And
a rise in life expectancy—a seminal measure of economic
and social progress—has been interrupted in sub-Saharan
Africa as a result of the HIV epidemic. As millions of
able-bodied adults die, families are often left with no one
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10> work in the fields. The disease and spreading hunger
are both weakening immune systems and reinforcing each
other, something epidemiologists had not rcckox_wd on.

The failure of governments to deal with falling water
tables and the depletion of aquifers in the Indian sgb-
continent could be as disruptive for the 1.3 billion living
there as the HIV epidemic is for the people in sub-Saha-
ran Africa. With business as usual, life expectancy could
soon begin to fall in India and Pakistan as warer short-
ages translate into food shortages, deepening hunger
among the poor.*? .

The world is moving into uncharted territory as
human demands override the sustainablie yield of naturial
systems. The risk is that people will lose confLFIence in
the capacity of their governments to cope .w;th such
problems, leading to social breakdown. The shift to anar-
chy is already evident in countries suf:h as Somalia,
Afghanistan, and the Democratic Republic of the Congo.

Business as usual—Plan A—is clearly not working.
The stakes are high, and time is not on our side.l Part 1
details the mounting evidence that our modern civiliza-
fion is in trouble. The good news, as outlined in Part 1 of
this book, is that there are solutions to the problems we
are facing. The bad news is that if we continue to rely on
timid, incremental responses, our bubble economy will
continue to grow until eventually it bursts. This book
argues for a new approach—for Plgn B—an urgent
reordering of priorities, a restructuring of the global
economy in order to prevent that from happening.
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A CIVILIZATION IN TROUBLE




Emerging Water Shortages

The world is incurring a vast water deficit—one that
is largely invisible, historically recent, and growing fast.
Because the impending water crunch usually takes the
form of aquifer overpumping and falling water tables, it
is often not apparent. Unlike burning forests or invading
sand dunes, falling water tables cannot be readily
photographed. They are often discovered only when wells
go dry.

Newspapers carry frequent accounts of rivers failing
to reach the sea, or lakes disappearing, or wells going dry,
but these stories typically describe local situations. It is
not until we begin to compile the numerous national
studies—such as a 748-page analysis of the water situa-
tion in China, a World Bank study of the water situation
in Yemen, or a detailed U.S. Department of Agriculture
(USDA) assessment of the irrigation prospect in the west-
ern United States—that the extent .of emerging water
shortages worldwide can be grasped.!

The world water deficit is recent—a product of the
tripling of water demand over the last half-century and
the worldwide spread of powerful diesel and electrically
driven pumps. The drilling of millions of wells has
pushed water withdrawals beyond the recharge of many
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aquifers. The failure of governments to limic pumping to
the sustainable yield of aquifers means thar water tables
are now falling in scores of countries. The mining of
groundwater is quite literally undermining the furure of
some countties.?

Rivers running dry are far more visible. Among the
rivers that now fail to reach the sea all or part of the time
are the Colorado, the major river in the southwestern
United States; the Yellow River, the cradle of Chinesc civ-
ilization; and the Amu Darya, one of the two rivers that
feed the Aral Sea in Central Asia. Other major rivers rhat
have been reduced to a trickle when they reach the sea
include the Nile, the Indus, and the Ganges.3

Water shortages are generating conflicts between
upstream and downstream claimants, both within and
among countries. For the Yellow River, the comperition is
between impoverished upstream provinces and more
prosperous coastal provinces. For the Nile, competition is
among countries, principally Egypt, the Sudan, and
Ethiopia, where much of rhe Nile’s Sow originares.*

Warer scarcity, once a local issue, is now crossing
international boundaries via the international grain
trade. Countries that are pressing against the limits of
their water supply typically satisfy the growing need of
cities and industry by diverting irrigation water from
agriculture, then importing grain to offset the loss of
productive capacity. Because it takes 1,000 tons of water
(1,000 cubic meters) to produce 1 ton of grain, importing
grain Is the most efficient way to import water. Conntries
are now satisfying their growing demand for water by
tapping internarional grain markets. As water shortages
intensify, so too will the competition for grain in thesc
markets. In a sense, to trade in grain futures is ro trade in
water futures.’

The link between water and food is a strong one, Our
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mdividual daily water requirements for drinking average
4 liters per day, while the water required to prodgce our
food each day totals at least 2,000 liters—S500 times as
much, In affluent societies, where grain is consumed in
the form of livestock products, water consumed as food
can easily reach 4,000 liters daily

Worldwide, 70 percent of all the warer diverted from
rivers or pumped from underground is used for irriga-
tion. Twenty percent is used by industry and 10 percent
for residential purposes. With the dema.nq fo.r water
prowing steadily in all three sectors, competition is inten-
sifying. In this struggle for water, farmers almost always
lose to cities and industry”

Falling Water Tables
Scores of countries are overpumping aquifers as they
struggle to satisfy their growing water needs, incluc@mg
cach of the big three grain-producing countries—China,
India, and the United States. Their populations, alox?g
with those of other countries where overpumping will
measurably reduce the food supply when aquifers arc
depleted, exceed 3 billion people, or half the world total.
{See Table 2-1.)8

As noted in Chapter 1, falling water tables are glready
affecting harvests in some countries, including China, the
world’s largest grain producer. A little-noticed groundwa-
ter survey released in Beijing in August 2001 revealled that
the water table under the North China Plain, which pro-
duces over half of China’s wheart and a third of it_s cor,
is falling faster than earlier reported. 0v§rpump1ng has
largely depleted the shallow aquifer, reducing the amount
of water that can be pumped from it to the annual
recharge from precipiration. This is forcing well drillers to
turn to the region’s deep aquifer, which, unfortunately, 1s
not replenishable.’
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Table 2-1. Countries with Extensive Quverpumpin
Aguifers in 2002 b of

Country Population
{(million)

China 1,295
India 1,050
United States 291
Pakistan 150
Mexico 102
Iran 68
South Korea 47
Morocco 30
Saudi Arabia 24
Yemen 19
Syria 17
Tunisia 10
Israel 6
Jordan 3
Total 3,114

Source: See endnore 8.

The survey, conducted by the Geological Environmen-
tal Monitoring Institute (GEMI} in Beijing, reported that
under Hebei Province in the heart of the North China
Plain, the average level of the deep aquifer dropped 2.9
meters {nearly 10 feet) in 2000. Around some cities in the
province, it fell by € meters. He Qingcheng, head of the
GEMI groundwater monitoring team, notes that as the deep
gquifer under the North China Plain is depleted, the region
is losing its last water reserve—its only safety cushion. !0

His concerns are mirrored in a World Bank report:

Emerging Water Shortages 27

“Anecdotal evidence suggests that deep wells [drilled}
around Beijing now have to reach 1,000 meters [more
than half a mile] to tap fresh watcr, adding dramatically
to the cost of supply.” In unusually strong Janguage for a
Bank report, it foresees “catastrophic consequences for
future penerations” unless water use and supply can
quickly be brought back into balance.!!

The U.S. embassy in Beijing reports that wheat farm-
ers in some areas are now pumping from a depth of 300
meters, or neatly 1,000 feet. Pumping water from this far
down translates into exorbitant costs and reduced profit
margins that often force farmers to abandon irrigation
and return to less productive dryland farming.1

Falling water tables, combined with reduced govern-
ment grain support prices and the loss of farm labor in
provinces that are rapidly industrializing, are shrinking
China’s grain harvest. The wheat crop, grown mostly in
arid northern China, is particularly vulnerable to water
shortages. After peaking at 123 million tons in 1997, the
wheat harvest has fallen in five of the last six years, coming
in at 87 million tons in 2003, a drop of nearly 30 percent.!?

The U.S. embassy in Beijing also reports that the
recent decline in rice production is partly the result of
water shortages. After peaking at 140 million tons in
1997, the harvest has dropped in each of the five years
since then, falling to an estimated 121 million tons in
2003. Only corn, China’s third major grain, has thus far
avoided a decline. This is because corn prices are stronger
and because the corn crop is not as dependent on irriga-
tion water as wheat and rice are.!*

Overall, China’s grain production has fallen from its
historical peak of 392 million tons in 1998 to an estimat-
ed 338 million tons in 2003. (See Figure 2-1). For per-
spective, this drop of over 50 million tons is equal to the
Canadian grain harvest. Thus far, China has covered the
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Figure 2-1. Total Grain Production in China, 1950—2003

fall in production by drawing down its once vast stocks,
but it can only do that for one or two more years. Then it
j.;vill have to turn to the world market for imports. When
it does so, we likely will see the effects in higher food
prices at the supermarket checkout counter.15

A World Bank study indicates that China is overpump-
ing three river basins in the north by 37 billion tons—the
Hai, which flows through Beijing and Tianjin; the Yellow:
and the Huai, the next river south of the Yellow. At 1,000
tons of water per ton of grain, this would produce 37 mil-
lion tons of grain, enough to feed 111 million Chinese.16

The other country with extensive overpum ping is India,
which is depleting aquifers in Punjab {the country’s bread-
basket), Haryana, Gujarat, Rajasthan, Andhra Pradesh,
and Tamil Nadu. The International Water Mapagement
Institute estimates that aquifer depletion could eventually
reduce India’s grain harvest by one fourth.?”?

The latest data indicate that under Punjab and
Haryana, water tables are falling by up to a meter a year.
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Data for monitored wells in northern Gujarat suggest
ithat the water table has fallen from a depth of 15 meters
to 400 meters over the last three decades. At this point,
the harvests of wheat and rice, India's principal food
prains, are still increasing, But within the next few years,
the loss of irripation water could override technological
progress and start shrinking the harvest, as it is already
doing in China.1®

In the United States, the USDA reports that in parts of
‘Iexas, Oklahoma, and Kansas—three leading grain-pro-
ducing states—the underground water table has dropped by
more than 30 meters (100 feet). As a result, wells have gone
dry on thousands of farms in the southern Great Plains.?

[rrigated land accounts for about four fifths of the
grain harvest in China and close to three fifths in India,
but only one fifth in the United States. Of the leading
grain producers, only China is currently experiencing a
substantial decline in production. Even with a worldwide
grain crunch and climbing grain prices providing an
incentive to boost production, it would be difficult for
China to regain earlier grain production levels given the
loss of irrigation water. India can probably still expand
its harvest somewhat before water shortages overwhelm
the gains in production from advances in technology. For
the United States, the ongoing irrigation water loss from
aquifer depletion and diversion to cities does not appear
to be large enough to reduce the grain harvest, but it will
slow its growth.20

Pakistan, a country with 150 million people and
growing by 4 million per year, is also overpumping its
aquifers. In the Pakistani part of the fertile Punjab plain,
the drop in water tables appears to be similar to that in
India. Observation wells near the twin cities of Islam-
abad and Rawalpindi show a fall in the water table from
1982 to 2000 ranging from 1 to nearly 2 meters a year.?!
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In the province of Baluchistan, a more arid region
water tables around the provincial capiral of Quetta aré
falling by 3.5 meters per year. Richard Garstang, a water
expert with the World Wildlife Fund and a participant in
a study of Pakistan’s water situation, says that “within 15
years Quetta will run out of water if the current con-
sumption rate continues,”22

F uture irrigation water cutbacks as a result of aquifer
depletion will undoubtedly reduce Pakistan’s grain harvest
In Pakistan, as in India, the harvest of wheat—the princi:
pal food staple—is continuing to grow, but more slowly.

. Water shortages are common in Middle Fastern coun-
tries. Iran, a country of 68 million people, is overpump-
ing its aquifers by an average of § billion tons per year
enough to produce one third of its annual grain harvest.,
Under the small but agriculturally rich Chenaran Plain in
northeastern Iran, the water table was falling by 2.8
meters a year in the late 1990s. But, in 2001, the cumula-
tive effect of a three-year drought and the new wells being
drilled both for irrigation and to supply the nearby city
of Mashad dropped the aquifer by an extraordinary 8
meters. Villages in eastern Iran are being abandoned as
wells go dry, generating a flow of “water refugees.”23

Saudi Arabia, a country of 24 million people, is as
water-poor as it is oil-rich. It has tried to develop an
extensive irrigated agriculture based largely on deep fos-
sil aquifers. After several years of using oil mMONey to sup-
port the price of wheat at five times the world market
level to encourage farmers to develop an irrigated agri-
culture based on deep pumping, the government was
forc§d to face fiscal reality and cut back on the program
Craig Smith writes in the New York Times, “From the
aif, the circular wheat fields of this arid land’s breadbas-
ket look like forest green poker chips strewn across the
brown desert. But they are outnumbered by the ghostly
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«ilhouettes of fields left to fade back into the sand, places
where the kingdom’s gamble on agriculture has sucked
precious aquifers dry.” In some areas, farmers are now
pumping water from 4,000-foot-deep wells—in other
words, from neatly four fifths of a mile down.2*

A 1984 Saudi national survey teports fossil water
reserves at 462 billion tons. Half of that, Smith reports,
has probably disappeared by now. This suggests that irri-
gated agriculture could last for another decade or so and
then will largely disappear, limited to the small area that
can be irrigated with water from the shallow aquifers
that are replenished by the kingdom’s sparse rainfall. The
lush fields of thirsty alfalfa, grown to feed a recently cre-
ated modern dairy industry, will also become history.

In Yemen, a country of 19 million, the water table
under most of the country 1s falling by roughly 2 meters
a year as water use far exceeds the sustainable yield of
aquifers. In the $Sana’a basin in western Yemen, the esti-
mated annual water extraction of 224 million tons
exceeds the annual recharge of 42 million tons by a fac-
tor of five, dropping the water table by 6 meters per year.
Projections by the World Bank indicate the Sana’a basin,
home of the national capital and 2 million people, will be
pumped dry by 2010. In the search for water, the Yemeni

government has drilled test wells in the basin that are 2
kilometers {1.2 miles) decp—depths normally associated
with the oil industry—but they have failed to find water.
Yemen must soon decide whether to bring water to
Sana’a, possibly by pipeline from coastal desalting
plants, if it can afford it, or to relocate the capital. Either
alternarive will be costly and potentially traumaric.?
With its population growing at a near-record 3.5 per-
cent a year and with water tables failing everywhere,
Yemen is fast becoming a hydrological basket case. Aside
from the effect of overpumping on the capital, World
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Bank official Christopher Ward observes that “ground-
water is being mined at such a rate that parts of the rural
economy could disappear within a generation.”?’

Israel, a pioneer in raising irrigation water praductiv-
ity, is depleting its two principal aquifers—the coastal
aquifer and the mountain aquifer that it shares with the
Palestinians. Conflicts between Israelis and Palestinians
over the allocation of water in the latter are ongoing,
Because of severe water shortages, Israel recently discon-
tinued the irrigation of wheat.28

In Mexico—home to a population of 102 million that
is projected to reach 140 million by 2050—the demand for
water is vutstripping supply. Mexico City’s water problems
are legendary. Rural areas are also suffering, For example,
in the agricaltural state of Guanajuato, the water table is
falling by 2 meters ot more a year. At the national level, 51
percent of all the water extracted from underground is
coming from aquifers that are being overpumped.2?

There are two types of aquifers: replenishable and
nonreplenishable (fossil) aquifers. Most of the aquifers in
India and the shallow aquifer under the North China
Plain are replenishable. When a replenishable aquifer is
depleted, the maximum rate of pumping is necessarily
reduced to the rate of recharge.

For fossil aquifers, such as the vast Ogallala under the
Great Plains of the United States, the deep aquifer under
the North China Plain, or the aquifer under Saudi Ara-
bia, depletion brings pumping to an end. Farmers who
lose their irrigation water have the option of returning to
lower-yield dryland farming if rainfall permits. in desert
situations, however, such as the southwestern United
States or the Middle East, the loss of irrigation water
means the end of agriculture.

The overpumping of aquifers is occurring in many
countries more or less simultaneously. This means that
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the depletion of aquifers and the resulting harvest cut-
backs will come in many countries at roughlly the same
(ime. And the accelerating depletion of aquifers means
this day may come sooner than expected, creating 2
potentially unmanageable situation of food scarcity.

Rivers Ranning Dry
As the world’s demand for water has tripled over the last
half-century and as the demand for h)-;droelecr.nc power
has grown even faster, dams and diversions of river warer
have drained many rivers dry. As water tables h;.lve fallen,
the springs that feed rivers have gone dry, leading to the
disappearance of some rivers. o
As noted earlier, the Colorado, the major river in the
southwestern United States, now rarely rpakes it to the
sea. With the states of Colorado, Utah, Arizona, Ngvada,
and, most important, Califomia,. dependmg hgaﬂl}r on
the Colorado’s water, the river is simply d.ramed dry
before it reaches the Gulf of California. This excessive
demand for water destroys the river’s ecosystem, includ-
ing, of course, its fisheries.3¢ o
Dams on rivers are built for irrigation, to generate
electricity, and to supply water to cities and industry.
Since 1950, the pumber of large dams, those over 15
meters high, has increased from 5,000 to ﬂ0,000-‘Each
dam deprives a river of some of its ﬂow.. Engineers like f{O
say that dams built to generate elCCU’lCLt‘Y ‘do not take
water from the river, only its energy, but this is not entire-
ly true since reservoirs increase evap.oration. The annual
loss of water in atid or semiarid regions, where evapora-
tion rates are high, is typically equal to 10 percent of the
reservoir’s storage capacity’!
The loss of river flow can affect the health of estuar-
ies and of inland lakes and scas. The Helmand River,
which originates in the mountains of eastern
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Afghanistan, flows westward across the country and into
Iran, where it empties into Lake Hamoun. When the Tal-
iban built 2 new dam on rhe Helmand during the late
1990s, in violation of a warter-sharing agreement between
the two countries, they effectively removed all the
remaining water. As a result, Lake Hamoun, which once
covered 4,000 square kilometers, is now a dry lakebed.
The abandoned fishing villages on its shores are being
covered by sand dunes coming from the lakebed itself,32
A similar situation exists with the Aral Sea. The Amu
Darya—which, along with the Syr Dacya, feeds the Aral
Sea-—is now drained dry by Uzbek and Turkmen cotton
farmers upstream. With the flow of the Amu Darya now
cut off, only the diminished flow of the Syr Darya keeps
the Aral Sea from disappearing entirely.33
Over the last few decades, the Aral Sea has shrunk
some 58 percent in area and has lost 83 percent of its vol-
ume of water. The loss of freshwarer recharge and the
sea’s shrinkage have led to a dramatic rise in salt levels
and the demise of its rich fisheries. In addition to sand-
storms, the region also now suffers from salt storms,
which arise from the exposed seabed.34
China’s Yellow River, which flows some 4,000 kilome-
ters through five provinces before it reaches the Yellow
Sea, has been under mounting pressure for several
decades. It first ran dry in 1972, and since 1985 it has
failed to reach the sea for part of almost every year.3
The Nile, the site of another ancient civilization, now
barely makes it to the sea. Sandra Postel, in Pillar of Sand,
notes that before the Aswan Dam was built some 32 bil-
lion cubic meters of water reached the Mediterranean
each year. After the dam was built, however, and irriga-
tion and other demands on the river increased, the Nile’s
discharge declined to less than 2 billion cubic meters,36
Pakistan, like Egypt, is essentially a river-based civi-
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lization. The Indus not only provides surface water, it
also recharges aquifers that supplj the ‘thousands. of 1]1;1—
pation wells that now dot the nglstanl countrys;glc. ut
it, too, is starting to run dry in its lower Ieaches._ »

In Southeast Asia, the flow of tl_me Mekong is eu;g
reduced by the dams being built on its uppet rc‘:achcs y
the Chinese. The downstream countries, mcludlqg C:yn}-l
bodia, Laos, Thailand, and Viet Narngcountneg Wltf
160 million people—complain abm_lt the reduced ow o
the Mekong, but this has done little to curb Ch1n3ass
efforts to exploit the power and the water in th'e river. ;

A similar situation exists ‘w1th the Tigris an
Fuphrates rivers, which originate In Turkey and ﬂ.ow 1ntcj
Syria and Iraq en route to the Persian Gulf. ThlS river sys
tem, the site of Sumer and other early ClVlllZ:&lthI’lSL,( is
being used at near capacity. Large dams erected in ;l"fur tf:ly
and Iraq have reduced water flow to the once efr lh e
crescent,” helping to destroy more than 90 percent o 3t9 €
formerly vast wetlands that egnched the delta rzglonv.b |

Many of the river systems just c’hscusse(‘:l are Cscifl ell
by hydrologists as “closed basins’ —that is, virtually a
the water in the basin is being used. If one party g;:lts
more water, other parties will get less. In most cases, I is
means that as urban and industrial needs rise, there is less
available for irrigation.

Farmers Losing to Cities N
In the competition for water among, agriculture, CEUES,
and industry, the economics of water use do not favor
farmers, simply because it takes so much water to pro-
duce food. For example, while it takes 1,000 tons of wl:zter
to grow a ton of wheat, it takes only 14_t0nls to make al
ton of steel. In China, where water scarcity 1s a n_a}t:ona
security issue, 1,000 tons of water can be used either to
produce 1 ton of wheat worth, at most, $200, or to
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expand industrial output by $14,000—70 times as much.
In a country preoccupied with expanding the economy
and creating jobs, the policy decision to make agriculture
the residual claimant comes as no surprise.*¢

Many of the world’s largest citics are located in closed
basins. Cities in these watersheds, such as Mexico City,
Los Angeles, Cairo, and Beijing, can increase their water,
consumption only by importing water from other basins
or taking it from agriculture.

' _In a world of water scarcity, literally hundreds of
cities are now taking water from agriculture. Among the
US. cities that are likely to satisfy future growth in water
dgmands by taking irrigation water from farmers are San
Diego, Los Angeles, Las Vegas, Denver, and El Paso. A
USDA study of 11 western states for 1996 and 1997 found
that during these two years, annual sales of water rights
averaged 1.65 biilion tons or roughly 1 percent of the
underground water used for irrigation nationwide.*!

When the federal government reduced the flow of Col-
orado River water into California by 765 million tons on
January 1, 2003, in accordance with a longstanding
agreement that allocated the river’s water among several
states, it immediately set off a flurry of urban water pur-
ghases from farmers in California, including a 120-mil-
110p~tqn water purchase from the Sacramento Valley
Ir-ngatlon Dustrict by San Diego’s Municipal Water Dis-
trict. This purchase meant that farmers would idle rice-
land, reducing rice production by an estimated 120,000
tons or 3 percent of U.S, consumption.*2 :

Literally hundreds of cities in other countries are

meeting their growing water needs by taking some of the
water that farmers counr on. In western Turkey, for
example, Ismir now relies heavily on well fields fl’O[‘l"l the
neighboring agricultural district of Manisa.®3

Although reliable projections of rural-urban transfers
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Jo not yet exist for many countries, World Bank calcula-
nons for South Korea, a relatively well watered country,
mdicate that growth in residential and industrial water
use there could reduce the supply available for agriculture
{rom 13 billion tons at present to 7 billion tons in 2025.%

Between 2000 and 2010, the World Bank projects that
China’s urban water demand will increase from 50 billion
cubic meters {50 billion tons} to 80 billion, a growth of 60
percent as the country’s population is projected to grow by
90 million. Industrial water demand, meanwhile, will go
from 127 billion cubic meters to 206 billion, up 62 percent.
Several hundred cities are looking to the countryside to
satisfy their future water needs. In the region around Bei-
iing, this shift has been under way since 1994, when farm-
crs were banned from the reservoirs that supplied the city®

As China attempts to accelerate the economic devel-
opment of the upper Yellow River basin, emerging indus-
tries upstream get priority in the use of water. And as
more water is used upstream, less reaches farmers down-
stream. In most recent years, the Yellow River not only
has failed to reach the sea for part of the year, but some-
times it has failed to reach Shandong, the last province
thar it flows through en route to the sea.*

Farmers in Shandong have traditionally received
roughly half of their irrigation water from the Yellow
River and half from wells. Now they are losing water
from both sources as the downstream river flow shrinks
and as overpumping depletes local aquifers. Losses of
irrigation water in a province that produces a fifth of
China’s corn and a seveath of its wheat help explain why
China’s grain production is declining. As a supplier of
grain, Shandong is more imporrant to China than lowa
and Kansas together are to the United States.*

Although there is no worldwide monitoring system
for the diversion of irrigation water to cities and industry,
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the trend is clear. Slowly but surely cities are siphoning
water from agriculture cven as the world’s farmers try to
feed 70 million more people each year.%

Scarcity Crossing National Borders

Historically water scarcity was a local issue. It was up to
national governments to balance the supply of and
demand for water. Now this is changing as SCarcity cross-
es national boundaries via the international grain trade.
One of the consequences of economic globalization is that
water scarcity anywhere can affect people everywhere.

The Middle East and Norrth Africa—from Morocco
in the west through [ran in the east—has emerged as the
world’s fastest-growing grain import marker. Virtually
every country in the region is pressing against the limits
of its water supply. In this sicuation, the growing demand
for water in cities and industry can be satisfied only by
taking irrigation water from agriculture.

Iran and Egypt, each with some 70 million people,
have become leading importers of wheat, in recent years
vying with Japan-—traditionally the leading wheat
imporrer—for the top spot. Both countries now import
40 percent of their total grain supply.4?

Algeria, with 31 million people, imports some 75 per-
cent of its grain, which means that the water used to pro-
duce the imported grain exceeds water consumption
from domestic sources. Because of its heavy dependence
on imports, Algeria is particularly vulnerable to disrup-
tions, such as grain export embargoes. s

It is often said that future wars in the Middle East will
more likely be fought over water than over oil, but the
competition for water is taking place in world grain mar-
kets. It is the countries that are financially the strongest,
not necessarily those that are militarily the strongest, that
are likely to fare best in this competition.
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If we want to know where grain import needs will be
concentrated tomotrow, we should look at where water
deficits are developing today. Thus far, the countries
importing a large share of their grain have been small or
medium-sized nations. Now for the first time we are
looking at fast-growing water deficits in both China and
India, each with more than a billion people. As of 2002,
both countries have small exportable grain surpluses, but
in both cases they are based on overpumping aquifers.>!

This situation is not likely to last much longer. Each
year the gap between water consumption and the sus-
tainable water supply widens. Each year the drop in
water tables is greater than the year before. Both aquifer
depletion and the diversion of water to cities will con-
tribute to the growing irrigation water deficit and hence
to a growing grain deficit in these countries.

After China and India, there is a second tier of smaller
countries with large water deficits—Algeria, Egypt, Iran,
Mexico, and Pakistan. Four of these already import a large
share of their grain. Only Pakistan remains self-sufficient.
But with a population expanding by 4 million a vear, it will
also likely soon turn to the world market for grain.s2

When will the population giants turn to the world
market for a large share of their grain? No one knows for
sure. The diversion of water to cities, a gradual process,
is likely to continue expanding for the indefinite future,
given projected urbanization trends. The final depletion
of aquifers could be abrupt and less predictable simply
because we do not know how much water remains in
many aquifers.

A Food Bubble Economy

As noted earlier, overpumping is a way of satisfying
growing food demand that virtually guarantees a future
drop in food production when aquifers are depleted.
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Many countries are in essence creating a “food bubble
economy”—one in which food production is artificially
mflated by the unsustainable use of water. When a stock
bubble bursts, the stocks eventually regain their value
But ‘when a food bubble bursts, production mav noé
regain earlier levels. With aquifer depletion, either the
rate of pumping is reduced to the level of recharge, if it is
a replenishable aquifer, or pumping ceases entirely, if it is
a fossil aquifer. ’

This consequence of excessive reliance on under-
ground water was not obvious when farmers began
pumping on a large scale a few decades ago. The great
advantage of pumping groundwater is that farmers can
apply the water to crops precisely when it is needed
whereas surface water is released for everyone at once,
whether or not that is the best time for individual farm-,
ers. Groundwater, in contrast, is also available through-
out the year, including during the dry season, enabling
farmers to double crop their land. f ’

The superior productivity of pump irrigation water
over surface water is evident from data collected from
lfarlms in India. Yields of foodgrains in Punjab for land
irrigated from wells was 5.5 tons per hectare, while yields
on land irrigated with water from canals averaged 3.i
tons per hectare. Similar data for the southern state of
Andhra Pradesh also showed a strong advantage going to
pumped irrigation, with foodgrain yields averaging 5.7
tons per hectare compared with 3.4 tons on land irrigavt—
ed with canal water.53

The high productivity of irrigation based on ground-
water means that the food production losses will be that
much greater when the groundwater runs out. For India
where roughly half the irrigated land is watered with
underground water, production losses could be steep. In
the Pakistani Punjab, overpumping may be less damag.ing
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than in India partly because Pakistan depends so heavily
on surface water from the Indus River.’*

In the United States, 37 percent of all irrigation water
comes from underground; 63 percent comes from surface
sources. Yet three of the top grain-producing states—
Texas, Kansas, and Nebraska—each get 70-90 percent of
their irrigation water from the Ogallala aquifer, which is
essentially a fossil aquifer with little recharge.™

At what point does water scarcity translate into food
scarcity? In which countries will the loss of irrigation
water from aquifer depletion translate into an absolute
decline in grain production? David Seckler and his col-
leagues at the International Water Management Institute
summarize chis issue well: “Many of the most populous
countries of the world—China, India, Pakistan, Mexico,
and nearly all the countries of the Middle East and North
Africa—have literally been having a free ride over the
past two or three decades by depleting their groundwater
resources. The penalty of mismanagement of this valu-
able resource is now coming due and it is no exaggeration
to say that the results could be catastrophic for these
countries and, given their importance, for the world as a
whole.”5®

Since irrigation water played such a central role in the

tripling of the world grain harvest from 1950 to 2000, 1t
comes as no surprise that water losses will shrink har-
vests. Outstanding among the countries thar are living in
a food bubble economy are China and India, which
together contain 38 percent of the world’s people. Less
populous countries in a similar position are Pakistan,
Mexico, and Saudi Arabia. The question for each of
these countries, and for the entire world, is not whether
the bubble will burst, but when.?”



Eroding Soils and
Shrinking Cropland

In 1938 and 1939, Walter Lowdermilk, a senior official in
the Soil Conservation Service of the U.S. Department of
Agriculture (USDA), traveled abroad to look at lands that
had been cultivated for hundreds and even thousands of
years, seeking to learn how these older civilizations had
coped with soil erosion. He found that some had man-
aged their land well, maintaining its fertility over long
stretches of history. Others had failed to do so and left
only remnants of their illustrious pasts.!

In a section of the report of his travels entitled “The
Hupdred Dead Cities,” he described a site in northern
Syria, near Aleppo, where ancient buildings were still
standing in stark isolated relief, but they were on bare
rock. During the seventh century, the thriving region had
been iuvaded, initially by a Persian army and later by
nomads out of the Arabian Desert. In the process, soil
and water conservation practices used for centuries were
gbandoned. Lowdermilk noted, “Here erosion had done
its worst....if the soils had remained, even though the
cities were destroyed and the populations dispersed, the
area might be re-peopled again and the cities rebuilt, but
now that the soils are gone, all is gone.”2

Now fast forward to a trip in 2002 by a UN. team to
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assess the food situation in Lesotho, a tiny country
imbedded within South Africa. Their finding was
straightforward: “Agriculture in Lesotho faces a cata-
strophic future; crop production is declining and could
cease altogether over large tracts of the country if steps
are not taken to reverse soil erosion, degradation, and the
dedline in soil fertility.” Michael Grunwald, writing in the
Washington Post, reports that nearly half of the children
under five in Lesotho are stunted physically. “Many,” he
says, “are too weak to walk to school.”?

Whether the land is in northern Syria, Lesotho, or
elsewhere, the health of people living on it cannot be sep-
arated from the health of the land itself. A large share of
the world’s 840 million hungry live on land where the
soils are worn thin by erosion.*

Soil Erosion: Wind and Water

The thin layer of topsoil that covers much of the carth’s
land surface is the foundation of civilization. Today per-
haps a third or more of that foundation, the world’s crop-
land, is losing topsoil through erosion faster than new
soil is forming, thereby reducing the land’s inherent pro-
ductivity. Where losses are heavy, productive land turns
into wasteland or desert.’

Some early civilizations, such as that of the Mayans in
the lowlands of what is now Guatemala, which flour-
ished from the sixth century B.C. to the ninth century
A.D., may well have declined because soil erosion under-
mined the food supply®

Over long periods of geological time, new soil forma-
tion exceeded soil erosion, forming a fertile layer of top-
soil over much of the earth. But in recent decades, soil
erosion has accelerated, often outpacing the creation of
new soil. This loss of soil can be scen in the dust bowls
that form as wind erosion soars out of control. Among



4 PLAN B

those that stand out are the U.S. Dust Bowl in the Great
Plains during the 1930s, the Soviet dust bowl in the Vir-
gin Lands in the 1960s, the huge dust bow] that is form-
ing in northwest Chima, and the dust storms that come
out of Africa, crossing the Atlantic with the prevailing
winds. Each of these is associated with a well-developed
pattern of agricultural expansion onto marginal land fol-
lowed by retrenchment as the soil begins to disappear.”

The erosion of soil can be seen in the silting of reser-
voirs and from the air in muddy, silt-laden rivers flowing
into the sea. Pakistan’s two large reservoirs, Mangla and
Tarbela, which store Indus River water for that country’s
vast irrigation network, are losing roughly 1 percent of
their storage capacity each year as they slowly fill with
silt from their deforested watersheds. And Pakistan is not
alone. In varying degrees, reservoirs are plagued with sil-
tation spurred by deforestation and farming, yielding a
lose-lose situation where the loss of soil also reduces the
supply of irrigation water.8

As soils erode, land productivity falls. An analysis of
several studies on the effect of soil erosion on crop yiclds
in the United States concluded that for each 1 inch of top-
soil lost, wheat and corn yields declined by 6 percent. A
1982 USDA Natural Resource Inventory, which measured
the loss of topsoil from U.S. cropland at 3.1 billion tons
per year, found that excess erosjon was concentrated on a
small share of the land. It set the stage for the landmark
1985 Conservation Reserve Program.?

Ethiopia, a mountainous country with highly erodible
soils on steeply sloping land, is losing an estimated 1 bil-
lion tons of topsoil a year. This is one reason why
Ethiopia always seems to be on the verge of famine, never
able to accumulate enough grain reserves to provide a
meaningful measure of food security. 10

India is thought to be losing 4.7 billion tons of topsoil a
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yeat, mostly through water erosion. Its monsoonal climate,
with the concentration of rainfall during a few months of
the year, leaves its exposed soils vulnerable to eroslion.“
In neighboring Nepal, a government report estlrr_laFed
annual soil nutrient loss from erosion at 1.3 million
tons—on top of the 500,000 tons of soil nutrients
removed through harvesting of crops. Of this total loss of
1.8 million tons, only 300,000 tons are being replaced
through the use of organic and mineral fertiliZer.ﬁ

In China, plowing excesses became common in several

provinces as agriculture was pushed northward into the
pastoral zone between 1987 and 1996. In Inner Mongoha
(Nei Monggol), for example, the cultivared area .mcrea.sed
by 1.1 million hectares, or 22 percent, duFing this period.
Other provinces that expanded their cultwat(?d area by 3
percent or more during this nine-year span 1nc1ud€__He1-
Yongjiang, Hunan, Tibet {Xizang), Qinghai, and Xinjiang,
Severe wind erosion of soil on this newly plowed land made
it clear that the only sustainable use of much of it was graz-
ing. As a result, Chinese agriculture is now epgaged in a
strategic withdrawal in these provinces, pulling back to
only the land that will sustain crop production.?

Since the health of people is closely related to the
health of the soil on which they depend, most hunger .is
found in the mountains and the hills and on semiarid
farmlands with marginal rainfall. Little hunger is found
on well-watered agricultural plains. In the absence .of
conservation practices, marginal soils tend to marginalize
the people who depend on them. Richard Bilsborrow, an
economist/demographer at the University of North Ca.r—
olina, notes: “Three quarters of the poorest 20 percent 1n
Latin America live on marginal lands. Fifty-seven percent
of Asia’s poor and 51 percent of Africa’s also inhal?lt
marginal lands. Not just the lack of land, but also its
quality, contributes to world poverty.”!*
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Advancing Deserts

Desertification, the process of converting productive
!and to wasteland through overuse and mismanagement,
is unfortunately all too common. Anything that removes
protective grass or trees leaves the land vulnerable to
wind and to water erosion and the loss of topsoil.

In the carly stages of desertification, the finer parti-
cles of soil are removed by the wind, creating dust
storms. Once the finc particles are removed, then
th_e coarset partictes—the sand-—are also carried by the
v?'md. Sand storms are capable of destroying vegeta-
tion and of disrupting transportation by blocking
highways and railroads with drifting sand. A scientific
paper analyzing a particularly severe dust and sand
storm in May 1993 in Gansu Province in China’s north-
west reported that it reduced visibility to zero and
described the daytime sky as “dark as a winter night.”
The storm killed 49 people, destroyed 170,000 hecrares
(450,000 acres) of standing crops, damaged 40,000
trees, and killed 6,700 cattle and sheep. Forty-two trains
were cancelled, delayed, or simply parked to wait until
the storm passed and the tracks were cleared of drifting
sand.!¥

Large—scale desertification is concencrated in Asia and
Africa—two regions that together contain nearly 4 bil-
lion of the world’s 6.2 billion people. The demands of
growing human and livestock populations are simply
exceeding the land’s carrying capacity.16

On the northern edge of the Sahara, Algeria is facing
the.desertification of its cropland. In December 2000
agriculture ministry officials announced a four-year plar;
to halt the advancing desert by converting the southern-
most 20 percent of Algeria’s grainland into fruit and olive
orchards, vineyards, and other permanent crops. The
government hopes that this barrier of vegetation will halt
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the northward movement of the Sahara and save the
country’s fertile northern region.?”

To the south, Nigeria—Africa’s most populous coun-
try——is fighting a losing battle with the advancing desert.
Each vear, it loses 351,000 hectares (877,000 acres) of
land to desertification. Affecting each of the 10 northern
states, desertification has emerged as Nigeria’s leading
environmental problem.®

In East Africa, Kenya is being squeezed by spreading
deserts, and desertification affects up to a third of the
country’s 32 million people. As elsewhere, the unholy tri-
umvirate of overgrazing, overplowing, and overcutting of
trees are all contributing to the loss of productive land."

Iran is also losing its battle with the desert. Moham-
mad Jarian, who heads [ran’s Anti-Desertification Orga-
nization, reported in 2002 that sand storms had buried
124 villages in the southeastern province of Sistan-
Baluchistan, leading to their abandonment. Drifting
sands had covered grazing areas, starving livestock and
depriving villagers of their livelihood.20

Neighboring Afghanistan is faced with a similar situ-
ation. The Registan Desert is migrating westward,
encroaching on agricultural areas. A UN. Environment
Programme (UNEP) team reports that “up to 100 villages
have been submerged by windblown dust and sand.” In
the country’s northwest, sand dunes are moving onto

agricultural land in the upper reaches of the Amu Darya
basin, their path cleared by the loss of stabilizing vegera-
tion from firewood gathering and overgrazing. The
UNEP team observed sand dunes 15 meters high blocking
roads, forcing residents to establish new routes.?1

China is being affected more by desertification than
any other major country, For the outside world, the evi-
dence of this is often seen in the dust storms in late win-
ter and early spring, as described in Chapter 1. These
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storms, which regularly reach the Korean peninsula and
Japan, sometimes even cross the Pacific, depositing dust
in the western United States.2?

Overgrazing is the principal culpric. After the 1978
economic reforms, when China shifted to a market econ-
omy, the government lost control of livestock numbers. As
a result, the livestock population soared. The 106 million
cattle and 298 million sheep and goats that now range
across the land are simply denuding the western and
northern part of the country, a vase grazing commons.2?

A report by a U.S. embassy official in May 2001 after
a visit to Xilingol Prefecture in Inner Mongolia notes that
official data classify 97 percent of the prefecture as grass-
land, but that a simple visual survey indicates that a third
of the terrain appears to be desert. The report describes
the livestock population in the prefecture climbing from
2 mil]iqn as recently as 1977 to 18 million in 2000. A Chj-
nese scientist doing grassland research in the prefecture
says that if recent desertification trends continue, Xilin-
gol will be uninhabitable in 15 years.2+

A recent US, Embassy report entitled “Desert Merg-
ers and Acquisitions” says satellite monitoring shows two
deserts in north-central China expanding and.merging to
form a single, larger desert overlapping Inner Mongolia
and Gansu provinces. To the west in Xinjiang Province
two even larger desercs—the Taklimakan and Kumtagu—,
are also heading for a merger. Highways in this area are
regularly inundated by sand dunes.?

The overgrazing, overplowing, and overcutting that
are driving the desertification process are intensifying as
the growth in human and livestock numbers continues.
Stopping the desertification process from claiming ever
more productive land may now rest on stopping the

growth in human numbers and in the livestock on which
they depend.
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Crops and Cars Compete for Land

In addition to the losses to degradation, prime cropland
is also being paved over. As the new century begins, the
competition between cars and crops for land is intensify-
ing. The addition of 12 million cars each year consumes,
in new roads, highways, and parking lots, roughly 1 mil-
lion hectares of land—enough to feed 9 million people if
it were all cropland. Since the world's people are concen-
trated in the agriculturally productive regions, a dispro-
portionate share of the land paved for cars is cropland.2®

Millions of hectares of cropland in the industrial
world have been paved over for roads and parking lots.
Each U.S. car, for example, requires on average 0.07
hectares (0.18 acres) of paved land for roads and parking
space. Thus for every five cars added to the U.S. fleet, an
area the size of a football field is covered with asphalt.
More often than not, it is cropland that is paved simply
because the flat, well-drained soils that arc well suited for
farming are also ideal for building roads.?’

The United States, with its 214 million motor vehicles,
has paved 6.3 million kilometers (3.9 million miles} of
roads, enough to circle the earth at the equator 157 times.
In addition to roads, cars require patking space. Imagine
a parking lot for 214 million cars and trucks. If that is a
stretch, try visualizing a parking lot for 1,000 cars and
then imagine what 214,000 of these would look like 2

However we visualize it, the U.S. area devoted to roads
and parking lots covers an estimated 16 million hectares (39
million acres), almost as much as the 20 million hectares
that U.S. farmers plant in wheat. But this paving of land in
industrial countries is slowing as countries approach auto-
mobile saturation. In the United States, there is nearly one
vehicle for every person. In Western Europe and Japan,
there is typically one for every two people.”

In developing countries, however, where automobile
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fleets are still small and where cropland is in short supply,
the paving is just getting under way More and more of
the 11 million cars added to the world fleet of 531 million
are being added in the developing world. This means that
the war between cars and crops is being waged over
wheat fields and rice paddies in countries where hunger is
common. The outcome of this conflict in China and
India, which together contain 2.4 billion people, will
affect food security everywhere.3?

Car-centered industrial societies that are densely pop-
ulated, such as Germany, the United Kingdom, and
Japan, which have paved an average of 0.02 hectares per
vehicle, have lost some of their most productive cropland
in the process. Similarly, China and India also face acute
pressure on their cropland base from industrialization.
Although China covers roughly the samc area as the
United States, its 1.3 billion people are concentrated in
just one third of the country—a thousand-mile strip on
the eastern and southern coast where the cropland is also
located.3!

If China were one day to achieve the Japanese owner-
ship rate of one car for every two people, it would have
a fleet of 640 million, compared with only 13 million
today While the idea of such an enormous fleet may seem
farfetched, we need only remind ourselves that China
has already overtaken the United States in steel produc-
tion, grain production, and red meat production. It is a
huge economy and, since 1980, also the world’s fastest
growing one.’2

Assuming the same paved area per vehicle in China as
in Europe and Japan, a fleet of 640 million cars would
require paving nearly 13 million hectares—most of which
would likely be cropland. This would equal almost half
of China’s 28 million hectares of riceland, which pro-
duces 122 million tons of rice, the principal food staple.33
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The situation in India is similar. While India is geo-
graphically only a third the size of China, it too has more
than 1 billion people, and it now has 8 million motor
vehicles. A land-hungry country projected to add 515
million more people by 2050 cannot afford to cover valu-
able cropland with roads and parking lots.3* '

There simply is not enough land in China, India, apd
other densely populated countries such as ‘Indonesm,
Bangladesh, Pakistan, Iran, Egypt, and Mexico to sup-
port auto-centered transportation systems and to feed
their people. The competition between cars an.d crops for
land is becoming a competition between the rich and the
poor, between those who can afford automobiles and
those who are struggling to buy enough food.

The Land-Hungry Soybean .
Sometimes the competition for land to produce grain
comes from unexpected sources, such as the soybean,
which has emerged as a strategic player in our modern
food economy. Widely consumed as food, it is now a_llso
the leading vegetable oil for table use and thf—: prmqpal
protein supplement for livestock, poultry, and fish rations.
Roughly one tenth of the world soybean haljvest is
consumed as food, mostly as tofu, as a meat substitute in
veggie burgers, or as other productls, such as s0y sauce—
a ubiquitous ingredient in East Asian cuisines. One fifth
of the harvest is consumed as vegetable oil. In 2002, the
world’s soybean harvest exceeded that of all other
oilseeds combined, including olives, peanuts, sunflowers,
rapeseed, cottonseed, and coconuts. Although coconut
oil looms large in the vegetable oil economy of South;ast
Asia and olive oil has long been a standby in thg Mediter-
ranean countrics, it is soybean oil that dominates the

world vegetable oil economy?s

When crushed, the soybean yields roughly 20 percent
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oil and 80 percent meal. Over the last 50 years, soybean
meal has emerged as the world’s dominant protein sup-
plement in livestock, poultry, and fish rations, exceeding
the use of all other high-protein meals combined. The
incorporation of small amounts of high-quality 50y pro-
tein into feed rations boosts sharply the efficiency with
which pigs, poultry, and fish convert grain into animal
protein, making the soybean invaluable.3

The soybean, domesticated in Central China some
5,000 years ago, was imported into the United States in
1804. For nearly a century and a half the soybean lan-
guished in the United States, grown largely as a garden
novelty crop. But then tollowing World War 11, as the
global demand for vegetable oil and for animal feed pro-
tem supplements soared, U.S. farmers began to expand
production rapidly, quickly eclipsing the output in China.
In 1973, the soybean harvested area in the United States
overtook that of wheat. It surpassed corn in 1999. The
U.S. 2002 soybean harvest was worth $13 billion, nearly
twice that of wheat.37

Rather quickly, the geographic focus of soybean pro-
duction had shifted to the New World. By 1990, the Unit-
ed States was producing half of the world’s soybeans,
most of them in the Corn Belt, often in an alternate-year
rotation with corn. In Brazil and Argentina, which have
discovered in recent decades that the soybean is well
adapted to their soils and climate, production has also
climbed, collectively overtaking that of the United Seates
in 200338

Worldwide, the soybean harvest expanded from 17
million tons in 1950 to 194 million tons in 2002, (See Fig-
ure 3-1.) This 11-fold gain compares with a threefold
gain of the world grain hatvest during the same period,
Nearly all the growth in grain production since 1950 has
come from raising grain yields, whereas the 11-fold
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Figure 3-1. World Soybean Production, 19502002

increase in soybeans depended heavily on a sixfold
increase in area. Because the soybean, a [egumg, clevote.s1
much of its metabolic encrgy to fixing nitrogen in the soi

and to producing high-quality protei, yields have nseri
slowly compared with those of grain. We get mlorefs?g

beans by planting more soybeflns. Given the- role of the
soybean in boosting the efficiency w1th.wh1ch grain is
converted into animal protein wo'rldv.wde, produc{ng
more soybeans is essential. But satasfyxng Fhf: grlow:[r;g;
demand for them will nonetheless take additional land.

Grainland Gains and Losses N

The world grain area expanded from 587 rpllllon hectart?s
in 1950 to its historical peak of 732 million hectares in
1981. Since then, however, grainland has shrm.\k, dirop-
ping to 647 million hectares in 2002. The flrst‘ arﬁe
expansion in grainland after World War H. came in the
late 1950s with the Soviet Virgin Lands project. Conct;q-
trated in what is now the Republic of Kazakhstan, this
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involved plowing vast areas of grasstand with only
marginal rainfall. Within a matter of years, the area
cleared for grain exceeded the whear area in Canada and
Australia combined. It was a massive expansion, but it
was not ecologically sustainable 40

Anocther major contributor to the expansion of har-
vested area was the growth in irrigation, which both
brought arid Jand under cultivation and facilitated dou-
ble cropping. With irrigation, countries with moderate
climates could often raise a second crop during the dry
season. This enabled northern India, for example, to
double crop wheat and rice. On the North China Plain, it
enabled farmers to double crop wheat and corn. And in
parts of southern China and southern India, rice could
be double cropped and even occasionally triple cropped.
As the century ncared its end, the growth in irrigation
slowed and in some countries, such as Saudi Arabia, the
irrigated land area bepan to shrink. %

Over the last two decades, some countries that had
overplowed were forced to pull back. Kazakhstan’s grain
area, which was roughly 25 million hectares in 1980, had
shrunk 10 12 million hecrares by 2000. In the United
States, the Conservation Reserve Program was created in
the 1985 Tood Security Act to convert highly erodible
cropland back into grass or trees. This program retired
some 14 million hectares, roughly one tenth of U.S. crop-
land, from 1985 onward. ¥

As the last century was ending, the Chinese govern-
ment, concerned about the dust bowl forming in the
country’s northwest, launched a conservation program
similar to thar of the United Stares—one designed to help
farmers plant some 10 million hectares of highly erodible
grainland in trees. In addition to this planned cropland
retirement, China is losing land for other reasons, as
noted earlier. Between 1997 and 2002, its grain harvested
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area shrank from 90 million to 81 million hcetares, [laart—
ly from irrigation water shortages and the res:ll tanfc
decline in double cropping and par_tl;hr from E:Sf:rf
encroachment. By crop, more thap?’ million he'Cta‘I:S 0
the decline was of wheat and 2 million was of rice. N
Cropland is also being conver?ted to fish ponds. fii ;'nﬁ,
producer of more than 20 million tons of farmed ish.
which is roughly two thirds of the global tlotal, hﬁs devo:)t—
ed 5 million hectares of land—much 0.[ it crop cll]: —to
fish ponds. Dominated by a sophfsnv:’:ated frfas “:iatie;
carp polyculture, this activity is continuing to ehgabn C "
the Unired Stares, where aquaculture is dommated | yMg -
fish, some 44,000 hectares (10?,000 acres) of lar;l 11; t]—l:',g
sissippi are devoted to ciatf;sh por}d;.44 Much o i
: ras once used to grow rice, .
bOt;gHtl}ll?: (rile\:Ma century, some rainforest is being c_lea;ed
for oil palm production in Malaysm 'ar.1cli I1'1d0ne(sita, urr
by far the largest cropland expansion initiative under way
today is in Brazil to the south and west of the Amjzop
basin, This savannah-like land, known as the c;frm 0, 13
being cleared by Brazilian farmers as they bot refpc(nin
to the soaring world demand f.mt soybea_ns cfnd eed a
domestic population of 176 million, which is g(;qm;llg
and becoming more affluent. Thus far, land cleare I“T“}i e
cerrado has been vsed largely to produce soybeans. h1s.,
combined with a shift of grainland t.olsoybeans, as
expanded the soybealn area 563?4510 million hectares in
18 million in 2002, . _
199'(12}?5 nl:;rgiy expansion, combined.with rising }'{e]dg,
has tripled Brazil’s soybean havest sincc 1990, put’tmfhl;
in a position to soon eclipse the United States as \
world’s leading soybean producer and ex%Or er.
Although the cerrado appears well adapted to pro u::l{ng
soybeans, it has not yer contri-butcd much to cxpaqf u'-;tg
the world grain harvest. [t might, however, do so if its
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farmers adopt a two-year rotation with soybeans and
corn, similar to that used in the U.S. Corn Belt 46

Argentina is also contributing to the surge in world
soybean output by shifting land from grain and by plow-
ing its grasslands. But this grassland cannot be extensive-
ly plowed without encountering serious erosion and
wildlife problems.

Brazil’s expansion into the cerrado stands alone in the
early twenty-first century as the only large-scale initiative
to increase the world’s cropland, one that could exceed in
scale the Soviet Virgin Lands project of a half-century
ago. It earlier expansion efforts in other countries are any
guide, however, Brazil will also overexpand and be forced
at some point to pull back.4

Spreading Land Hunger

Nowhere is the ubiquitous effect of population growth so
visible as in its effect on the size of farms. With the
world’s grainland area changing relatively little over the
last half-century and with population more than doy-
bling, grainland per person shrank by more than half
from 1950 to 2000. By 2050, it is projected to shrink fur-
ther—to less than in India today. And because the nearly
3 billion people to be added by then will be born in
developing countries, they will experience a dispropor-
tionate shrinkage in grainland 4

The shrinkage in India, which is projected to add
neatly 500 million people by mid-century, is of particular
concern. In 1960 India had 48 million farms, but as land
was transterred from one generation to the next and then
to the next, and divided each time among the heirs, the
number of farms multiplied to 105 million by 1990.
Farms that averaged 2.7 hectares in 1960 are less than half
that size today. Millions of inherited plots are so small
that their owners are effectively landless.*?
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The projected shrinkage in Nigeria, Afri'ca’s largesci
CoOUNTry, 15 even greater, since its populatlo.n is e:_&pect:eo
to increase from 121 million roday E0‘258 m1ll.10n in 203' .
With a population in 2050 approaching that in the‘U}?llt-
¢d States today, squeezed into a country only slig ts()]z
larger than Texas, the handwriting on the wa!l is clear.

In the western hemisphere, Mexico’s grainland area
per person has shrunk by half over the last_ 50 years. Wlth‘
its small plots being divided and then deded again ag
cach successive generation inherits the fa.rmly. farm', lfmd
hunger plagues rural areas. The popqlatlon is E_)rOJec,te
to grow from 102 million to 140 ‘m1lhon by 2030. SEFHE
400 to 600 people per day are fleeing rural areas, ma Tg
Mexico City one of the world’s l.argest cities an(;lltle
United States the principal destination of migrants.

Looking ahead, we are encouraged by the slowing of
world population growth over the last two decadgs. B'ut
even so, some countries, including Pak1sFan, N.'lgena:ﬂ,l
Ethiopia, Colombia, the Philippines, Saugh Arabia, 'arie
Iraq, are projected to add more people during the next 5
years than they did during the last 50.%2 _ '

In some countries, the land that a family of flve has to
produce their wheat, rice, or corn in 2050 will be less
than 1 acre—less than the living space of an affluent
American family with a house in the suburbs. Among the
countries in this situation are Bangladesh, Chlqa,
Ethiopia, India, Mexico, Nigeria, Paklstgn, Tanzania,
and Uganda. Even worse, in Egypt, Ma_laysm, and Rw}?rﬁ
da, che grainland per person in 2050 will be scarcely ha
the size of a tennis court.>? _ ‘ .

Except for those in sub-Saharan Africa, virtually a
developing countries have benefited from the enormous
gains in land productivity over the last half-cent‘u-ry.
Unfortunately, for many countries where land produaﬁtw—
ity has already doubled or tripled, such as Mexico,
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Egypt, India, and Pakistan, future gains to offset the
shrinkage in grainland per person will be difficult to
come by.54

Eradicating hunger in a world of eroding soils and
shrinking cropland per person will not be easy, but it can
be done, as described in Plan B, Part II of this book. We
know how to conserve soil and raise the land’s fertility. We
also know how to plan families and stabilize population.

Although the scale of these issues is new, the issues
themselves are not. In his classic USDA report, which is
still in print, Walter Lowdermilk proposed an eleventh
commandment: “Thou shalt inheric the Holy Earth as a
faithful steward, conserving its resources and productivi-
ty from generation to generation. Thou shalt safeguard
thy fields from soil erosian, thy living waters from drying
up, thy forests from desolation, and protect thy hills from
overgrazing by thy herds, thac cthy descendants may have
abundance forever. If any shall fail in this stewardship of
the land, thy fruitful fields shall become sterile stony
ground and wasting gullies, and thy descendants shall
decrease and live in poverty or perish from off the face of
the earth.” Lowdermilk was describing in biblical lan-

guage the basic principles of what today we call sustain-
able development.3s

Rising Temperatures
and Rising Seas

As the earth’s temperature rises, it alters the entire cli-
mate system, affecting all life on earth. It brings more
intense heat waves, more destructive srorms, lower crop
yields, ice melting, and rising seas, and it shrinks the
snowfields and glaciers that feed so many of the world’s
rivers. Among the industries most affected are agricul-
ture, insurance, and tourism.

Intense heat waves are taking a growing human toll. In
1995, 700 residents of Chicago died in a heat wave, In the
summer of 1998, 100 Texans died in a prolonged hcgt
spell. At about the same time, some 2,500 people.dled in
a heat wave in India. In May 2002, in a heat wave in India
that reached 50 degrees Celsius (122 degrees Fahrenheit),
more than 1,000 people died in the state of Andhra
Pradesh alone.! -

Among the various manifestations of rising tempera-
tures, ice melting, in particular, is drawing attention from
scientists. They are particularly concerned because of the
effect on sea level. Rising seas that encroach on a continent
and shrink the habitable land area while population is
growing can only exacerbate an already difficult problem.

More frequent and more destructive storms are now a
matter of record. The insurance industry is painfully
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aware of the relationship between higher temperatures
and storm intensity, The last few yvears have brought a
flurry of lowered credit ratings, both for insurance comn-
panies and the reinsurance companies that back them up
by spreading their risks.

Numerous industries are affected, including many
smaller ones. For example, as mountain snow cover
shrinks, the ski industry also shrinks, losing revenue and
jobs. In the United States, the ski industry has launched
[ts own campaign to reduce carbon emissions by buying
wind-generated electricity to operate ski lifts. Industry
leaders call their campaign “Keep Winter Cool.”2

The Temperature Record

Scientists at NASA's Goddard Institute for Space Studies
gather data from a global network of some 800 climate-
monitoring stations 10 measure changes in the earth’s
average temperature. Their temperature records go back
123 years, to 1880.3

From 1880 to 1930, the global temperature for almost
every year was below the norm (which scientists define as
the average from 1950 to 1980). During the 1930s, the
first decade when there were several vears abave the
norm, this pattern began to change. It brought record
temperatures and drought to the U.S. Great Plains, help-
ing to create the Dust Bowl.*

Beginning in 1977, the temperature began to dimb
and it has been above the norm each year since chen, Dur-
ing the 1980s, the average global temperature was 0.26
degrees Celsius above; during the 1990s, it averaged 0.40
degrees above the norm. And during the first three years
of the new century, the average temperature has been 0.55
degrees above the norm. If the accelerating rise concin-
ues, the jump in this decade will substantially exceed that
of each of the preceding ones.5
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Meteorologists note that the 16 warmest ﬂearsh on
record have come since 1980, Apd since the three
warmest years on record have come i .the last f1}';fe y.ear;s,
not only is the earth’s temperature rising, but tkz rise Oi
accelerating. {See Figure 4-1.} Against this bacr rop f
record increases, the projections of the Intergmir’nmen
tal Panel on Climate Change {IPCC) that the eart Cs :iw;ﬂ.‘;
age temperature will rige 1.475.8 degrees etsur
(2.5-10.4 degrees Fahrenheit) during the current cen tez
seem all too possible. The [PCC uPper-cpd projecte
increase of 5.8 degrees Celsius during this cen;ury] 12
comparable to the change registert?d between the as‘rdc.15
Age and today. Whether the world's temperature tren :
more likely to follow the lower or the upper p'rOJe‘C“?h .
no one knows. But given the recent ac:c.eleratlon1 in tz
rise, we may now be on a trs;jectory that is much closer

of the range.
fhe Ktp se;ri\i?ical level, TEE, projected rise in temperatlgtre
of 1.4-5.8 degrees Celsius is a global average. In reality,
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Figure 4-1. Average Global Temperature, 1880-2002
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the rise will be very uneven. It will be much greater over
land than over oceans, in the higher latitudes than over
the' cquaror, in the continental interior than in coastal
regions. James J. McCarthy, Harvard professor of bio-
logical oceanography and co-chair of an IPCC workin

group, notes that while global average temperature rosg
roughly 1 degree Fahrenheit during the century thar ju f;
ended, on Alaska’s north slope and in northwast]ersn
Canzlu‘la it rose by 4-7 degrees Fahrenheit (2.2-3.9 degre

Celsius), several times the global average.” T

The Yield Fffect

Among the leading economic trends most sensitive to this
warming are crop yields. Crops in many countries ar;f
grown at or near their thermal optimum, making them
yulncrable to any rise in temperature. Even a min
increase—1 or 2 degrees Celsius—during the growin sezf
son can reduce the grain harvest in major food~prodicin
regions, such as the North China Plain, the Gangetic p} i
of India, or the Corn Belt of the United States.% P
. As noted in Chapter 1, higher remperatures can halt
p Ot'osynthems, prevent fertilization, and lead to deh
dratiqn. Although the elevated concentrations of atfnz:
sphenc‘ carbon dioxide (CQ,) that raise temperature can
al§o raise crop yields (absent other constraints, such as
soil moisture and nutrient availability), the det,rirne tal
effc_:ct of higher temperatures on yields afppears to be on :
riding the CO, ferrilization effect for the major cro S‘-’er-
In a srqdy of local ecosystem sustainability, N?o.han
Wali and his colleagues at Ohio State University ;mte that
as temperature rises, photosynthetic activity increases
until the temperature reaches 20 degrees Celsius (68
degrees Fahrenheit). The rate of photosynthesis th
plateaus until the temperature hits 35 degrees Celsius (gg
degrees Fahrenheit), whereupon it begins to decline, until
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at 40 degrees Celsius (104 degrees Fahrenheit), it ceases
entirely. At this temperature, the plant is in thermal
shock, simply trying to survive.?

The most vulnerable part of the plant’s life cycle is the
period when fertilization occurs. Each of the three food
staples—rice, wheat, and corn—is vulnerable at this
stage of development. Corn is particularly vulnerable. In
order for corn to reproduce, pollen must fall from the tas-
sel to the strands of silk that emerge from the end of each
ear of corn. Each of these silk strands is attached to a
kernel site on the cob. If the kernel is to develop, a grain
of pollen must fall on the silk strand and then journey to
the kernel site, much as an unfertilized egg moves along
the fallopian tube. When temperatures are uncommonly
high, the silk strands dry out and quickly turn brown,
unable to play their role in the fertilization process.

The effects of temperature on rice fertility have been
studied in detail by scientists at the International Rice
Rescarch Institute in the Philippines. They report that the
fertility of rice falls from 100 percent at 34 degrees Cel-
sius (93 degrees Fahrenheit) to near zero at 40 degrees
Celsius, leading to crop failure.!”

Higher temperatutes can also lead to dehydration.
While it may take a team of scientists to understand the
effects of temperature on the fertilization of the rice
plant, anyone can tell when a corn ficld is suffering from
heat stress and dehydration. When a corn plant curls its
leaves to reduce exposure to the sun, photosynthesis is
reduced. And when the stomata on the underside of the
leaves close to reduce moisture loss, CO, intake is
reduced, thereby restricting photosynthesis. The corn
plant, which under ideal conditions is so extraordinarily
productive, is highly vulnerable to thermal stress.

K. S. Kavi Kumar of the Madras School of Economics
and Jyoti Parikh of the Indira Gandhi Institute of Devel-
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opment Research assessed the effect of higher tempera-
tures on wheat and rice yields in India. Basing their
model on dara from 10 sites, they concluded that in north
India a 1-degree Celsius rise in mean temperature did not
meaningfully reduce wheat yields, but a 2-degree rise
lowered yields at almost all of the sites. When they
looked at temperature change alone, a 2-degree Celsius
rise led to a decline in irrigated wheat yields ranging from
37 percent to 58 percent. When they incorporated the
negative effects of a higher temperature with the positive
effects of CO, fertilization, the decline in yields among
the various sites ranged from 8 percent to 38 percent.}!
The decline in rice yields was temarkably similar, A
separate study in the South Indian state of Kerala, look-
ing at the etfect of temperature on rice yields, concluded
that for each 1-degree Celsius rise in temperature, rice
vields declined 6 percent. These studies are disturbingly
relevant given the projected average temperature rise in
India of 2.3-4.8 degtees Celsius following the doubling of
atrmospheric CO, over pre-industrial levels. 12
As rising temperatures become a reality and as the
effect of temperature on crop yields becomes clearer,
agricultural scientists are becoming concerped. John
Shechy, a crop ecologist and leading researcher on the
effects of climate change on crops, offers a scientific rule
of thumb for assessing the effect of higher temperature
on the yield of rice plants: “For every 1 degree Celsius
increase in temperature between 30 and 40 degrees
Celsius during flowering, fertility decreases by 10 per-
cent.” At 40 degrees, fertlity drops to near zero. L. H.
Allen, jr., one of the scientists who is analyzing the tem-
perature-yield relationship at the US. Deparment of
Agriculture, concludes that each rise of 2 degrees Fahren-

heit (1.1 degrees Celsius) above ideal levels reduces yield
by 10 percent.13
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A recent study by a team of US. scientists at th;
Carnegic Institution goes further. Based on U.S. corn aul]1
soybean yield data from more than 400 counties over the
{ast 17 years, they report that a 1-degree Cel.sms rise in
tcmperature during the June-August growing seeLsoln
reduces vields of both crops by 17 percent. Thls may help
explain why the record U.S, average corn yield—38.7 to}xlls
per hectare in 1994—has not been matched during the
o -ears since then.14 ]
ugh‘ﬁtffi}ria tshe global average tempetature for 2002 at a
near-record high, it is not surprising Fhat the 2002 harvest
in several countries suffered from hlgh temperatures. Afs
the temperature climbs, more countries are likely to suf-
fer crop-withering heat waves, The May J.ZOOZ‘heat Wﬁve
in India that claimed more than l,OQO lives in And ra
Pradesh also stressed crops. So, too, did the heat wave in

| ing Pakistan.l¥ .

nm%: ?}?é“fl%med States, intense heat in 2002, partllcularly
in the Great Plains states—often 38 d.egrees Celsius (1QO
degrees Fahrenheit) or higher—took its toll on the gra;in
harvest. These near-record temperatures at times extend-
ed northward into the Great Plains of Canada .durlmg the
summer, exacerbating drought there and shrmkmg the
wheat harvest. The higher latitudes and_cor}tmentnl inte-
riors where the projected temperature rise is to be grec;t-
est neatly defines the North American breadbasket—d—the
Great Plains of the United States and Canada and the
. Belt.1¢
U'STEEIII\]Iorth China Plain, China’s principal food-prg—
ducing regjon, also suffered from high temperatures 1
2002, Even in September, temperatures wWere soaring into
the mid-30s and above. Such hig}} temperatures not o_nly
stress crops, they also increase soil molsti;lre evaporation,
isi e demand for irrigation water.
1-alsll’?agntthbreeders will undoubtedly be able to develop
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crop strains that are more heat-resistant, bur it is doubt-
ful that they can fully offset the effects of rising temper-
ature. And thus far biotechnology has not had any major
success in this strategically important area of plant
breeding.

If we permit atmospheric CO, levels to continue ris-
ing at recent rates, we will be headed for a world far
warmer than any since agriculture began some 11,000
years ago—a world in which farmers will be struggling to
adjust to an ever-changing climate. They must think
about changing to not only pew varieties, as they have
always done to boost production, but also to new crops
in order to adapt to the changing climate. And virtually
all the world’s farmers will have to change their farming
practices, keeping in mind this is not just a one-time
adjustment but a continuing change and a guessing game
as to whether shifts are aberrations or a lasting change in
the local climate. In the past, farmers could deal with
aberrations because they knew that sooner or later con-
ditions would return to normal, but now there is no “nor-
mal” to return to.

What changes in cropping patterns lie ahead as the
earth becomes warmer? Will the decline in production of
drought-tolerant crops, such as sorghum and millet, over
the last several decades be reversed as they replace wheat
in human diets and in rations for livestock and poultry?
Will rice give way to more water-efficient wheat in our
diets? Will water shortages lead to wheat eventually edg-
ing out rice as the dominant food staple in both India and
China?

Another response will be to move agriculture north-
ward into Canada and Siberia. Unfortunately, the soils in
these regions are not particularly fertile. There is, for
example, a world of difference between the decp fertile
soils south of the Great Lakes and those north of them,

.. .
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I'ie US. Corn Belt is the world’s most productive agri-
ultural region, whereas the thin glaciated sml_s nprth of
the Great Lakes are far less productive. Despite its vast
Land area, Canada produces less grain than Fraqce does.
It is a leading exporter only because its population is so
small relative to its vast land area.1® .

Temperature rises in some areas could easx-ly bcbd(}u—
ble the global average. In other areas, there mlght e lit-
cle or no change. Such is the world of uncertainty now
facing the world’s tarmers.!”

Reservoirs in the Sky
Snowfice masses in mountains are nature’s fresh’water
reservoirs. These “reservoirs in the sky” are nature’s way
of storing water to feed rivers during the summer dry s}e.a—
son. Agriculture is heavily dependent on these STIOW. 1c§
masses, which are a major source of water for irrigate
farming. Now they are being threatened by the rise in
ature. .
temllr)]e;ome agricultural regions, snowmlelt is 'thc leading
source of irrigation water. These regions include ‘ the
southwestern United States, where the Colorado River,
the primary source of irrigation water, depends. on sNOW-
fields in the Rockies for much of its flow. California, in
addition to depending heavily on the Cglorado, also
relies on snowmelt from the Sierra Nevada in the eastern
part of the state. Both the Sierra Ne'vada.a’nd the coastzi'l
range supply irrigation water to California’s Central Val-
ley, the world’s fruit and vegetable basket. g
Preliminary results of an analysis of the effeuts of ris-
ing temperature on three major river systems in the west(i
ern United States—the Columbia, the Sacramentq, an
the Colorado—indicate that the winter snow pack in the
mountains feeding them will be dramatlca‘ﬂy Feduccd
and that winter rainfall and flooding will increase
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accordingly. John Krist, who writes for California’s Ves-
tura County Star, says that this “will mean less water
flowing into reservoirs from snowmelt during dry months
but more pouring in during flood-prone winter months
when there is no room to store it.” Many of the world’s
river irrigation systems are plagued with the same
prospect.”®

In Central Asia, the agriculture in several former Sovi-
et republics depends heavily on snowmelt from the Hindu
Kush mountain range. Among these are Uzbekistan,
Turkmenistan, Kyrgyzstan, Kazakhstan, and Tajikistan.
Atghanistan also depends on the Hindu Kush. Iran gets
much of its water from the snowmelt in the 6,000-meter
Elburz Mountains between Tehran and the Caspian Sea.

Largest of all in world food terms is the snow/ice mass
in the Himalayas. Every major river in Asia originates in
the Himalayas, including the Indus, the Ganges, the
Mekong, the Yangtze, and the Yellow. If rainfall in the
Himalayas increases and snowfall decreases, the seasonal
flow of these rivers will change, leading to more flooding
during rhe rainy season and less snowmelt to feed rivers
during the dry season.2!

This mekting’s impact on the Yellow River will affect
China’s wheat harvest, the largest in the world. Alter-
ations in the flow of the Yangtze River will directly affect
China’s rice harvest—also the world’s largest. And
India’s wheat harvest, which is second only to China’s,
will be affected by the flows of both the Indus and the
Ganges. Anything that alters the seasonal flow of the
Mekong will reduce the rice harvest of Viet Nam, a lead-
ing source of rice for importing countries.22

There are many more mountain ranges where the
snow/ice cover is melting, including the Alps and the
Andes. The snow/ice masses in the world’s leading moun-
tain ranges and the water they store as ice and snow has
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been taken for granted simply because it has always been
there. Now that is changing. If we continue burnl.ng fos-
sil fuels and raising the earth’s temperature, we risk los-
ing these reservoirs in the sky.

Melting Ice and Rising Seas |
in its landmark third edition report released in ca'rly
2001, the IPCC projected that sea le\fel would rise during
this century 0.09-0.88 merers (4-35 inches) as a result o(li
thermal expansion and ice melting. New studies release,
during the two years since then indicate that the f:art_h s
ice cover is melting much faster than IPCC scientists
23
assim;(;i().xl study by two scientists from the University of
Colorado’s Institute of Arctic and Alpine Research shows
that the melting of large glaciers on the west coast gf Alas-
ka and in northern Canada is accelerating. Earlier dgta
had indicated that the melting was raising sea level. by.O. 14
millimeters per year, but new data tor the 1990s mdlcati
that the more rapid melting }ils now .ralsm% seazlfvel by 0.32
illimeters a year—more than twice as fast. ‘
mll}ll”r}?e Coloero study is reinforced by a U:S. Geological
Survey (USGS) study that indicgtes glaciers are nov‘v
shrinking in all 11 of Alaska’s glaciated mountain ranges.
An earlier USGS study reported that the number of gilacwrs
in Glacier National Park in the United States had dw1r.1d.led
from 150 in 1850 to fewer than 50 today. The ren;ammg
glaciers are projected to disappear within.30 years.2 .
Another team of USGS scientists, which used satellhte
data to measure changes in the area coYered by gl‘acue'rs
worldwide, describes an accelerated melting of glaciers in
several mountainous regions, including the South Amc'rl-
can Andes, the Swiss Alps, and the French and Spanish

Pyrenees.? ‘ . o
The melting of glaciers is gaining momentum
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thrf)ughout the Andes. Lonnie Thompson of Ohio State
University reports that the Qori Kalis glacier, which is
located on the west side of the Quelccaya ice cap in the
Peruvian Andes, shrank three times as fast each year from
1998 to 2000 as it did between 1995 and 1998. And the
earlier rate, in turn, was nearly doubie the annual rate of
retreat from 1993 to 1995. Thompson also projects that
the large Quelccaya ice cap will disappear entirely
between 2010 and 2020. The Antisana glacier in Ecuador,
which supplies half of the water for Quito, has retreated
nearly 100 meters in the last cight years.2”

Bernard Francou, research director for the French gov-
ernment’s Institute ot Research and Development, believes
that within the next 15 years, 80 percent of South Ameri-
can glaciers will disappear. For countries like Bolivia
Peru, and Ecuador, which rely on glaciers for water f0;
household and irrigation use, this is not good news.28

Lonnie Thompson’s studies of Kilimanjaro show that
between 1989 and 2000, Africa’s tallest mountain lost 33
percent of its ice field. He projects that its snowcap could
disappear entirely within the next 15 years.2?

Thf? vast snow/ice mass in the Himalayas is also
retreating. Although data are not widely available, those
glaciers that have been studied indicate an accelf;rating
retreat. .As one example, representatives of the major
mountaineering association, The Union Internationale
des Associations d’Alpinisme, report that the glacier that
ended at the base camp from which Edmund Hillary and
Tenzing Norgay launched their history-making ascent of
Everest in 1953 has retreated about 5 kilometers (3 miles).
Geologist Jeffrey Kargel, who studies the Himalayas, is
not surprised by this. “That fits in with the general pic-
ture of what’s happening in Nepal, India, Bhutan and, to
a smaller extent, Tibet,” he says. X0 ’

Both the North and the South Poles are showing the
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clfects of rising temperature. While the South Pole is cov-
cred by a huge continent, the North Pole is covered by the
Atctic Ocean. A flurry of papers presented at the annual
conference of the American Geophysical Union (AGU) in
IDecember 2002 reported dramatic advances in ice melt-
ing. They noted that in summer 2002 the Arctic Ocean ice
cover had shrunk to the smallest area seen since 1978,
when detailed studies began. Mark Serreze of the
National Snow and Ice Dara Center in Boulder, Col-
orado, reported that this was the most abrupt change in
the ocean’s ice cover that scientists have seen during the
24 years they have been monitoring it.31

In addition to shrinking, the Arctic sea ice has thinned
by 42 percent over the last 35 years—from an average of
3.1 meters to 1.8 meters. The combination of the shrink-
ing and thinning has reduced the mass of sea ice by half.
A team of Norwegian scientists projects that the Arctic
Sea could be entirely ice-free during the summer within a
matter of decades.??

If that happens, it would not affect sea level because
the ice is already in the water. But it would alter the Arc-
tic heat balance. When sunlight strikes ice and snow,
roughly 80 percent of the light is reflected back into space
and 20 percent is absorbed as heat. If, however, sunlight
strikes land or open water, only 20 percent is bounced
back into space and 80 percent is converted into heat,
leading to higher temperatures. This is an example of a
positive feedback loop, a situation in which a trend feeds
on itself.3

The melting of Greenland’s ice sheet is a different
matter, Another report delivered at the AGU confer-
ence—-this one by Konrad Steffen, a glaciologist at the
University of Colorado—indicated that the ice cover on
Greenland is also melting much faster over a 686,001
square-kilometer area {roughly a third of the total area)
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than at any time on record. Steffen described how he and
his colleagues, who were camped on the normally frozen
Greenland ice, were flooded under a foot of meltwater
and had to be rescued by helicopter.3*

The prospect of much warmer Arctic summers is of
concern because Greenland, which is three times the size
of Texas, lies partly within the Arctic Circle. An article in
Science reports that if the entire ice sheet on this huge
island were to melt, it would raise sea level 7 meters (23
feet). Such a melting, even under the most rapid warming
scenario, would be measured in centuries, not years.
Nonetheless, if the Greenland ice sheet does disappear,
hundreds of coastal cities will be below sea level, as will
the rice-growing river floodplains and deltas of Asia.
Many island countries will cease to exist.?s

At the other end of the earth, the Antarctic ice sheet,
which covers a continent the size of the United States and
is 2.6 kilometers {1.6 miles) thick on average, contains
over 90 percent of the world’s fresh water. The immediate
concern here is not the ice that covers the continent but
the ice shelves that extend from the continent into the
surrounding seas, which are beginning to break up at an
alarming pace.36

The ice shelves surrounding Antarctica are formed by
the flow of glaciers from the continent to lower levels.
This flow of ice, fed by the continuous formation of new
ice on land and culminating in the breakup of the shelves
on the outer fringe and the calving of icebergs, is not new,
What is new is the pace of this process. When Larsen A,
a huge ice shelf on the east coast of the Antarctic Penin-
sula, broke up in 1995, it was a signal that all was not well
in Antarctica. In 2000, a huge iceberg nearly the size of
Connecticut—11,000 square kilometers, or 4,250 square
miles—broke off the Ross Ice Shelf.3”

After Larsen A broke up, ir was only a matter of time,
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piven the rise in temperature in the region, before Larsen
i would do the same. In November 2001, an alert went
out to the scientific community from a researcher at the
instituto Antartico Argentino, who noted the unusuz}ﬂy
warm spring temperature and the 20-percent acceleration
in the flow of the ice shelf. So when the norther.n part of
the Larsen B ice shelf collapsed into the sea in March
2002, it did not come as a surprise. At abou_t the same
time, a huge chunk of ice broke off thfa Thwmuz Glacu}:l:.
Covering 5,500 square kilometers, this iceberg was the
size of Rhode Island.®® -
Even veteran ice watchers are surprised at hotw 'qu1ck-
ly the disintegration is occurring, “The spegd of.1t is staf-
gering,” said Dr. David Vaughan, a glaaolo_glst.at the
British Ancarctic Survey, which has been monitoring the
Larsen Ice Shelf closely. Along the Antarctic Peninsula, in
the vicinity of the Larsen ice shelf, the average tempera-
ture has risen 2.5 degrees Celsius over thg last five
decades. Higher temperatures lead to ice meltmg on the
surface of the ice shelves. Scientists theorize tha.t as the
melted water on the surface penetrates fractures it .wea;l;—
ens the ice, making it vulnerable to further fracturing.’
As the ice shelves, already in the water, break off from
the continental ice mass, this does not affecF sea level per
se. What is of concern to scienrists is that W]thout the ice
shelves to impede the flow of glacial ice, typically ata rate
of 400-900 meters a year, the flow of ic_e f¥om the conti-
nent could accelerate, leading to a thlinnmg of l{he ice
sheet on the edges of the Antarctic continent. If this wege
ro happen, it would raise sea level. Dr. Neal Young of the
Antarctic Cooperative Research Centre at the University
of Tasmania in Australia notes that after Larsen A bn;);l}(e
off, the upstream rate of glacial flow at least dpubled.
Experts now say it is getting harder roiavmcl the con-
clusion that there is a link between the buildup of green-
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house gases and the accelerating breakup of Antarctic ice
shelves. As Dr. Theodore A. Scambos of the National
Sniow and Ice Data Center at the University of Colorado
observes, “With the disappearance of ice shelves that
have existed for thousands of vears, you rather rapidly
run out of other explanations,”#!

The accelerated melting of ice, which is consistent
with the accelerating rise in temperature that has
occurred since 1980, is of great concern in low-lying
regions of coastal countries and low-lying island coun-
tries. In 2000 the World Bank published a map showing
that a 1-meter rise in sea level would inundate half of
Bangladesh’s riceland. With a rise in sea level of up to 1
meter forecast for this century, tens of millions of
Bangladeshis would be forced to migtate. In a country
with 144 million people—already one of the most dense-
ly populated on earth——this would be a traumatic experi-
ence. Rice-growing river floodplains in other Asian
countries would also be affected, including India, Thai-
land, Viet Nam, Indonesia, and China. With a 1-meter
rise in sea level, more than a third of Shanghai would be
under water. For China as a whole, 70 million people
would be vulnerable to a 100-year storm surge.*2

The most easily measured effect of rising sea level is
the inundation of coastal areas. Donald E Boesch, with
the University of Maryland’s Center for Environmental
Sciences, estimates that for each 1-meter rise in sea level,
the shoreline will retreat by an average 1,500 meters, or
nearly a mile. With such a rise, the United States would
lose 36,000 square kilometers (14,000 square miles) of
land—with the middle Atlantic and Mississippi Gulf
states losing the most. Large portions of Lower Manhat-
tan and the Mall in the center of Washington, D.C.,
would be flooded with seawater during a 50-vear storm
surge, New Orleans would be under water.$3
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Thermal expansion of the oceans and ice melting are
raising sea level at a measurable rate. It has become an
indicator to watch—a trend that could force a hun_lan
migration of unimaginable dimensions. It. also raises
questions about responsibility to other nations and to
future generations that humanity has never before faced.

More Destructive Storms

Rising seas are not the only threat. Higher temperatures
in the surface water in the tropical oceans mean more
cnergy radiating into the atmosphere to drive storm sys-
tems, leading to more frequent, more destructive storms.
The combination of rising seas, more poweFful storms,
and stronger storm surges can be devastatlpg. Such a
combination would wreck havoc with low-lying coastal
cities, such as Shanghai and New Otleans.

In the fall of 1998, Hurricane Mitch—one of the most
powerful storms ever to come out of the. Atlantic, with
winds approaching 200 miles per hour—hit t'h_e cast coast
of Central America. As atmospheric conditions stalled
the normal progression of the storm to the north, some 2
meters of rain were dumped on parts of Honduras and
Nicaragua within a few days. The deluge. coll:apsed
homes, factories, and schools, leaving them in ruins. It
destroyed roads and bridges. Seventy percent of the crops
and much of the topsoil in Honduras were washed
away—topsoil that had accumulated over long stFetches
of geological time. Huge mudslides ‘destroyed villages,
sometimes burying the entite population.* ‘

The storm left 11,000 dead and thousands more miss-
ing. The basic infrastructure—the roads and bridges in
Honduras and Nicaragua—was largely destroyed. Presi-
dent Flores of Honduras summed it up this way: “Over-
all, what was destroyed over several days took us 5‘0 years
to build.” The damage from this storm, cxceeding the
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annual gross domestic product of the two countries, set
their economic development back by 29 years,4
Munich Re, the world’s largest reinsurer, a company
that spreads risks among the insurance companies, is
worried about the effects of climate change on the finan-
cial viability of the industry. It has published a list of
storms with insured losses of $1 billion or more. The first
such natural disaster came in 1983, when Hurricane Alj-
cia struck the United States, racking up $1.3 billion in
insured losses. Of the 34 natural catastrophes with $1 bil-
lion or more of insured losses recorded through the end
of 2001, two were ear thquakes; the other 32 were atmao-
sphere-related—storms, floods, or hurricanes, During
the 1980s, there were three such events. But during the
1990s, there were 25.%6
The two largest events in terms of total damage were
Hurricane Andrew in 1992, which took down 60,000
homes and racked up $30 billion worth of damage, and
the flooding of China’s Yangtze river hasin in 1998, which
also cost an estimated $30 billion. This sum is equal to
the value of the harvest of China’s two food staples,
wheat and rice, combined. Part of this growth in damage
is due to greater development in coastal areas and river
floodplains. But part is due to more frequent, more
destructive storms. ¥
The regjons most vulnerable to more powerful storms
are the Atlantic and Gulf coasts of the United States and
the Caribbean and Central American countries. In Asia,
it is East and Southeast Asia, including countries like the
Philippines, Taiwan, Japan, China, and Viet Nam, that
are likely to bear the brunt of the powerful storms cross-
ing the Pacific. Further west in the Bay of Bengal,
Bangladesh and the east coast of India are particularly
vulnerable,

Western Europe, traditionally experiencing a heavily
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Jamaging winter storm perhaps once in a century, had its
lirst winter storm to exceed a billion dollars in 1?87~
one that wreaked $3.7 billion in destruction, $3.1 billion
of which was covered by insurance. Since then, it has had
wyen winter storms with insured losses ranging from
$1.3 billion to $5.9 billion

Andrew Dlugolecki, a senior officer at the CQMU
Insurance Group, the largest insurance company in the
lJnited Kingdom, notes that damage from armospheri-
cally related events has increased by rogghly.lo pecent a
year. “If such an increase were to continue indefinitely,
he notes, “by 2065 storm damage would exceed the gross
world product. The world obviously would face
bankruptcy long before then.” In the regl world, few
trends continue at a fixed rate over a period of several
decades, but Dlugolecki’s basic point is that climate
change can be destructive, disruptive, and enormously
~ostlyv4?
Losirjlrsurance companies are convinced that with higher
temperatures and more cnergy driving storm systems,
future losses will be even greater. They are concernead
about whether the industry can remain solvenr under th:s
onslaught of growing damages. So, too, 13 Moody’s
Investors Services, which in early 2002 downgradgd the
credit-worthiness of four of the wortld’s leading reinsur-
ance companies.!

Subsidizing Climate Change -

At a time of mounting public concern about cl}mate
change driven by the burning of fossil fuels, the fossil fuel
industry is still being subsidized by taxpayers to the tune
of $210 billion per year. Fossil fuel subsidies lbelong to
another age, a time when development of the oil and coal
industries was seen as a key to economic progress—not
as a threat to our future. Once in place, subsidies lead to
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special interest lobbies that fight tooth and nail against
eliminating them, even those that were not appropriate in
the first place 51

I the United States, oil and gas companies are now
perhaps the most powerful lobbyists in Washington.
Between 1990 and 2002, they amassed $154 million in
campaign contributions in an effort to protect special tax
rates worth billions. In testimony before the House Ways
and Means Commirtee in 1999, Donald Lubick, U.S.
Treasury Assistant Secretary for Tax Policy, said in refer-
ence 1o the oil and gas industry, “This is an industry that
probably has a larger tax incentive relative to its size than
any other industry in the country” That such profitable
investments are possible is a4 measure of the corruption of
the US. political system, and of the capacity of those
with money to shape the economy to their advantage.®

Subsidies permeate and distort every corner of the
global economy. Germany’s coal mining subsidy was ini-
tially justified in part as a job protection measure, for
example. At the peak, the government was subsidizing
the industry to the tune of nearly $90,000 per year for
each worker. In purely economic terms, it would have
made more sense to close the mines and pay miners not
to work,53

Many subsidies are largely hidden from taxpayers.
This is especially true of the fossil fuel industry, which
includes such things as a depletion allowance for oil pro-
duction in the United States. Even more dramatic are the
routine U.S. military expenditures to protect access to
Middle Eastern oil, which are calculated by analysts at
the Rand Corporation to fall between $30 billion and $60
billion a year, while the oil imported from the region is
worth only $20 billion. 5

A 2001 study by Redefining Progress shows U.S. tax-
payers subsidizing automobile use at $257 billion a year,
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or roughly $2,000 per taxpayer. This means that taxpay-
crs who do not own automobiles, including those too
poor to afford them, are subsidizing those whp do.>s

Another hidden subsidy is that provided in the form
of free parking for employees, including even those who
work for government agencies. Free parking encourages
the use of automobiles and thus the use of gasoline. It is
a form of income, but it is not taxed.%¢

One of the bright spots about this subsidization of
fossil fuels is that it provides a reservoir of funding that
can be diverted to climate-benign, renewable sources Qf
energy, such as wind, solar, and geothermal energy. Shift-
ing these subsidies from fossil fuels to the dev;lopment of
renewable sources would be a win-win situation, as
described in Chapter 11. To subsidize the use of fossil
fuels is to subsidize rising temperatures, which lead to
crop-withering heat waves, melting ice, rising seas, au’d
more destructive storms. Perhaps it is time for the worlc_:l s
taxpayers to ask if this is how they want their tax monies
to be used.



Our Socially Divided World

Tht? social and economic gap between the world’s richest
1 billion people and its poorest 1 billion has no historical
precedent. Not only is this gap wide, it has been widen-
ing for half a century The differences between the
world’s most affluent and its poorest can be seen in the
contrasts in nutrition, education, disease patterns, family
size, and life expecrancy.

World Health Organization (WHO) data indicate that
roqghly 1.2 billion people are undernourished, under-
w_elght, and often hungry. At the same time, roughly 1.2
billion people are overnourished and overweight, most of
them suffering from exercise deprivation. So wh,ile a bil-
lion people spend their time worrying whether they will
eat, another billion worry about eating too much.!

Perhaps not surprisingly, education levels reflect the
dgep divide between the rich and the poor. In some indus-
trial countries, more than half of all young people now
gra.duate from college. By contrast, although five cen-
turies have passed since Gutenberg invented the printing
press, 875 mullion adults are illiterate. Unable to read
they are also excluded from the use of computers and thc:
Internet. Because they cannot read or write, their
prospects of escaping poverty are not good.2
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Disease patterns also reflect the widening gap. The
billion poorest suffer mostly from infectious diseases—
malaria, tuberculosis, dysentery, and AIDS. Malnutrition
Jeaves infants and small children vulnerable to infectious
Jiscases. Unsafe drinking water takes a heavier toll on
those with hunger-weakened immune systems, resulting
in millions of fatalities each year. In contrast, among the
billion at the top of the global economic scale, it is dis-
eases related to aging, obesity, smoking, and exercise dep-
rivation that take the heaviest toll.3

Close to a billion people live in countries where popu-
lation size is essentially stable, neither increasing nor
decreasing very much. With another group of compara-
ble size living in countries where population is projected
to double by 2050, the demographic divide between rich
and poor is wider than at any time in history.*

Life Expectancy: A Seminal Indicator
Life expectancy is in many ways the best single measure of
economic and social progress. Although income per person
is widely used, this measures only average wealth, whereas
life expectancy also tells us how widely the benefits of
progress are distributed. If these benefits are concentrated
in a few hands, life expectancy will be short; if they are
broadly distributed, life expectancy will be much longer.
After World War 11, life expectancy climbed rapidly
throughout the world with advances in public health,
vaccines, antibiotics, and food production. But as the
twentieth century drew to an end, life expectancy was no
longer rising everywhere. The HIV epidemic sharply
reduced it in sub-Saharan Africa. Without AIDS, sub-
Saharan Africa’s 700 million people could expect to live
to the age of 62, but in fact their life expectancy has
dropped to 47 years. And millions of infants born with
the virus are likely to die by the age of 5.3
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In Botswana and Swaziland, 39 percent of all adults
are HIV-positive and the infection is continuing to
spread. In Botswana, lifc expectancy was expected to
reach 70 years by now but instead is projected to drop to
40 years by 2005. In Zimbabwe, where 34 percent of the
adult population was HIV-positive at the end of 2001, life
expectancy is projected to drop to 33 years by 2005—half
what it would have been without AIDS. For South Africa,
where the epidemic started later, 20 percent of the adult
population is now HIV-positive. Life expectancy, which
would have been 68 years by 2010, instead will be 42
years.$

The decline in life expectancy witnessed thus far in
Africa is the beginning, not the end, of the epidemic. A
combination of the spread of the virus itself, the deterio-
ration of basic health care as AIDS victims overwhelm
the health care system, and the associated fall in food
production are combining to further reduce life
expectancy. For the first time in history, we sce an epi-
demic that claims primarily able-bodied adults, thus cre-
ating a situation where disease begets famine and famine
begets discase. The result is a life expectancy more akin
to those of the Dark Ages than what we envisaged for the
twenty-first century.

The Effects of the HIV Epidemic

Since the human immunodeficiency virus was identified
in 1981, this infection has spread worldwide. By 1990, an
estimated 10 million people were infected with the virus.
By the end of 2002, the number had climbed to 68 mil-
lion. Of this total, 26 million have died; 42 million are liv-
ing with the virus. Twenty-nine million HIV-positive
people today live in sub-Saharan Africa, but only 30,000
are being treated with anti-retroviral drugs; 6 million live
in South Asia, with nearly 4 million of them in India.’
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Infection rates are climbing. In the absence of effec.tive
treatment, the parts of sub-Saharan Africa with the hlgh-
est infection rates face a staggering loss of life. Adding
the heavy mortality from the epidemic to the -norn'lal
mortality of older adults means that countries like
Botswana and Zimbabwe will lose half of their adult
populations within a decade.? _ .

There is no recent historical example of an infectious
disease taking such a heavy toll. To find a precedent fpr
such a potentially devastating loss of life from such a dis-
ease, we have to go back to the decimation of New Worl'd
Indian communities by the introduction of smallpox in
the sixteenth century or to the bubonic plague that
claimed roughly a fourth of Europe’s population durmg
the fourteenth century. HIV should be secn for what it
is—an epidemic of epic proportions that, if not checkefi
soon, could claim more lives during the early part of this
century than were claimed by all the wars during the last
century.’

The HIV epidemic is not an isolated health care phe-
nomenon. It is affecting every facet of life, every sector of
the economy. Food producuon, alregdy }agging behind
population growth in most countries in gub-Saharan
Africa, is now falling fast as the number of ficld workc_ers
shrinks. As food production falls, hunger intensifies
among the dependent groups of children and elderly.
Malnutrition weakens the immune systems of some, the
virus weakens the immune systems of others, and some

have immune systems weakened by both. The downw?rd
spiral in family welfare typically begins when the flrgt
adult falls victim to the illness—a development that is
doubly disruptive because for each person who is sick anFi
unable to work, others must devote at least part of their
time caring for that family member.¢ o -

Expenditures for health care and medicine in families
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with falling incomes and shrinking food supplies further
exacerbate the dire situation. As savings disappear, pro-
ductivc assets must be sold, including livestock and farm
implements. Medical and funeral costs for parents ofren
leave children in debt. Hunger leaves those with the virus
more vulnerable to infectious diseases.!!

While the economic fallout from the massive loss of
young adults is still poorly understood, the epidemic is
already beginning to cut into economic acuvity. Rising
Worker health insurance costs are shrinking or even elim-
Inating company profit margins, forcing some firms into
the red. In addition, companies are facing Increasing sick
!eave, decreased productivity, and the burden of recruit-
ing and training replacements when employees die.12

In these circumstances, companies become less com-
petitive in world markets. Incoming capital flows begin to
shrink, and economic growth slows or even turns into
cconomic decline. Both exports and imports are reduced
savings decline, and more countries face the prospect o%
defaulting on their international debt.13

.Ec[ucation 1s also affected. The ranks of teachers are
being decimated by the virus. In some countries, such as
Zambia, teachers are dying faster than they can be
replaced. When one or both parents die, more children
stay home simply because there is not enough money to
buy books and suppert them in school. They must fend
for themsclves, Universities are also teeling the effects. At
the University of Durbin in South Africa, 2§ percent of
the student body is HIV-positive.14

The effects on health care are equally devastating, In
many hospitals in eastern and southern Africa, a majori-
ty of the beds are now occupied by AIDS victims, leaving
less space for those who need care for traditional illpesses.
chtors and nurses are often stretched to the breaking
point. With health care systems now unable to provide
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vven basic care, the toll of traditional disease is also rising.
1 .ife expectancy is dropping not only due to the lives lost
(o AIDS, but also due to those lost because of the deteri-
oration in health care.!

The epidemic is leaving millions of orphans in its
wake. Sub-Saharan Africa is expected to have 20 million
“AIDS orphans” by 2010—children who have lost at least
one parent to the discase. There is no precedent for mil-
lions of street children in Africa. But the extended family,
once capable of absorbing these numbers, is now itself
being decimated by the loss of adults, leaving children,
often small ones, to fend for themselves. For some girls,
the only option is what has come to be known as “survival
sex.” Michael Grunwald of the Washington Post writes
from Swaziland, “In the countryside, teenage Swazi girls
are selling sex—and spreading HIV—for $5 an encounter,
exactly what it costs to hire oxen for a day of plowing.”’®

The HIV epidemic in Africa is now a development
problem, a matter of whether a society can continue to
function as needed to support its people. It is a food secu-
rity problem. It is a national security problem. It is an
educational system problem. And it is a foreign invest-
ment problem. Stephen Lewis, the U.N. Special Envoy for
HIV/AIDS in Africa, says that the epidemic can be
curbed and the infection trends can be reversed, but it
will take help from the inrernational community. The
failure to fully fund the Global Fund to Fight AIDS,
Tuberculosis and Malaria is “mass murder” by compla-
cency, He says, “The pandemic cannot be allowed to con-
tinue, and those who watch it unfold with a kind of
pathological equanimity must be held to account.”"”

Writing, in the New York Times, Alex de Waal, an
adviser to the U.N. Economic Commission for Africa and
to UNICEF, sums up the effects of the epidemic well:
“Tust as HIV destroys the body’s immune system, the epi-
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demic of HIV and AIDS has disabled the body politic. As
a result of HIV, the worst hit African countries have
undergone a social breakdown that is now reaching a
new level: African societies® capacity to resist famine is
fast eroding. Hunger and disease have begun reinforcing
each other. As daunting as the prospect is, we will have to
fight them together, or we will succeed against neither.”18

Poverty and Hunger

Hunger is the most visible face of poverty. The U.N. Food
and Agriculture Organization estimates that 840 million
of the world’s people are chronically hungry They are
not getting enough food to achieve full physical and men-
tal development and to maintain adequate levels of phys-
ical activiry.1?

The majority of the underfed and underweight are
conf:entrated in the Indian subconrinent and sub-Saharan
Africa—regions that contain 1.3 billion and 700 million
people, respectively. Twenty-five years ago, the nutritional
status of Asia’s population giants, India and China, was
similar, but since then China has eliminacted much of its
hunger, whereas India has made considerably less
progress. The principal difference has not been so much in
thq rate of agricultural production as in the rate of popu-
lation growth. During this last quarter-century China has
aC(':elerated the shift ro smaller families. While most of the
gains in food production during this period in India were
ab‘sorbed by population growth, those in China went to
raising consumption and upgrading diets.20

Sub-Saharan Africa, the other remaining stronghold
of hunger, has been plagued with even faster population
growth than India. In che last several decades, its popula-
tion has grown faster than any other in the world.2!

Malnutrition takes its heaviest toll among the young,
who are most vulnerable during their period of rapid
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physical and mental development. In both India and
hangladesh, more than half of all children are malnour-
ished. In Ethiopia, 47 percent of children are undernour-
ished and in Nigeria the figure is 27 percent—and these
are Africa’s two most populous countries.?

Although it is not surprising that those who are
nnderfed and underweight are concentrated in develop-
ing countries, it is perhaps surprising that most of them
live in rural communities. More often than not, the
undernourished are landless or live on plots of land so
small that they are effectively landless. Those who live on
the well-watered plains are usually better nourished. It is
those who live on marginal land—land that is steeply
sloping or semiarid—who are hungry.

The penalties of being underweight begin at birch. A
U.N. report estimates chat 20 million underweight infants
are born cach year to mothers who also are malnour-
ished. The study indicartes that these children suffer last-
ing effects in the form of “impaired immune systems,
neurological damage, and retarded physical growth.”>

Worldwatch Institute’s Gary Gardner and Brian Hal-
weil report that if an infant’s weight at birth is rwo thirds
or less of normal, the risk of death in infancy is 10 times
greater. They cite David Barker of Britain’s University of
Southampton, who “observes soberly that 60 percent of
all newborns in India would be in intensive care had they
been born in California.” WHO epidemiological dara
indicate that 54 percent of deaths from the five leading
causes of childhood mortality in developing countries
have malnutrition as an underlying condition.?*

University of Toronto economist Susan Horton esti-
mates productivity losses among the moderately under-
nourished at 2—6 percent and among the severely
undernourished at 2-9 percent. Gardner and Halweil note
thar if Horton’s calculations for five countries in South
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Asia hold for all developing countries, then “between $64
billion and $128 billion is drained from developing coun-
try economies just from productivity losses.”?
Eradicaring hunger in South Asia and sub-Saharan
Africa will be difficult, but it is not impossible. It will,
however, require a far greater effort and a shift in priori-
ties. India, for example, opted early on to become a
nuclear power. As a result, it now has the dubious dis-
tinction of being able to defend with nuclear weapons the
largest concentration of hungry people in the world.

Poverty and the Burden of Disease

To be poor often means to be sick. Poverty and ill health
are closely linked, and they tend to reinforce each ocher.
Health is closely related to access to safe water, some-
thing thac 1.1 billion people lack. Waterborne diseases
claim more than 3 million lives each year, mostly as a
result of dysentery and cholera. These and other water-
borne diseases take their heaviest toll among children.
Infant mortality in the affluent societies averages 6 per
thousand; in the 48 poarest countries, it averages 100 per
thousand, or nearly 17 times as high.26

Another reason for the close coupling of ill health and
poverty is the lack of sanitation. Some 2.4 billion people
live in villages or urban squatter settlements with no sani-
tary facilities at either the household or community level. 27

Many of the world’s poor lack knowledge of the basic
princtples of good hygiene. The poor and uneducated
often do not understand the mechanisms of infectious
disease transfer and thus cannot take steps to protect
themselves. And people with immune systems weakened
by hunger are more vulnerable to common infectious dis-
eases. Poverty also means children are often not vaccinat-
ed for these routine diseases, even though the cost may be
just pennies per child.8
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Among the leading infectious diseases, malaria claims
more than 1.1 million lives each year, 90 percent of them
in Africa. The number who carry this disease and often
suffer from it most of their lives is several times greater.
Thousands of children die from malaria each day.
liconomists estimate that reduced worker productivity
and other costs associated with malaria are cutting eco-
nomic growth by a full percentage point in countries with
heavily infected populations.??

Nowhere is the evidence that poverty begets disease
and disease begets poverty more dramatically illustrated
than with the HIV epidemic in Africa, as described earli-
er. In this case, we are now witnessing the spread of a
fatal disease on a scale that is altering the future of a con-
tinent. In addition to the continuing handicaps of a lack
of infrastructure and trained personnel, Africa must now
contend with the adverse economic effects of the epi-
demic. AIDS has dramatically raised the dependency
ratio—the number of young and elderly who depend on
productive adults. This, in turn, makes it much more dif-
ficult for a society to save. Reduced savings means
reduced investment and slower economic growth, or even
decline.

The link between poverty and disease is a strong one,
but one that has been broken for most of humanity by
economic development. The challenge now is to eradi-
cate this link for that remaining minority who do not
have access to safe water, vaccines, education, and basic
health care.

The High Cost of llliteracy

Despite a half-century of unprecedented economic and
social development, there are stiil 875 million adults who
are illiterate—unable to take advantage of this basic step-
ping stone to the modern world. Not only is there a huge
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number of illiterate adults, but their ranks are being fed
by the 115 million children who do not attend school.30

The world’s illiterates are concentrated in a handful of
the more populous countries, most of them in Asia and
Africa. Prominent among these are India, China, Pak-
istan, Bangladesh, Nigeria, Egypt, Indonesia, Brazil, and
Mexico.3!

Progress in eradicating illiteracy is uneven, to say the
least. From 1990 to 2000, China and Indonesia made
large gains in reducing illiteracy. Other countries also
making meaningful progress were Mexico, Nigeria, and
Brazil. However, in four other populous countries—
Bangladesh, Egypt, Pakistan, and India—the nnmber of
illiterates increased.i?

Worldwide, some 60 percent of illiterate adults are
female. In almost all developing countries, the number of
illiterate females exceeds the number of illiterate males.
In some countries the gap is wide. In Pakistan, for exam-
ple, 40 percent of males are illiterate compared with 69
percent of females. In India, the gender gap is almost as
wide, with 32 percent of males being illiterate and 55 per-
cent of females. These numbers mean that on the Indian
subcontinent a majority of women are unable to read or
write. For China, it is 8 percent males and 24 percent
females. Brazil is the only one of the more populous
developing countries where female illiteracy matches that
of males, with both at 15 percent.33

Where there is illiteracy, there is poverty. They tend to
reinforce each other simply because illiterate women have
much larger families than literate women do and because
each year of schooling raises earning power by 10-20 per-
cent. Illiterate women are trapped by large families and
minimal earning power. In Brazil, illiterate women have
more than six children each on average; literate women
have only two.34
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t'ven though Brazil has an average per capita gross
domestic product of $2,600, its 15-percent illitgra;y
1efleces the heavily skewed distribution of income w1th.m
the society. When Cristovam Buarque took over as Minis-
ter of Education in early 2003, he was aghast to discover
that 15 members of the Ministry staff were illiterate.

Those who are not literate are usually not numerate
vither, Without rudimentary mach skills, it is difficult to
think quantitatively. A skill that those who are educated
take for granted does not exist for many of the world’s
adults.

It is difficult to have a functioning democracy with a
largely illiterate population. Without literacy and a mod-
icum of educarion, societies are often governed by super-
stition, making rational democracy difficult. For those
who are illiterate, educational horizons and job opportu-
nities are limited.

Environmentally responsible behavior also deper.lds to
2 great extent on a capacity to undersrand basic sc1eqt1f—
1 issues, such as the greenhouse effect or the ecological
role of forests. Lacking this, it is harder to grasp the link
between fossil fuel burning and climate change or
between tree cutting and the incidence of flooding or the
loss of biological diversity.

Those who never attend school are also often outside
the loop in acquiring basic information on nutrition a_nd
hygiene. They may have little exposure to HIV educa:rlon
and no understanding of how the disease is spread. Since
vaccinations are often administered through schools,
those who do not attend classes may not receive these
basic shots. If schools provide free lunches, those who are
not there will also miss out nutritionally. For the poorer
segments of society, this is not a trivial deprival:iorl.?'6

There are two key components in eliminating ilhterg-
¢y quickly. One is to make sure that all children are in
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school. The second is to teach adults to read and write.
Success in the near-term future means waging the war on
illiteracy on both fronts,

Literacy is one of many defining social characteristics
of a society, and a steppingstone to other improvements,
such as better nutrition and better health. It is the key to
breaking the self-reinforcing cycle where illiteracy begets
poverty and poverty begets large families, trapping peo-
ple in poverty. The deteriorating relationship between the
global economy and the earth’s ecosystem requires an all-
out effort to bring literacy to all adults in order to break
the poverty cycle and to stabilize population.

Plan A: Business as Usual

If we continue with business as usual—Plan A—the trou-
bles described in the preceding five chapters will worsen.
Plan A is failing environmentally and, as a result, it will
eventually fail economically. The environmental bubble
economy created by overdrawing the earth’s natural
assets will eventually burst unless we deflate it.

As noted in Chapter 1, the food bubble economy is
based on the unsustainable use of groundwater and of
cropland. If we were to cease overpumping in order to
stabilize water tables, the world grain harvest would drop
sharply. No one knows by precisely how much, but San-
dra Postel of the Global Water Policy Project estimated a
decade ago that the world was overpumping its aquifers
by 160 billion tons of water a year. This is equal to 160
million tons of grain, or 8 percent of the world grain har-
vest. In effect, 8 percent of the world’s people—some 500
million people—are fed with grain produced with the
unsustainable use of water.!

Global assessments such as Postel’s are difficult parely
because the extent of overpumping varies widely by coun-
try. A World Bank report indicates that the pumping of
water in Yemen's Sana’a Basin is four times the rate of
recharge. In India, some analysts think that pumping may
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be nearly double the rate of recharge. In Saudi Arabja and
the southern Great Plains of the United States, where
pumping is from fossil aquifers, virtually all pumping is
overpumping since there is little or no recharge. Once a
fossil aquifer is depleted, pumping ends.?

A similar situation exists with cropland. To produce
the current grain harvest of nearly 1.9 billion tons, many
farmers are tilling land that is too steeply sloping or too
dry to sustain cultivation. In some countries, this share of
cropland is negligible; in others, it is large. For the world,
it could easily be 10 percent. Kazakhstan, an extreme
case, has abandoned half of its grainland since 1980. The
United States and China, the world’s largest grain pro-
ducers, are returning highly erodible cropland to grass or
planting it to trees before it becomes wasteland. In each
country, roughly one tenth of cropland is going into grass
and trees. The Unired States has largely completed its
land use conversion. China is just getting under way.?

With oceanic fisheries, long the world’s leading pro-
tein source, no one knows exactly how much the catch
exceeds the sustainable vield. In its State of the World’s
Fisheries annual report, the UN. Food and Agriculture
Organization reports that 75 percent of all fishertes are
fished at or beyond capacity, some to the point of col-
lapse. A Canadian study based on 10 vears of painsrak-
ing research, which was published in Nature in May 2003,
reports that 90 percent of world stocks of the larger
predatory species, including cod, halibut, tuna, sword-
fish, and marlin, disappeared over the last half-century.
No one knows the extent of overfishing, but like over-
pumping aquifers, it is a practice designed to expand
food production in the short term thac will almost cer-
tainly lead to a decline over the long term.*

Although rangeland detesioration does not get much
media attention, overgrazing is at least as common as
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overfishing, Data on the extent of overgrazing by country
are hard to find. We do know that the demands of the
world’s 3.1 billion cattle, sheep, and goats are over-
whelming the sustainable forage yiclds of rangelands. In
China, where the government is asking its pastoralists to
voluntarily reduce their flocks of sheep and goats by 40
percent as it tries to halt advancing deserts, we at least get
a hint of che perceived extent of overgrazing’

With carbon emissions, we have a better sense of the
excess. Of the 6.5 billion tons of carbon released into the
atmosphere each year from fossil fuel burning, roughly
half is fixed by nature. The other half accumulates in the
armosphere, feeding the greenhouse effect. In this case,
carbon emissions are now double nature’s carbon-fixing
capacity.®

In sum, no one knows exactly the extent of our exces-
sive claims on the earth in this bubble economy. The most
sophisticated effort to calculate this, the one by Mathis
Wackernagel and his team, estimates that in 1999 our
claims on the earth exceeded its regenerative capacity by
20 percent. If this overdraft s rising 1 percent a year, as
seems likely, then by 2003 it was 24 percent. As we con-
sume the earth’s natural capital, the earth’s capacity to
sustain us is decreasing, We are a species out of control,
setting in motion processes we do not understand with
consequences that we cannot foresee.”

Accelerating Environmental Decline

Most disruptive environmental trends, whether it be
shrinking forests, falling water tables, or rising tempera-
ture, are accelerating. For example, atmospheric carbon
dioxide (CO,) levels rose from an estimated 280 parts per
million (ppm) at the beginning of the industrial era in
1760 to 316 ppm in 1960. By 2002, the CO, concentration
had climbed to 373 ppm. After rising at less than 0.2 ppm
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each year during the preceding two centuries, it has
climbed by 1.3 ppm per year since 1960—more than six
times as fast.®

Each decade, the rise in global average temperature
has been greater than the decade before. As the earth’s
temperature rise accelerates, so does ice melting, as
described in Chapter 4. Within a decade the melting of
large glaciers on the west coast of Alaska and in north-
ern Canada has gone from raising sea level by 0.14 mil-
limeters a year to raising it by 0.32 millimeters—more
than twice as fast.”

These studies are reinforced by one from the U.S. Geo-
logical Survey that describes an accelerating melting of
glaciers in several of the world’s mountainous regions. In
the Peruvian Andes, for example, data collected on the
Qori Kalis glacier show chat the rate of retreat since 1995
has been doubling roughly every three years.10

As temperatures rise, so does the amount of energy
driving storm systems. As noted in Chapter 4, Munich Re
reports that the number of weather-related events, includ-
ing hurricanes, typhoons, and winter storms, with $1 bil-
lion or more of insured damage increased from 3 in the
1980s to 25 during the 1990s. Even after adjusting for
variables such as a disproportionate share of building in
high-risk coastal regions and river floodplains, it is clear
that storms are becoming more frequent and more
destructive. The meteorological actuaries who project
storm frequency and intensity expect this acceleration to
continue as long as the temperature keeps rising.!!

A similar trend exists with water tables. Thirty years
ago, reports of falling water tables and wells going dry
were rare. Today they are commonplace, as described in
Chapter 2. In several places in the southern Great Plains
of the United States, water tables have dropped by at least
100 feet (30 meters) over the last few decades. Under the
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North China Plain, where the annual drop in the water
table was 1.5 meters a year during che early 1990s, the
decline is now reported to be 3 meters in many areas. 12

The acceleration of problems can be seen wich rivers
too: Several decades ago, if the Colorado failed to reach
the sea, it was news. Now it would be news if it did so. In
China, the Yellow River ran dry for che firsc cime in 1972,
and then occasionally in subsequent years, buc by the
early 1990s it was running dry every year.!3

The earth’s forest cover, another basic indicator of che
planet’s health, is also shrinking at an accelerating rate.
Although it expanded by 36 million hectares in the indus-
trial world between 1990 and 2000, it shrank by 130 mil-
lion hectares in the developing world. This net loss of 96
million hectares in 10 years far exceeded that of any pre-
vious decade.1*

Over the last 50 years, Indonesia’s once vast tropical
rainforest shrank from 162 million hectares to 98 million
hectares—an average loss of 1.3 million hectares a year. In
the new century, it is shrinking by 2 million hectares a
year. Iran is also being deforested at an accelerating rate,
The Economnzist reports that from 1955 to 1967, northern
Iran lost 9,250 hectares a vear. Then from 1967 to 1994,
forests disappeared at 18,000 hectares per year. Since then
the figure has jumped to 29,000 hectares per year. At this
exponential pace, it is only a matter of time before Iran is
deforested.1s

In Southeast Asia, Myanmar (formerly Burma) is fast
exporting its remaining tropical hardwoods. My colleague
Janet Larsen writes that log exports to China are growing
much faster than the trees—many of which are hundreds
of years old—can be replaced. In the western hemisphere,
deforestation is concentrated in Brazil and Mexico, both of
which appear to be losing forests at an accelerating rate.16

One manifestation of overgrazing, deforestation, and
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overplowing is desertification and dust storms. Data for
major dust storms in China compiled by the China Mete-
orological Administration indicate that desertification is
accelerating. After increasing from 5 major dust storms
in the 1950s to 14 during the 1980s, the number leapt to
23 in the 1990s. The new decade has begun with more
than 20 major dust storms in 2000 and 2001 alone. If this
rate is sustained throughout the decade, the total will
exceed 100—a fourfold increase in just one decade.!?

A similar acceleration appears to be under way for
species extinction, which is now estimated to be at least
1,000 times the natural rate of extinction. Take primate
species—some 240 in total, and our closest living rela-
tives. Ten thousand years ago, as the last Ice Age was end-
ing, baboons reportedly outnumbered humans by at least
two to one. Now, as our numbers multiply, the numbers
of other primates are diminishing, often to the point
where their survival is in question. In 1996, the World
Conservation Union-1UCN reported that 13 species of
primates were critically endangered. By 2000, this num-
ber had increased to 19, a gain of one half. During the
same period, the number of species endangered (the next
most threatened category) went from 29 to 46, also
expanding by half.18

Spreading Hunger, Growing Unrest
Hunger is concentrated in two regions of the world: the
Indian subcontinent and Africa south of the Sahara. Up
to a fourth of India’s grain harvest may be based on the
overpumping of aquifers. This overpumping, which has
been instrumental in helping India develop a food bubble
economy, virtually assures a future decline in food pro-
duction.!?

For the 700 million people in sub-Saharan Africa, the
situation is also difficult. The production of grain, which
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supplies half of the calories humans consume directly and
a substantial share of the remainder consumed indirectly
as meat, milk, eggs, and farmed fish, is a useful indicator
of diet adequacy. Annual grain production per person,
which averaged 147 kilograms between 1961 and 1980, fell
to 120 kilograms berween 2000 and 2002, a drop of 18
percent. Africa’s ribs are beginning to show. This unfold-
ing food emergency does not exist in a vacuum. Desperate
Africans are turning to bushmeat in an effort to survive,
threatening various forms of wildlife—from hetbivores ta
gorillas. Ffforts to protect wildlife by sctting up parks are
breaking down as hungry Africans try to survive.?¢

Africa is not well endowed agriculturally. Its soils are
typically thin, depleted of nutrients, low in organic mat-
ter, and highly erodible. Except for the Congo basin,
nearly all the continent is arid or semiarid. Africa has not
had a Green Revolution for the same reason that Aus-
tralia has not had one: it does not have enough water to
use much fertilizer, Now it is also facing the heavy loss to
AIDS of able-bodied adults who work in the fields.

With business as usual, the prospect of eradicating
world hunger is slim to nonexistent. Too many trends are
currently headed in the wrong direction. Grain produc-
tion per person for the world, which climbed from 250
kilograms in 1950 to the historical high of 344 kilograms
in 1984, has been declining since then. In 2002 it fell to
290 kilograms, the lowest in 26 years.?!

The recent loss of momentum in expanding the grain
harvest has been cushioned by drawing down prain
reserves. But as of 2003, reserves are at their lowest level
in a generation, and they cannot be drawn down much
further22

With the prospect of water shortages driving more
countries into the world grain market for imports, we
may well wake up one morning and discover that there is
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no longer enough grain to go around—-and not enough
water to produce enough grain. Such a situation will lead
to rapid, potentially dramatic, rises in world grain prices,
making it difficult for many low-income, grain-import-
ing countries to procure enough grain to feed their peo-
ple. Avoiding such a prospect depends on a worldwide
reordering of investment and research priorities.

Streams of Environmental Refugees

We are familiar with political refugees who are escaping
persecution and with economic refugees seeking jobs, bur
environmental refugees are not as well known. Such
refugees include those whose land is turning to desert,
those who are attempting to escape toxic environments,
those whose wells are going dry, and those whose land is
being submerged by rising seas. In the United States, the
first large wave of environmental refugees was formed by
those fleeing the Dust Bowl in the southern Great Plains
during the 1930s.23

A generation later, the United States experienced the
first toxic-waste refugees. Love Canal, a small town in
New York, part of which was built on a toxic waste dis-
posal site, made national and international headlines
during the late 1970s. Beginning in 1942, the Hooker
Chemical Company had dumped 21,000 tons of toxic
waste, including chlorobenzene, dioxin, halogenated
organics, and pesticides. In 1952, it closed the site,
capped it over, and deeded it to the Love Canal Board of
Education. An elementary school was built on the site,
taking advantage of the free land.2*

But during the 1960s and 1970s people began noticing
odors and residues from seeping wastes. Birth defects and
other illnesses were common. In August 1978, 239 fami-
lies were permanently relocated at government expense.
They were reimbursed for their homes at marker prices.
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In September 1979, 300 more families were temporarily
relocated. And in October 1980, 900 additional families
received government money to move. In all, several thou-
sand people were permanently relocated.?

A few years later, the residents of Times Beach, Mis-
souri, began complaining about a rash of health prob-
lems. A firm spraying oil on roads to control dust was, in
fact, using waste oil laden with toxic chemical wastes.
Among other things, investigators discovered dioxin lev-
els many times higher than the tolerance level. The feder-
al government arranged for the permanent evacuation
and relocation of more than 2,000 people.26

Eatly one morning in April 1986, a nuclear reactor at
the Chernobyl nuclear power plant in Kiev exploded. It
starred a powerful fire that lasted for 10 days. Massive
amounts of radioactivity were spewed into the atmo-
sphere, showering communities in the region with heavy
doses of radiation. As a result, the residents of the near-
by town of Pripyat and several other communities in
Ukraine, Belarus, and Russia were evacuated, requiring
the resettlement of 350,400 people. As recently as 1992,
Belarus was devoting 20 percent of its national budget to
resettlement and the many other costs associated with
the accident.?”

The Dust Bowl refugees, the two U.S. evacuations
from toxic waste sites, and the far larger resettlement
from the nuclear explosion at Chernobyl were early
examples of environmental migrarion, but they are small
compared with what lies ahead if we continue with busi-
ness as usual. Among the new refugees are those being
forced ro move because of aquifer depletion and wells
running dry. Thus far the evacuations have been of vil-
lages, but eventually whole cities might have to be relo-
cated, such as Sana’a, the capital of Yemen, or Querta,
the capital of Pakistan’s Baluchistan province. Originally
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designed for 50,000 people, Quetta now has 1 million, all
of whom depend on 2,000 wells pumping water from a
deep aquifer, depleting what is believed to be a fossil
aquifer. Like Sana’a, Quetta may have enough water for
the rest of this decade, but then its future will be in
doubt. In the words of one study assessing the water
prospect, Quetta will soon be “a dead city.”28

Water refugees are likely to be most common in arid
and semiarid regions where populations are outgrowing
the water supply. Villages in northeastern Iran have been
abandoned because the villagers could no longer reach
water. A similar situation is found in villages in India,
especially in the west and parts of the south. Countless
villagers in northern and western China and in parts of
Mexico may have to migrate because of a lack of water.

Spreading deserts are also displacing people. In
China, where the Gobi Desert is expanding by 10,400
square kilometers (4,000 square miles) a year, the refugee
stream is swelling. Chinese scientists report that there are
now desert refugees in three provinces—Inner Mongolia
(Nei Monggol), Ningxia, and Gansu. An Asian Develop-
ment Bank preliminary assessment of desertification in
Gansu province has identified 4,000 villages that face
abandonment.?*

In Iran, villages abandoned because of spreading
deserts and a lack of water already number in the thou-
sands. In the eastern provinces of Baluchistan and Sistan,
some 124 villages have been buried by drifting sand. In
the vicinity of Damavand, a small tcown within an hour’s
drive of Tehran, some 88 villages have been abandoned.3¢

Another source of refugees, a potentially huge one, is
rising seas. The Intergovernmental Panel on Climate
Change, in its early 2001 study, reported that sea level
could rise by nearly 1 meter during this century, but
research completed since then indicates that ice is melting
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much faster than earlier reported, suggesting that the
possible rise may be much higher. Even a 1-meter rise in
sea level would inundate half of Bangladesh’s riceland,
forcing the relocation of easily 40 million people. In a
country with 144 million people, internal relocation
would not be easy. But where else can they go? How many
countries would accept even 1 million of these 40 mil-
lion? Other Asian countries with rice-growing river
floodplains would also face an exodus from the rising
scas. Among them are China, India, Indonesia, Myan-
mar, Pakistan, the Philippines, South Korea, Thailand,
and Viet Nam.3!

Coastal cities that would be vulnerable to rising sea
level include New Orleans, New York, Washington, Lon-
don, Cairo, and Shanghai. A 1-meter rise would put one
third of Shanghai under water.32

Today, the refugee flows from wells that are going dry
and deserts that are expanding are beginning. How large
these flows and those from rising seas will become over
time remains to be seen. But the numbers could be huge.
In the quiet desperation of trying to survive, people often
cross national borders. In some cases, this desperation
drives migrants to their deaths—as tragically seen in the
bodies of Mexicans who regularly perish trying to enter
the United States by crossing the Arizona desert and in
the bodies of Africans washing ashore in Spain and Italy
when their fragile watercraft come apart as they try to
cross the Mediterranean.3?

Population Growth and Political Conflict

Population growth can lead to political conflict not only
between societies but also within them. Some insights
into this were offered in an engaging World Watch maga-
zine article by James Gasana, who was Minister of Agri-
culture and Environment in Rwanda in 1990-92 and then
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Minister of Defense in 1992-93. As the chair of a nation-
al agricultural commission in 1990, he had warned that
without “profound transformations in its agriculture,
[Rwanda] will not be capable of feeding adequately its
population under the present growth rate. Contrary to
the tradition of our demographers, who show that the
population growth rate will remain positive over several
years in the future, one cannot see how rhe Rwandan
population will reach 10 million inhabitants unless
important progress in agriculrure, as well as other sectors
of the economy, were achieved. Consequently, it is time to
fear the Malthusian effects that could derive from the gap
between food supply and the demand of the popularion
and social disorders, which could resulr.”34

Gasana’s warning of possible social disorder was
prophetic. He further described how siblings inherired
land from their parents and how, with an average of seven
children per family, plots that were already small got
much smaller. Many tried to find new land, moving onto
marginal land, including steeply sloping mountains. By
1989, almost half of Rwanda’s cultivated land was on
slopes of 10 to 35 degrees, land that is universally con-
sidered uncultivable.3

In 1950, Rwanda’s population was 1.9 million. By
1994, it was nearly 8 million, making it the most densely
populated country in Africa. As population grew, so did
the demand for firewood. By 1991, the demand was more
than double the sustainable yield of local forests. As a
result, trees disappeared, forcing people to use straw and
other crop residues for cooking fuel. With less organic
matter in the soil, land fertility declined.36

As the health of the land deteriorated, so did that of
the people dependent on it. Eventually there was simply
not enough food to go around. A quiet desperation devel-
oped among the people. Like a drought-afflicted coun-
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tryside, it could be ignited with a single match. That
match was the crash of a plane on April 6, 1994, shot
down as it approached the capital of Kigali, killing
President Juvenal Habyarimana. The crash unleashed an
otganized attack by Hutus, leading to an estimated
800,000 deaths, mostly of Tutsis. In the villages, whole
families were slaughtered lest there be survivors to claim
the family plot of land. Gasana notes that the deaths
were concentrated in communities where caloric intake
was the lowest. Population pressure contributed to the
tensions and the slaughter, although it was by no means
the only factor.?”

He sees four lessons that can be learned from this
tragic chapter in Africa’s history. First, rapid population
growth is the major driving force behind the vicious cir-
cle of environmental scarcities and rural poverty. Second,
conserving the environment is essential for long-term
poverty reduction. Third, to break the links between
environmental scarcities and conflict, win-win solu-
tions—providing all sociological groups with access to
natural resources—are essential. And fourth, preventing
conflicts of the kind that ravaged Rwanda in 1994 will
require a rethinking of what national security really
means.*d

Many other countries in Africa face a similar situa-
tion, including Nigeria, the continent’s most populous
country with 121 million people. President Olusegun
Obasanjo is trying desperately tn his strife-torn country
to maintain peace between the Christian south and the
Muslim north and among various tribes. However, as the
desert claims 350,000 hectares of rangeland and cropland
each year, people are forced southward into already
densely populated areas. The same population pressures,
land degradation, and hunger that ignited social tensions
in Rwanda are building in Nigeria.??
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Many African countries, largely rural in nature, are
on a similar demographic track. Tanzania’s population
of 37 million in 2003 is projected to increase to 69 million
by 2050. Eritrea, where the average family has seven chil-
dren, is projected to go from 4 million to 11 million by
2050. In the Congo, the population is projected to triple,
going from 53 million to 152 million.40

Africa is not alone. India faces a possible intensifica-
tion of the conflict between Hindus and Muslims. In
India, as a second generation subdivides already small
plots, pressure on the land is intense. So, too, is the pres-
sure on water resources.

With India’s population projected to grow from just
over 1 billion in 2000 to 1.5 billion in 2050, a collision
between rising human numbers and falling water tables is
inevitable. In the absence of effective leadership, India
could face social conflicts that would dwarf those in
Rwanda. As Gasana notes, the relationship between pop-
ulation and natural systems is a national security issue,
one that can spawn conflicts along geographic, tribal,
ethnic, or religious lines,#1

Disagreements over the allocation of water among
countries that share river systems is a common source of
international political conflict, especially where popula-
tions are outgrowing the flow of the river, Nowhere is this
potential conflict more stark than among the three prin-
cipal countries of the Nile River valley—FEgypt, Sudan,
and Ethiopia. Agriculture in Egypt, where it rarely rains,
is almost wholly dependent on water from the Nile.
Egypt now gets the lion’s share of the Nile’s water, but its
current population of 71 million is projected to reach 127
million by 2050, thus greatly expanding the demand for
grain and for water. Sudan, whose 33 million people also
depend heavily on the Nile, is expected to have 60 million
by 2050. And the number of Ethiopians, in the country
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that controls 85 percent of the headwaters of the Nile, is
projected to expand from 69 million to 171 million.*2

Since little water is left in the Nile when it reaches the
Mediterranean Sea, if either Sudan or Ethiopia takes
more water, Egypt will get less, making it increasingly
difficult to produce food for an additional 55 million peo-
ple. Although there is an existing water rights agreement
among the three countries, Ethiopia receives only a
minuscule share. Given its aspirations for a better life,
and with the headwaters of the Nile being one of its few
natural resources, Ethiopia will undoubtedly want to
take more. With income per person there averaging only
$90 a year compared with nearly $1,300 in Egypt, it is
hard to argue that Ethiopia should not get more of the
Nile water.*3

To the north, Turkey, Syria, and Iraq share the waters
of the Tigris and Euphrates river system. Turkey, con-
trolling the headwaters, is developing a massive project
on the Tigris to increase the water available for irrigation
and power. Syria and Irag, which are both projected to
more than double their respective populations of 17 mil-
lion and 25 million, are concerned because they too will
need more water.**

In the Aral Sea basin in Central Asia, there is an
uneasy arrangement among five countries over the shar-
ing of the two rivers, the Amu Darya and the Syr Darya,
that drain into the sea. The demand for water in Kaza-
khstan, Kyrgyzstan, Tajikistan, Turkmenistan, and
Uzbekistan already exceeds the flow of the two rivers by
25 percent. Turkmenistan, which is upstream on the Amu
Darya, is planning to develop another half-million
hectares of irrigated agriculture. Racked by msurgencies,
the region lacks the cooperation needed to manage its
scarce water resources. On top of this, Afghanistan,
which controls the headwaters of the Amu Darya, plans
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to use some of the water for its own development. Geog-
rapher Sarah O’Hara of the University of Nogtingham,
who studies the region’s water problems, says, “We talk
about the developing world and the developed world, but
this is the deteriorating world.”s

We can now see ecarly signs of potential conflicts
emerging. Population pressure and land hunger in north-
ern China are pushing migrants actoss the border into
sparsely populated Russia. [llegal Chinese migrants are
seeking jobs in Siberia, much as Mexican workers do in
the southwestern United States. Expanding commerce
berween the two countries is also increasing the Chinese
presence, particularly in the Russian communities near
the Chinese border. As population pressure drives people
across national borders, it can create ethnic conflicts
within the recipient societies and strain relations between
the countries of origin and destination.*

Plan A: Overwhelmed by Problems

One of the biggest risks in this new century is that gov-
ernments will be overwhelmed by the challenges that are
now emerging. Now that we have several decades of
unprecedentedly rapid population growth behind us, we
can begin to see some of its effects. It comes as no sur-
prise that many governments are showing signs of demo-
graphic fatigue. Worn down by the struggle to deal with
the consequences of fast-multiplying human numbers,
they are unable to respond to new threats, such as the
HIV epidemic, aquifer depletion, and land hunger.

One of the first big tests of governments’ ability to
cope was the HIV epidemic. Many governments moved
quickly to contain the virus once it was idenrtified, hold-
ing infecrion rates to less than 1 percent of the adult pop-
ulation. But many others, mainly in Aftica, failed to do
so. The result is that the countries with the highest infec-
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tion rates will likely lose close to half of their adult pop-
ulations over the next decade. Populations in some coun-
tries in Africa are declining not because of falling fertility,
but because of rising mortality. As noted earlier, this rise
in the death rate marks a tragic reversal in world demog-
raphy as the unthinkable becomes a realicy.

Just as scores of countries failed to respond to rising
HIV infection rates, scores of others are failing to
respond to falling water tables. These countries will be
forced to confront overpumping when aquifers are
depleted, but by then they may be facing drops in food
production.

In countless other countries, continuing population
growth is shrinking the cropland per person below the
survival level. However hard people work, they will not
be able to make it. They will either face hunger and ris-
ing death rates or they will join the swelling flow of
migrants to cities where they will have at least a slim
chance of getting a job or food relief. If we continue with
business as usual and let social stresses build, the experi-
ence in Rwanda with large-scale social conflict could
become all too common. With business as usual, there
almost certainly will be other groups who are driven to
violence by quiet desperation, by a loss of hope.

Developing countries that were successful in their
early efforts to reduce fertility, such as South Korea, Tai-
wan, and Thailand, are advancing rapidly. Others that
are already pressing against the limits of land and water
resources and whose populations are projected to double
again may face falling living standards that will in turn
further reinforce the prevailing high fertility. This rein-
forcing mechanism, referred to by demographers as the
demographic trap, could keep living standards at subsis-
tence level and eventually lead to rising mortality as the
land and water resource base deteriorates and food pro-
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duction declines. Among the countries at risk of being
trapped if they cannot quickly check their population
growth are Afghanistan, Echiopia, Ghana, Haiti, Hon-
duras, India, Myanmar, Nigeria, Pakistan, Sudan, Tanza-
nia, and Yemen.

Climate change is proving to be an overwhelming
challenge for both industrial and developing-country
governments. Only one country, [celand, has a strategy to
eliminate fossil fuel use and thus reduce carbon emissions
10 zero. In contrast to the issues just discussed, climate
change is primarily the responsibility of the industrial
countries, although its effects will be felt everywhere. ¥

What happens when people lose confidence in their
governments? The risk in times of extreme stress is that
states will fail and that demagogues will assume power.
There is a tendency to assume that in the modern world,
social breakdown cannot occur, but this is a dangerous
illusion. We have no idea what the psychological effects
might be if it becomes clear that we have triggered the
melting of the Greenland ice sheet and that we cannot
stop it. Nor can we even guess at the international polit-
ical fallout if the Gulf Stream abruptly shifted south-
ward, leaving Western Europe with a Siberian climate.

Once particular climate change and aquifer depletion
thresholds are crossed, change can come rapidly and
unpredictably. Whether it be in ocean currents, rainfall
patterns, ice melting, or rising grain prices, it could leave
a bewildered and frightened world in its wake. Will our
political institutions, which could not prevent these
mega-scale changes, be able to deal with them as they
occur? The one thing that now seems certain is that it is
time for a new approach—Plan B.
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Raising Water Productivity

Water scarcity, a consequence of the sevenfold growth in
the world economy over the last half-century, will be a
defining condition of life for many in this new century.
The simultaneous emergence of fast-growing water short-
ages in so many countries requires a wholly new approach
to water policy, a shift from expanding supply to manag-
ing demand. Managing water scarcity will affect what we
eat, how we dispose of waste, and even where we live.!
Historically, the common response to water scatcity
was to expand supply: to build more dams or drill more
wells. Now this potential is either limited or nonexistent
in most countries. Where rivers are drained dry and water
tables are falling, the only option is reducing the growth
in demand by raising water productivity and stabilizing
population. With most of the 3 billion people projected
to be added by 2050 due to be born in countries where
wells are already going dry, achieving an acceptable bal-
ance between people and water may depend more on
slowing population growth than any other single action.?
After World War 11, as the world looked ahead to the
end of the century, it saw a projected doubling of world
population and frontiers of agricultural settlement that
had largely disappeared. The response was to launch a
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major effort to raise land productivity, one that nearly
tripled it between 1950 and 2000. Now it is time to see
what we can do with water.?

Adopting Realistic Prices

Water pricing policies today are remnants of anocher age,
a tme when water was abundant, when there was more
water than we could possibly use. During the first six
decades of the last century, growth in irrigation came
from surface water projects, consisting of dams and large
networks of gravity-fed canals. Irrigation water from
these large, publicly funded projects was often heavily
subsidized, provided as a basic service. Because water
was so cheap, there was no incentive to use it efficiently.

In some situations, such as in parts of East and South-
cast Asia, water is abundant and there is no need to
charge for it. But for most of humanity, that age of water
abundance is now hisrory. As the world moves into an era
of scarcity, the challenge for governments is to take the
politically unpopular step of adopting prices for water
that reflect its value. Charging for warter encourages
grearer efficiency by all users, including the adoprion of
more-efficient irrigarion practices, the use of more water-
efficient industrial processes, and the purchase of more
water-efficient household appliances.

Pricing water to encourage efficiency can also be a
threat to low-income users, however. In response to this,
South Africa introduced lifeline rates, whereby each
household receives a fixed amount of water for basic
needs at a low price. When water use exceeds this level,
the price escalates. This helps ensure that basic needs are
met while discouraging the wasteful use of water.*

Some countries saw the value of raising water prices
eatly on. The government of Morocco, with 30 million
people living in a semiarid environment, made a huge
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investment in harvesting its limited rainfall, building 88
large dams, raising storage capacity from 2.3 billion cubic
meters of water in 1967 to 14 billion in 1997. But even with
this sixfold expansion, Morocco was still facing water
shortages, so in 1980 it doubled the price of water pation-
wide, encouraging efficiency. The effect of price rises
on water use varies widely, but as a general matter a
10-percent rise in the price of irrigation water reduces
water use by 1-2 percent. For residential and industrial use,
the drop is usually higher—ranging from 3 to 7 percent.’

China has moved in a similar direction in recent years.
With 500 of its 700 largest cities facing water shortages,
with water tables falling almost everywhere, and with
rivers tunning dry, China decided in 2001 to raise the
price of water. The goal was to have water prices more
accurately reflect value. Raising water prices in a country
with a history of free water was politically difficult,
much like raising gasoline prices in the United States.®

Some countries facing acute water scarcity are meter-
ing groundwater use. Jordan, a country with only 285
cubic meters of water per person per year—one of the
lowest in the world—has installed meters on both new
and existing irrigation wells. When the amount of water
pumped exceeds that specified in the well permit, owners
pay a stiff penalty. Although compliance is not automat-
ic and is often met with resistance, it is widely recognized
within the community that the failure to comply will
deplete aquifers and undermine local farm economies.”

Australia inherited water institutions designed by
Furopeaus, institutions that were more suitable for
water-rich countries than for arid Australia. These were
replaced by a system of riparian rights with licensing sys-
tems that specified how much water could be withdrawn,
introduced meters to measure withdrawals, and charged
for the amount of water used.?
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Unforrunately, India moved in the opposite direction
in 1997, when the government of Punjab decreed that the
state utility should provide free electricity to farmers for
irrigation. This populist move in India’s breadbasket
state lasted three years. Washington Post reporter John
Lancaster wrote, “With no incentive to curb power use,
farmers expanded the acreage devoted to water-intensive
crops, especially rice, and ran their pumps indiscrimi-
nantly, seriously depleting groundwater reserves.” In late
2000, when the state electricity utility was on the brink of
bankruptey, it was instructed to start billing farmers for
electricity, 2 move that should raise Punjab’s water pro-
ductivity and slow the fall of water rables.?

Other governments in South Asia, while not so flagrant
as the government of Punjab, have nonetheless subsidized
the use of both electricity and diesel fuel to irrigators. This,
‘coupled with cheap credit for financing the purchase of
pumps and motors, has encouraged the overpumping and
wasteful use of water, creating a false sense of food security 1

Because surface water is usually available only
through large government projects, it is easier to charge
for it than for groundwater. But the basic principles for
managing the two water sources responsibly are essen-
tially the same: provide economic incentives to use water
efficiently and involve local water users’ associations in
the allocation of the water. Surface water typically
belongs to the state and groundwater to the person who
owns the land under which it is located. Even though
individual farmers drill wells on their land, the pumps
can be metered and farmers can be charged for the water.
Local acceptance of this approach depends on convinc-
ing farmers to work together to stabilize the aquifer for
everyone’s long-term benefit.

Some countries have introduced tradable water rights
so that individuals who have rights to surface warer or
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who own wells can sell their water. This practice, com-
mon in the western United States, enables water to move
freely to higher value uses, which essentially means the
sale of water rights by farmers or local irrigation associ-
ations to cities. In India and Pakistan, small landholders
often make the large investment needed for an irrigation
well and then sell water to neighboring farmers.!1

Raising Irrigation Water Productivity

Historically, farm productivity was measured in yield per
hectare, since land was the constraining resource. But as
the twenty-first century begins, policymakers are begin-
ning to look at water as the limiting factor for food pro-
duction. The common measure that is emerging to
measure water productivity s kilograms of grain pro-
duced per ton of water.

Since 1950, world irrigated area has nearly tripled.
With this growth and with grain yields on irrigated land
roughly double those on rainfed land, irrigated land now
accounts for easily 40 percent of the world grain harvest.
For China and India it is even higher. Four fifths of
China’s grain harvest and close to three hiths of India’s
comes from irrigated land. In the United States, one fifth
of the grain harvest comes from irrigated land.1?

The relative contributions of surface water and
groundwater irrigation vary widely among countries. Of
China’s 51 million hectares of irrigated land, 42 million
depend on surface water and 9 million on underground
water. For India, the breakdown is 44 million hectares
and 42 million hectares, respectively, making groundwa-
ter even more important to India.?3

Although China has only 9 million hectares of land
irrigated with groundwater, this land is disproportion-
ately productive simply because groundwater is available
precisely when the farmer needs it. By contrast, surface
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water is usually delivered by canal to farmers in local
groups, usually on a rotarional basis. This timing may or
may not coincide with a farmer’s needs.

Although there are many ways of raising irrigation
water productivity, a few stand out. For those using surface
water irrigation, reducing seepage from the canals used to
carry water from large reservoirs to farms cuts water use.
It 1s not unusual, particularly where distances are long, for
water seepage losses to reach 20-30 percent. This water
can be saved if canals are lined with plastic sheeting or
concrere—a more costly but more long-term solution. !4

A second approach is to use a more efficient technol-
ogy, such as overhead sprinkler systems. Commonly used
with center-pivot irrigation systems, their weakness is
that some water is lost to evaporation even before it hirs
the ground, especially in hot, arid settings. Low-pressure
sprinklers, which release water at a lower level, close to
the soil surface, lose less water through evaporation and
drift. These are now widely used in the Texas panhandle
of the Unired States, where aquifer depletion is encour-
aging farmers to use water much more efficiently.!s

The gold standard for efficiency is drip irrigation, a
method that supplies water directly to the root zone of
plants. In addition to curting water use by up to half, drip
irrigation also raises yields because it offers a consrant,
carefully controlled supply of water. Israel, where water
shortages are acute, is the world leader in developing drip
technology. It is also now widely used in other countries,
including Jordan and Tunisja.

In Jordan, for example, drip irtigation reduced water
use an average of 35 percent. Crops such as tomatoes and
cucumbers typically yielded 15 percent more. The combi-
nation of reduced water use and higher yields raised
water productivity by more than half. Tunisia, where
drip-irrigated area expanded from 2,000 hectares in 1987
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to 36,000 hectares in 1999, has realized similar gains.t
india in 1998 was irrigating 225,000 hectares with driP
irrigation. Thirteen experiments ar Indian research insti-
tutes on several different crops showed gains in water pro-
ductivity ranging from a low of 46 percent to 2 high of
280 percent. (See Table 7-1.) On average, water produc—
tivity was raised by 152 percent, more than dOublll)g.lE.
Drip irrigation may be permanent—that is, with
water delivered through pipes installed underground, as
is often done for orchards, for example—or flexible, con-

Table 7-1. Water Productivity Gains When Shifting
from Conventional Surface Irrigation to Drip Irrigation
in India

Water

Changes in Changes in Productivity

Crop  Yield! ‘Water Use Gain®
(percent)

Bananas 52 —45 173
Cabbage 2 -60 150
Cotron 27 -53 169
Cotton 25 ~60 212
Grapes 23 —48 134
Potato 46 0 46
Sugatcane 6 ~60 163
Sugarcane 20 ~30 70
Sugarcane 29 —47 143
Sugarcane 33 —65 280
Sweet poraro 39 —60 243
Tomato ) —27 44
Tomato 50 -39 143

; et Mes ¥
IResults from various Indian research institates. ZMeasuted as crop yield
per unit of warer supplied.
Sources: See endnote 18,
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sisting of rubber hose or plastic tubing. The latrer typi-
cally is moved by hand every hour or so across the field
and is thus a labor-intensive system of irrigation.

The traditionally high costs of both materials and
labor used for drip irrigation are now dropping as new
techniques and more flexible materials, including plastic
rubing or pipe, become available. With these recent
advances, the cost of drip irrigation systems has dropped
from $1,200-2,500 per hecrare to $425-625. Where water
is costly, this is a financially attracrive investment. And
for countries where unemployment is high and water is
scarce, the technology is ideal when it substitutes abun-
dant labor for scarce water.1?

In recent vears, the tiniest small-scale drip-irrigation
systems—the size of a bucket—have been developed to
irrigate a small vegetable garden with roughly 100 plants
(25 square meters). Somewhat larger drum systems irri-
gate 125 square meters. In both cases, the containers arc
elevated slighty, so that gravity distribures the water.
Small drip systems using plastic lines that can easily be
moved are also becoming popular. These simple systems
can pay for themselves in one year. By simultaneously
reducing warer costs and increasing yields, they can dra-
matically raise incomes of smallholders.?0

Sandra Postel believes that the combination of these
drip technologies at various scales has the potential to
profitably irrigate 10 million hectares of India’s crop-
land, or nearly one tenth of the total. She sces a similar
potential for China, which is now also expanding its drip
irrigation area to save scarce water. 2!

Another technique for raising water use efficiency in
both flood- and furrow-irrigared fields is laser leveling of
the land, a precise leveling that can reduce watcr use by
20 percent and increase crop yields by up to 30 percent,
boosting water efficiency by half. This practice is widely
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used for field crops in the United States and for rice pro-
Juction in a number of countries.*? ‘

Raising crop yiclds is an often overlooked way qf rais-
ing water productivity. In Zhanghe Reservoir in the
Yangtze River basin, where water was becorpmg scarce,
farmers had to share with urban and industrial users. As
a result, they simulraneously reduced water use by using
more-cfficient irrigation practices and raiged rice yields
from 4 tons pet hectare a year on average (o 1‘966'—78 to
7.8 tons per hecrare in 1989-98. The combination of
lower water use and higher crop yields almost quadru-
pled water productivity, raising it from 0.63 kilograms of
rice per ton of watcr to 2.4 kilograms.23 ‘

A comparison of wheat yields between countries also
shows how higher crop yields boost water productivity. In
California, where irrigated wheat produces some 6 tons
per hecrare, farmers produce 1.3 kilogramslof w_he.at per
ton of water used. Bur in Pakistan’s Punjab, 1rr1ga-ted
wheat yields averaged only 2 tons per hectare or 0.5 kilo-
grams per ton of water—less than 40 percent the water
productivity in California.?* o '

Yet another way of raising water productivity is to shift
to more water-cfficient grains, such as from rice to wheat.
The municipal government of Beijing, concerned-about
acute water shortages, has decreed that production of
rice, a water-thirsty crop, should be phas'ed out In the
region surrounding the city. Instead of pla_ntmg the current
23,300 hectares of rice, farmers will shift to other, less
water-demanding crops by 2007. Egypt, facing an essen-
rially fixed water supply, also restricts rice production.”

The economic efficiency of water use can also be
raised by shifting to higher-value crops, a move thaF is
often market-driven. As water tables fall and pumping
becomes more costly, farmers in northern Chm.a are
switching from wheat to higher-value crops simply
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because it is the only way they can survive economically.26

Institutional shifts, specifically moving the responsi-
bility for managing irrigation systems from government
agencies to local water users’ associations, can facilitate
the more efficienc use of water. Farmers in many coun-
tries are organizing locally so they can assume this
responsibility. Since local people have an economic stake
in good water management, they typically do a better job
than a distant government agency. In some countries,
membership includes representatives of municipal gov-
ernments and other users in addition to farmers.2”

Mexico is a leader in this movement. As of 2002, more
than 80 percent of Mexico’s publicly irrigated land was
managed by farmers’ associations. One advantage of this
shift for the government is that the cost of maintaining
the irrigation system is assumed locally, reducing the
drain on the treasury. This also means that associations
need to charge more for irrigation water. Even so, for
farmers the advantages of managing their water supply
more than outweigh this additional expenditure.28

In Tunisia, where water users’ associations manage
both irrigation and residential water, the number of asso-
ciations increased from 340 in 1987 to 2,575 in 1999.
Many other countries now have such bodies managing
their water resources. Although the early groups were
organized to deal with lasge publicly developed irrigation
Systems, some recent ones have been formed to manage
local groundwater irrigation as well. They assume
responsibility for stabilizing the warer table, thus avoid-
ing aquifer depletion and the economic disruption that it
brings to the community.2?

Rainwater Harvesting

For many countries, particularly those with monsoonal
climates and long dry seasons, water shortages result not
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from a lack of rainfall but from a seasonally uneven sup-
ply. When annual rainfall is concentrated in a few
months, storage is difficult. To illustrate, India has 2.1
trillion cubic meters of fresh water available each vear,
and the United States has 2.5 trillion cubic meters. While
rain falls in the United States throughout the year, in
India—which is geographically only one third as large—
most of the rainfall comes between mid-June and mid-
September. As a result, most of this deluge runs off and
is quickly carried back to the sea by the country’s rivers.
Although there are thousands of dams in India, they can
collectively store only a fraction of the rainfall.3

The focus on building large dams to capture and store
surface water before it runs off dominated most of the
{ast century. But because sites were becoming scarce and
because the construction of large dams often inundates
large areas, displacing local populations and irreversibly
altering local ecosystems, this era has now largely run irs
course, More and more countries are turning to local
water harvesting to ensure adequate supply.

In India, Rajendhra Singh is a leader of this move-
ment. Some 20 years ago, when he was visiting semiarid
Rajasthan province, he realized that water shortages were
constraining development, preventing people from escap-
ing poverty. As he surveyed the area and talked with vil-
lagers, he saw that local earthen dams to collect and store
rainwater would help satisfy the need for water, both for
residential use and for irrigation.3!

Singh began working with the villagers, helping them
design local water storage facilities. Once villagers
helped select a site, they would organize to build an
earthen dam. All the materials, the stone and the earth,
were local. So, too, was the labor—sweat equity provided
by the villagers. Singh would help with the engineering
and design. He told villagers that in addition to meeting
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their daily needs for water, the scepage from the small
reservoir would gradually raise the water table, restoring
wells that had been abandoned. He also told them this
would take time. It worked exactly as he said it would.3

Singh’s initial success led him to create a local non-
governmental organization with 45 full-rime employees
and 230 part-timers. Funded by the Ford Foundation and
other groups, it has not only helped build 4,500 local
water storage structutes in Rajasthan, it has also raised
villagers’ incomes and improved their lives.3

When the local topography is favorable for building
successful small water storage structures, this can be a
boon for local communities. This approach works not
only in monsoonal climates, but also in arid regions where
low rainfall is retained for local use. With a modest
amount of engineering guidance, hundreds of thousands
of communities worldwide can build water storage works.

Another technique to retain rainfall is the construe-
tion of ridge terraces on hillsides to trap rainfall near
where it falls, letting it soak into the soil rather than run
off. Using a plow to establish the ridges, local farmers can
build these terraces on their own, but they are more suc-
cessful if they are guided by a surveyor who helps estab-
lish the ridgelines and determines how far apart the
ridges or terraces should be on the hill. Onge the terraces
are established, the moisture that accumulates behind
them can help support vegetation, including trees that
can both stabilize the ridges and produce fruit and nuts
or fuelwood. The terraces, which are particularly well
adapted to the hilly agricultural regions of semiarid
Adrica, can markedly raise land productivity because they
conserve both water and soil.

The water storage capacity of aquifers can also be
exploited. In some ways, they are preferable to dams
because water underground does not evaporate. As indi-
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cated, percolation from locally constructed water storage
(acilities often helps recharge aquifers, Similarly, lgnd
that is covered with vegetation retains rainfall, reducing
runoff and enabling water to percolate dowqward and
recharge aquifers, Without vegetative covet, raxnfall runs
off immediately, simultancously causipg ﬂoochng and
reducing aquifer recharge, thus contriburing to water
shortages. In effect, floods and water shortages are often
opposite sides of the same coin. Reforestation, particu-
larly in the upper reaches of a watershed, not iny helps
recharge aquifers but also conserves soil that if washed
away might end up behind dams downstream, reducing
the storage capacity of reservoirs.

In summary, water harvesting and local water storage
behind dams and in aquifers expands the .SPPPIY and
strengthens the local economy. These same initiatives also
help conserve soil, since any action t}_lar reduces _runoff
reduces soil erosion. The net effect is conservation of
both water and soil: a classic win-win situation.

Raising Nonfarm Water Productivity ‘
Nonfarm water use is dominated by the use of water sini-
ply to wash away waste from factories and households or
to dissipate heat from thermal power plants. The use qf
water to disperse wastes 1s an outmode.d practice that is
getting the world into trouble. Toxic industrial wastes
discharged into rivers and lakes or into wells also perme-
ate aquifers, making water—both surface and undler—
ground—unsafe for drinking. And rhey are destroy}ng
marine ecosystems, including local fisheries. Tl}e time
has come to manage waste without discharging it into thle
local environment, allowing water to be recycled i}ldﬁfl—
nitely and dramatically reducing both urban and indus-
trial demand. . .
The current cngineering concept for dealing with
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human waste is to use vast quantities of water to wash it
away in small amounts, preferably into a sewer system
where it will be treated before being discharged into the
local river. There are four problems inherent in this “flush
and forget” system: it is water-intensive; it disrupts the
nutrient cycle; most of humanity cannor afford ic; and it
is a major source of disease in developing countries.

As water scarcity spreads, the viability of water-based
sewage systems will diminish. Water-borne sewage sys-
tems take nutrients from the land and dump them into
rivers, lakes, or the sea. Not only are the nutrients lost
from agriculture, but the nutrient overload has led to the
death of many rivers, including nearly all of those in
India and China. Water-based sewage also contributes to
dead zones in coastal oceans. Sewer systems that dump
untreated sewage inco rivers and streams, as so many do,
are a major source of disease and death.34

Sunita Narain of the Centre for Science and Environ-
ment in India argues convincingly that a water-based dis-
posal system with sewage treatment facilities is neither
environmentally nor economically viable for India. She
notes that an Indian family of five, producing 250 liters
of excrement in a year and using a warter toilet, requires
150,000 liters of water to wash away the wastes. 3

As currently designed, India’s sewer system is actually
a pathogen-dispersal system. It rakes a small guantity of
contaminated material and uses it to make vast quantities
of water unfit for human use, often simply discharging it
into nearby rivers or streams. Narain says both “our
rivers and our children are dying.” India’s government,
like that of many other developing countries, is hopeless-
ly chasing the goal of universal warer-based sewage sys-
tems and sewage treatment facilities—unable to close the
huge gap between services needed and provided, but
unwilling to admit that it is not an economically viable
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option, Narain concludes that the “flush and forget”
approach is not working.36

This dispersal of pathogens is a huge public health
challenge. Worldwide, poor sanitation and personal
hygiene claim 2.7 million lives per year, second only to the
5.9 million claimed by hunger and malnutrition.”

Fortunately there is an alternative to the use of water
to wash away human waste: the composting toilet. This
is a simple, waterless toilet linked to a small compost
facility. Table waste can also be incorporated in the com-
poster. The dry composting converts human fecal mate-
rial into a soil-like humus, which is essentially odorless
and is scarcely 10 percent of the original volume. These
compost facilities need to be emptied every year or so,
depending on their design and size. Vendors periodically
collect the humiis and market it for use as a soil supple-
ment, returning the nutrients and organic matter to the
soil and reducing the need for fertilizer.38

This technology reduces residential water use, thus
cutting the warter bill and lowering the energy needed to
pump and purify water. As a bonus, it also reduces
garbage flow if table waste is incorporated, eliminates
the sewage water disposal problem, and restores the
nutrient cycle. The US. Environmental Protection Agen-
cy now lists several brands of dry toilets for use. Pio-
neered in Sweden, these toilets are used in widely varying
conditions, including Swedish apartment buildings, U.S.
private residences, and Chinese villages.3?

At the household level, water can be saved by using
appliances that are more water-efficient, including show-
erheads, flush toilets, dishwashers, and clothes washers.
Some countries are adopting water efficiency standards
and labeling for appliances, much as has been done for
energy efficiency. As water costs rise, as they inevitably
will, investments in composting toilets and more water-
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efficient household appliances will become increasingly
attractive to individual homeowners.

For cities, the most effective single step to raise water
productivity is to adopt a comprehensive water treat-
ment/recycling system, reusing the same water continu-
ously. With this system, a small percentage of water is
lost to evaporation each time it cycles through. Given the
technologies that are available today, it is quite possible to
comprehensively recycle urban water supplies, largely
removing cities as a claimant on water resources.

At the industrial level, one of the largest users of
water is the energy sector, which uses water ro cool
thermal power plants. As fossil fuels are phased out and
the world turns to wind, solar, and geothermal energy,
the need for cooling water in thermal power plants will
diminish. In the United States, for example, thermal
cooling of power plants accounts for 39 percent of all
water withdrawals. With each coal-fired power plant that
is closed as a new wind farm comes online, water use
for thermal cooling drops, freeing up water for food
production.#

Many of the industrial processes now used belong to
a time when water was an abundant resource. Within the
steel industry, for example, water use efficiency may vary
among countries by a factor of three. Much of the water
used in industry just washes away waste. If this is
stopped, and more and more companies move into zero-
emissions industrial parks, water use in industry could
drop dramatically!

The new reality is that the existing water-based waste
disposal economy is not viable. There are too many fac-
tories, feedlots, and households to simply try and wash
waste away. It is ecologically mindless and outdated—an
approach that belongs to an age when there were many
fewer people and far less economic activity,
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A Global Full-Court Press

As fast-unfolding water shortages translate into food
shortages, they will signal that we can no longer rely on
incremental business-as-usual change. Three factors—
the simultaneous drop in water tables, the exponential
nature of that fall, and the globalization of water scarci-
ty—ensure that such a response will not be sufficient. As
water shocks become food shocks and as falling water
tables translate into higher food prices, we will realize
that the world has changed fundamentally As Asit K.
Biswas, Director of the Third World Centre for Water
Management, notes, “The world is heading for a water
crisis that is unprecedented in human history. Water
development and management will change more in the
next 20 years than in the last 2,000 years,”4?

Supply-side technological fixes, such as the massive
desalting of seawater, do not hold much hope for food
production in the foreseeable future. Although the cost
of desalting seawater is falling, it is still expensive and
thus not yet a viable prospect for irrigation. At present,
it costs between $1 and $2 per cubic meter to desalt sea-
water. Even at the lower cost, producing wheat with
desalted seawater would raise its price from $120 to
$1,120 per ton.#

Some countries are still focusing on supply expansion
when it might be less costly to focus on demand manage-
ment. To get water to the cities in its industrial northern
haif, including Beijing and Tianjin, China has devised a
plan to move water along three routes from the Yangtze
River basin to the Yellow River basin, since the latter has
only one tenth the flow of the former. These three routes,
designated the East, Central, and West, will cost an esti-
mated $59 billion. Construction on the East route began
in December 2002. For China, it might be more econom-
ical to invest this $59 billion in urban water recycling and
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irrigation efficiency in the north rather than trying to
transport water from the south.#

With water shortages now threatening so many coun-
tries at the same time, we need a global full-court press,
to borrow an expression from basketball, to raise water
productivity. This begins with improved irrigation prac-
tices and technologies, as described in this chapeer. It also
includes boosting crop yields on both irrigated and non-
irrigated land. The former will raise the productivity of
irrigation water and the latter will get more mileage out
of existing rainfall. Shifting to more water-efficient crops
also helps raise farm water productivity. The shift from
rice to wheat, already under way in some countries, can
continue wherever it is practical. With feedgrain, shifting
from corn to sorghum may make sense in countries where
there is not enough water for irrigation.

At the dietary level, shifting to more grain-efficient
forms of animal protein can raise the efficiency of grain
use, and thus che efficiency of water use. This means
moving from feedlot beef and pork to more poultry and
herbivorous species of farmed fish, such as carp, tilapia,
and catfish. For the world’s affluent, moving down the
food chain also saves water.

At the consumer level, switching to more water-effi-
cient household appliances raises water productivity. For
cities and industry, recycling of water becomes the key to
achieving large gains in water productivity. Finally, and
perhaps most important, for water-scarce countries fac-
ing large projected increases in population, accelerating
the shift to smaller families reduces the chance of being
trapped in hydrological poverty.

Raising Land Productivity

From the beginning of agriculture until 1950 or so,
growth in world food production came almost entirely
from expanding the cultivated area. Rises in land pro-
ductivity were negligible, scarcely perceptible from one
generation to the next. Then as the frontiers of agricul-
tural settlement disappeared, the world began systemati-
cally to raise land productivity. Between 1950 and 2000,
grainland productivity climbed by 160 percent while the
area planted in grain expanded only 14 percent.!

This extraordinary rise in productivity, combined
with the modest expansion of cultivated area, enabled
farmers to triple the grain harvest over the last half-cen-
tury. At the same time, the growing demand for animal
protein was being satisfied largely by a quintupling of the
world fish catch to 95 million tons and a doubling of
world beef and mutton production, largely from range-
lands. These gains not only supported a growth in popu-
lation from 2.5 billion to 6.1 billion, they also raised food
consumption per person, shrinking the share who were
hungry.?

As we look ahead at the next half-century, we face a
demand situation that is similar in that the world is fac-
ing a projected increase of nearly 3 billion people, only
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slightly less than during the last half-century, but now
virtually all the increase is coming in developing coun-
tries. In 1950, most of the world wanted to move up the
food chain, eatring more livestock products. That is also
true today, but instead of 2 billion wanting to move up
the food chain, there are now close to 5 billion.3

With agricultural supply, however, there are sharp dif-
ferences. The annual rise in land productivity, averaging
2.1 percent from 1950 to 1990, dropped to 1 percent from
1990 to 2002. In addition, oceanic fisheries and range-
lands have been pushed to their limits and beyond, which
means we cannot expect much, if any, additional output
from either system, Future gains in animal protein pro-
duction will have to come largely from feeding grain to
amimals, whether they be livestock, poultry, or fish. And
this means more demands on the world’s croplands.*

At the center of the tripling of world grain production
during the last century were high-yielding varieties, the
dwarf wheats and rices developed originally in Japan and
hybrid corn from the United States. Under favorable con-
ditions, these varieties could double, triple, even quadru-
ple the yields of traditional varieties. But there are no
new varieties in the pipeline that can lead to similar
quantum jumps in yields. Nearly two decades have
passed since the first genetically modified crop varieties
were released, yet biotechnologists have yet to produce a
single variety of wheat, rice, or corn that can dramatical-
ly raise yields. Nor does it seem likely that they will, sim-
ply because plant breeders, using conventional breeding
techniques, have already taken most of the obvious meas-
ures to get the big jumps in yields.’

Helping to realize the genetic potential of the new
high-yield varieties was the growth in irrigation, which
expanded from 94 million hectares in 1950 to 272 million
in 2000, raising the share of the world’s grain harvest
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from irrigated land to 40 percent. Now growth in the irri-
zated area is slowing as many countries lose irrigation
water from aquifer depletion and its diversion to cities.®

As high-yielding varieties spread and irrigated area
expanded, fertilizer use climbed from 14 million tons in
1950 to 137 million tons in 2000—a tenfold gain. While
irrigation was removing the moisture constraints on crop
yields, fertilizer was removing nutrient constraints. Then
diminishing returns set in and the growth in fertilizer use
stowed markedly. In the United States, Western Furope,
and Japan, use has not increased for more than a decade.
It may also now be leveling off in China, the world’s
largest user of fertilizer. There are still many countries
that can profitably increase fertilizer use, including India
and Brazil. But for much of the world, applying more fer-
tilizer now has little effect on yields.”

Looking back, the greatest progress in eradicating
hunger came while grain production per person was
climbing from 251 kilograms in 1950 to 344 kilograms in
1984. During these 34 years, the rising tide of food pro-
duction was reducing hunger throughout the world.
After 1984, however, growth in the grain harvest slowed,
falling behind that of population. By 2002, it had fallen
to 290 kilograms per person, a decline of 18 percent from
the peak in 1984.8

Rethinking Land Productivity

After climbing from 1.1 tons per hectare in 1950 to 2.8
tons in 2002, the world grain yicld has reached a level
where it is becoming more difficult to sustain a continu-
ing rapid rise. Much of the impressive gain in yields came
as scientists boosted the share of photosynthate going to
seed from 20 percent in traditional varicties to over 50
percenr in modern high-yielding grains, close to the the-
oretical limit. Efforts to raise yields further are starting to
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push against the physiological limits of plants. In many
countries, the rise in yields is stowing and in some it is
I‘fvel?”g off. For example, yields have not risen much in
rice in Japan since 1984, in wheat in Mexico since 1980,
or in wheat in the United States since 1985. 9

This loss of momentum is worldwide. While world
grainland productivity rose by just over 2 percent a year
from 1930 to 1990, it averaged only 1 percent annually
from 1990 to 2001, (See Table 8-1.) And in the last five
years from 1997 to 2002, the annual yield gain dropped to
0.5 percent.1?

_ The rise in grain yields will likely slow further during
this decade. In addition to the shrinking backlog of tech-
nology to draw upon, many farmers also must deal with
a loss of irrigation water, and farmers worldwide are fac-
ing the prospect of record-high temperatures—all ot
which could make it difficulr to sustain a steady rise in
land productivity.

Although the rise in yields is slowing, there are still
nany opportunities for increasing yields, but in most sit-
uations the potential for doing so is modest. In Africa, for
example, where fertilizer use is restricted by aridity and

Table 8-1. Gains in World Grain Yield Per Hectare,
19502001

Year Yie@_@ﬂpctaré Annual Increase
{tons) (percent)

1950 1.06

1990 2.47 2.1

2001 2.79 1.0

Yields for 1990 and 2001 are three-ye_m
Sowrce: See endnote 10, ’
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transport costs, the simultaneous planting of grain and
leguminous trees is showing promise. The trees start
slowly, permitting the grain crop to mature and be har-
vested. Then they grow to several feet in height. The
leaves dropped from the trees provide nitrogen and
organic matter—both sorely nceded in African soils. The
wood is then cut and used for fuel. This simple, locally
adapted technology, developed by Pedro Sanchez, head of
the International Centre for Research in Agroforestry in
Nairobi, often enables farmers to double their grain
vields within a matter of years as soil fercility builds.!!

The magnitude of the challenge ahead is unmistak-
able. Tt will force us to think about both limiting the
growth in demand and using the existing harvest more
productively. On the demand side, achieving an accept-
able balance between food and people may now depend
on stabilizing world population as close to 7 billion as
possible and reducing the unhealthily high level of con-
sumption of livestock products iu industrial countries.
But we must also think more broadly about land produc-
tivity, considering not only the individual crop but how
we can increase the number of crops harvested and how
to use them better.

Multiple Cropping

In North America and Western Furope, which in the past
have restricted cropped area in order to avoid surpluses,
there is a potential for double cropping that has not been
fully exploiced. Indeed, the tripling in the world grain
harvest since 1950 is due in part to impressive increases in
multiple cropping in Asia. As noted in Chapter 3, some
of the more common multiple cropping combinations
are wheat and corn in northern China, wheat and rice in
northern India, and the double or triple cropping of rice
in southern China and southern India.!>
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The double cropping of winter wheat and corn in the
North China Plain helped make China the world’s lead-
ing grain producer. Winter wheat grown there yields close
to 4 tons per hectare. Corn averages 5 tons. Together
these two crops, grown in rotation, can yield 9 tons of
grain per hectare per year, Double cropping of rice yields
8 tons per hectare.!3

A generation ago in India, land in the north was
devoted to producing only wheat, but wirh the advent of
carlier maturing, high-yiclding wheats and rices, it
became possible to harvest the wheat in time to plant rice.
This wheat/rice combination is now widely used through-
out Punjab, Haryana, and parts of Uttar Pradesh. The
rice yield of 2 tons per hectare and the wheat yield of 3
tons combine for 5 tons of grain per hectare, making it a
key to feeding India’s 1 billion people.t*

The area that can be multiple cropped is limited by
the availability of irrigation water, carly-maturing vari-
eties, and, in developing countries, enough labor to
quickly harvest one crop and plant another. The loss of
low-cost rural laborers through the processes of industri-
alization can sharply reduce multdiple cropping and there-
fore the harvested area. In Japan, for example, the
grain-harvested area in 1961 reached a peak of nearly 5
million hectares, because farmers were harvesting an
average of two crops per year. As of 2002, the harvested
area had dropped to 2 million hectares, partly because of
cropland conversion to nonfarm uses, but mostly because
of a dramatic decline in double cropping as industry
pulled labor from agriculture. Even a rice-support price
four times the world market price could not keep enough
workers in agriculture to support extensive multiple
cropping. '’

South Korea’s harvested area has shrunk by half since
peaking in 1965. Taiwan’s has declined nearly two thirds
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since 1975. As industrialization progresses in China and
India, the more prosperous regions of these countries
may sce similar declines in multiple cropping. In China,
where incomes have quadrupled since 1980, this process
already appears to be reducing production.®

In the United States, the lifting of planting area
restrictions in 1996 opened new opportunities for multi-
ple cropping. The most common U.S. double cropping
combination is winter wheat with soybeans as a summer
crop. Six percent of the soybean harvest comes from land
that also produces winter whear. One benefit of this rota-
tion is that soybeans fix nitrogen, reducing the amount of
fertilizer needed for wheat.7

A concerted U, effort to both breed earlier maturing
varietics and develop cultural practices that would facili-
tate multiple cropping could substantially boost crop
output. If China’s farmers can extensively double crop
wheat and corn, then U.S. farmers, at a similar latitude
and with similar climate patterns, might be able to do the
same if agricultural research and farm policy were reori-
ented in support of such an initiative.

Western Europe, with its mild winters and high-yield-
ing wheat, might also be able to double crop more with a
summer grain, such as corn, or with an oilseed crop. Else-
where in the world, Brazil and Argentina have an extend-
ed frost-free growing season climate that supports
extensive multiple cropping, often wheat or corn with
soybeans.!®

Raising Protein Efficiency

The second way to raise land productivity in a world
where literally billions of people want to diversify their
diets by consuming less plant starch and more animal
protein is to produce animal protein more efficiently.
With some 37 percent of the world grain harvest, or near-
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ly 700 million tons, used to produce animal protein, the
potential for more efficient grain use is large.??

World meat consumption increased from 47 million
tons in 1950 to 240 million tons in 2002, more than dou-
bling consumption per person from 17 kilograms to 40
kilograms. Consumption of milk and eggs has also risen.
In every society where incomes have risen, meat con-
sumption has too, perhaps reflecting a taste that evolved
over 4 million years of hunting and gathering.2¢

As both the oceanic fish catch and the production of
beef on rangelands have leveled off, the world has shifted
to grain-based production of animal protein to expand
output. And as the demand for animal protein climbs, the
mix of protein products consumed is shifting toward
those that convert grain into protein most efficiently, the
lower-cost products. Health concerns have also prompted
some people to shift consumption from beef and pork to
poultry and fish.

The efficiency with which various animals convert
grain into protein varies widely With cattle in feedlots, it
takes roughly 7 kilograms of grain to produce a 1-kilo-
gram gain in live weight. For pork, the figure is close to 4
kilograms of grain per kilogram of weight gain, for poul-
try it is just over 2, and for herbivorous species of farmed
fish {(such as carp, tilapia, and catfish), it 1s less than 2. As
the market shifts production to the more grain-efficient
products, it raises the productivity of both land and
water.!

Global beef production, most of which comes from
rangelands, grew less than 1 percent a year from 1990 to
2002. Growth in the number of cattle feedlots was mini-
mal. Pork production grew by 2.5 percent annually, and
poultry by nearly 5 percent. {See Table 8-2.) The rapid
growth in poultry production, going from 41 million tons
in 1990 to 72 million tons in 2002, enabled poultry to
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Table 8-2. Annual Growth in World Animal Protein
Production, by Source, 1990-2002

Source 1990 2002  Annual Growth
(million tons) ~ (percent)
Aquacultural Qutput! 13 38 10.2
Poultry 41 72 4.8
Egps 38 58 36
Pork 70 94 2.5
Mutton 10 12 1.5
Oceanic Fish Catch! 86 91 0.5
Beef 53 58 0.8

LOceanic fish catch and aquacultural output figures for 2001,
Suurce: See endnote 22,

eclipse beef in 1995, moving it into second place behind
pork. (See Figure 8-1.) World pork production, half of it
in China, overtook beef production in 1979 and has con-
tinued to widen the lead since then. World beef ptoduc-
tion, handicapped by inefficient feedlot conversion, is
continuing to expand, but just barely. Indeed, within the
next decade or so, fast-growing aquacultural output may
overtake beef production.??

The big winner in the animal protein sweepstakes has
been aquaculture, largely because fish are highly efficient
at converting feed into protein. Aquacultural output
expanded from 13 million tons in 1990 to 38 million tons
in 2002, growing by more than 10 percent a year. China is
the leading producer, accounting for two thirds of the
global output in 2000. Its output, rather evenly divided
between coastal and inland areas, is dominated by finfish
(mostly carp}, which are produced inland in freshwater
ponds, lakes, reservoirs, and rice paddies, and by shellfish
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Figure 8—1. World Meat Production by Type, 1950-2002

(mostly oysters, clams, and mussels), which are produced
in coastal regtons.

Over time, China has evolved a remarkably efficient
fish polyculture using four types of carp that feed at dif-
ferent levels of the food chain, in effect emulating natural
aquatic ecosystems. Silver carp and bighead carp are fil-
ter feeders, eating 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 on the bottom. China’s aqua-
culture is often integrated with agriculture, enabling
farmers to use agricultural wastes, such as pig or duck
manure, to fertilize ponds, thus stimulating the growth of
plankton. Fish polyculture, which typically boosts pond
productivity over that of monocultures by at least half,
also dominates fish farming in India.2*

As land and water become ever more scarce, China’s
fish farmers are feeding more grain concentrates in order
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1o raise pond productivity. Using chis technique, China’s
farmers raised the annual pond yield per hectare from 2.4
tons of fish in 1990 co 4.1 tons in 1996.%

In the United States, cacfish, which require less than 2
kilograms of feed per kilogram of live weight, is the lead-
ing aquacultural product. U.S. annual catfish production
of 240,000 tons (or two pounds per person) is concen-
trated in four states: Mississippi, Louisiana, Alabama,
and Arkansas. Mississippi, with easily 60 percent of U.S.
output, is the catfish capital of the world.2¢

Public attention has focused on aquacultural opera-
tions that are environmentally disruptive, such as the
farming of salmon, a carnivorous species, and shrimp.
Yet these operations account for only 1.5 million tons of
output. World aquaculture is dominated by shellfish and
by herbivorous species—mainly carp in China and India,
but also catfish in the United States and tilapia in several
countries. This is where the potential for growth lies.?”

A Second Harvest

Another initiative that can have the effect of raising land
productivity involves ruminants, such as cattle, sheep,
and goats. Although rangelands are being grazed to
capacity and beyond, there is a large unrealized potential
for feeding agricultural residues—rice straw, wheat straw,
and corn stalks—to ruminants, which have a complex
digestive system that enables them to convert roughage,
which humans cannot digest, into animal protein. This
means that a given grain crop can yield a second har-
vest—the meat or the milk thac is produced with straw
and corn stalks.

India has been uniquely successful in using cactle and
water buffalo to convert crop residues into milk, expand-
ing production from 20 million tons in 1961 to 85 million
tons in 2002—a more than fourfold increase. Following a
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path of steady growth, milk became India’s most valu-
able farm product in 1994, eclipsing rice. In 1997, India
overtook the United States to become the world’s leading
milk producer. (See Figure 8-2.) Remarkably, it did so
almost entirely by using farm byproducts and crop
residues, avoiding the diversion of grain from human
consumption to cartle.?®

Berween 1961 and 2002, India’s milk production per
person increased from 0.9 liters per week to 1.6 liters, or
roughly a cup of milk per day. Although this is not a great
deal by western standards, it is a welcome expansion in a
protein-hungry country.?’

India’s milk is produced almost entirely by small
farmers with one to three cows. Milk production is inte-
grated with crop production, involving an estimated 70
million farmers for whom it is a highly valued source of
supplemental income. Ownership of a few cows also
means a supply of manure for ferrilizer.’®
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In China, where double cropping of winter wheat and
corn is common, wheat straw and corn stalks are removed
from the land because there is not enough time for them
to decompose before the next crop is planted. As the
world’s leading producer of both rice and wheat and the
second largest producer of corn, China annually harvests
an estimated 500 million tons of straw, corn stalks, and
other crop residues, At present, with much of this either
burned, simply to dispose of it, or used as fuel for cook-
ing, there is a large potential for China to follow India’s
lead in using crop residues to raise protein productivity.?!

The ammoniation of crop residues {the incorporation
of nitrogen) in the roughage helps microbial flora in the
rumen of the cattle and sheep to digest the roughage
more completely. The use of this technology in the major
crop-producing provinces of east central China—Hebei,
Shandong, Henan, and Anhui—has already created a
“Beef Belr.” Beef output in these four provinces now
dwarfs that of the grazing provinces of Inner Mongolia,
Qinghai, and Xinjiang.32

The achievements of China in aquaculture, of India in
expanding its milk production, and of other countries in
producing protein more efficiently hold out hope for
being able to satisfy the growing world demand for pro-
tein without clearing additional land for agriculture,
assuming that we can stabilize population soon.

Saving Soil and Cropland
The world’s farmers are literally losing ground on two
fronts—the loss of soil from erosion and the conversion
of cropland to nonfarm uses, as described in Chapter 3.
Both are well-established trends that reduce agricultural
output, but since both are gradual processes, they are
often not given the actention thar they deserve.

The 1930s Dust Bowl that threatened to turn the U.S.
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Great Plains into a vast desert was a traumatic experience
that led to revolutionary changes in American agricultur-
al practices, such as the planting of trec shelterbelts—
rows of trees planted beside fields to slow wind and thus
reduce wind erosion. Perhaps the most lasting change is
strip cropping, the planting of wheat on alternate strips
with fallowed land each year. This permits soil moisture
to accumulate on the fallowed strips, while the planted
strips reduce wind speed and hence the wind erosion on
the idled strips. The key to controlling wind erosion is to
keep the land covered with vegetation as much as possi-
ble and to slow wind speeds at ground level.33

One of the time-tested methods of dealing with water
erosion is terracing to reduce runoff. On land that is less
steeply sloping, as in the midwestern United States, con-
tour farming has also worked well 3¢

Another newer, highly effective tool in the soil conser-
vation toolkit is conservation tillage, which includes both
no tillage and minimum tillage. In conventional farming,
land is plowed, disked, or harrowed to prepare the
seedbed, seed is drilled into the soil with a planter, and row
crops are cultivated with a mechanical cultivator two or
three times to control weeds. With minimum tillage, farm-
ers simply drill seeds directly into the soil without any
preparation at all. Weeds are controlled with herbicides.
The only tillage is a one-time disturbance in a narrow band
of soil where the seeds are inserted, leaving the remainder
of the soil undisturbed, covered by crop residues and thus
resistant to both water and wind erosion.3S

In the United States, where farmers during the 1990s
were required to implement a soil conservation plan on
erodible cropland to be eligible for commodity price sup-
ports, the no-till area went from 7 million hectares in
1990 to nearly 21 million hectares (51 million acres) in
2000, tripling within a decade. An additional 23 million
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hectares were minimum-tilled, for a total of 44 million
hectares of conservation tillage. This total included 37
percent of the corn crop, 57 percent of soybeans, and 30
percent of the wheat. Outside the United States, data for
crop year 1998-99 show Brazil using conservation tillage
on 11 million hectares and Argentina with 7 million
hectares. Canada, at 4 million hectares, rounds out the
“big four.” And now no-till farming is catching on in
Europe, Africa, and Asia. In addition to reducing soil
losses, minimum-till and no-till practices also help retain
water and reduce energy use.3¢

The U.S. method of controlling soil erosion by both
converting highly erodible cropland back to grassland
and adopting conservation practices to reduce erosion
offers a model for the rest of the world. In 1985, the U.S.
Congtess, with strong support from the environmental
community, created the Conservation Reserve Program
(CRP) 1o reduce soil erosion and control overproduction.
The CRP aimed to put up to 45 million acres of highly
erodible land into permanent vegetative cover under 10-
year contracts. Under this program, farmers were paid to
plant fragile cropland to grass or trees. The retirement of
35 million acres under the CRP, together with adoption
of conservation practices on 37 percent of all cropland,
reduced U.S. soil erosion from 3.1 billion tons in 1982 to
1.9 billion tons in 1997.%7

Saving cropland is sometimes more difficult than sav-
ing the topsoil on the cropland. This is particularly the
case when dealing with urban sprawl, where strong com-
mercial forces have influence, With cropland becoming
scarce, efforts to protect prime farmland from urban
spread are needed everywhere. Here Japan is the model.
It has successfully protected rice paddies even within the
boundaries of Tokyo, thus enabling it to remain self-suf-
ficient in rice, its staple food.38
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In the United States, Portland, Oregon, provides anoth-
er model. The state adopted boundaries to urban growth 20
years ago, requiring each community to project its growth
needs for the next two decades and then, based on the
results, draw an outer boundary that would accommodate
that growth. Richard Moe, head of the National Trust for
Historic Preservation, observes, “This has worked in Ore-
gon because it forced development back to the city. Lot sizes
are smaller. There is more density, which is made possible
by mass transit. There has been a doubling of the workforce
in downtown Portland over the last 20 years without one
new parking lot, without one new parking space.”3?

Moe’s point about Oregon draws attention to still
another threart to the world’s cropland, namely the auto-
mobile. In a land-hungry world, the time has come to
reassess the future of the automobile and to design trans-
portation systems that provide mobility for entire popu-
lations, not just affluent minorities, and that do this
without threatening food security. When Beijing
announced in 1994 that it planned to make the auto
industry one of the growth sectors for the next few
decades, a group of eminent scientists—many of them
members of China’s National Academy of Sciences—
produced a white paper challenging this decision. They
identified several reasons why China should not develop
a car-centered transport system, but the first was that che
country did not have enough land to both feed its people
and accommodate the automobile.

The scientists recommended that instead of building
an automobile infrastructure of highways, roads, and
parking lots, China should concentrate on developing
state-of-the-art urban light-rail systems augmented by
buses and bicycles. This would not only provide mobility
for far more people than a congested auto-centered sys-
tem, it would also protect cropland.*
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There are many reasons to question the goal of buiid-
ing auto-centered transportation systems everywhere,
including climate change, air pollution, and traffic con-
gestion. But the loss of cropland alone is sufficient.
Future food security now depends on restructuring trans-
portation budgets—investing less in highway infrastruc-
ture and more in a land-efficient rail, bus, and bicycle
infrastructure.

Restoring the Earth
The trends in soil erosion, grainland productivity, and
urbanizarion discussed here and in Chapter 3 suggest a
need to stabilize world population at a low level. The
advantages of stabilizing at 7.4 billion (the low end of U.N.
projections for 2050) rather than 8.9 billion (the medium
projection} are clear. But it will require a substantial
investment in education, health, and family planning in
poor countries. Although at first glance it might appear to
be costly, it will be far more costly if we fail to do so.%
Paralleling the effort to quickly stabilize population
size is the need for the world’s affiuent to eat lower on the
food chain and lighten the pressure on the earth’s land
and water resources. In a country where starchy subsis-
tence diets prevail, as in India, annual grain consumption
per person is roughly 200 kilograms, or a bit over a
pound a day At this level, nearly all the grain must be
consumed directly to meet basic caloric needs, leaving lit-
tle for conversion into animal protein. At the other end of
the scale is the United States, where grain consumption
per person exceeds 800 kilograms per year. Of this, only
a small part is consumed directly in the form of bread,
pastry, and breakfast cereals. The bulk is eaten indirectly
as meat, milk, and eggs. Unfortunately for most Ameri-
cans, consumption of fat-rich livestock products is exces-
sive, leading to numerous health problems.*
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The world’s healthiest people are not those living at
the top or the bottom of the grain consumption ladder,
but rather those somewhere in the middle. In Italy, for
example, grain consumption per person is less than 400
kilograms a year. Italians eat some animal protein,
including meat and a variety of cheeses, but meat is more
of a condiment than an entrée in Italian cuisine. Even
though far less is spent on health care per person in [taly
than in the United States, Italians live longer. People on
the so-called Mediterranean diet live longer than either
those with a diet that is heavy in fat-rich livestock prod-
ucts or those who get 70 percent of their calories from a
single starchy staple, such as rice. If the more affluent of
the earth’s inhabitants who are living high on the food
chain consume less animal protein, not only will they be
healthier but so will the earth.#

In reviewing the literature on soil erosion, references
to the “loss of protective vegetation” occur again and
again. Over the last half-century, we have removed
so much of that protective cover by clearcutting, over-
grazing, and overplowing that we are losing soil accumu-
lated over long stretches of geological time almost
overnight. Arresting this and the resultant decline in
the earth’s biological productivity depends on a world-
wide effort to restore the earth’s vegetative cover. Efforts
to reverse this degradation are now under way in some
countries.

As of 2003, for example, some 14 million hectares of
U.S. cropland—roughly one tenth of the total—have
been planted to grass and trees under the Conservation
Reserve Program. And Algeria, trying to halt the north-
ward advance of the Sahara Desert, is concentracing its
orchards and vineyards in the southern part of the coun-
try, hoping that these perennial plantings will halt the
desertification of its cropland. Only time will tell if this
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program, launched by Ministry of Agriculture officials in
December 2000, will succeed.*

China may be facing the biggest challenge on the land
degradation front. At the heart of its effort to halt the
advance of existing deserts and the formation of new
ones is a program to pay farmers in the threatened
provinces to plant their cropland in trees. By 2010, 10
million hectares of grainland are to be covered with trees,
representing easily one tenth of China’s current grain-
land area.?

In Inner Mongolia (Nei Monggol), efforts to halt the
advancing desert and to reclaim the land for productive
uses initially involved planting desert shrubs to stabilize
the sand dunes. And in many situations, sheep and goats
are banned entirely and cattle are brought in instead. In
Helin County, south of the provincial capital of Hohhot,
such a strategy is vielding results. The planting of desert
shrubs on abandoned cropland has now stabilized the
county’s first 7,000-hectare reclamation plot. Based on
this success, the reclamation effort is being expanded.*”

The Helin County strategy is centered on a shift from
sheep and goats to dairy cattle, increasing the number of
dairy animals from 30,000 in 2002 to 150,000 by 2007.
The cattle will be largely stall-fed, eating cornstalks,
wheat straw, and the harvest from a drought-tolerant
leguminous forage crop resembling alfalfa, which is
growing on reclaimed land. Local officials estimate that
this program will double incomes within the county dut-
ing this decade.*®

To relieve pressure on the country’s rangelands, Bei-
jing is asking herders to reduce their flocks of sheep and
goats by 40 percent. But in communities where wealth is
measured in livestock numbers and where most families
are living in poverty, such cuts are not easy or likely unless
alternative livelihoods are offered along the lines pro-
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posed in Helin County. Indeed, unless governments, with
support from the international community, can devise
comprehensive programs to bring the size of grazing
flocks and herds down to the carrying capacity of the
land, grasslands will continue to deteriorate.®?

One of the big challenges is to eliminate overgrazing
on the two fifths of the earth’s land surface classified as
rangelands. The only viable option in many cases is to
reduce the size of flocks and herds. But this is not easy in
pastoral communities where livestock are the sole means
of livelihood. Not only do the growing numbers of cattle,
and particularly sheep and goats, remove the vegetation,
but their hoofs pulverize the protective crust of soil that
is formed by rainfall and that checks wind erosion. Here
the solution is to shift to stall feeding of animals, cutting
the forage and bringing it to them. Stall-feeding is labor-
intensive and thus is a good fit for developing countries
with many small holdings, an excess of labor, and a
shortage of productive land. As noted, India has been a
leader in adopting this practice, particularly within its
thriving dairy industry.5°

Another way to reduce pressure on the land is to shift
from the use of fuelwood to renewable energy sources—
everything from solar cookers to wind-generated electric-
ity. Protecting the earth’s remaining vegetation also
warrants a ban on clearcutting forests in favor of selective
cutting, simply because with each clearcut, the land typi-
cally suffers heavy soil losses until the forest regenerates.
Thus with each cutting, productivity declines further.

Restoring the earth’s tree and grass cover protects soil,
reduces flooding, and sequesters carbon. It is one way we
can restore the earth so that it can support not only us,
but our children and grandchildren as well.

Cutting Carbon Emissions
in Half

When the Kyoto Protocol was negotiated in 1997, the
proposed S-percent reduction in carbon emissions from
1990 levels in industrial countries by 2012 seemed like an
ambitious goal. Now it is seen by more and more people
as being out of date. Even before the treaty has entered
into force, many of the countries committed to carrying
it out have discovered that they can do even better.!

National governments, local governments, corpora-
tions, and environmental groups are coming up with
ambitious plans to cut carbon emissions. Prominent
among these is a plan developed by the British govern-
ment to reduce carbon emissions 60 percent by 2050, the
amount that scientists deem necessary to stabilize atmo-
spheric carbon dioxide (CO,) levels. Building on this,
Prime Minister Tony Blair and Sweden’s Prime Minister
Goran Persson are jointly urging the European Union to
adopt the 60-percent goal.?

A plan developed for Canada by the David Suzuki
Foundation and the Climate Action Network would
halve carbon emissions by 2030 and would do it only
with investments in energy efficiency that are profitable.
And in early April 2003, the World Wildlife Fund released
a peer-reviewed analysis by a team of scientists that pro-











































































