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As we look back at the many spectacular
achievements of the century just ended, the
landing on the Moon in July 1969 by
American astronauts Neil Armstrong and
Buzz Aldrin stands out. At the beginning of
the century, few could imagine humans fly-
ing, much less breaking out of Earth’s field
of gravity to journey to the Moon. And few
could imagine how quickly the world
would go from air travel to space explo-
ration.

Indeed, when the century began, the
Wright brothers were still working in their
bicycle shop in Dayton, Ohio, trying to
design a craft that would fly. Just 66 years
elapsed from their first precarious flight 
in 1903 on the beach at Kitty Hawk, 
North Carolina, to the landing on the
Moon. Although their first flight was only
120 feet, it opened a new era, setting the
stage for a century of breathtaking advances
in technology.1

In 1945, engineers at the University 
of Pennsylvania’s Moore School of Electri-
cal Engineering successfully designed 
what many consider to be the first electron-
ic computer, the ENIAC (Electronic
Numerical Integrator and Computer). This
advance was to have an even more pervasive
effect than the Wright brothers’ invention,
as it set the stage for the evolution of the
information economy. Computer technolo-
gy progressed even more rapidly, going
from the era of large mainframes to person-
al computers in just a few decades.2

A new industry evolved. New firms were
created. IBM, Hewlett-Packard, Dell,
Apple, Microsoft, Intel, and America On-
Line became household names. Fortunes
were made overnight. When the listed stock
value of Microsoft overtook that of Gener-
al Motors in 1998, it marked the beginning
of a new era—a shift from a period domi-
nated by heavy industry to one dominated
by information.3

The stage was set for the evolution of the
Internet, a novel concept that has tied the
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CHALLENGES OF THE NEW CENTURY

world together as never before. Although
still in its early stages as the new century
begins, the Internet is already affecting vir-
tually every facet of our lives—changing
communication, commerce, work, educa-
tion, and entertainment. It is creating a new
culture, one that is evolving in cyberspace.

In the United States, the information
technology industry, including computer
and communications hardware, software,
and the provision of related services, was a
major source of economic growth during
the 1990s. Creating millions of new, higher
paying jobs, it has helped fuel the longest
peacetime economic expansion in history. It
has also induced a certain economic eupho-
ria, one that helped drive the Dow Jones
Industrial Average of stock prices to a long
string of successive highs, raising it from
less than 3,000 in early 1990 to over
11,000 in 1999.4

Caught up in this economic excitement,
we seem to have lost sight of the deteriora-
tion of environmental systems and resources.
The contrast between our bright hopes for
the future of the information economy and
the deterioration of Earth’s ecosystem leaves
us with a schizophrenic outlook.

Although the contrast between our civi-
lization and that of our hunter-gatherer
ancestors could scarcely be greater, we do
have one thing in common—we, too,
depend entirely on Earth’s natural systems
and resources to sustain us. Unfortunately,
the expanding global economy that is dri-
ving the Dow Jones to new highs is, as cur-
rently structured, outgrowing those
ecosystems. Evidence of this can be seen in

shrinking forests, eroding soils, falling
water tables, collapsing fisheries, rising tem-
peratures, dying coral reefs, melting glaci-
ers, and disappearing plant and animal
species.

As pressures mount with each passing
year, more local ecosystems collapse. Soil
erosion has forced Kazakhstan, for instance,
to abandon half its cropland since 1980.
The Atlantic swordfish fishery is on the
verge of collapsing. The Aral Sea, producing
over 40 million kilograms of fish a year as
recently as 1960, is now dead. The Philip-
pines and Côte d’Ivoire have lost their thriv-
ing forest product export industries because
their once luxuriant stands of tropical hard-
woods are largely gone. The rich oyster beds
of the Chesapeake Bay that yielded more
than 70 million kilograms a year in the early
twentieth century produced less than 2 mil-
lion kilograms in 1998. As the global econ-
omy expands, local ecosystems are
collapsing at an accelerating pace.5

Even as the Dow Jones climbed to new
highs during the 1990s, ecologists were
noting that ever growing human demands
would eventually lead to local breakdowns,
a situation where deterioration would
replace progress. No one knew what form
this would take, whether it would be water
shortages, food shortages, disease, internal
ethnic conflict, or external political conflict.

The first region where decline is replac-
ing progress is sub-Saharan Africa. In this
region of 800 million people, life expectan-
cy—a sentinel indicator of progress—is
falling precipitously as governments over-
whelmed by rapid population growth have
failed to curb the spread of the virus that
leads to AIDS. In several countries, more
than 20 percent of adults are infected with
HIV. Barring a medical miracle, these coun-
tries will lose one fifth or more of their
adult population during this decade. In the
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CHALLENGES OF THE NEW CENTURY

absence of a low-cost cure, some 23 million
Africans are beginning a new century with a
death sentence imposed by the virus. With
the failure of governments in the region to
control the spread of HIV, it is becoming
an epidemic of epic proportions. It is also a
tragedy of epic proportions.6

Unfortunately, other trends also have the
potential of reducing life expectancy in the
years ahead, of turning back the clock of
economic progress. In India, for instance,
water pumped from underground far
exceeds aquifer recharge. The resulting fall
in water tables will eventually lead to a steep
cutback in irrigation water supplies, threat-
ening to reduce food production. Unless
New Delhi can quickly devise an effective
strategy to deal with spreading water scarci-
ty, India—like Africa—may soon face a
decline in life expectancy.7

Environmental Trends 
Shaping the New Century

As the twenty-first century begins, several
well-established environmental trends are
shaping the future of civilization. This sec-
tion discusses seven of these: population
growth, rising temperature, falling water
tables, shrinking cropland per person, col-
lapsing fisheries, shrinking forests, and the
loss of plant and animal species. 

The projected growth in population over
the next half-century may more directly
affect economic progress than any other
single trend, exacerbating nearly all other
environmental and social problems.
Between 1950 and 2000, world population
increased from 2.5 billion to 6.1 billion, a
gain of 3.6 billion. And even though birth
rates have fallen in most of the world,
recent projections show that population is
projected to grow to 8.9 billion by 2050, a

gain of 2.8 billion. Whereas past growth
occurred in both industrial and developing
countries, virtually all future growth will
occur in the developing world, where coun-
tries are already overpopulated, according
to many ecological measures. Where popu-
lation is projected to double or even triple
during this century, countries face even
more growth in the future than in the past.8

Our numbers continue to expand, but
Earth’s natural systems do not. The amount
of fresh water produced by the hydrological
cycle is essentially the same today as it was
in 1950 and as it is likely to be in 2050. So,
too, is the sustainable yield of oceanic fish-
eries, of forests, and of rangelands. As pop-
ulation grows, the shrinking per capita
supply of each of these natural resources
threatens not only the quality of life but, in
some situations, even life itself.

A second trend that is affecting the entire
world is the rise in temperature that results
from increasing atmospheric concentrations
of carbon dioxide (CO2). When the Indus-
trial Revolution began more than two cen-
turies ago, the CO2 concentration was
estimated at 280 parts per million (ppm).
By 1959, when detailed measurements
began, using modern instruments, the CO2
level was 316 ppm, a rise of 13 percent over
two centuries. By 1998, it had reached 367
ppm, climbing 17 percent in just 39 years.
This increase has become one of Earth’s
most predictable environmental trends.9

Global average temperature has also
risen, especially during the last three
decades—the period when CO2 levels have
been rising most rapidly. The average glob-
al temperature for 1969–71 was 13.99
degrees Celsius. By 1996–98, it was 14.43
degrees, a gain of 0.44 Celsius (0.8 degrees
Fahrenheit). (See Figure 1–1.)10

If CO2 concentrations double pre-indus-
trial levels during this century, as projected,
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global temperature is likely to rise by at
least 1 degree Celsius and perhaps as much
as 4 degrees (2–7 degrees Fahrenheit).
Meanwhile, sea level is projected to rise
from a minimum of 17 centimeters to as
much as 1 meter by 2100.11

This will alter every ecosystem on Earth.
Already, coral reefs are being affected in
nearly all the world’s oceans, including the
rich concentrations of reefs in the vast east-
ern Pacific and in the Indian Ocean,
stretching from the east coast of Africa to
the Indian subcontinent. For example,
record sea surface temperatures over the
last two years may have wiped out 70 per-
cent of the coral in the Indian Ocean. (See
Chapter 2.) Coral reefs, complex ecosys-
tems that are sometimes referred to as the
rainforests of the sea, not only serve as
breeding grounds for many species of
marine life, they also protect coastlines
from storms and storm surges.12

The modest temperature rise in recent
decades is melting ice caps and glaciers. Ice
cover is shrinking in the Arctic, the Antarc-
tic, Alaska, Greenland, the Alps, the Andes,
and the Quinghai-Tibetan Plateau. A team
of U.S. and British scientists reported in
mid-1999 that the two ice shelves on either

side of the Antarctic peninsula are in
full retreat. Over roughly a half-cen-
tury through 1997, they lost 7,000
square kilometers. But then within a
year or so they lost 3,000 square
kilometers. The scientists attribute
the accelerated ice melting to a
regional rise in average temperature
of some 2.5 degrees Celsius (4.5
degrees Fahrenheit) since 1940.13

In the fall of 1991, hikers in the
southwestern Alps near the border
of Austria and Italy discovered an
intact human body, a male, protrud-
ing from a glacier. Believed to have

been trapped in a storm some 5,000 years
ago and quickly covered with snow and ice,
his body was remarkably well preserved.
And in the late summer of 1999, another
body was found protruding from a melting
glacier in the Yukon territory of western
Canada. Our ancestors are emerging from
the ice with a message for us: Earth is get-
ting warmer.14

One of the least visible trends that is
shaping our future is falling water tables.
Although irrigation problems, such as
waterlogging, salting, and silting, go back
several thousand years, aquifer depletion is
a new one, confined largely to the last half-
century, when powerful diesel and electric
pumps made it possible to extract under-
ground water at rates that exceed the nat-
ural recharge from rainfall and melting
snow. According to Sandra Postel of the
Global Water Policy Project, overpumping
of aquifers in China, India, North Africa,
Saudi Arabia, and the United States exceeds
160 billion tons of water per year. Since it
takes roughly 1,000 tons of water to pro-
duce 1 ton of grain, this is the equivalent of
160 million tons of grain, or half the U.S.
grain harvest. In consumption terms, the
food supply of 480 million of the world’s 6
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billion people is being produced with the
unsustainable use of water.15

The largest single deficits are in India and
China. As India’s population has tripled
since 1950, water demand has climbed to
where it may now be double the sustainable
yield of the country’s aquifers. As a result,
water tables are falling in much of the coun-
try and wells are running dry in thousands
of villages. The International Water Man-
agement Institute, the world’s premier
water research body, estimates that aquifer
depletion and the resulting cutbacks in irri-
gation water could drop India’s grain har-
vest by up to one fourth. In a country that
is adding 18 million people a year and where
more than half of all children are malnour-
ished and underweight, a shrinking harvest
could increase hunger-related deaths,
adding to the 6 million worldwide who die
each year from hunger and malnutrition.16

In China, the quadrupling of the econo-
my since 1980 has raised water use far
beyond the sustainable yield of aquifer
recharge. The result is that water tables are
falling virtually everywhere the land is flat.
Under the north China plain, which pro-
duces 40 percent of the country’s grain har-
vest, the water table is falling by 1.6 meters
(5 feet) a year. As aquifer depletion and the
diversion of water to cities shrink irrigation
water supplies, China may be forced to
import grain on a scale that could destabi-
lize world grain markets.17

Also making it more difficult to feed the
projected growth in population adequately
over the next few decades is the worldwide
shrinkage in cropland per person. Since the
mid-twentieth century, grainland area per
person has fallen in half, from 0.24 hectares
to 0.12 hectares. If the world grain area
remains more or less constant over the next
half-century (assuming that cropland
expansion in such areas as Brazil’s cerrado

will offset the worldwide losses of cropland
to urbanization, industrialization, and land
degradation), the area per person will
shrink to 0.08 hectares by 2050.18

Among the more populous countries
where this trend threatens future food secu-
rity are Ethiopia, Nigeria, and Pakistan—all
countries with weak family planning pro-
grams. As a fixed area of arable land is divid-
ed among ever more people, it eventually
shrinks to the point where people can no
longer feed themselves. Unfortunately, in
the poorer nations of sub-Saharan Africa
and the Indian subcontinent, subsistence
farmers may not have access to imports. For
them, land scarcity translates into hunger.

Pakistan’s population, for example, is
projected to grow from 146 million today
to 345 million in 2050, shrinking the grain-
land area per person in this crowded nation
to a minuscule 0.04 hectares by 2050—less
than half of what it is today, and an area
scarcely the size of a tennis court. A family
of six will then have to produce all its food
on roughly one fifth of a hectare, or half an
acre—the equivalent of a small suburban
building lot in the United States. Similar
prospects lie ahead for Nigeria, where 
numbers are projected to double to 244
million over the next half-century, and for
Ethiopia, where more than half the children
are undernourished and where population
is projected to nearly triple. In these and
dozens of other developing countries,
grainland area per person will shrink 
dramatically.19

If world grainland productivity, which
climbed by 170 percent over the last half-
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century, were to rise rapidly over the next
half-century, the shrinkage in cropland area
per person might not pose a serious threat.
Unfortunately, the rise is slowing. From
1950 to 1990, world grain yield per hectare
increased at more than 2 percent a year,
well ahead of world population growth. But
from 1990 to 1999 it grew at scarcely 1
percent a year. While biotechnology may
reduce insecticide use through insect-resis-
tant varieties, it offers little potential for
raising yields.20

Humanity also depends heavily on the
oceans for food, particularly animal protein.
From 1950 until 1997, the oceanic fish
catch expanded from 19 million tons to
more than 90 million tons. This fivefold
growth since mid-century has pushed the
catch of most oceanic fisheries to their lim-
its or beyond. If, as most marine biologists
believe, the oceans cannot sustain an annu-
al catch of more than 95 million tons, the
catch per person will decline steadily in the
decades ahead as world population contin-
ues to grow. This also means that all future
growth in demand for food will have to be
satisfied from land-based sources.21

These three parallel trends—falling water
tables, shrinking cropland area per person,
and the leveling off of the oceanic fish
catch—all suggest that it will be far more
difficult to keep up with the growth in
world demand for food over the next half-
century if the world remains on the U.N.
medium population trajectory of adding
nearly 3 billion people and if incomes con-
tinue to rise.22

Forests, too, are being overwhelmed by
human demands. Over the past half-centu-
ry, the world’s forested area has shrunk sub-
stantially, with much of the loss occurring
in developing countries. And the forested
area per person worldwide is projected to
shrink from 0.56 hectares today to 0.38

hectares in 2050. This figure reflects both
population growth and the conversion of
some forestland to cropland. In many situ-
ations, the rising worldwide demand for
forest products—lumber, paper, and fuel-
wood—is already overwhelming the sus-
tainable yield of forests.23

In some ways, the trend that will most
affect the human prospect is an irreversible
one—the accelerating extinction of plant
and animal species. The share of birds,
mammals, and fish vulnerable or in imme-
diate danger of extinction is now measured
in double digits: 11 percent of the world’s
8,615 bird species, 25 percent of the
world’s 4,355 mammal species, and an esti-
mated 34 percent of all fish species. The
leading cause of species loss is habitat
destruction, but habitat alterations from ris-
ing temperatures or pollution can also dec-
imate both plant and animal species. As
human population grows, the number of
species with which we share the planet
shrinks. As more and more species disap-
pear, local ecosystems begin to collapse; at
some point, we will face wholesale ecosys-
tem collapse.24

Replacing Economics 
with Ecology

As noted earlier, global economic trends
during the 1990s were remarkably bullish,
but environmental trends were disastrous.
The contrast could scarcely be greater. An
economic system that worked well in times
past when the demands of a smaller econo-
my were well within the capacities of
Earth’s ecosystems is no longer working
well. If the trends outlined in the last sec-
tion cannot be reversed, we face a future
where continuing environmental deteriora-
tion almost certainly will lead to economic
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decline. The challenge is to redesign the
economic system so that it will not destroy
its environmental support systems, so that
economic progress can continue.

The time has come for what science his-
torian Thomas Kuhn describes as a para-
digm shift. In his classic work The Structure
of Scientific Revolutions, Kuhn observes that
as the scientific understanding of reality in a
field advances, reaching a point where exist-
ing theory no longer adequately explains
reality, then theory has to change. It has to
be updated, replacing the old paradigm
with a new one. Perhaps history’s best
known example of this is the shift from the
Ptolemaic view of the world, in which the
sun revolved around Earth, to the Coperni-
can view, which argued that Earth revolved
about the sun. Once the Copernican model
was accepted, relationships not only within
the solar system but between the solar sys-
tem and the rest of the universe suddenly
made sense to those who studied the heav-
ens, leading to an era of steady advances in
astronomy.25

We are now facing such a situation with
the global economy. The market is a
remarkably efficient device for allocating
resources and for balancing supply and
demand, but it does not respect the sus-
tainable yield thresholds of natural systems.
In a world where demands of the economy
are pressing against the limits of natural sys-
tems, relying exclusively on economic indi-
cators to guide investment decisions is a
recipe for disaster. Historically, for example,
if the supply of fish was inadequate, the
price would rise, encouraging investment in
additional fishing trawlers. This market sys-
tem worked well. But today, with the fish
catch already exceeding the sustainable
yield of many fisheries, investing in more
trawlers in response to higher seafood
prices will simply accelerate the collapse of

fisheries. A similar situation exists with
forests, rangelands, and aquifers.

The gap between economists and ecolo-
gists in their perception of the world as the
new century begins could not be wider.
Economists look at grain markets and see
the lowest grain prices in 20 years—a sure
sign that production capacity is outrunning
effective demand, that supply constraints
are not likely to be a problem for the fore-
seeable future. But ecologists see water
tables falling in key food-producing coun-
tries. Knowing that 480 million of the
world’s 6 billion people are being fed with
grain produced by overpumping aquifers,
they are worried about the effect of eventu-
al aquifer depletion on food production.26

Economists see a world economy that
has grown by leaps and bounds over the last
half-century, but ecologists see growth
based on the burning of vast quantities of
cheap fossil fuels, which is destabilizing the
climate. They are keenly aware that some-
one buying a gallon of gasoline pays the
cost of pumping the oil, of refining it into
gasoline, and of distributing the gasoline to
the service station, but not the cost to soci-
ety of future climate disruptions. Again,
while economists see booming economic
indicators, ecologists see an economy that is
altering the climate with consequences that
no one can foresee.

Today ecologists look at the deteriorat-
ing ecosystem and see a need to restructure
the economy, the need for a paradigm shift.
For example, stabilizing Earth’s climate
now depends on reducing carbon emissions
by shifting from fossil fuels to a solar/
hydrogen energy economy. Solar is here
defined broadly, including not only direct
sunlight but also indirect forms of solar
energy—wind power, hydropower, and bio-
logical sources, such as wood. Fortunately,
the technologies for tapping this enormous
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source of energy already exist. We can now
see electricity generated from wind being
used to electrolyze water and to produce
hydrogen. Hydrogen then becomes the
basic fuel for the new economy, relying ini-
tially on the distribution and storage facili-
ties of the natural gas industry. Put simply,
the principles of ecological sustainability
now require a shift from a carbon-based to
a hydrogen-based energy economy.

There is a similar need for restructuring
the world food economy. Some 40 percent
of the world’s food is produced on irrigat-
ed land, with much of the water used for
irrigation being heavily subsidized. Encour-
aging water use with subsidies at a time
when water tables are falling sends the
wrong signal, one that encourages the inef-
ficient use of water. As world water use has
tripled over the last half-century, often
pressing against the limits of local supply,
water has become scarcer than land. With
water emerging as the principal constraint
on efforts to expand food production,
restructuring the world food economy to
make it more water-efficient is a necessary,
though not sufficient, precondition to feed-
ing an expanding world population ade-
quately. Among other things, this means
shifting to more water-efficient crops and
more grain-efficient sources of animal pro-
tein, such as poultry.27

As the global economy outgrows the
various natural capacities of Earth, as just
described, it imposes new demands on the
political system that is responsible for man-
aging the interaction between the two.
Managing this increasingly stressed rela-
tionship between the global market econo-
my, which is expanding by a trillion dollars
per year, and Earth’s ecosystems, whose
capacities are essentially fixed, becomes ever
more demanding. The demands on political
institutions to reverse deterioration will

intensify. At issue is whether our political
institutions are capable of incorporating
ecological principles into economic deci-
sionmaking.28

Crossing the Sustainability
Threshold

Most environment ministers understand the
need to restructure the global economy so
that progress can continue, but unfortunate-
ly not enough of their constituents under-
stand this. The ministers must also contend
with interests that are vested in the existing
economic system, interests that are more
than willing to bribe political leaders either
directly or in the form of campaign contri-
butions and to mount disinformation cam-
paigns to confuse the public about the need
for change. Eventually, if enough people in a
country are convinced of the need for
change, they can override these vested inter-
ests, crossing a threshold of social change.

A threshold—a concept widely used in
ecology in reference to the sustainable yield
of natural systems—is a point that, when
crossed, can bring rapid and sometimes
unpredictable change. In the social world,
the thresholds of sudden change are no less
real, though they may be more difficult to
identify and anticipate. Among the more
dramatic recent threshold crossings are the
ones that led to the political revolution in
Eastern Europe and to the dramatic decline
in cigarette smoking in the United States.

The change in political systems in East-
ern Europe came with no apparent warn-
ing. It almost seemed that people woke up
one morning and understood that the era
of the one-party political system and the
centrally planned economy was over. Even
those in power at the time realized this. No
analysts writing in political science journals
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forecast this essentially bloodless political
revolution, one that led to a fundamental
change in the form of governance.
Although we do not understand the process
well, we do know that at some point a crit-
ical mass had been reached—that a time
arrived when so many people were con-
vinced of the need for change that the
process achieved an irresistible momentum.

A similar story can be told about smok-
ing. In the early 1960s, smoking in the
United States was an increasingly popular
habit, one that was being aggressively pro-
moted by the cigarette manufacturers.
Then in 1964, the U.S. Surgeon General
released a report on the relationship
between smoking and health, the first in a
series that appeared almost every year for
the rest of the century. These reports, and
media coverage of the thousands of
research projects they spawned, fundamen-
tally altered the way people think not only
about their own smoking but also about
inhaling secondhand smoke from the ciga-
rettes of others.29

This shift in thinking was so strong that
in November 1998 the tobacco industry,
which for decades had argued under oath
that there was no proof of a link between
smoking and health, agreed to reimburse
state governments for the past Medicare
costs of treating the victims of cigarette
smoking. This settlement with 46 state gov-
ernments, plus separate agreements reached
earlier with 4 other states, totaled $251 bil-
lion, nearly $1,000 for every person in the
United States. (In September 1999, in a
stunning display of the new official attitude
toward cigarettes, the U.S. Department of
Justice announced that it was filing suit to
reclaim smoking-related federal health care
expenditures.)30

This revolution in attitudes toward
smoking is spreading fast in other countries.

Following the industry agreement with
state governments in the United States,
governments of several developing coun-
tries—including Bolivia, Guatemala,
Nicaragua, Panama, and Venezuela—filed
suits in U.S. courts for similar reimburse-
ments because their people, who had been
smoking the cigarettes manufactured by the
same companies, were suffering from the
same smoking-induced illnesses.31

The agreement in the United States rep-
resented an implicit acceptance by the
tobacco industry of responsibility for the
indirect effects of using their products. In
effect, the payments to state governments
are a retroactive tax on the sale of cigarettes
over the past several decades. This is a mas-
sive precedent for the idea of a carbon tax
on fossil fuels. As with the health-care-relat-
ed costs of smoking, an analysis of the indi-
rect effects of burning fossil fuels, including
air pollution, acid rain, and climate disrup-
tions, would be needed to determine the
amount of the carbon tax.

Whether a similar revolution in the envi-
ronmental field will follow that in smoking
remains to be seen. Some 34 years passed
between the first Surgeon General’s report
and the landmark agreement between the
tobacco industry and state governments. In
Eastern Europe, it was fully four decades
from the imposition of socialism until its
demise. Thirty-eight years have passed since
biologist Rachel Carson published Silent
Spring, issuing the wake-up call that gave rise
to the modern environmental movement.

Signs that the world is approaching a key
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environmental threshold are perhaps as
strong within the corporate community as
in any sector. The shifts have been particu-
larly dramatic in the oil industry, led by
Royal Dutch Shell and British Petroleum.
And in February 1999, Mike Bowlin, the
chief executive officer of ARCO, startled an
energy conference in Houston by saying:
“We’ve embarked on the beginning of the
Last Days of the Age of Oil.” He went on
to discuss the need to convert our carbon-
based energy economy into a hydrogen-
based energy economy.32

Two months later, Shell Oil and Daim-
lerChrysler announced they were leading a
consortium of corporations whose goal is to
make Iceland the world’s first hydrogen-
based economy. Iceland—with an abun-
dance of geothermal energy, widely used for
heating buildings, and cheap hydropower—
is an ideal place to begin. Cheap electricity
from hydropower makes it economically
feasible to split the water molecule by elec-
trolysis, producing hydrogen that can be
used in new, highly efficient fuel cell
engines that are under development. Daim-
lerChrysler, a leader in the development of
these engines, which are expected to
replace the traditional internal combustion
engine, plans to market its new fuel cell-
powered automobiles in Iceland within the
next few years. (See Chapter 8.) Shell has
also opened its first hydrogen station—the
future equivalent of today’s gasoline sta-
tion—in Hamburg, Germany.33

In the United States, the threshold for
responsible forest management appears to
have been crossed. In effect, the principles
of ecology are replacing basic economics in
the management of national forests. After
several decades of building roads with tax-
payers’ money to help logging companies
clearcut publicly owned forests, the Forest
Service announced in early 1998 that it was

imposing a moratorium on road building.
For decades the goal of the forest manage-
ment system, which had built some
600,000 kilometers of roads to facilitate
clearcutting, had been to maximize the tim-
ber harvest in the short run.34

The new chief of the Forest Service,
Michael Dombeck, responding to a major
shift in public opinion, introduced a new
management system—one designed to
maintain the integrity of the ecosystem and
to be governed by ecology, not by econom-
ics. Henceforth, the 78 million hectares of
national forests—more than the area plant-
ed to grain in the United States—will be
managed with several goals in mind. The
system will recognize the need, for example,
to manage the forest so as to eliminate the
excessive flooding, soil erosion, and silting
of rivers, and the destruction of fisheries
associated with the now banned practice of
clearcutting. Under the new policy, the tim-
ber harvest from national forests, which
reached an all-time high of 12 billion board
feet per year during the 1980s, has been
reduced to 3 billion board feet.35

The United States is not the only coun-
try to institute a radical change in forest
management. In mid-August 1998, after
several weeks of near-record flooding in the
Yangtze river basin, Beijing acknowledged
for the first time that the flooding was not
merely an act of nature but was exacerbated
by the deforestation of the upper reaches of
the watershed. Premier Zhu Rongji person-
ally ordered a halt not only to the tree-cut-
ting in the upper reaches of the Yangtze
basin, but also to the conversion of some
state timbering firms into tree-planting firms.
The official view in Beijing now is that trees
standing are worth three times as much as
those cut, simply because of the water stor-
age and flood control capacity of forests.36

A chastened tobacco industry, oil com-
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panies investing in hydrogen, reformed for-
est management in the United States and
China—these are just some of the signs that
the world may be approaching the kind of
paradigm shift that Thomas Kuhn wrote
about. Across a spectrum of activities,
places, and institutions, attitudes toward
the environment have changed markedly in
just the last few years. Among giant corpo-
rations that could once be counted on to
mount a monolithic opposition to serious
environmental reform, a growing number
of high-profile CEOs have begun to sound
more like environmentalists than represen-
tatives of the bastions of global capitalism.

If the evidence of a global environmental
awakening were limited to only govern-
ment initiatives or a few corporate initia-
tives, it might be dubious. But with the
evidence of growing momentum now com-
ing on both fronts, the prospect that we are
approaching the threshold of a major trans-
formation becomes more convincing. The
question is, Will it happen soon enough?
Will it happen before the deterioration of
natural support systems reaches a point of
no return?

Crossing the Decline 
Threshold

As noted earlier, collapsing fisheries, shrink-
ing forests, and falling water tables illustrate
how human demands are exceeding the sus-
tainable yield of natural systems. Exactly
when these sustainable yield thresholds are
exceeded is not always evident. When
expanding demand for a resource first sur-
passes the sustainable yield, the additional
demand can be satisfied, and it typically is,
by consuming the resource base. At first the
shrinkage is scarcely detectable, but with
each passing year the excess of demand over

sustainable yield typically increases and is
satisfied by consuming ever more of the fish
stocks, the forests, or the aquifers.

As a result, fisheries that appear stressed
and show signs of a shrinking catch can sud-
denly collapse. Similarly with an over-
pumped aquifer. At first the year-to-year fall
of the water level is barely perceptible. But
over time, as the gap between the rising
demand for water and the sustainable yield
of the aquifer widens, each successive annu-
al drop in the water table is greater than the
year before. Almost overnight a falling
water table can become a depleted aquifer,
reducing the rate of pumping to the rate of
recharge.

The risk in a world adding nearly 80 mil-
lion people annually is that so many sus-
tainable yield thresholds will be crossed in
such a short period of time that the conse-
quences will become unmanageable. His-
torically, when early civilizations lived
largely in isolation, the consequences of
threshold crossings were strictly local.
Today, in the age of global economic inte-
gration, a threshold crossing in one major
country can put additional pressure on
resources in other countries. When Beijing
banned logging in the upper reaches of the
Yangtze River basin in 1998, for example,
the increased demand for forest products
from neighboring countries in Southeast
Asia intensified the pressure on the region’s
remaining forests.37

A similar situation exists with water. As
countries press against the limits of their
water supplies, they often satisfy growing
urban demand by diverting irrigation water
from the countryside to the cities. They then
offset the reduction in food production by
increasing imports. Since it takes 1,000 tons
of water to produce 1 ton of grain, this is a
highly efficient way of importing water.38

This helps explain why the semiarid
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North Africa and Middle East region,
stretching from Morocco eastward through
Iran, has been the world’s fastest-growing
grain market in recent years. Both rapid
population growth and oil-driven gains in
affluence are steadily boosting grain
demand. Meanwhile, the growing demand
for water in the cities is often satisfied by
diverting irrigation water from agriculture.
With every country in the region facing irri-
gation water shortages, grain imports are
climbing. Last year, the water required to
produce the grain and other farm commodi-
ties imported into the region was roughly
equal to the annual flow of the Nile River.39

In effect, water scarcity is crossing nation-
al borders through the international grain
trade. While the world has responded easily
to the rising demand for imported grain in
North Africa and the Middle East, expanding
grain imports into China and India as their
aquifers are depleted simultaneously could
destabilize the world grain market. China,
which has a huge balance-of-trade surplus
with the United States, can easily afford to
import massive quantities of grain. Stated
simply, falling water tables in China could
lead to rising food prices for the world.40

A similar situation exists for oceanic fish-
eries. Given the capacity of fishing fleets to
roam the oceans today accompanied by fac-
tory processing ships, scarcity can quickly
move from one fishery to another. This is
why, regardless of local demand for
seafood, fisheries everywhere are being
fished at or beyond capacity.

Given increasing economic integration,
trends tend to emerge simultaneously in
many countries, whether it be the accelera-
tion of population growth that began a
half-century ago in developing countries or
the depletion of aquifers, a more recent
phenomenon. In the first case, the interna-
tional availability of basic medical technolo-

gy, such as vaccines, and of advancing agri-
cultural technology led to the nearly simul-
taneous fall in mortality rates after
mid-century in scores of developing coun-
tries. This in turn led to rapid population
growth when fertility rates did not follow
suit. Similarly, it is the near universal avail-
ability of diesel and electrically powered
pumps in both industrial and developing
countries that enables farmers everywhere
to pump water from aquifers faster than
they can recharge.

Many countries that have failed to rein in
their population growth are already facing
potentially unmanageable problems. When
developing countries embarked on the
development journey a half-century ago,
they followed one of two demographic
paths. In the first, illustrated by South
Korea, Taiwan, and Thailand, early efforts
to shift to smaller families set in motion a
positive reinforcing cycle of higher savings,
rising living standards, and falling fertility
rates. (See Table 1–1.) These countries are
now approaching population stability.41

In the second category, which prevails in
sub-Saharan Africa and the Indian subcon-
tinent, fertility has remained relatively high,
setting the stage for a potentially dangerous
downward spiral in which rapid population
growth reinforces poverty. After several
decades of incessant population growth,
some countries are simply being over-
whelmed. Governments struggling with the
simultaneous challenge of educating grow-
ing numbers of children coming of school
age, of creating jobs for swelling ranks of
young job seekers, and of dealing with the
environmental effects of population growth
are stretched to the limit. When a major
new threat arises—such as a new infectious
disease or the collapse of an ecosystem—
governments often cannot cope.42

In countries with continuing rapid pop-
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ulation growth, three of the trends cited
earlier—the spread of HIV, falling water
tables, and shrinking cropland per person—
either are already replacing progress with
decline or have the potential to do so.
Problems routinely managed in industrial
societies are becoming full-scale humanitar-
ian crises. For example, all industrial coun-
tries have managed to hold the HIV
infection rate in their adult populations
below 1 percent, but in several sub-Saharan
African countries, as noted earlier, more
than 20 percent of adults are HIV-positive.
The resulting high mortality trends are
more reminiscent of the dark ages than the
bright new millennium so many had hoped
for. Tragically, they suggest that some
countries may already have crossed a deteri-
oration/decline threshold.43

In sub-Saharan Africa, home to some 800
million people, the HIV epidemic is devas-
tating society. Death rates are rising, infant
mortality is rising, and life expectancy—per-
haps the most basic measure of economic
development—is falling. Before the on-

slaught of AIDS, life expectancy in Zimbab-
we was 65 years. In 1998, it was 44 years. By
2010, it is projected to fall to 39 years. The
figures for Kenya are 66 years before AIDS
and 44 years expected by 2010. For Namib-
ia, the decline is 65 years to 39 years in
2010; for South Africa, 65 years to 48 years;
and for Botswana, 61 years to 38 years.44

In these countries where the HIV epi-
demic is spiraling out of control, several
other negative trends are set in motion,
trends that collectively are reversing the
process of development itself. AIDS
patients are overwhelming health care sys-
tems in many sub-Saharan societies. In
some hospitals in South Africa, 70 percent
of the beds are occupied by AIDS patients.
In Zimbabwe, half of the health care bud-
get now goes to care for AIDS patients.
The risk is that this unanticipated pressure
on health care systems will deprive many
people of even the most basic health ser-
vices, no doubt raising death rates further.45

The loss of so many working-age adults
in rural Africa is adversely affecting food
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Table 1–1. Current and Projected Populations in Selected Developing 
Countries, 1999 and 2050

Growth from
Country 1999 2050 1999 to 2050

(million) (million) (percent)

Developing Countries Where Population 
Growth is Approaching Stability

South Korea 46 51 5 + 11
Taiwan 22 25 3 + 14
Thailand 61 74 13 + 21

Developing Countries Where Rapid
Population Growth Continues

Ethiopia 61 169 108 +177
Nigeria 109 244 135 +124
Pakistan 152 345 193 +127

SOURCE: United Nations, World Population Prospects:The 1998 Revision (New York: December 1998).
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production. The number of able-bodied
workers is reduced not only by deaths, but
also by the number who are sick and unable
to work, as well as by those who are obligat-
ed to care for the sick. Godfrey Ssewankam-
bo of Uganda observes that in rural areas,
“from the time one adult family member is
bedridden, AIDS compromises the nutrition
and food security of the whole family.”46

Governments are having difficulty grasp-
ing the dimensions of the epidemic. Despite
the extraordinarily damaging effects of HIV
in Zimbabwe, where 25 percent of the
adult population is HIV-positive, the gov-
ernment is spending $70 million a month
on the war in the Democratic Republic of
the Congo, but only $1 million on preven-
tion of AIDS.47

Companies operating in countries with
high infection rates find their health insur-
ance costs doubling, tripling, or even qua-
drupling. As a result, many companies that
were operating comfortably in the black sud-
denly find themselves in the red. The combi-
nation of rising costs of health care
insurance, the heavy loss of workers to AIDS,
and the associated need to recruit and train
new workers is making investment in these
areas increasingly unattractive, which means
that capital inflows are likely to decline and
may even dry up altogether. What began as
an unprecedented social tragedy is translat-
ing into an economic disaster.48

To make matters worse, in Africa it is
often the better educated, more socially
mobile populations who have the highest
infection rate. Africa is losing the agrono-
mists, the engineers, and the teachers it
needs to sustain its economic development.
In South Africa, for instance, at the Univer-
sity of Durban-Westville, where many of the
country’s future leaders are trained, 25 per-
cent of the student body is HIV-positive.49

The long-term social consequences of

the HIV epidemic remain to be seen, but
for the first time in the modern era,
progress is turning into a sustained decline
for an entire region. With the virus contin-
uing to spread, there is no reversal of the
situation in prospect.

One of the results of the failure of gov-
ernments to protect their people—whether
it is from a deadly infectious disease or from
aquifer depletion—may be the loss of polit-
ical legitimacy. When this happens, the abil-
ity of governments to actually govern is
impaired, making it even more difficult to
respond to new threats to their people.

Two Keys to Regaining
Control of Our Destiny

The overriding challenges facing our global
civilization as the new century begins are to
stabilize climate and stabilize population.
Success on these two fronts would make
other challenges, such as reversing the
deforestation of Earth, stabilizing water
tables, and protecting plant and animal
diversity, much more manageable. If we
cannot stabilize climate and we cannot sta-
bilize population, there is not an ecosystem
on Earth that we can save. Everything will
change. If developing countries cannot sta-
bilize their populations soon, many of them
face the prospect of wholesale ecosystem
collapse.

The exciting thing about the climate and
population challenges is that we already
have the technologies needed to succeed at
both. Restructuring the energy economy to
stabilize climate requires investment in cli-
mate-benign energy sources. It is the great-
est investment opportunity in history.
Stabilizing population, though it requires
additional investment in reproductive
health services and in the education of
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young women in developing countries, is
more a matter of behavioral change—of
couples having fewer children and investing
more in the health and education of each.

Stabilizing climate means shifting from a
fossil-fuel or carbon-based energy economy
to alternative sources of energy. Nuclear
power, once seen as an alternative to fossil
fuels, has failed on several fronts. Within a
few years, the closing of aging power plants
is expected to eclipse the new plants still
coming online, setting the stage for the
phaseout of nuclear power. Electricity from
the power source that was once described as
“too cheap to meter” has now become too
costly to use. The issue is no longer
whether it is economical to build nuclear
power plants but—given the high operating
costs—whether it even makes economic
sense in many situations to continue using
those already built.

The only feasible alternative is a
solar/hydrogen-based economy, one that
taps the various sources of energy from the
sun, such as hydropower, wind power,
wood, or direct sunlight. (See also Chapter
8.) The transition to a solar/hydrogen
economy has already begun, as can be seen
in energy use trends from 1990 to 1998.
(See Table 1–2.) Coal burning, for exam-
ple, did not increase at all during this peri-
od. Meanwhile, wind power and
photovoltaic cells—two climate-benign
energy sources—were expanding at 22 per-
cent and 16 percent a year, respectively. But
the transition is not moving fast enough to
avoid potentially disruptive climate change.

Although the use of all sources of energy
that derive from the sun directly and indi-
rectly will probably expand, wind and solar
cells are likely to be the cornerstones of the
new energy economy. Already Denmark
gets 8 percent of its electricity from wind.
For Schleswig-Holstein, the northernmost

state in Germany, the figure is 11 percent.
Navarra, a northern industrial state in
Spain, gets 20 percent of its electricity from
wind. In the United States, wind generat-
ing capacity is moving beyond its early
stronghold in California as new wind farms
come online in Minnesota, Iowa, Oregon,
Wyoming, and Texas, dramatically broad-
ening the industry’s geographic base.50

Within the developing world, India, with
900 megawatts of generating capacity, is the
unquestioned leader. With the help of the
Dutch, China began operation in 1998 of
its first commercial wind farm, a 24-
megawatt project in Inner Mongolia, a
region of vast wind wealth.51

The world wind energy potential can
only be described as enormous. Today the
world gets over one fifth of all its electricity
from hydropower, but this is dwarfed by
the wind power potential. For example,
China is richly endowed with wind energy
and could double its national electricity
generation from wind alone. An inventory
of wind resources in the United States by
the Department of Energy indicates that

CHALLENGES OF THE NEW CENTURY

State of the World 2000

17

Table 1–2.Trends in Global Energy
Use, by Source, 1990–981

Energy Source Annual Rate of Growth
(percent)

Wind power 22
Solar photovoltaics 16
Geothermal power 4
Hydroelectric power1 2
Oil 2
Natural gas 2
Nuclear power 1
Coal 0

11990–97 only.
SOURCE:Worldwatch estimates based on UN, BP,
DOE, EC, Eurogas, PlanEcon, IMF, LBL, IAEA, BTM
Consult, and PV News.
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three states—North Dakota, South Dakota,
and Texas—have enough harnessable wind
energy to satisfy national electricity needs.52

With the costs of wind electric genera-
tion dropping from $2,600 per kilowatt in
1981 to $800 in 1998, wind power is fast
becoming one of the world’s cheapest
sources of electricity, in some locations
undercutting coal, traditionally the cheap-
est source. Once cheap electricity is avail-
able from solar sources, it can be used to
electrolyze water, producing hydrogen—an
ideal means of both storing and transport-
ing solar energy.53

In 1998, sales of solar cells, the silicon-
based semiconductors that convert sunlight
into electricity, jumped 21 percent, reach-
ing 152 megawatts. This growth reflected
the sharp competition emerging among
major industrial countries in the solar cell
market as the world looks for clean energy
sources that will not destabilize climate.
The development of a solar cell roofing
material in Japan has set the stage for even
more rapid future growth in solar cell use.
With this technology, the roof becomes the
power plant for the building.54

In Japan, nearly 7,000 rooftop solar sys-
tems were installed in 1998. The German
government announced in late 1998 the
goal of 100,000 solar roofs in that country.
In response, Royal Dutch Shell and Pilking-
ton Solar International jointly are building
the world’s largest solar cell manufacturing
facility in Germany. Italy joined in with a
goal of 10,000 solar rooftops.55

While wind and solar cell use are soaring,
the worldwide growth of oil use has slowed
to less than 2 percent a year and may peak
and turn downward as early as 2005. The
burning of natural gas, the cleanest of the
three fossil fuels, is growing by 2 percent
per year. It is increasingly seen as a transi-
tion fuel, part of the bridge from the fossil-

fuel-based energy economy to the
solar/hydrogen energy economy.56

The goal is to convert small positive
growth rates for fossil fuels into negative
rates, as they are phased down, and to boost
dramatically the growth in wind power and
solar cells. Because wind energy is starting
from such a small base, and because the
urgency of stabilizing climate is mounting,
it should perhaps be growing at triple-digit
annual rates, not just in the double digits. If
coral reefs are dying and if the Antarctic ice
cap is beginning to break up because
Earth’s temperature is rising, maybe wind-
generating capacity should be doubling
each year, much as the number of host
computers linked to the Internet did each
year from 1980 to 1995.57

One way of dramatically boosting the
growth in wind power would be to reduce
income taxes and offset them with a carbon
tax on fossil fuels, one that would more
nearly reflect the full costs associated with
air pollution, acid rain, and climate disrup-
tion. Such a move would raise investment
not only in wind power, but also in solar
cells and energy efficiency. It could push
wind power growth far above the current
rates, greatly accelerating the shift to a
solar/hydrogen energy economy.

Sharply accelerating the wind power
growth rate depends on restructuring tax
systems to reduce taxes on income and
wages while increasing those on environ-
mentally destructive activities, such as car-
bon emissions from fossil fuel burning.
Some countries have already begun to do
this, including Denmark, Finland, the
Netherlands, Spain, Sweden, and the 
United Kingdom. And in late 1998, the
new coalition government in Germany
announced the first step in a massive
restructuring of the tax system, one that
would simultaneously reduce taxes on
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wages and raise them on energy use. In
April 1999, the first of four annual tax shifts
was implemented. This ecological tax shift
of some $14 billion—the largest yet con-
templated by any government—was taken
unilaterally, not bogged down in the poli-
tics of the global climate treaty or contin-
gent on steps taken elsewhere. The framers
of the new tax structure justified it primari-
ly on economic grounds, mainly the cre-
ation of additional jobs. It would also help
reduce carbon emissions.58

This bold German initiative is setting the
stage for tax restructuring in other coun-
tries. If the world is going to make the eco-
nomic changes needed in the time available,
tax restructuring must be at the center of
the effort. No other set of policies can bring
about the needed changes quickly enough.
In an article in Fortune magazine, which
argued for a 10-percent reduction in U.S.
income taxes and a 50¢-per-gallon hike in
the tax on gasoline, Professor N. Gregory
Mankiw of Harvard noted: “Cutting
income taxes while increasing gasoline taxes
would lead to more rapid economic
growth, less traffic congestion, safer roads,
and reduced risk of global warming—all
without jeopardizing long-term fiscal sol-
vency. This may be the closest thing to a
free lunch that economics has to offer.”59

While stabilizing climate is largely a mat-
ter of investing in new energy sources, sta-
bilizing population is more a matter of
changing reproductive behavior. The annu-
al addition to world population increased
steadily from 38 million in 1950 to the his-
torical peak of 87 million in 1989. After
that, it dropped to 78 million in 1998.
While the annual additions in many devel-
oping countries have been increasing, they
have been declining elsewhere. Some 32
countries—virtually all of industrialized
Europe, from the United Kingdom to Rus-

sia, plus Japan and Canada—have succeed-
ed in stabilizing their population size.
Births and deaths are essentially in balance,
as they must be in a sustainable society. This
group of countries contains some 15 per-
cent of the world population.60

Another, much larger group of countries
has reached replacement level of fertility of
2.1 children per couple, but this does not
immediately translate into population sta-
bility because of the disproportionately
large number of young people moving into
their reproductive years. This group, con-
taining over 40 percent of the world’s peo-
ple, includes two of the most populous
countries: China and the United States. In
each of these, population is growing at just
under 1 percent a year.61

One of the keys to the needed changes in
reproductive behavior is information that
will help people understand the conse-
quences of not shifting quickly to smaller
families. Few people intentionally want
their children or grandchildren to be
deprived of adequate water supplies or of
education because they themselves have too
many children. Thus information is vital.
Governments can provide this information
through national carrying capacity assess-
ments—studies to determine how many
people the cropland, water, grassland, and
forest resources of a country can sustain.
This also involves a tradeoff between the
size of population and the level of con-
sumption. The carrying capacity calcula-
tions provide the information needed for
that choice.
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needed in the time available, tax
restructuring must be at the center
of the effort.
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The key to stabilizing world population is
for national governments to formulate
strategies for stabilizing population humane-
ly rather than waiting for nature to intervene
with its inhumane methods, as it is in Africa.
Once these strategies are developed, it is in
the interest of the international community
to support the stabilization effort.

At the U.N. Conference on Population
and Development in Cairo in 1994, it was
estimated that the annual cost of providing
quality reproductive health services to all
those in need in developing countries
would be $17 billion in the year 2000. By
2015, this would climb to $22 billion.
Industrial countries agreed to provide one
third of the funds, with developing coun-
tries providing the remainder. While devel-
oping countries have largely honored their
commitments, industrial countries—includ-
ing the United States—have regrettably
reneged on theirs. And, almost unbeliev-
ably, in late 1998 the U.S. Congress with-
drew all funding for the U.N. Population
Fund, the principal source of international
family planning assistance.62

Fortuitously, the same family planning
services that provide reproductive health
counseling and that supply the condoms to
help slow population growth also help to
check the spread of HIV. Investment in
efforts to slow population growth can thus
also help to check the spread of the virus.

In stabilizing climate and stabilizing
population, there is no substitute for lead-
ership. Examples of this abound in both ini-
tiatives. Denmark, for instance, has simply

banned the construction of coal-fired
power plants. Meanwhile, it has adopted a
series of economic incentives for investment
in wind power that has fostered the devel-
opment of the world’s largest wind turbine
manufacturing industry. As a result, in 1998
wind turbines of Danish design accounted
for half of all turbines installed worldwide.
Though scarcely a major industrial power,
Denmark has a commanding position in
this fast-expanding new industry.63

In every developing country where pop-
ulation growth has slowed dramatically,
family planning programs have enjoyed
strong government support. The same is
true for containing the HIV epidemic. In
the two countries that have successfully
curbed the spread of HIV after it reached
epidemic proportions—Uganda and Thai-
land—the heads of state led the contain-
ment campaign. In Uganda, President
Museveni personally led the effort and con-
tinuously referred not only to the dangers
of the virus but also to the behavioral
changes needed to check its spread. In
Thailand, Prime Minister Anand Punyara-
chun both provided the personal leadership
to direct the campaign and was instrumen-
tal in raising the appropriations for contain-
ing the virus from $2.6 million in 1990 to
$80 million in 1996.64

Leadership and time are the scarce
resources. The world desperately needs
more of both. Saving the planet, including
the stabilization of climate and the stabi-
lization of population, is a massive under-
taking by any historical yardstick. This is
not a spectator sport. It is something every-
one can participate in. Few activities offer
more satisfaction.

We can participate not only as individu-
als, but also in an institutional sense. All of
society’s institutions—from organized reli-
gion to corporations—have a role to play.
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spread of HIV after it reached 
epidemic proportions, the heads 
of state led the campaign.
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Although many individuals and corpora-
tions want to do something about the envi-
ronment, few recognize the need for
systemic change. Corporations take pride in
listing in their annual reports the steps they
have taken to help protect the environment.
They will cite gains in office paper recycling
or reductions in energy use. These are obvi-
ously moves in the right direction. And they
are to be applauded. But they do not deal
with the central issue, which is the need to
restructure the global economy quickly.

This is not likely to happen unless corpora-
tions use some of their political leverage
with governments to actively support tax
restructuring.

There is no middle path. The challenge
is either to build an economy that is sus-
tainable or to stay with our unsustainable
economy until it declines. It is not a goal
that can be compromised. One way or
another, the choice will be made by our
generation, but it will affect life on Earth
for all generations to come.
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Chapter 2

If there is any comfort to be found in the
prospect of environmental decline, it lies in
the idea that the process is gradual and pre-
dictable. All sorts of soothing cliches follow
from this notion: Even if we have not
turned the trends around, our children will
rise to the challenge. There’s time. We’re
constantly learning; you can see plenty of
progress already.

But this way of thinking is sleepwalking.
To understand why, you have to look at
decline close up. Here, for instance, is how
it has happened in one small country, with
big implications. Honduras, in the early
1970s, was caught up in a drive to build
agricultural exports. Landowners in the
south increased their production of cattle,
sugarcane, and cotton. This more intensive
farming reduced the soil’s water absorben-
cy, so more and more rain ran off the fields
and less remained to evaporate back into
the air. The drier air reduced cloud cover
and rainfall. The region grew warmer—a lot
warmer. The local weather station recorded
an increase in the median annual tempera-

ture of 7.5 degrees Celsius between 1972
and 1990, by which time it had exceeded
30 degrees.1

The hotter, drier landscape was poor
habitat for the kind of mosquitoes that
carry malaria, so the mosquitoes largely
died off and malaria infection declined. But
of course the land was also becoming less
productive, so people began to leave. Many
found work on big plantations that were
being carved out of the rainforests to the
north. The plantations were growing
export crops too, primarily bananas, mel-
ons, and pineapples. But it is difficult to
mass-produce big, succulent fruits in a rain-
forest—even a badly fragmented rainfor-
est—because there are so many insects and
fungi around to eat them. So the planta-
tions came to rely heavily on pesticides.
From 1989 to 1991, Honduran pesticide
imports increased more than fivefold, to
about 8,000 tons.2

This steaming, ragged forest was perfect
habitat for malaria mosquitoes. Around the
plantations, the insecticide drizzle sup-
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pressed them for a time, but they eventual-
ly acquired resistance to a whole spectrum
of chemicals, and that basically released
them from human control. When their
populations bounced back, they encoun-
tered a landscape stocked with their favorite
prey: people. And since these people were
from an area where malaria infection had
become rare, their immunity to the disease
was low. Malaria rapidly reasserted itself:
from 1987 to 1993, the number of cases in
Honduras jumped from 20,000 to 90,000.3

The situation was brought to light in
1993 by a group of researchers concerned
about the public health implications of
environmental decline. But their primary
interest was not in what had already hap-
pened—it was in what might happen next.
Some very nasty surprises might be tangled
up somewhere in this web of pressures.
They argued, for example, that deforesta-
tion and changing patterns of disease had
made the country “especially vulnerable to
climatic change and climate instability.”4

They were right. In October 1998, Hur-
ricane Mitch slammed into the Gulf coast of
Central America and stalled there for four
days. Nightmarish mudslides obliterated
entire villages; half the population of Hon-
duras was displaced and the country lost 95
percent of its agricultural production.
Mitch was the fourth strongest hurricane to
enter the Caribbean this century, but much
of the damage was caused by deforestation:
had forests been gripping the soil on those
hills, fewer villages would have been buried
in mudslides. And in the chaos and filth of
Mitch’s wake there followed tens of thou-
sands of additional cases of malaria, cholera,
and dengue fever.5

It is hard to shake the feeling that “nor-
mal change”—even change for the worse—
should not happen this way. In the first
place, too many trends in this scenario are

spiking. Instead of gradual change, the pic-
ture is full of discontinuities—very rapid
shifts that are much harder to anticipate.
There is a rapid warming in the south, then
an abrupt expansion in deforestation in the
north, as plantations are developed. Then
malaria infections jump. Then those mud-
slides, in addition to killing thousands of
people, cause a huge increase in the rate of
topsoil loss.

There also seem to be too many overlap-
ping pressures—too many synergisms. The
mudslides were not the work of Mitch
alone; they were caused by Mitch plus the
social conditions that encouraged the farm-
ing of upland forests. The malaria emerged
not just from the mosquitoes, but from the
movement of a low-immunity population
into a mosquito-infested area, and from
heavy pesticide use.

Such discontinuities and synergisms fre-
quently catch us by surprise. (See Tables
2–1 and 2–2.) They tend to subvert our
sense of the world because we so often
assume that a trend can be understood in
isolation. It is tempting, for example, to
believe that a smooth line on a graph can be
used to see into the future: all you have to
do is extend the line. But the future of a
trend—any trend—depends on the behav-
ior of the entire system in which it is
embedded. When we isolate a phenomenon
in order to study it, we may actually be pre-
venting ourselves from knowing the most
important things about it.

This fragmented form of inquiry is
becoming increasingly dangerous—and not
just because we might miss problems in
small, poor countries like Honduras. After
all, there is nothing special about the 
pressures in the Honduran predicament.
Deforestation, climate change, chemical con-
tamination—these and many other forms of
environmental corrosion are at work on a
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global scale. Each has engendered its own
minor research industry. But even as the pub-
lications pile up, we may actually be missing
the biggest problem of all: what might the
inevitable convergence of these forces do?

“When one problem combines with
another problem, the outcome may be not
a double problem, but a super-problem.”
That is the assessment of Norman Myers,
an Oxford-based ecologist who is one of
the most active pioneers in the field of envi-
ronmental surprise. We have hardly begun
to identify those potential super-problems,
but in the planet’s increasingly stressed nat-
ural systems, the possibility of rapid, unex-
pected change is pervasive and growing.6

You can find this potential nearly any-
where, but this chapter will consider three
of the most important theaters of surprise—
tropical rainforests, coral reefs, and the
atmosphere.

Tropical Rainforests:The
Inferno Beneath the Canopy

Eight thousand years ago, before people
began to clear land on a broad scale, more
than 6 billion hectares, or around 40 per-
cent of the planet’s land surface, were cov-
ered with forest. Today, Earth’s tattered
cloak of natural forests (as opposed to tree
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Table 2–1.Three Types of Environmental Surprise

Type of Surprise Example

A discontinuity is an abrupt shift in Overfishing has pushed some fish species into a population
a trend or a previously stable state. crash rather than a gradual decline. As recently as the 1970s,
The abruptness is not necessarily for example, the white abalone occurred along the coast of
apparent on a human scale; what northern Mexico and southern California at densities of up
counts is the time frame of the to 10,000 per hectare.Today its total population is probably
processes involved. no more than a few dozen and its extinction is imminent.

A synergism is a change in which The monstrous 1998 flood of China’s Yangtze River did
several phenomena combine to $30 billion in damages, displaced 223 million people, and killed
produce an effect that is greater another 3,700.The damage was a synergism caused not just by
than would have been expected heavy rains, but by extremely dense settlement of the floodplain
from adding up their effects taken and by deforestation—the Yangtze basin has lost 85 percent of
separately. its forest cover.

An unnoticed trend, even if it In the United States, where natural areas are monitored with
produces no discontinuities or much greater attention than in most parts of the world,
synergisms, may still do a aggressive non-native weeds may still have to be in the country
surprising amount of damage for 30 years or have spread to more than 4,000 hectares before
before it is discovered. they are even discovered. In the United States and elsewhere, such

weeds displace native plants, upset fire and water cycles, and do
billions of dollars in agricultural damage every year.

SOURCE: Callum M. Roberts and Julie P. Hawkins, “Extinction Risk in the Sea,” TREE (Trends in Ecology and
Evolution), June 1999; Janet N.Abramovitz and Seth Dunn,“Record Year for Weather-Related Disasters,” Vital
Signs Brief 98-5 (Washington, DC:Worldwatch Institute, 27 November 1998); U.S. Congress, Office of Tech-
nology Assessment, Harmful Nonindigenous Species in the United States (Washington, DC: September 1993).
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plantations) amounts to 3.6 billion hectares
at most. Every year, at least another 14 mil-
lion hectares are lost—and maybe consider-
ably more than that. This is an enormous

evolutionary tragedy. Among the many
thousands of species that are believed to go
extinct every year, the overwhelming
majority are forest creatures, primarily trop-

State of the World 2000

25

Table 2–2. Some Major Causes of Discontinuities and Synergisms

Cause Example

A synergism can produce In eastern Canada, a mild long-term drought has reduced streamflow
a discontinuity. into some of the region’s lakes.The weakened streams are washing in

less organic debris, so the lakes have grown clearer.The increase in
water clarity has combined synergistically with the deterioration of the
ozone layer to produce a major discontinuity in ultraviolet (UV) light
penetration. Previously, UV light penetrated only the upper 20–30 
centimeters of water. In some lakes, it now penetrates to 1.5 meters.
Acid rain could clarify the water even further, allowing UV penetration
to reach 3 meters. (UV light can injure aquatic organisms just as it
injures humans.)

A discontinuity can The use of pesticides against the sweet potato whitefly eventually
produce a synergism. caused a huge discontinuity: when a pesticide-resistant strain of the

fly emerged in the 1980s, its populations exploded. In South America,
the resistant strain has combined with various plant viruses that the
fly can transmit to produce a synergism: fly-virus combinations have
forced the abandonment of more than 1 million hectares of cropland.

A positive feedback loop Global warming appears to be shrinking the Arctic ice pack,
can produce a discontinuity. which is 5 percent smaller than it was in 1996 and considerably
(A positive feedback loop thinner. Ice absorbs less than half the sunlight that hits it, but 
is a cycle of change that open ocean absorbs some 90 percent. So as the ice dwindles,
amplifies itself.) the oceans will warm more rapidly, which will in turn accelerate the

loss of the ice. If the ice pack continues to thin, a major discontinuity
is inevitable: an Arctic ocean that is largely free of ice in the summer.
That, of course, would cause the oceans to warm even faster.

Cascading effects can lead to In the waters off the Alaskan coast, a decline in perch and herring
multiple discontinuities and seems to have depressed populations of sea lions and seals, which
synergisms. (Cascading effects prey on the fish. Killer whales, which normally prey on the sea lions and
occur when a change in one seals, turned instead to otters, forcing a collapse in their populations.
component of a system pro- The otter collapse caused a population explosion of their favorite prey,
duces change in another sea urchins, which in turn demolished the kelp forests on which they
component, which in turn feed.The disappearance of the kelp jeopardizes a large number of
changes yet another species—fishes, marine invertebrates, marine mammals, and birds.
component, and so on.)

SOURCE: David W. Schindler et al., “Consequences of Climate Warming and Lake Acidification for UV-B 
Penetration in North American Boreal Lakes,” Nature, 22 February 1996; whitefly from Lori Ann Thrupp, Bit-
tersweet Harvests for Global Supermarkets (Washington, DC: World Resources Institute, 1995); Richard
Monastersky, “Sea Change in the Arctic,” Science News, 13 February 1999; J.A. Estes et al., “Killer Whale 
Predation on Sea Otters Linking Oceanic and Nearshore Ecosystems,” Science, 16 October 1998.
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ical insects, who have been denied their
habitat. That, anyway, is the best estimate,
but the forests are vanishing far more rapid-
ly than they can be studied. We really don’t
even know what we are losing.7

Currently, well over 90 percent of forest
loss is occurring in the tropics—on a scale
so vast that it might appear to have exceed-
ed its capacity to surprise us. In 1997 and
1998, fires set to clear land in Amazonia
claimed more than 5.2 million hectares of
Brazilian forest, brush, and savanna—an
area nearly 1.5 times the size of Taiwan. In
Indonesia, some 2 million hectares of forest
were torched during 1997 and 1998. All
this is certainly news, but if you are inter-
ested in conservation, it is the kind of
dreadful news you have come to expect.8

And yet our expectations may not be an
adequate guide to the sequel, assuming the
destruction continues at its current pace. A
substantial portion of the damage is “hid-
den”—it does not show up in the conven-
tional analysis. But once you take the full
extent of the damage into account, you can
begin to make out some of the surprises it
is likely to trigger.

Consider, for example, the destruction
of Amazonia. Over half the world’s remain-
ing tropical rainforest lies within the Ama-
zon basin, where more forest is being lost
than anywhere else on Earth. Deforestation
statistics for the area are intended primarily
to track the conversion of forest into farms
and ranches. Typically, the process begins
with the construction of a road, which
opens up a new tract of forest to settlement.

In June 1997, for instance, some 6 million
hectares of forest were officially released for
settlement along a major new highway, BR-
174, which runs from Manaus, in central
Amazonia, over 1,000 kilometers north to
Venezuela. Ranchers and subsistence farm-
ers clearcut patches of forest along the road
and burn the slash during the July-Novem-
ber dry season. (The farmers generally have
few other options: Brazil has large numbers
of poor, land-hungry people, and the plots
they cut from the forest usually lose their
fertility rapidly, so there is a constant
demand for fresh soil.)9

But the damage to the forest generally
extends much farther than the areas that are
“deforested” in this conventional sense,
because of the way fire works in Amazonia.
In the past, major fires have not been a fre-
quent enough occurrence to promote any
kind of adaptive “fire proofing” in the
region’s dominant tree species. Some tem-
perate-zone and northern trees, by con-
trast, are “fire-adapted” in one way or
another—they may have especially thick
bark, for example, or the ability to resprout
after burning. The lack of such adaptations
in Amazonian trees means that even a small
fire can begin to unravel the forest.10

During the burning season, the flames
often escape the cuts and sneak into neigh-
boring forest. Even in intact forest, there
will be patches of forest floor that are dry
enough at that time of year to allow a small
“surface fire” to feed on the dead leaves.
Surface fires do not climb trees and become
crown fires. They just crackle along the for-
est floor, here and there, as little patches of
flame, going out at night, when the tem-
perature drops, and rekindling the next day.
They will not kill the really big trees, and
they do not cover every bit of ground in a
burned patch. But they are fatal to most of
the smaller trees they touch. Overall, an ini-
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The damage may not look dramatic,
but another tract of forest may be
doomed by a positive feedback loop
of fire and drying.
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tial surface fire may kill perhaps 10 percent
of the living forest biomass.11

The damage may not look all that dra-
matic, but another tract of forest may already
be doomed by an incipient positive feedback
loop of fire and drying. After a surface fire,
the amount of shade is reduced from about
90 percent to around 60 percent, and the
dead and injured trees rain debris down on
the floor. So a year or two later, the next fire
in that spot finds more tinder, and a warmer,
drier floor. Some 40 percent of forest bio-
mass may die in the second fire. At this point,
the forest’s integrity is seriously damaged;
grasses and vines invade and contribute to
the accumulation of combustible material.
The next dry season may eliminate the forest
entirely. Once the original forest is gone, the
scrubby second growth or pasture that
replaces it will almost certainly burn too fre-
quently to allow the forest to restore itself.12

New roads admit not just settlers and
ranchers but loggers as well. Commercial
logging involves a form of damage that is in
some ways similar to the surface fires.
Unlike its temperate-zone counterparts, the
Amazonian timber industry does not gener-
ally clearcut. Most of its operations are what
foresters call “high grading”—the best
specimens of the most desirable species are
cut and hauled out. The result is not out-
right deforestation, but the forest loses its
largest trees and suffers extensive collateral
damage from the felling and hauling. An
intricate network of logging roads under-
mines the canopy—a human termite’s nest
through the wood.  An Amazonian timber
operation typically kills 10–40 percent of
the forest biomass, thereby reducing
canopy coverage by up to 50 percent. The
forest floor grows warmer and drier; the
forest becomes increasingly flammable.13

As the main mechanisms of deforesta-
tion, the logging and burning are hardly

surprising per se, but a great deal of the
resulting damage is still obscure. Deforesta-
tion estimates are derived primarily from
satellite photos, and while the photos show
a great deal of detail, the mapping process
is generally designed to give a picture of
gross canopy destruction. Damage that
leaves most of the canopy intact, or that has
been masked by second growth, is usually
not factored in to the estimates.14

In a recent survey, researchers cross-
checked satellite maps with field observa-
tions and concluded that conventional
deforestation estimates for Brazilian Ama-
zonia were missing some 1–1.5 million
hectares of severe forest damage done by
logging every year. Surface fire damage is
harder to quantify, but the same researchers
did a fire survey and found that the amount
of standing forest that had suffered a sur-
face fire in 1994 and 1995 was 1.5 times
the area fully deforested in those years.
Overall, they suggested, the area of Ama-
zonian forest attacked by surface fire every
year may be roughly equivalent to the area
deforested outright. And in some parts of
the basin, the extent of this cryptic damage
is so great that the conventional measure-
ments may no longer be all that useful. In
one region, around Paragominas in eastern
Amazonia, the researchers found that
although 62 percent of the land was classi-
fied as forested, only about one tenth of this
consisted of undisturbed forest.15

Apart from these direct losses, the log-
ging and burning are likely to trigger vari-
ous forms of second-order damage through
fragmentation. Cutting the forest up into
smaller and smaller pieces renders the sur-
viving tracts increasingly vulnerable to
“edge effects.” Near the edge of a major
clearing, competing vegetation often
invades forest, choking out saplings. High-
er winds dry out the soil and sometimes
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topple trees. In Amazonia, these effects may
extend a kilometer from the edge itself.16

As the Amazonian forest dwindles, a
more surprising second-order effect may
emerge as the hydrological cycle changes.
Because trees exhale so much water vapor, a
forest to some degree creates its own cli-
mate. Much of this water vapor condenses
out below the canopy and drips back into
the soil. Some of it rises higher before
falling back in as rain—researchers estimate
that most of the Amazon’s rainfall comes
from water vapor exhaled by the forest.
Widespread deforestation will therefore
tend to make the region substantially drier,
and that will accelerate the feedback loop
created by the fires.17

Some degree of deforestation-induced
drought already appears to have affected
other parts of the humid tropics—parts of
Central America, for instance, Côte
d’Ivoire, and peninsular Malaysia, where
the drying has been severe enough to force
the abandonment of some 20,000 hectares
of rice paddy. It may not be possible to
define the point at which such a drought
takes hold in Amazonia, but about 13 per-
cent of the Brazilian Amazon has now been
deforested outright. If you add to that the
tracts of forest that have been seriously
degraded—by logging, surface fires, and
fragmentation—that fraction could rise to
more than a third.18

The fire feedback loop is also likely to
gain momentum from forces outside the
region. Over the past two decades, Amazo-
nia has seen several unusually intense dry
seasons, during which the burning was far
worse than normal. These periods corre-
sponded with recent El Niño weather
events (in 1982–83, 1992–93, and
1997–98). El Niño events appear to be
growing longer, more intense, and more
frequent. Many climatologists regard this

trend as a likely effect of climate change—
the change in the behavior of Earth’s cli-
mate system caused by increasing
atmospheric concentrations of carbon diox-
ide (CO2) and other greenhouse gases. Cli-
mate change, in other words, may be
accelerating the Amazonian fire cycle. By
burning large amounts of coal and oil, the
United States, China, and other major car-
bon-emitting countries may in effect be
burning the Amazon.19

Other kinds of surprises are lurking in
tropical forests as well. As developing coun-
tries industrialize, some forest maladies bet-
ter known in the industrial world are likely
to appear in these countries too. Acid rain,
for example, is already reported to be
affecting the forests of southern China. In
parts of South Asia, Indonesia, South
America, and West Africa, this form of pol-
lution is bound to increase as industrializa-
tion proceeds and cities enlarge. The soil in
these areas tends to be fairly acidic already,
which would make it incapable of buffering
large doses of additional acid. At least in
some of these places, acid-induced decline
may therefore be much more abrupt than in
the temperate zone.20

Other development pressures may have
no exact temperate-zone analog. Increased
hunting pressure, for instance, has emptied
out a good number of tropical forests.
Many forest-dwelling peoples have armed
themselves with shotguns and rifles, which
are far more lethal than traditional weapons.
And logging is bringing additional hunters
into forest interiors. Hunting often supple-
ments the logging: it feeds the loggers, and
the surplus is sold as bush meat in towns
and cities farther from the frontier. Such
hunting is typically very indiscriminate;
almost any creature of any size is potential
game. Hundreds—even thousands—of ani-
mals may fall prey to just a single logging
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camp. In the Republic of Congo, for exam-
ple, the annual take in a single camp of 648
people was found to be 8,251 animals,
amounting to 124 tons of meat. In tropical
forests the world over, mammals, birds, and
reptiles play critical roles in pollinating
trees, dispersing their seeds, and eating
other creatures that prey on the seeds. If
hunting continues at its present rate, some
tropical tree species are liable to disappear
along with the animals themselves.21

Recent research suggests that the Cen-
tral African bushmeat trade may have
sparked the AIDS epidemic. It is likely that
the original host of the HIV virus was a
population of chimpanzees in Cameroon
and Gabon. Chimps in that area are com-
monly hunted for their meat; now, appar-
ently, one of their diseases is hunting us.
The appearance of such “rainforest dis-
eases” as AIDS and Ebola suggests one
other surprise that could result from tropi-
cal deforestation. Would you be willing to
bet that humans have already encountered
all the potentially lethal pathogens that
haunt these forests? And yet that is a bet
that our species is collectively making every
time another patch of forest is felled.22

Coral: Death in the 
Warming Seas

Coral reefs are perhaps the greatest collec-
tive enterprise in nature. Reefs are born
from the slow accretion of the skeletons of
millions of coral—small, sedentary, cup-
shaped animals that form a living veneer
over the limestone remnants of their fore-
bears. Reefs form in shallow tropical and
warm temperate waters, and host huge
numbers of plants and animals. The reef
biome is a tiny part of the ocean—it
includes only about 0.3 percent of total

ocean area. But it is the richest type of
ecosystem in the oceans and the second
richest on Earth, after tropical rainforests.
One out of every four ocean species thus far
identified is a reef-dweller, including at least
65 percent of marine fish species.23

Coral is extremely vulnerable to heat
stress, and the unusually high sea surface
temperatures (SSTs) of the past two decades
may have damaged this biome just as badly
as the unusual fires have damaged tropical
forests. Elevated SSTs appear to be a feature
of global warming. Atmospheric concentra-
tions of heat-trapping CO2 are now higher
than they have been in 420,000 years; the
average annual global temperature had risen
from 13.8 degrees Celsius in 1950 to 14.6
degrees by 1998. That is warmer than Earth
has been in at least 1,200 years, and most
climate scientists expect a further warming,
in the range of 1 to 3.5 degrees by 2100,
depending on the rate at which CO2 and
other greenhouse gases continue to build
up in the atmosphere.24

All this is very bad news for coral, which
has a fairly limited temperature comfort
zone. Heat tolerance varies somewhat from
one species to the next, but if the warm-sea-
son SSTs climb past 28 degrees Celsius or
so, the coral polyp may expel the algae that
live within its tissues. This action is known
as “bleaching” because it turns the coral
white. Coral usually recovers from a brief
bout of bleaching, but if the syndrome per-
sists it is generally fatal, because the coral
depends on the algae to help feed it
through photosynthesis. Published records
of bleaching date back to 1870, but show
nothing comparable to what began in the
early 1980s, when unusually warm water
caused extensive bleaching throughout the
Pacific. Coral bleached over millions of
hectares. By the end of the decade, mass
bleaching was occurring in every coral reef
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region in the world. (See Figure 2–1.) The
full spectrum of coral species was affected in
these events—a phenomenon that had
never been observed before.25

In the second half of the 1990s, SSTs set
new records in much of the coral’s range—in
some areas pushing past 30 degrees—and
the bleaching became even more intense.
Over a vast tract of the Indian Ocean, from
the African coast to southern India, 70 per-
cent of the coral appears to have died. Some
scientists think that a shift from episodic
events to chronic levels of bleaching is now
under way. And the problem is not limited to
corals; other creatures that live in symbiosis
with algae are also bleaching—sea anemones,
sponges, even certain types of mollusks.26

A huge discontinuity has apparently been
triggered by what might seem to be a fairly
modest amount of warming. Like most sur-
prises, this one has an air of improbability
about it. Coral reefs are among the world’s
oldest communities, so surely, you might
think, they have weathered temperature
shifts in the remote past. What could
account for their sensitivity now? But the
main problem is not so much the size of the
temperature shift—it is the fact that the shift
is so rapid (in terms of life history)
and so pervasive. It is occurring near-
ly everywhere in the coral’s range at
once. Reefs will not have an opportu-
nity to “reassemble” themselves in
more favorable sites.

Coral reefs are coming under other
pressures as well. Because they are
shallow-water communities, they
generally occur in coastal zones,
where they are likely to be exposed to
agricultural runoff and sewage. The
nitrogen and phosphorus in this
runoff fertilizes algae. Along the
world’s coastlines, algal blooms are
growing increasingly common; the

number of low-oxygen “dead zones” creat-
ed by these blooms is thought to have
tripled worldwide over the past 30 years.
Out on the reefs, floating algae can starve
corals for light; macro-algae—“sea-
weeds”—can colonize the reefs themselves
and displace the coral directly. Pollution-
enriched algae is the likely reason Jamaica’s
reefs never recovered from Hurricane Allen
in 1980; 90 percent of the reefs off the
island’s northwest coast are now just algae-
covered lumps of limestone.27

The decay of neighboring ecosystems is
exacerbating the nutrient pollution and
burdening reefs with yet another pressure:
siltation. The stretch of shallow, protected
water between a reef and the coast often
nurtures beds of seagrass. When they are
healthy, these beds filter out sediment and
effluent that would injure the reefs. But
along many tropical coastlines, the seagrass
beds themselves are silting up under tons of
sediment from development, logging, min-
ing, and the construction of shrimp farms.
They are suffocating under algal blooms in
nitrogen-polluted waters; they are being
poisoned by herbicide runoff.28

If you follow the seagrass-choking sedi-
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ment back the way it came, you are increas-
ingly likely to find a shoreline denuded of
mangroves—stilt-rooted trees that stabilize
coastlines and trap sediment as well. The
mangroves’ importance as a sediment filter
is perhaps greatest in the center of reef
diversity, the Australasian region. About
450 coral species are known to grow there;
the Caribbean, by comparison, contains just
67 species. Australasia is correspondingly
rich in fish too: a quarter of the world’s fish
species inhabit these waters. But throughout
the region, logging and shrimp farming are
obliterating mangrove forests and releasing
a tremendous burden of silt. Southeast Asia
has lost half its mangrove stands over the
past half-century. A third of the mangrove
cover is gone from Indonesian coasts, three
quarters from the Philippines.29

In addition to the sedimentation and
nutrient pollution, the demise of the sea-
grass and the mangroves is impoverishing
the reef communities in another way as
well, through loss of fish habitat. Tropical
seagrass provides crucial cover for young
fish; it is the major nursery for many species
that spend their adult lives out on the reefs.
Perhaps 70 percent of all commercially
important fish spend at least part of their
lives in the seagrass. The mangrove ecosys-
tem is incredibly productive as well—man-
grove canopies are home to all sorts of
terrestrial animals; their stilt roots harbor a
rich array of marine life. 30

This complex of overlapping stresses is
the setting—and perhaps in part the
cause—for a series of spectacular epidemics.
The first of these that scientists noticed is
something now called black-band disease,
which emerged in the Caribbean in 1973,
off the coast of Belize. Black band is caused
by a three-layer complex of blue-green
“algae” (actually, cyanobacteria), each layer
consisting of a different species; the bottom

layer secretes highly toxic sulfides, which kill
the coral. The complex creeps very slowly
over a head of coral in a narrow band, leav-
ing behind only a bare white skeleton.31

Black band has since been joined by a
whole menagerie of other diseases. Simply
finding common names for them is begin-
ning to tax the lexicon of marine biology:
there’s white band, yellow band, red band,
patchy necrosis, white pox, white plague
type I and II, rapid wasting syndrome, dark
spot. The modes of action are as various as
the names. White pox, for example, is
caused by an unknown pathogen that
almost dissolves the living coral tissue.
Infected polyps disintegrate into mucous-
like strands that trail off into the water, and
bare, dead splotches appear on the reefs,
giving them a kind of underwater version of
the mange. Rapid wasting syndrome most
likely starts with infection by a fungus that
for some reason is extremely attractive to
coral-chewing spotlight parrotfish. The fish
attack the coral much more aggressively
than they would otherwise.32

On the reefs off Florida, the number of
diseases has jumped from 5 or 6 to 13 dur-
ing the past decade. In 1996, 9 of the 44
coral species occurring on these reefs were
diseased; a year later, the number of infect-
ed species had climbed to 28. Coral epi-
demics are also turning up here and there
throughout the Pacific and Indian Oceans,
in the Persian Gulf, and in the Red Sea. As
with the bleaching, the scale of these epi-
demics has no clear precedent.33

For most of these diseases, a pathogen
has yet to be identified; some of them may
be syndromes that have nothing to do with
pathogens at all. But it is unlikely that the
diseases are “new” in the sense of being
caused by pathogens that have recently
evolved. It is much more likely that the
coral’s vulnerability to them is new. And in
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some cases, at least, that could be a kind of
synergistic effect. Black band, for example,
seems to be particularly virulent in nutrient-
polluted water.34

Or consider Aspergillus sydowii, a
pathogen that is killing sea-fan coral around
the Caribbean. A. sydowii belongs to a very
common genus of terrestrial fungi. The last
time you threw something out of your
refrigerator because it was moldy, you could
well have been looking at an Aspergillus
species. In a very bizarre form of invasion,
A. sydowii breached the land-sea barrier and
found a second home in the ocean. But it
evidently took the plunge decades ago and
has only been killing sea-fans for some 15
years or so. Why? Part of the answer may be
the higher SSTs: A. sydowii seems to do bet-
ter in warmer water. But the reasons for the
sudden appearance of other diseases are not
yet known.35

Whatever those reasons may be, the
interplay between coral die-off and climate
change is liable to generate additional sur-
prises as both processes gather momentum.
Thomas Goreau, president of the Global
Coral Reef Alliance, reports that of the 207
coral reef sites the Alliance tracks world-
wide, nearly 75 percent experienced SSTs
that were high enough to inflict some
bleaching in 1998. More than half the
affected sites showed bleaching intense
enough to kill most of the corals. But the
rising SSTs are not the only effects of cli-
mate change that the corals will have to
contend with. As atmospheric CO2 increas-
es, more and more of the gas will move
from the air into the oceans, where it will
work a chemical change that reduces the
amount of calcium available for reef-build-
ing. A doubling of atmospheric CO2,
expected by 2065, will lead to a 30-percent
drop in the amount of calcium that tropical
oceans can hold. Even on reefs that escape

the bleaching, coral growth may eventually
be stunted for lack of this basic nutrient. 36

Extensive coral death will begin to jeop-
ardize the very structures of reefs, since the
coral will not be able to repair damage from
storms and from coral-chewing predators.
And because reefs buffer many coasts from
wave action, any loss of reef structure is
likely to increase coastal erosion, especially
from storm surges. This effect will be exac-
erbated by yet another consequence of cli-
mate change: rising sea levels. (Sea levels
will rise because warming water expands
and because runoff from melting glaciers
will increase.) Higher sea levels alone may
cause some coral atolls to disappear beneath
the waves. And if the reefs begin to crum-
ble, the rising seas may inflict a substantial
increase in storm damage on many tropical
and warm temperate coasts. Mangrove
communities are likely to disintegrate even
faster; more silt will settle on the seagrass.
Yet more fish habitat will disappear.37

About one sixth of the world’s coasts are
shielded by reefs, and some of these coasts,
like those in South and Southeast Asia, sup-
port some of the densest human popula-
tions in the world. Reef fish account for
perhaps 10 percent of the global fish catch;
one estimate puts their contribution to the
catch of developing countries at 25 percent.
The prospect of reef decline gives new
meaning to the term “natural disaster,” but
it is also a social disaster in the making.38

The Atmosphere:An Invisible
Confluence of Poisons

The delicate membrane of gases that makes
up our atmosphere is as thin, comparatively
speaking, as the skin of an onion. The
atmosphere’s outer border is very diffuse—
a faint scattering of gas molecules extends
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into space for hundreds of kilome-
ters—but 90 percent of those mole-
cules lie within 16 kilometers of sea
level. Every ecosystem on Earth is
linked to the chemistry of the mem-
brane that separates us from outer
space, and that chemistry is chang-
ing in many ways. Levels of some
“trace gases,” such as sulfur dioxide,
nitrogen oxides, and carbon diox-
ide, are increasing. Many novel
compounds have entered the brew
as well—for instance, chlorofluoro-
carbons, the ozone-destroying
chemicals used as refrigerants. From
this immense potential for change, look 
at just three basic phenomena: acid rain,
nitrogen pollution, and increasing levels 
of CO2.39

Fossil fuel combustion is the source of
acid rain (which falls not just as rain but also
as dry particles). Acid rain is composed in
large measure of sulfuric acid, which derives
from the sulfur dioxide released by coal-
burning power plants and metal smelters.
(Sulfur is a common contaminant of coal
and metal ores.) Smoke stack “scrubbers”
and a growing preference for low-sulfur
coal and natural gas have helped reduce sul-
fur dioxide emissions in North America and
Western Europe, although high sulfur emis-
sions are still common elsewhere. The other
primary constituent of acid rain is nitric
acid, which is generated from the nitrogen
oxides in fossil fuel emissions.  Unfortu-
nately, nitric acid is likely to be more diffi-
cult to control than sulfuric acid, since a
substantial share of the nitrogen oxides
comes from gasoline burned in the world’s
expanding fleets of cars. (See Figure 2–2.)40

Acid rain can travel downwind for hun-
dreds of kilometers—then fall on forests and
farmland, where the idea of air pollution may
seem quite incongruous. The acid can dam-

age plant tissues directly, but its worst effects
come as a series of discontinuities that are
much harder to see. As the acid drips into the
soil, decade after decade, it tends to leach out
the stock of calcium and magnesium, both
essential plant nutrients. Depending upon
how nutrient-rich a soil is to begin with, this
process may or may not be an immediate
concern, but if it persists, the nutrient decline
will eventually cross a threshold of scarcity: it
will begin to cripple plant growth.41

A second discontinuity will occur once
soil calcium has grown scarce. Without cal-
cium to neutralize it, the incoming acid will
just build up in the soil—soil acidification
will increase abruptly, even if the amount of
incoming acid remains constant. The grow-
ing acidity will work another change, by
releasing aluminum from its mineral matrix.
Aluminum is a common soil constituent;
when bonded to other minerals, it is bio-
logically inert, but free aluminum in acid
conditions is toxic to both plants and ani-
mals. In plants, acidity plus aluminum dam-
ages the fine roots. That could affect water
uptake, and thereby increase susceptibility
to drought. Root damage will also cripple a
plant’s ability to absorb whatever nutrients
remain in the soil.42
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Acid lowers the calcium level, which
allows the acid to build up, which releases
aluminum, which interferes with calcium
uptake. There is a cascade of chemical
effects here, reinforcing the nutrient starva-
tion. Other kinds of second-order effects
may emerge as well. In the United States,
for example, recent research over a swath of
the Midwest from southern Illinois to
southern Ohio has uncovered a correlation
between increasing acidity in forest soils
and a decline of soil organisms—earth-
worms, beetles, and so on. As biological
activity in these soils has dropped off, decay
of woody debris appears to have slowed
radically, so the calcium “locked up” in the
dead wood is not being released back into
the soil. The nutrient cycle has apparently
been constricted to some degree.43

Because they are chronic, these changes
in soil chemistry also create many opportu-
nities for synergisms. Aluminum, for exam-
ple, is not the only metal that acid tends to
“mobilize.” Toxic heavy metals such as cad-
mium, lead, and mercury may also be pre-
sent in the soil, or they may arrive in trace
amounts, on the same winds that brought
in the acid. (Like sulfur, heavy metals are
common contaminants of coal and ores,
although usually in much smaller amounts.)
Increasing acidity will tend to make these
metals more soluble and toxic as well.44

Even though it involves discontinuities,
acid-induced decline may still unfold for
decades as a hidden process that largely
escapes casual notice. Does a tract of forest
have fewer large trees than it once did, or
fewer species that need more alkaline soil?

Even if it does, it may still be perfectly
green. It may still show vigorous growth,
but the growth may be concentrated in
younger plants, and in acid-tolerant species.
It may be on its way to becoming a kind of
“acid thicket.”

In the eastern United States, over a large
portion of Appalachia, the death rate of
oaks appears to have doubled and that of
hickories to have nearly tripled from 1960
to 1990; a recent review found a strong
correlation between these declines and
exposure to acid rain and ozone pollution.
In the mountains of New Hampshire, at the
Hubbard Brook Experimental Forest, acid-
induced leaching of minerals has been iden-
tified as the main reason vegetation there
has shown virtually no net growth since the
mid-1980s. Here and there throughout the
U.S. Northeast, acidity may be a factor in
the failure of the sugar maple, one of the
region’s dominant tree species, to generate
new seedlings. Acid rain is a threat else-
where in the country as well—in the south-
ern Appalachians, for example, and in the
mountains of Colorado.45

The worst acid rain, however, is in Asia,
particularly in China, which gets 73 percent
of its energy from burning coal. The vast
quantities of sulfur dioxide released in the
process are reportedly now affecting some
270 million hectares of land—more than a
quarter of the country’s land mass. The acid
is reaching Japan and the Koreas as well;
Japan, for instance, currently receives more
than a third of its sulfur deposition from
China. In a recent study, scientists built a
computer model of China’s energy devel-
opment and concluded that if the country
does not curb its appetite for coal, then
over the next two decades acid rain could
overwhelm many of the region’s soils.46

The study is not wholly pessimistic: under
its best case scenario, state-of-the-art  pollu-
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tion controls are installed at all of China’s
coal-burning power plants and factories,
causing sulfur dioxide emissions to fall to 31
percent of their 1990 value by 2020. But
under a more realistic scenario—with state-
of-the-art pollution control installed only in
new power plants and some fuel-switching
to cleaner energy—sulfur dioxide emissions
actually increase by 40 percent over the same
time frame. China’s coal use is therefore an
invitation to widespread discontinuity—not
just on an ecosystem level, but also, because
of its potential for poisoning cropland, on a
social level as well.47

Acid rain overlaps with another, broader
form of global change: the alteration of the
planet’s “nitrogen cycle.” Nitrogen is an
essential plant nutrient and the main con-
stituent of the atmosphere: 78 percent of
the air is nitrogen gas. But plants cannot
metabolize this pure, elemental nitrogen
directly. The nitrogen must be “fixed” into
compounds with hydrogen or oxygen
before it can become part of the biological
cycle. In nature this process is accomplished
by certain types of algae and bacteria, as
well as by lightning strikes, which fuse
atmospheric oxygen and nitrogen into
nitrogen oxides.48

Humans have radically amplified this
process. Farmers boost the nitrogen level of
their land through fertilizers and the plant-
ing of nitrogen-fixing crops (actually, sym-
biotic microbes do the fixing). The burning
of forests and the draining of wetlands
releases additional quantities of fixed nitro-
gen that had been stored in vegetation and
organic debris. And fossil fuel combustion
produces still more fixed nitrogen, in the
form of nitrogen oxides. Natural processes
probably incorporate around 140 million
tons of nitrogen into the terrestrial nitro-
gen cycle every year. (The ocean cycle is
largely a mystery.) Thus far, human activity

has at least doubled that amount.49

Fixed nitrogen is often a “limiting nutri-
ent” in terrestrial ecosystems: it is in high
demand and relatively short supply, so its
availability determines the amount of plant
growth. If you add more, you get more
growth—at least in some species. That is
why fertilizer is mostly nitrogen. But if 
you keep adding more, you run into trou-
ble. The excess nitrogen becomes a kind of
poison that may interact synergistically 
with acid rain and other pressures. (Of
course, since nitrogen compounds often
contribute to the acidity, the processes are
not entirely distinct.)50

In forests, for example, excess nitrogen
tends to inhibit fine root growth, just as the
acid-aluminum combination does. Acidity
plus nitrogen pollution could therefore deal
a double blow to trees’ ability to withstand
drought and to take in calcium and magne-
sium. Above ground, excess nitrogen may
stimulate extra growth, but it is likely to be
produced faster than the tree can absorb
those mineral nutrients. The new growth
will therefore tend to be weak—essentially,
malnourished. This effect also can be exac-
erbated by acid rain, since acid leaches out
those minerals in the first place.51

The weakness of the new growth is not
just physical—there can be chemical weak-
nesses too. Since nitrogen may also be a
limiting nutrient for insects and other small
organisms that feed on trees, nitrogen-rich
foliage is likely to be very attractive to pests.
And the low mineral concentrations within
the tree’s tissues can interfere with its abili-
ty to produce the chemicals that make up its
“immune system”—compounds that, for
example, inhibit infection or make foliage
less palatable to insects. Other physiological
effects are probably at work as well; excess
nitrogen, for instance, appears to lower a
tree’s ability to cope with cold weather.
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Combinations of various effects like these
may eventually produce substantial discon-
tinuities. In one monitoring experiment in
the U.S. Northeast, researchers found that
by increasing the nitrogen in pine and
spruce-fir stands, they induced declines in
growth and increases in tree mortality over
a period of just six years.52

Nor is it just forests that are at risk from
excess nitrogen. In prairies and heaths, too
much nitrogen can favor the terrestrial equiv-
alent of algae—whatever fast-growing, weedy
species happen to be present—at the expense
of slower-growing species that do not have
the adaptations necessary to use the extra fer-
tilizer. Several field experiments have shown
that this process can have a dramatic homog-
enizing effect. In one such study, a highly
diverse prairie in Minnesota dissolved into a
luxuriant patch of fast-growing, aggressive
grass. The main beneficiaries of this process
are often likely to be non-native “exotic”
species, since the ability to grow fast (and
therefore to capitalize on any extra nitrogen)
will tend to make a plant a good invader in
the first place. In this way, nitrogen pollution
could converge synergistically with bioinva-
sion, the spread of exotic species.53

Now factor in climate change. Although
the processes of climate change are too
complex to permit accurate prediction of
local effects, the higher latitudes are gener-
ally expected to warm much more than the
tropics. In the north, the warming is likely
to proceed faster than forests can respond
by “migrating” further north (where the
soil and water conditions permit such
movement). Unless carbon emissions are
reduced, the result is likely to be substantial
forest decline. The immediate causes of
decline will likely vary from place to place,
but will often involve drying and changes in
the freeze-thaw regime during winter and
early spring. (Such changes can cause trees

to start growing too early in the season.)
Both types of change invite an overlap with
acid rain and nitrogen pollution, which can
make trees less drought- and frost-tolerant.
The biggest potential for such an overlap
may be in Siberia, where air pollution has
degraded vast areas and destroyed some 
1 million hectares of forest outright.54

In northern forests, unusually warm
years often provoke massive defoliation
from insects. Recent warming in Alaska, for
example, apparently underlies a spruce bud-
worm attack that had chewed up some 20
million hectares of forest by the end of
1998. In parts of northern Europe, south-
eastern Canada, and the U.S. Northeast,
any such climate-driven insect response
could combine with the tendency of nitro-
gen pollution to promote insect damage.55

The warming may trigger less direct
stresses as well. In the north, climate
change is likely to weaken the stratospheric
ozone layer, thereby allowing more harmful
ultraviolet radiation to reach Earth’s sur-
face. (Greenhouse gases are keeping more
heat in the lower atmosphere, so the
stratosphere is cooling, and air currents are
likely to exacerbate that effect in the north.
Stratospheric cooling affects the ozone
layer because ozone-destroying substances
are more effective at lower temperatures.)
The extra ultraviolet radiation will damage
the foliage of many trees—another overlap
with air pollution stress. Chronic damage to
foliage slows growth and tends to increase
susceptibility to other pressures, such as
drought and pests.56

Drought stress, pollution, insect attack,
ultraviolet light—the critical issue here is
not whether any particular synergism will
occur, it is the increase in the aggregate risk
of a major surprise. As the pressures build,
so does the chance of triggering some
unanticipated “super-problem.”
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An Agenda for the 
Unexpected

Human pressures on Earth’s natural sys-
tems have reached a point at which they are
more and more likely to engender problems
that we are less and less likely to anticipate.
Dealing with this predicament is obviously
going to require more than simply reacting
to problems as they appear. We need to
forge a new ethic for managing our rela-
tionship with nature—one that emphasizes
minimal interference in the lives of wild
beings and in the broad natural processes
that sustain all living things. Such an ethic
might begin with three basic principles.

First, nature is a system of unfathomable
complexity. Our predominant response to
that complexity has been specialization, in
both the sciences and public policy. Learn-
ing a lot about a little is a form of progress,
but it comes at a cost. Expertise is seductive:
it is easy for specialists to get into the habit
of thinking that they understand all the con-
sequences of a plan. But in a complex, high-
ly stressed system, the biggest consequences
may not emerge where the experts are in the
habit of looking. This inherent unpre-
dictability condemns us to some degree of
error, so it is important to err on the side of
minimal disruption whenever possible.57

Second, nature gives away nothing for
free. You cannot get an appreciable quantity
of anything out of nature without sacrificing
something in the process. Even sustainable
resource management is a trade-off—it’s
simply one we regard as acceptable. In our
dealings with nature, as with any other sort
of transaction, we need to know the full cost
of the goods before deciding whether they
are worth the price, or whether there is a
better way to pay for them.58

Third, nature has no reset button. Envi-

ronmental corrosion is not just killing off
individual species—it is setting off system-
level changes that are, for all practical pur-
poses, irreversible. Even if, for example, all
the world’s coral reef species were miracu-
lously to survive the impending bout of
rapid climate change, that does not mean
that our descendents will be able to recon-
struct reef communities. The near impossi-
bility of restoring complex systems to some
previous state is another strong argument
for minimal disruption.59

These are basic features of the natural
world: we will never understand it com-
pletely, it will not do our bidding for free,
and we cannot put it back the way it was. A
policy ethic sensitive to these facts of life
might emphasize the following themes.

Monoculture technologies are brittle, so
plan for diversity. Huge, uniform sectors
generally exhibit a kind of superficial effi-
ciency because they generate economies of
scale. You can see this in fossil-fuel-based
power grids, megadam projects, even in
woodpulp plantations. But because they are
beholden to vast quantities of invested cap-
ital—both financial and political—industrial
monocultures are extremely difficult to
reform when their hidden costs begin to
catch up with them. More diverse tech-
nologies are liable to be more adaptable
because their investors are not all “betting”
on exactly the same future. And whether
the goal is the production of irrigation
water, paper, or electricity, a more adaptable
system is likely to be more durable over the
long term. (See Chapters 3, 6, and 8.)60

Direct opposition to a natural force is
generally counterproductive, so plan to
work with nature. Heavy-handed approach-
es sometimes exacerbate a problem, as
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when intensive pesticide use causes a popu-
lation explosion of resistant pests. But suc-
cesses in this genre are often worse than the
outright failures. Dams and levees, for
instance, may end up controlling a flood-
prone river—and largely killing the riverine
ecosystem in the process. Sound manage-
ment often tends to be more “oblique”
than direct. Restoration of water-absorbing
floodplain ecosystems can make for more
effective flood control than dams. Cropping
systems that mimic natural floral diversity
make it harder for any particular pest to
dominate a field.61

You can never have just one effect, so
plan to have several. Thinking through the
likely “ripple effects” of a plan will help
locate not just the risks, but additional
opportunities. Encouraging organic agri-
culture in the U.S. Midwest, for example,
could help reduce nutrient leakage into the
Mississippi. That, in turn, could ease the
stress on Caribbean reefs. Reef conservation
may therefore “overlap” with agricultural
reform; it might even be possible to extend
this overlap to include reform of the North
American diet. (See Chapter 4.) Environ-
mental policy is full of such latent positive
synergisms. In many countries, for instance,
there may be a powerful overlap between
the need for meaningful employment and
the need to replace the “throwaway” econ-
omy with one that emphasizes durable
goods. (See Chapter 9.)62

Solutions are almost never permanent, so
plan to keep on planning. In the 1950s,
organochlorine pesticides were hailed as a
permanent “fix” for insect pest problems;
given the pervasive ecological damage that
these chemicals are now known to cause,

the idea of a permanent chemical solution
to anything may seem rather naive today.
(See Chapter 5.) But because our relation-
ship with nature is in a constant state of flux,
even realistic fixes will need regular revision.
The Montreal Protocol is not a permanent
patch for the ozone layer, in part because
climate change will probably exacerbate
ozone loss. The Green Revolution is not a
permanent answer to world hunger, in part
because conventional agriculture is overtax-
ing aquifers. (See Chapter 3.) The growing
strain on Earth’s natural systems will proba-
bly force an increase in the tempo of policy
revision—so it makes sense to take full
advantage of the powerful new information
and communications technologies. (See
Chapter 7.) Because of their ability to bring
together enormous quantities of data from
different areas and disciplines, such tech-
nologies could help counter the blinkering
effects of specialization.

None of us may find the answer alone,
but together we probably can. In social as
well as natural systems, there is a potent
class of properties that exists only on the
system level—properties that cannot be
directly attributed to any particular compo-
nent. In a political system, for example,
institutional pluralism can create a public
space that no single institution could have
created alone. One of the most important
policy activities may therefore be to encour-
age innovation outside policy institutions.
(See Chapter 10.) Policy may need to
become increasingly a matter of creating
not so much solutions per se as the condi-
tions from which solutions can arise. In the
face of the unexpected, our best hopes may
lie in our collective imagination.

State of the World 2000

38



Chapter 2. Anticipating
Environmental “Surprise”

1. J. Almendares et al., “Critical Regions: A
Profile of Honduras,” Lancet, 4 December 1993;
David Waltner-Toews, Mad Cows and Bad
Berries, IIED Gatekeeper Series 84 (London:
International Institute for Environment and
Development, 1999).

2. Almendares et al., op. cit. note 1; Waltner-
Toews, op. cit. note 1; Lori Ann Thrupp, Bitter-
sweet Harvests for Global Supermarkets
(Washington, DC: World Resources Institute,
1995).

3. Almendares et al., op. cit. note 1; Waltner-
Toews, op. cit. note 1.

4. Almendares et al., op. cit. note 1.

5. Janet N. Abramovitz and Seth Dunn,
“Record Year for Weather-Related Disasters,”
Vital Signs Brief 98-5 (Washington, DC: World-
watch Institute, 27 November 1998); James C.
McKinley, Jr., with William K. Stevens, “The Life
of a Hurricane, The Death That It Caused,” New
York Times, 9 November 1998; Paul R. Epstein,
“Climate and Health,” Science, 16 July 1999.

6. For “super-problems,” see Norman Myers,
“Environmental Unknowns,” Science, 21 July
1995; for the general lack of research, see 
Norman Myers, “Two Key Challenges for 

Biodiversity: Discontinuities and Synergisms,”
Biodiversity and Conservation, September 1996.

7. Forest extent from Emil Salim and Ola Ull-
sten, Our Forests, Our Future: Report of the World
Commission on Forests and Sustainable Develop-
ment (Cambridge, U.K.: Cambridge University
Press, 1999); current net forest loss from U.N.
Food and Agriculture Organization (FAO), State
of the World’s Forests 1999 (Rome: 1999); extinc-
tions from Edward O. Wilson, The Diversity of
Life (New York: W.W. Norton & Company,
1992).

8. Annual deforestation in the tropics from
FAO, op. cit. note 7; fires from Abramovitz and
Dunn, op. cit. note 5.

9. William F. Laurance, “A Crisis in the Mak-
ing: Responses of Amazonian Forests to Land
Use and Climate Change,” TREE (Trends in
Ecology and Evolution), October 1998; Daniel
C. Nepstad et al., “Large-Scale Impoverishment
of Amazonian Forests by Logging and Fire,”
Nature, 8 April 1999; P.M. Fearnside, “Causes of
Deforestation in the Brazilian Amazon,” in
Robert E. Dickinson, ed., The Geophysiology of
Amazonia: Vegetation and Climate Interactions
(New York: John Wiley and Sons, 1987).

10. B.J. Meggers, “Archaeological Evidence for
the Impact of Mega-Niño Events on Amazonia
During the Past Two Millennia,” Climate
Change, vol. 28 (1994), pp. 321–28; Stephen J.

Notes



NOTES, CHAPTER 2

Pyne, World Fire: The Culture of Fire on Earth
(Seattle: University of Washington Press, 1997).

11. Mark A. Cochrane and Mark D. Schulze,
“Forest Fires in the Brazilian Amazon,” Conser-
vation Biology, October 1998; S. Milius, “Ama-
zon Forests Caught in Fiery Feedback,” Science
News, 3 October 1998; Mark Cochrane et al.,
“Positive Feedbacks in the Fire Dynamic of
Closed Canopy Tropical Forests,” Science, 11
June 1999.

12. Cochrane and Schulze, op. cit. note 11;
Cochrane et al., op. cit. note 11.

13. Nepstad et al., op. cit. note 9.

14. Ibid.; Cochrane et al., op. cit. note 11.

15. Nepstad et al., op. cit. note 9.

16. Laurance, op. cit. note 9.

17. Ibid.

18. Norman Myers, “Our Forestry Prospect:
The Past Recycled or a Surprise-Rich Future?”
The Environmentalist, vol. 17 (1997), pp.
233–44; Laurance, op. cit. note 9.

19. El Niño events and Amazon fires from Lau-
rance, op. cit. note 9, and from Cochrane et al.,
op. cit. note 11; El Niño events and climate
change from Richard A. Kerr, “Big El Niños
Ride the Back of Slower Climate Change,” Sci-
ence, 19 February 1999, and from Michael J.
McPhaden, “Genesis and Evolution of the
1997–98 El Niño,” Science, 12 February 1999;
major carbon-emitting countries from Christo-
pher Flavin and Seth Dunn, Rising Sun, Gather-
ing Winds: Policies to Stabilize the Climate and
Strengthen Economies, Worldwatch Paper 138
(Washington, DC: Worldwatch Institute,
November 1997).

20. Myers, op. cit. note 18.

21. John G. Robinson, Kent H. Redford, and
Elizabeth L. Bennett, “Wildlife Harvest in
Logged Tropical Forests,” Science, 23 April 1999.

22. Feng Gao et al., “Origin of HIV-1 in the
Chimpanzee Pan troglodytes troglodytes,” and
Robin A. Weiss and Richard W. Wrangham,
“From Pan to Pandemic,” Nature, 4 February
1999.

23. S.V. Smith, “Coral-Reef Area and the Con-
tributions of Reefs to Processes and Resources of
the World’s Oceans,” Nature, 18 May 1978;
Norman Myers, “Synergisms: Joint Effects of
Climate Change and Other Forms of Habitat
Destruction,” in Robert L. Peters and Thomas
E. Lovejoy, eds., Global Warming and Biological
Diversity (New Haven, CT: Yale University
Press, 1992).

24. Thomas J. Goreau et al., “Coral Reefs and
Global Climate Change: Impacts of Tempera-
ture, Bleaching, and Disease,” Sea Wind,
December 1998; Thomas J. Goreau and Ray L.
Hayes, “Coral Bleaching and Ocean ‘Hot
Spots’,” Ambio, May 1994; Christopher Flavin,
“Global Temperature Goes Off the Chart,” 
in Lester R. Brown, Michael Renner, and 
Brian Halweil, Vital Signs 1999 (New York:
W.W. Norton & Company, 1999); J.R. Petit et
al., “Climate and Atmospheric History of the
Past 420,000 Years from the Vostok Ice Core,
Antarctica,” Nature, 3 June 1999.

25. Earliest mention of bleaching from P.W.
Glynn, “Coral Reef Bleaching: Ecological Per-
spectives,” Coral Reefs, December 1993; bleach-
ing and sea surface temperatures (SSTs) from
Goreau and Hayes, op. cit. note 24, and from
Ove Hoegh-Guldberg, “Climate Change, Coral
Bleaching, and the Future of the World’s Coral
Reefs” (Sydney, Australia: University of Sydney,
Coral Reef Research Institute, August 1999);
Figure 2–1 from ibid., and from Goreau and
Hayes, op. cit. note 24.

26. Recent trends in SSTs are described in
Hoegh-Guldberg, op. cit. note 25; for descrip-
tions of coral death in the Indian Ocean, see
Joby Warrick, “Hot Year Was Killer for Coral,”
Washington Post, 5 March 1999, and Clive
Wilkinson et al., “Ecological and Socioeconom-
ic Impacts of 1998 Coral Mortality in the Indi-
an Ocean: An ENSO Impact and a Warning of

State of the World 2000

204



NOTES, CHAPTER 2

Future Change?” Ambio, March 1999; coral
bleaching as a potentially chronic phenomenon
from Paul Epstein et al., Marine Ecosystems:
Emerging Diseases as Indicators of Change,
Health, Ecological and Economic Dimensions
of the Global Change Program (Boston: Center
for Health and Global Environment, Harvard
Medical School, December 1998); for a descrip-
tion of bleaching in other marine invertebrates,
see Osha Gray Davidson, The Enchanted Braid:
Coming to Terms with Nature on the Coral Reef
(New York: John Wiley and Sons, 1998).

27. Nutrient pollution from David Malakoff,
“Death by Suffocation in the Gulf of Mexico,”
and T.D. Jickells, “Nutrient Biogeochemistry of
the Coastal Zone,” Science, 10 July 1998; effect
of such pollution on the reefs from Clive Wilkin-
son and Robert Buddemeier, Global Climate
Change and Coral Reefs (Gland, Switzerland:
World Conservation Union–IUCN (IUCN),
1994), and from K.P. Sebens, “Biodiversity of
Coral Reefs: What Are We Losing and Why?”
American Zoologist, vol. 34 (1994), pp. 115–33.

28. Epstein et al., op. cit. note 26; Davidson,
op. cit. note 26.

29. Descriptions of Australasian reef diversity
from David Doubilet, “Coral Eden,” National
Geographic, January 1999, and from Dirk
Bryant et al., Reefs at Risk: A Map-Based Indi-
cator of Threats to the World’s Coral Reefs (Wash-
ington, DC: World Resources Institute, 1998);
mangrove loss from Clive Wilkinson et al., eds.,
Proceedings of the Third ASEAN-Australian
Symposium on Living Coastal Resources, Vol. 1:
Status Reviews (Townsville, Australia: Australian
Institute of Marine Science, 1994).

30. Davidson, op. cit. note 26; P.B. Tomlinson,
The Botany of Mangroves (Cambridge, U.K.:
Cambridge University Press, 1995).

31. Andrew W. Bruckner and Robin J. Bruck-
ner, “Emerging Infections on the Reefs,” 
Natural History, December 1997/January
1998; S. Milius, “Bacteria Cause Plague in Coral
Reef,” Science News, 11 April 1998.

32. Thomas J. Goreau et al., “Rapid Spread of
Diseases in Caribbean Coral Reefs,” Revista
Biología Tropical, vol. 46.5 (1998), pp. 157–71;
Epstein et al., op. cit. note 26; rapid wasting
syndrome from Thomas Goreau, Global Coral
Reef Alliance, Chappaqua, NY, discussion with
author, 9 September 1999.

33. Goreau et al., op. cit. note 32; R.L. Hayes
and N.I. Goreau, “The Significance of Emerging
Diseases in the Tropical Coral Reef Ecosystem,”
Revista Biología Tropical, vol. 46.5 (1998), pp.
173–85; “Devastating Losses Affect Florida’s
Coral Reefs,” Environmental News Network,
<www.enn.com>, viewed 20 November 1997.

34. Laurie L. Richardson, “Coral Diseases:
What Is Really Known?” TREE (Trends in Ecol-
ogy and Evolution), November 1998; possible
link between black band and pollution from
Goreau, op. cit. 32.

35. G. Smith et al., “Caribbean Sea Fan Mor-
talities,” Nature, 10 October 1996; G. Smith,
“Response of Sea Fans to Infection with
Aspergillus spp.,” Revista Biología Tropical, vol.
46.5 (1998), pp. 205–08; interview with James
Porter and Drew Harvell, “Living on Earth,”
National Public Radio, 29 January 1999; 
“Sea-Fan-Killing Fungus Caught in the Act,”
Environmental News Network, <www.enn.
com>, viewed 15 July 1998.

36. Thomas Goreau, Global Coral Reef
Alliance, Chappaqua, NY, e-mail to author, 18
October 1999; seawater concentrations of calci-
um from Joan A. Kleypas et al., “Geochemical
Consequences of Increased Atmospheric Carbon
Dioxide on Coral Reefs,” Science, 2 April 1999.

37. John Pernetta et al., eds., Impacts of Cli-
mate Change on Ecosystems and Species: Marine
and Coastal Ecosystems (Gland, Switzerland:
IUCN, 1994).

38. Douglas Chadwick, “Coral in Peril,”
National Geographic, January 1999; Bryant et
al., op. cit. note 29.

39. Thomas E. Graedel and Paul J. Crutzen,

State of the World 2000

205



NOTES, CHAPTER 2

Atmosphere, Climate, and Change (New York:
Scientific American Library, 1995).

40. Molly O’Meara, “Sulfur and Nitrogen
Emissions Unchanged,” in Lester R. Brown,
Michael Renner, and Christopher Flavin, 
Vital Signs 1997 (New York: W.W. Norton &
Company, 1997); idem, “Acid Rain Threats
Vary,” in Lester R. Brown, Michael Renner, and
Christopher Flavin, Vital Signs 1998 (New York:
W.W. Norton & Company, 1998); Odil Tunali,
“A Billion Cars: The Road Ahead,” World
Watch, January/February 1996; Figure 2–2
from Dr. Jane Dignon, Lawrence Livermore
National Laboratory, Livermore, CA, unpub-
lished data series, letter to Molly O’Meara, 22
January 1997, and from Sultan Hameed and
Jane Dignon, “Global Emissions of Nitrogen
and Sulfur Oxides in Fossil Fuel Combustion
1970–86,” Journal of the Air and Waste Man-
agement Association, February 1992.

41. G.E. Likens, C.T. Driscoll, and D.C. Buso,
“Long-Term Effects of Acid Rain: Response and
Recovery of a Forest Ecosystem,” and Jocelyn
Kaiser, “Acid Rain’s Dirty Business: Stealing
Minerals from the Soil,” Science, 12 April 1996.

42. Increasing acidity from Likens, Driscoll,
and Buso, op. cit. note 41, and from Kaiser, op.
cit. note 41; aluminum from D.D. Richter, D.W.
Johnson, and K.H. Dai, “Cation Exchange and
Al Mobilization in Soils,” in D.W. Johnson and
S.E. Lindberg, eds., Atmospheric Deposition and
Forest Nutrient Cycling (New York: Springer
Verlag, 1992), and from Alan Wellburn, Air
Pollution and Acid Rain: The Biological Impact
(Harlow, U.K.: Longman Scientific and Techni-
cal, 1988).

43. Orie L. Loucks, “The Epidemiology of For-
est Decline in Eastern Deciduous Forests,”
Northeastern Naturalist, May 1998.

44. James E. Gawel et al., “Role for Heavy
Metals in Forest Decline Indicated by Phy-
tochelatin Measurements,” Nature, 2 May
1996; Jon R. Luoma, “Damage in Trees Tied to
Heavy Metals in Air,” New York Times, 7 May
1996.

45. Oak-hickory decline from Loucks, op. cit.
note 43; Hubbard Brook from Likens, Driscoll,
and Buso, op. cit. note 41; William E. Sharpe,
Bryan R. Swistock, and Troy L. Sunderland,
“Soil Acidification and Sugar Maple Decline in
Northern Pennsylvania,” in William E. Sharpe
and Joy R. Drohan, eds., The Effects of Acidic
Deposition on Pennsylvania’s Forests (University
Park, PA: Pennsylvania State University Environ-
mental Resources Research Institute, 1999);
Jerry Jenkins, “The Vanishing Sugar Maple,”
Wildlife Conservation, January/February 1999;
National Acid Precipitation Assessment Program,
NAPAP Biennial Report to Congress: An Inte-
grated Assessment (Silver Spring, MD: National
Science and Technology Council, 1998).

46. Seth Dunn, “King Coal’s Weakening Grip
on Power,” World Watch, September/October
1999; Zhu Bao, “Acid Rain Causes Heavy Loss-
es,” China Daily, 4 May 1999; deposition
exported to Japan from O’Meara, “Acid Rain
Threats Vary,” op. cit. note 40; computer mod-
eling study from David G. Streets et al., “Ener-
gy Consumption and Acid Deposition in
Northeast Asia,” Ambio, March 1999.

47. Streets et al., op. cit. note 46.

48. Peter M. Vitousek et al., “Human Alter-
ation of the Global Nitrogen Cycle: Causes and
Consequences,” Issues in Ecology 1 (Washington,
DC: Ecological Society of America, spring
1997).

49. Ibid.

50. Nitrogen as a limiting nutrient from ibid.

51. “Scientific Consensus on Air Pollution
Impacts on Appalachian Forests,” summary of
consensus findings from the Duke University
Conference, “Acid Rain, Ozone and the Great
Eastern Forests,” 26–27 March 1999; John
Aber, “Nitrogen Cycling and Nitrogen Satura-
tion in Temperate Forest Ecosystems,” TREE
(Trends in Ecology and Evolution), July 1992;
John Aber et al., “Forest Biogeochemistry 
and Primary Production Altered by Nitrogen
Saturation,” Water, Air, and Soil Pollution, vol.

State of the World 2000

206



NOTES, CHAPTER 2

85 (1995), pp. 1,665–70.

52. “Scientific Consensus on Air Pollution
Impacts on Appalachian Forests,” op. cit. note
51; Aber, op. cit. note 51; study showing nitro-
gen injury to conifers from John Aber et al.,
“Nitrogen Saturation in Temperate Forest
Ecosystems,” BioScience, November 1998.

53. Homogenizing effect from Vitousek et al.,
op. cit. note 48, and from David A. Wedin and
David Tilman, “Influence of Nitrogen Loading
and Species Composition on the Carbon Bal-
ance of Grasslands,” Science, 6 December 1996;
nitrogen loading and bioinvasion from Jeffrey S.
Dukes and Harold A. Mooney, “Does Global
Change Increase the Success of Biological
Invaders?” TREE (Trends in Ecology and Evo-
lution), April 1999.

54. For overviews of the potential effects of cli-
mate change on vegetation, see F. Ian Wood-
ward, “A Review of the Effects of Climate on
Vegetation: Ranges, Competition, and Compo-
sition,” and Margaret B. Davis and Catherine
Zabinski, “Changes in Geographical Range
Resulting from Greenhouse Warming: Effects
on Biodiversity in Forests,” in Peters and Love-
joy, op. cit. note 23; for die-back from warming,
see Allan N.D. Auclair et al., “Climatic Pertur-
bation as a General Mechanism of Forest
Dieback,” in Paul D. Manion and Denis
Lachance, eds., Forest Decline Concepts (St. Paul,
MN: APS Press, 1992); for Siberia, see
Masatoshi Yoshino et al., “Temperate Asia,” in
Robert T. Watson et al., eds., The Regional
Impacts of Climate Change: An Assessment of
Vulnerability, a special report of the Intergov-
ernmental Panel on Climate Change (Cam-
bridge, U.K.: Cambridge University Press,
1998), and Salim and Ullsten, op. cit. note 7.

55. Werner A. Kurz et al., “Global Climate
Change: Disturbance Regimes and Biospheric
Feedbacks of Temperate and Boreal Forests,” in
George M. Woodwell and Fred T. Mackenzie,
eds., Biotic Feedbacks in the Global Climate 
System (New York: Oxford University Press,
1995); for a report of the spruce budworm
infestation in Alaska, see Adam Markham, “Early

Warning Signs Abound” (op ed), Washington
Post, 2 November 1998.

56. Drew T. Shindell, David Rind, and Patrick
Lonergan, “Increased Polar Stratospheric
Ozone Losses and Delayed Eventual Recovery
Owing to Increasing Greenhouse-Gas Concen-
trations,” Nature, 9 April 1998; William J. Man-
ning and Andreas V. Tiedemann, “Climate
Change: Potential Effects of Increased Atmos-
pheric Carbon Dioxide (CO2), Ozone (O3), and
Ultraviolet-B (UV-B) Radiation on Plant Dis-
eases,” Environmental Pollution, vol. 88 (1995),
pp. 219–45; foliar damage and decline from
David R. Houston, “A Host-Stress-Saprogen
Model for Forest Dieback-Decline Diseases,” in
Manion and Lachance, op. cit. note 54.

57. For an exploration of complexity in the nat-
ural world, see Robert E. Ulanowicz, Ecology,
the Ascendent Perspective (New York: Columbia
University Press, 1997); for an account of
unpredictability in complex systems in general,
see Charles Perrow, Normal Accidents: Living
with High-Risk Technologies (New York: Basic
Books, 1984).

58. For a critique of sustainable resource man-
agement in tropical forestry, see Richard E. Rice,
Raymond E. Gullison, and John W. Reid, “Can
Sustainable Management Save Tropical
Forests?” Scientific American, April 1997.

59. On the virtual impossibility of reversing
change in complex systems, see David J. Rapport
and Water G. Whitford, “How Ecosystems
Respond to Stress,” BioScience, March 1999.

60. Robert Jervis, System Effects: Complexity in
Political and Social Life (Princeton, NJ: Prince-
ton University Press, 1997); Perrow, op. cit.
note 57.

61. Obliqueness as a management principle
from Edward Tenner, Why Things Bite Back
(New York: Alfred A. Knopf, 1996); floodplain
management from Janet N. Abramovitz, Imper-
iled Waters, Impoverished Future: The Decline of
Freshwater Ecosystems, Worldwatch Paper 128
(Washington, DC: Worldwatch Institute, March

State of the World 2000

207



NOTES, CHAPTER 2

1996); polyculture and pest reduction from
Stephen R. Gliessman, Agroecology: Ecological
Processes in Sustainable Agriculture (Ann Arbor,
MI: Sleeping Bear Press, 1998).

62. Inevitability of multiple effects from Jervis,
op. cit. note 60; organic agriculture as a means
of reducing nutrient leaching from L.E.
Drinkwater, P. Wagoner, and M. Sarrantonio,
“Legume-Based Cropping Systems Have
Reduced Carbon and Nitrogen Losses,” Nature,
19 November 1998.

State of the World 2000

208



Six thousand years ago, settlers in Mesopo-
tamia embarked upon a new way of grow-
ing food. They had migrated south from
the Mesopotamian highlands to the drier
plains between the Tigris and Euphrates
Rivers, the area that is now southern Iraq.
In their new homeland, crops would sprout
and grow but then wither from dryness
before harvest time. These migrants, who
came to be known as Sumerians, devised a
simple remedy for this dilemma that had
profound and lasting effects. They dug a
ditch and diverted some water to their fields
from the Euphrates River—and, in so
doing, gave rise to the practice of irrigation.

Irrigation transformed both the land and
human society like no other activity had
before. It created large food surpluses that
had to be stored and distributed, which in
turn led to new forms of centralized man-

agement. Those surpluses also freed many
people to pursue nonfarm activities. Histo-
rians credit the Sumerians with the develop-
ment of writing and the wheel as well as the
creation of sailboats, water-lifting devices,
and yokes for harnessing animals to plows.

Over time, as the range of activities
widened, these early societies became more
stratified. Populations increased in size and
density, leading to the first true cities. The
Sumerians were followed by a number of
other irrigation-based civilizations in
Mesopotamia, including the famed Babylo-
nians, who gave the world magnificent
palaces and Hammurabi’s historic code of
law. Outside this region, early irrigation
societies also arose in the Nile River valley
of Egypt, the Indus River valley of present-
day Pakistan, the Yellow River basin of
north-central China, and, much later, in
several river valleys in North and South
America. Each of these produced unique
cultural and scientific advances. On the
whole, irrigation established a new founda-
tion from which civilizations blossomed and

Sandra Postel

Chapter 3

Redesigning Irrigated 
Agriculture

Sandra Postel is Director of the Global Water Policy
Project in Amherst, Massachusetts, and a Senior Fel-
low with Worldwatch. This chapter is based on her
book, Pillar of Sand (New York: W.W. Norton &
Company, 1999).
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profoundly shaped societal development.
At the same time, history tells us that in

the long run most irrigation-based societies
fail. The inherent environmental instability
of irrigated agriculture can weaken seem-
ingly advanced cultures, rendering them
less able to cope with political and social
disturbances. Salt can poison the soil, sap-
ping its fertility and causing crop produc-
tion to decline. Dams, canals, and levees
can fall into disrepair, be wiped out by
floods, or be destroyed by enemies. Com-
petition over irrigated land and water can
contribute to militarism and regional war-
fare. All told, history suggests that the irri-
gation base, upon which everything else
rests, requires constant vigilance; if it is
neglected, a cascade of destabilizing effects
can unfold.1

As we begin a new century and millenni-
um, these lessons are much more than a his-
torical curiosity. Irrigation underpins our
modern society just as it did so many failed
societies of the past. Because irrigated farms
typically get higher yields and can grow two
or three crops per year, the spread of irriga-
tion has been a key driver in this century’s
rise in food production. Many nations,
including China, Egypt, India, Indonesia,
and Pakistan, rely on irrigated land for
more than half of their domestic food out-
put. Today some 40 percent of the world’s
food comes from the 17 percent of crop-
land that is irrigated. India, China, the
United States, and Pakistan together
account for over half of the world’s irrigat-
ed land; the top 10 countries collectively
account for two thirds of the global total.
(See Table 3–1.)2

Worldwide, after a remarkable period of
growth, the pace of irrigation’s spread
slowed substantially toward the end of the
twentieth century. Between 1982 and
1994, global irrigated area grew at an aver-

age rate of 1.3 percent a year, down from an
annual rate of 2 percent between 1970 and
1982. Irrigation expansion began to reach
diminishing returns. In most areas, the best
and easiest sites were already developed;
bringing irrigation water to new sites was
more difficult and costlier.3

Over the next couple decades, the glob-
al irrigation base is unlikely to grow faster
than 0.6 percent a year, and even this may
turn out to be optimistic because of wors-
ening soil salinization and shortages of irri-
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Table 3–1. Irrigated Area in the Top
20 Countries and the World, 1995

Share of
Irrigated Cropland That

Country Area is Irrigated

(million hectares) (percent)

India 50.1 29
China 49.8 52
United States 21.4 11
Pakistan 17.2 80
Iran 7.3 39
Mexico 6.1 22
Russia 5.4 4
Thailand 5.0 24
Indonesia 4.6 15
Turkey 4.2 15

Uzbekistan 4.0 89
Spain 3.5 17
Iraq 3.5 61
Egypt 3.3 100
Bangladesh 3.2 37
Brazil 3.2 5
Romania 3.1 31
Afghanistan 2.8 35
Italy 2.7 25
Japan 2.7 62
Other 52.4 —

World 255.5 17

SOURCE: U.N. Food and Agriculture Organization,
1996 Production Yearbook (Rome: 1997).
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gation water. By 2020, per capita irrigated
area will likely be 17–28 percent below the
peak, which occurred in 1978.4

As the twenty-first century opens, the
need for new approaches to irrigated agri-
culture is clear. Sixty percent of our irriga-
tion base is less than 50 years old, yet
threats to the continued productivity of
much of it have surfaced with unsettling
speed. One out of five hectares of irrigated
land is damaged by salt, the silent scourge
that plagued ancient Mesopotamian soci-
eties. More and more rivers are running dry
for parts of the year, leaving agriculture vul-
nerable to the reallocation of water to bur-
geoning cities and industries. And damage
to fisheries and aquatic habitats from exces-
sive water use is creating pressure to leave
more water in rivers, streams, and lakes.5

At the same time, the cultural, economic,
and political forces that shaped the modern
irrigation era and underpinned the impres-
sive rise of irrigation around the world are
being realigned. From western urbanites
and recreation enthusiasts in the United
States to environmentalists and human
rights advocates in India, new voices have
begun to question irrigation’s ends and
means. The upshot is the need for a redesign
of irrigated agriculture to make it more effi-
cient, equitable, and environmentally sound.

Mounting Water Deficits

Of all the vulnerabilities characterizing irri-
gated agriculture today, none looms larger
than the depletion of underground
aquifers. Across large areas, farmers are
pumping groundwater faster than nature is
replenishing it, causing a steady drop in
water tables. Just as a bank account dwin-
dles if withdrawals routinely exceed
deposits, so will an underground water

reserve decline if pumping routinely
exceeds recharge. During the last several
decades, as the number of groundwater
wells skyrocketed, aquifer depletion has
spread from isolated pockets to large areas
of irrigated cropland. The problem is now
widespread in central and northern China,
northwest and southern India, parts of Pak-
istan, much of the western United States,
North Africa, the Middle East, and the Ara-
bian Peninsula.

In India, the situation is so severe that in
September 1996 the Supreme Court direct-
ed one of the nation’s premier research cen-
ters to examine the problem of declining
groundwater levels. The National Environ-
mental Engineering Research Institute
(NEERI) found that “overexploitation of
ground water resources is widespread across
the country” and that water tables in criti-
cal agricultural areas are sinking “at an
alarming rate.”6

Nine Indian states are now running
major water deficits, which in the aggregate
total just over 100 billion cubic meters a
year, and those deficits are growing. The sit-
uation is particularly serious in Punjab and
Haryana, India’s principal breadbaskets.
Village surveys found that water tables are
dropping 0.6–0.7 meters per year in parts of
Haryana and half a meter per year across
large areas of Punjab. In the western state of
Gujarat, 87 out of 96 observation wells
showed declining groundwater levels dur-
ing the 1980s, and aquifers in the Mehsana
district are now reportedly depleted. Over-
pumping in this western coastal state has
also caused salt water to invade freshwater
aquifers, contaminating drinking water sup-
plies. David Seckler, Director General of the
International Water Management Institute
in Sri Lanka, estimates that a quarter of
India’s grain harvest could be in jeopardy
from groundwater depletion.7
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Farmers usually face problems long
before their wells run dry. At some point,
the cost of pumping gets too high or their
well yields drop too low to continue irrigat-
ing at the same level. They then have sever-
al options. They can take irrigated land out
of production, eliminate one or more har-
vests, switch to less water-intensive crops,
or adopt more-efficient irrigation practices.
Apart from shifting out of thirsty nonfood
crops like sugarcane or cotton, improving
efficiency is the only option that can sustain
food production while lowering water use.
Yet investments in efficiency are minuscule
relative to the challenge at hand.8

Besides constraining future food produc-
tion, groundwater overpumping is widen-
ing the income gap between rich and poor
in some areas. As water tables drop, farmers
must drill deeper wells and buy larger
pumps to lift the water to the surface. The
poor cannot afford these technologies. In
parts of Punjab and Haryana, for example,
wealthier farmers have installed deeper,
more-expensive tubewells at a cost of about
125,000 rupees ($2,890). As the shallower
wells dry up, some of the small-scale, poor-
er farmers end up renting their land to the
larger well owners and becoming laborers
on these larger farms.9

Other countries are facing similar prob-
lems. In Pakistan’s province of Punjab, the
country’s leading agricultural region,
groundwater is being pumped at a rate that
exceeds recharge by an estimated 27 per-
cent. In Bangladesh, groundwater use is
about half the level of natural replenish-
ment on an annual basis. During the dry
season, however, when irrigation is most
needed, heavy pumping causes many wells
to go dry. On about a third of Bangladesh’s
irrigated area, water tables routinely drop
below the suction level of shallow tubewells
during the dry months. Monsoon rains

recharge these aquifers and water tables rise
again later in the year, but farmers run out
of water when they need it most. Again, the
greatest hardships befall poor farmers, who
cannot afford to deepen their wells or buy
bigger pumps.10

In China, the world’s largest grain pro-
ducer, groundwater conditions are unset-
tling as well. Northern China is running a
chronic water deficit, with groundwater
overpumping amounting to some 30 billion
cubic meters (bcm) a year. Across much of
the north China plain, which produces
roughly 40 percent of China’s grain, the
water table has been dropping 1–1.5 meters
a year, even as water demands continue to
increase.11

How the Chinese respond to this
predicament—whether they take land out
of irrigated agriculture, switch to less thirsty
crops, or irrigate more efficiently—will
make a big difference to China’s grain out-
look. The projected 2025 water deficit for
the Hai and Yellow River basins is roughly
equal to the volume of water needed to
grow 55 million tons of grain—14 percent
of the nation’s current annual grain con-
sumption and more than a quarter of cur-
rent global grain exports.12

In the United States, farmers are over-
pumping aquifers in several important crop-
producing regions. California is over-
drafting groundwater at a rate of 1.6 bcm a
year, equal to 15 percent of the state’s
annual groundwater use. Two thirds of this
depletion occurs in the Central Valley,
which supplies about half of the nation’s
fruits and vegetables.13

By far the most serious case of depletion,
however, is in the region watered by a geo-
logic formation called the Ogallala—one of
the planet’s greatest aquifers. The Ogallala
spans portions of eight states, and prior to
exploitation held a volume of water equiva-
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lent to more than 200 years of Colorado
River flow. Today, the Ogallala alone waters
one fifth of U.S. irrigated land. Particularly
in its southern reaches, this aquifer gets
very little replenishment from rainfall, so
almost any pumping diminishes it. Current-
ly it is being depleted at a rate of about 12
bcm a year. Total depletion to date amounts
to some 325 bcm, a volume equal to the
annual flow of 18 Colorado Rivers. More
than two thirds of this depletion has
occurred in the Texas High Plains.14

Driven by falling water tables, increased
pumping costs, and historically low crop
prices, many farmers who depend on the
Ogallala have already abandoned irrigated
agriculture. At its peak in 1978, the total
area irrigated by the Ogallala in Colorado,
Kansas, Nebraska, New Mexico, Oklahoma,
and Texas reached 5.2 million hectares.
Less than a decade later, this had fallen to
4.2 million hectares. A long-range study of
the region, done in the mid-1980s, sug-
gested that more than 40 percent of the
peak irrigated area would come out of irri-
gation by 2020; if this happens, another 
1.2 million hectares will either revert to
dryland farming or be abandoned over the
next two decades.15

Much of North Africa and the Arabian
Peninsula, where it rarely rains, is underlain
by “fossil aquifers”—remnants of ancient
climates that were much wetter than cur-
rent conditions. These aquifers get little or
no replenishment from current rainfall, so
pumping from them permanently depletes
the supply, much as extracting oil depletes
an oil reserve.

Saudi Arabia sits atop several aquifers
estimated to contain (prior to large-scale
exploitation) some 2,000 cubic kilometers
of water—just over half as much as the
Ogallala. A massive two-decade experiment
with desert agriculture drew heavily on

these sources for the production of wheat.
In its peak years of grain production during
the early 1990s, the nation ran a water
deficit of some 17 bcm a year, using up
more than 3,000 tons of water for each ton
of grain produced in the hot, windy desert.
At that rate, underground water reserves
would have run out by 2040. In the mid-
1990s, when budgetary problems forced
King Fahd’s government to slash agricul-
tural subsidies, grain production fell by 60
percent within two years. The groundwater
depletion rate has dropped back as well, but
the Saudis are likely still running a water
deficit of some 6 bcm a year.16

Africa’s northern tier of countries—from
Egypt to Morocco—also relies heavily on
fossil aquifers, with estimated depletion
running at 10 bcm a year. Nearly 40 per-
cent of this occurs in Libya, which is now
pursuing a massive water scheme known as
the Great Man-Made River Project. The
$25-billion project aims at pumping water
from desert aquifers in the south and trans-
ferring it 1,500 kilometers north through a
vast system of concrete pipe. As of early
1998, it was delivering 146 million cubic
meters a year to Tripoli and Benghazi. If all
stages are completed, the scheme will even-
tually transfer up to 2.2 billion cubic meters
a year, with 80 percent of it slated for agri-
culture. As in Saudi Arabia, however, the
greening of the desert will be short-lived:
some engineers say the wells would likely
dry up in 40–60 years.17

The upshot of this survey of groundwa-
ter use is that many food-producing regions
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are sustained by the hydrologic equivalent
of deficit financing. Irrigators are drawing
down water reserves to support today’s
production, racking up large water deficits
that at some point will have to be balanced.
Collectively, estimated annual water deple-
tion in India, China, the United States,
North Africa, and the Arabian Peninsula
adds up to about 160 billion cubic meters a
year—equal to the annual flow of two Nile
Rivers. (See Table 3–2.) Factoring in Aus-
tralia, Pakistan, and other areas for which
comparable data are not available would
likely raise this figure by at least 10 percent.

The vast majority of this overpumped
groundwater is used to irrigate grain, the
staples of the human diet. Since it takes
about 1,000 tons of water to produce one
ton of grain (and a cubic meter of water
weighs one ton), some 180 million tons of
grain—roughly 10 percent of the global
harvest—is being produced by depleting
water supplies. This finding raises an unset-
tling question: If so much of irrigated agri-
culture is operating under water deficits
now, where are farmers going to find the

additional water that will be needed to feed
the more than 2 billion people projected to
join humanity’s ranks by 2030?

The New Water Wars

There is an old saying in the western Unit-
ed States that “water flows uphill toward
money.” In the popular movie Chinatown,
Hollywood capitalized on the drama of Los
Angeles sucking farms dry in the Owens
Valley. American writer and humorist Mark
Twain captured the West’s tension over
water with his famous quip that “whiskey’s
for drinking, water’s for fighting about.” As
water becomes more scarce, competition
for it is increasing—not just in the western
United States, but in many parts of the
world.18

Rapidly growing cities and industries are
increasingly looking to irrigated agriculture
as the last big pool of available water. Mark
Rosegrant and Claudia Ringler of the Inter-
national Food Policy Research Institute in
Washington, D.C., project that annual
water demands by households and indus-
tries in developing countries will climb by
590 billion cubic meters between 1995 and
2020—a volume equivalent to the annual
flow of seven Nile Rivers. They project that
the share of water going to these activities
will more than double—from 13 percent of
total water use to 27 percent.19

Some portion of these increased residen-
tial and industrial demands will be met by
shifting irrigation water out of agriculture.
What is not known is how much water irri-
gators will transfer, whether they will trans-
fer that water voluntarily, and to what extent
crop production will decline as a result of
the transfers. If, for the sake of illustration,
half of the projected rise in urban and indus-
trial demand by 2020 is met by shifting irri-
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Table 3–2.Water Deficits in Key 
Countries and Regions, Mid-1990s

Estimated Annual
Country/Region Water Deficit

(billion cubic 
meters per year)

India 104.0
China 30.0
United States 13.6
North Africa 10.0
Saudi Arabia 6.0
Other unknown

Minimum Global Total 163.6

SOURCE: Various references cited in the text and
author’s estimates.



gation water to these users, and little
improvement is made in irrigation efficien-
cy, grain production could drop by some
300 million tons—one sixth of the current
global harvest. As Rosegrant and Ringler
conclude, the way the farm-to-city realloca-
tion of water is managed “could determine
the world’s ability to feed itself.”20

In China, the number of cities has
climbed from 130 in 1949 to more than
600 today. About half of them are already
short of water, and there is increasing pres-
sure to pull supplies away from agriculture
to narrow the urban water deficits. A mid-
1990s planning study by China’s State Sta-
tistical Bureau and Ministry of Water
Resources concluded that 40 percent of the
projected demand gap in 2000 could be
met by shifting water out of agriculture.
Moreover, these gaps will widen over the
next couple of decades. The United
Nations projects that more than half of
China’s people will live in cities by 2025, up
from a third at present.21

In China, as elsewhere, both politics and
economics drive water’s reallocation. A
cubic meter of water used in China’s indus-
tries generates more jobs and about 70 times
more economic value than the same quanti-
ty used in agriculture. As supplies tighten,
water will shift to where it is more highly
valued. Already in parts of north China,
reservoirs that had supplied irrigation water
to farms are now used almost exclusively to
supply households and factories. Farmers in
Daxing County, about 50 kilometers south
of Beijing, for example, no longer receive
irrigation water that used to be shipped in by
canal from the city’s reservoirs.22

Farmers in India face mounting compe-
tition over water as well. India is expected
to add some 340 million people to its cities
between 1995 and 2025, more than the
current populations of the United States

and Canada combined. Reallocations are
reportedly occurring to increase supplies for
the cities of Madras, Coimbatore, and
Tirupur and for a number of smaller towns.
Many farmers within 35 kilometers of
Tirupur have abandoned farming and
instead sell their groundwater to urban and
industrial users.23

Rice farmers in parts of the Indonesian
island of Java are losing water supplies to
textile factories, even though Indonesian
law gives agriculture higher priority for
water. A study of one irrigated region in
West Java found that factories often take
more water than their permits allow and
also take it directly out of irrigation canals,
leaving too little for the farms. Some facto-
ries buy or rent rice fields from farmers just
to get access to the irrigation water, leaving
the fields fallow. Lacking legally enforced
rights to the water they have been accus-
tomed to using, the farmers have little
recourse. Researchers Ganjar Kurnia, Teten
Avianto, and Bryon Bruns note that “many
farmers, suffering from lost production and
insecurity of water supplies, feel they have
no choice but to sell their land.”24

Overall, cities in industrial countries will
likely pull less water out of agriculture
because their water demands are rising
more slowly. To the extent residential and
industrial users improve their own water-use
efficiency—for example, by installing more-
efficient fixtures, fixing leaks, recycling
wastewater, and replacing thirsty lawns with
native grasses and shrubs—the need to shift
water out of agriculture will be lessened.
But in rapidly urbanizing, water-short areas,
such as the western United States, the city-
farm competition is heating up. Cities are
buying water, water rights, or land that
comes with water rights in parts of Arizona,
California, Colorado, and elsewhere. 

Although these trades are voluntary, they
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are not without controversy. The biggest
ones so far have involved the Imperial Irri-
gation District (IID) in southern Califor-
nia. Thanks to a century-old deal with the
federal government, IID gets about one
fifth of the Colorado River’s annual flow
essentially for free. The irrigation district is
within striking distance of urban areas that
are home to 16 million people and still
growing. Not surprisingly, these cities look
to IID for water. 

A decade ago, IID agreed to a trade with
the Metropolitan Water District (MWD) of
Los Angeles, the water wholesaler for
southern California cities. Under this agree-
ment, no cropland needs to come out of
production. MWD is investing in efficiency
improvements within IID in exchange for
the water those investments save. The trade
will shift up to 106,000 acre-feet (130.8
million cubic meters) a year from farm to
urban uses for 35 years. MWD benefits
because the cost of the conserved water will
be less than 10¢ per cubic meter, much
lower than its next best supply option. IID
benefits from the cash payments and an
upgraded irrigation network, while keeping
its land in production.25

In 1998, IID struck a deal with San
Diego to transfer up to 246.8 million cubic
meters of water a year at an initial price of
20–27¢ per cubic meter. Again, if most of
the water that is transferred results from
increased efficiency and shifts to less thirsty
crops, farmers will not necessarily need to
take land out of production.26

Water transfers often affect people not
involved directly in the sale, which makes a
full accounting of costs and benefits hard to
achieve. But the costs to so-called third par-
ties, who rarely have a place at the negotiat-
ing table, can be substantial—especially
where water trades do result in land coming
out of production. These costs can also be

cumulative, affecting employment, the tax
base, the stability of rural communities, and
the environment. Because poor farm labor-
ers may be the ones to lose jobs, even eco-
nomically efficient water trades may worsen
inequities. 

Without a doubt, cities in water-short
areas will continue to siphon water away
from agriculture. At the same time, there is
growing pressure in parts of Australia, Cen-
tral Asia’s Aral Sea basin, the United States,
and elsewhere to transfer some water from
human uses—especially irrigation—back to
the natural environment. Citizens, scien-
tists, and political leaders concerned about
the loss of fisheries, wetlands, lakes, and
other ecological assets are shifting the bal-
ance of power governing water use.

The states in Australia’s Murray-Darling
river basin, for example, have agreed to allo-
cate 25 percent of the river’s natural flow to
maintaining the system’s ecological health.
A basinwide freeze has been placed on with-
drawals for irrigation. The basin commis-
sion has also recommended capping
allocations to major cities and towns at pro-
jected year-2000 levels of water use and has
suggested that cities meet any additional
demands by purchasing water from irriga-
tors. A number of proposals and plans are
afoot in the western United States as well to
return water to the natural environment. A
federal law passed in 1992, for instance,
dedicates about 10 percent of the water
from the Central Valley Project in California
to maintaining fish and wildlife habitat.27

Competition for water is also increasing
between countries, as populations continue
to grow rapidly in some of the most water-
short regions. In five of the world’s hot
spots of water dispute—the Aral Sea region,
the Ganges, the Jordan, the Nile, and the
Tigris-Euphrates—the population of the
nations within each basin is projected to
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climb between 32 percent and 71 percent
by 2025. (See Table 3–3.) In the absence of
water-sharing agreements, this competition
could lead to regional instability or even
conflict.

When a country’s renewable water sup-
plies drop below about 1,700 cubic meters
per capita (what some analysts call the
water-stress level), it becomes difficult for
that country to mobilize enough water to
satisfy all the food, household, and industri-
al needs of its population. Countries in this
situation typically begin to import grain,
reserving their water for household and
industrial uses. As noted, each ton of grain
represents about 1,000 tons of water, so

countries in effect balance their water books
by purchasing grain rather than growing
it themselves.28

At present, 34 countries in Africa, Asia,
and the Middle East are classified as water-
stressed, and all but two of them—South
Africa and Syria—are net importers of
grain. Collectively, these water-stressed
countries import nearly 50 million tons of
grain a year—about a quarter of the total
traded internationally. By 2025, the num-
ber of people living in water-stressed coun-
tries is projected to climb from 470 million
to 3 billion—more than a sixfold increase.
The vast majority of water-stressed popula-
tions will be in Africa and South Asia, where
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Table 3–3. Populations in Selected Hot Spots of Water 
Dispute, 1999, with Projections to 2025

Total 1999 Projected 2025
River Basin/Countries Population Population Change

(million) (percent)

Aral Sea1 56 74 + 32
Kazakhstan, Kyrgyzstan,
Tajikistan,Turkmenistan,
Uzbekistan

Ganges 1,137 1,631 + 43
Bangladesh, India, Nepal

Jordan 34 58 + 71
Gaza, Israel, Jordan,
Lebanon, Syria,West Bank

Nile 307 512 + 67
Burundi, Democratic Republic
of Congo, Egypt, Eritrea,
Ethiopia, Kenya, Rwanda,
Sudan,Tanzania, Uganda

Tigris-Euphrates 104 156 + 50
Iraq, Syria,Turkey

1Excluding Afghanistan and Iran, which hydrologically are part of the basin.
SOURCE: Global Water Policy Project; population projections from Population Reference Bureau, 1999 
Population Data Sheet, wallchart (Washington, DC: 1999).
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the deepest pockets of poverty and hunger
are today. It therefore seems dangerous to
presume that there will be enough
exportable grain to meet increased import
demands at a price the poorer countries can
afford. And with world food aid at its low-
est level since the mid-1950s, relying on the
generosity of grain-surplus nations to fill
food gaps is a risky strategy.29

The Productivity Frontier

For the last half-century, agriculture’s prin-
cipal challenge has been raising land pro-
ductivity—getting more crops out of each
hectare of land. As we move into the twen-
ty-first century, the new frontier is boosting
water productivity—getting more benefit
from every liter of water devoted to crop
production.

More than half of the water removed
from rivers and aquifers for irrigated agricul-
ture never benefits a crop. Because water
performs many functions as it travels
through the landscape toward the sea, how-
ever, it is important to think systemically
about where water goes once it comes under
human management. Is it actually lost
through evaporation to the atmosphere? If
so, reducing evaporative losses will increase
the available supply—a true savings of water.
Or does the water seep through a canal and
recharge an underlying aquifer, which
another user then taps into with a well? If so,
reducing those canal losses may allow more
water to remain in the river or aquifer from
which it was taken, but it may also reduce
the groundwater supply someone else
depends on. By tracking water’s flow
through the landscape and thinking about
its varied roles and functions, creative new
ways may be found of getting more benefit
out of each liter we extract from nature.30

There is a long and growing list of mea-
sures that can increase agricultural water
productivity. (See Table 3–4.) The key is to
custom-design strategies to fit the farming
culture, climate, hydrology, crop choices,
water use patterns, environmental condi-
tions, and other characteristics of each par-
ticular area. Successful strategies almost
always involve a synergistic mix of measures.
Farmers will not invest in efficient tech-
nologies, for example, if they have no incen-
tive to do so. And these technologies will
only improve water productivity if accompa-
nied by good management practices.

Drip irrigation ranks near the top of mea-
sures with substantial untapped potential.
Consisting of a network of perforated plastic
tubing installed on or below the soil surface,
drip systems deliver water directly to the
roots of individual plants. In contrast to a
flooded field, which allows a large share of
water to evaporate without benefiting a crop,
drip irrigation results in negligible evapora-
tion losses. When combined with soil mois-
ture monitoring or other ways of assessing
crops’ water needs accurately, drip irrigation
can achieve efficiencies as high as 95 percent,
compared with 50–70 percent for more con-
ventional flood or furrow systems.31

Besides saving water, drip irrigation usu-
ally increases crop yield and quality—a
result of maintaining a nearly ideal moisture
environment for the plants. In countries as
diverse as India, Israel, Jordan, Spain, and
the United States, studies have consistently
shown drip irrigation to cut water use by
30–70 percent and to increase crop yields
by 20–90 percent—often leading to a dou-
bling of water productivity.32

Over the last two decades, the area of land
irrigated by drip and other micro-irrigation
methods has risen 50-fold, to an estimated
2.8 million hectares. Nonetheless, this total
represents just over 1 percent of all irrigated
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land worldwide. A few recent developments
suggest, however, that drip’s share could
expand markedly in the years ahead.33

First, researchers and farmers have been
getting good results with drip irrigation of
cotton and sugarcane—two thirsty and

widely planted crops. In addition, some
Kansas farmers who pump water from 
the dwindling Ogallala aquifer are drip-
irrigating corn—the third most widely
planted crop worldwide. They have typical-
ly reduced their water use by half compared
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Table 3–4. Menu of Options for Improving Irrigation 
Water Productivity

Category Option or Measure

Technical • Land leveling to apply water more uniformly
• Surge irrigation to improve water distribution
• Efficient sprinklers to apply water more uniformly
• Low-energy precision application sprinklers to cut evaporation and 

wind drift losses
• Furrow diking to promote soil infiltration and reduce runoff
• Drip irrigation to cut evaporation and other water losses and to increase

crop yields

Managerial • Better irrigation scheduling
• Improving canal operations for timely deliveries
• Applying water when most crucial to a crop’s yield
• Water-conserving tillage and field preparation methods
• Better maintenance of canals and equipment
• Recycling drainage and tail water

Institutional • Establishing water user organizations for better involvement of farmers 
and collection of fees

• Reducing irrigation subsidies and/or introducing conservation-oriented 
pricing

• Establishing legal framework for efficient and equitable water markets
• Fostering rural infrastructure for private-sector dissemination of efficient

technologies
• Better training and extension efforts

Agronomic • Selecting crop varieties with high yields per liter of transpired water
• Intercropping to maximize use of soil moisture
• Better matching crops to climate conditions and the quality of water 

available
• Sequencing crops to maximize output under conditions of soil and 

water salinity
• Selecting drought-tolerant crops where water is scarce or unreliable
• Breeding water-efficient crop varieties

SOURCE: Amy L.Vickers, Handbook of Water Use and Conservation, prepublication manuscript (Amherst, MA:
Amy Vickers & Associates, 1999); J.S.Wallace and C.H. Batchelor,“Managing Water Resources for Crop Pro-
duction,” Philosophical Transactions of the Royal Society of London: Biological Sciences, vol. 352 (1997), pp. 937–47.
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with flood irrigation and by 20–30 percent
compared with conventional center-pivot
sprinklers. Second, there now exists a spec-
trum of different drip systems keyed to var-
ious income levels and farm sizes that makes
the technology affordable and practical 
for many more farmers. R.K. Sivanappan, 
a researcher in Coimbatore who is often
called the father of drip irrigation in India,
believes that drip’s potential there
may exceed 10 million hectares—an area
equal to a fifth of the nation’s current 
irrigated land.34

Better information about how much irri-
gation water crops really need can also raise
water productivity. For instance, Califor-
nia’s Department of Water Resources oper-
ates the California Irrigation Management
Information Service (CIMIS), a network of
more than 100 automated and computer-
ized weather stations in key agricultural
areas of the state. Each station hourly col-
lects local climate data—including solar
radiation, wind speed and direction, relative
humidity, rainfall, and air and soil tempera-
ture—and then transmits this information
to a central computer in Sacramento. For
each station site, the computer then calcu-
lates the reference evapotranspiration rate,
which is the amount of water that grass
would transpire at that particular location.
Using this benchmark, farmers can calculate
the evapotranspiration rates of their partic-
ular crops and determine quite accurately
when and how much to irrigate.35

A 1995 survey conducted by the Univer-
sity of California at Berkeley found that, on
average, farmers using CIMIS to schedule
irrigation experienced an 8-percent yield
increase and a 13-percent reduction in
water use. Economic benefits ranged from
$99 per hectare of alfalfa to $927 per
hectare of lettuce.36

Similar agricultural weather networks are

operating in Arizona, in Washington state,
and in the Pacific Northwest region overall.
U.S. farmers who own computers can also
time their irrigations more accurately by
using one of several popular computer 
programs, including the U.S. Department
of Agriculture’s NRCS Scheduler. At the 
global level, the International Water Man-
agement Institute has developed a comput-
erized tool for irrigation and crop planning
called the World Water and Climate Atlas.
Available on CD-ROM and through the
Internet, the atlas integrates agricultural
weather data from 56,000 weather stations
around the world for the period 1961 to
1990. It can be used to better match crops
and crop varieties to local climate condi-
tions as well as to determine whether rain-
fall is adequate to grow certain crops in
certain locations.37

Despite the myriad technologies and
measures available to raise agricultural
water productivity, there are few examples
of countries or even large farming 
districts that have implemented effective
programs. Israel began pushing for 
greater water efficiency soon after it 
was founded a half-century ago. Nation-
wide, water use per hectare dropped from
an annual average of 8,200 cubic meters 
in 1951 to about 5,200 cubic meters 
in 1985—a 37-percent drop. Though
impressive, these gains were mainly
achieved with vegetables, fruits, and other
high-value crops—not with the widely
planted crops that consume the bulk of the
world’s irrigation water.38

In dry and drought-prone northwest
Texas, where irrigation depends on the
Ogallala aquifer, farmers and researchers
have made substantial progress with cereal
grains and cotton. Spearheaded by the
High Plains Underground Water Conserva-
tion District in Lubbock, which oversees
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water management in 15 counties of north-
west Texas, the effort has involved agricul-
tural researchers, extension agents, district
officials, and farmers in a major upgrade of
the region’s irrigation systems.

Several technologies have been key to
the program’s success. Time-controlled
surge valves that distribute water more uni-
formly down the parallel furrows of gravity
systems along with new low-pressure sprin-
kler designs have produced water savings of
25–37 percent compared with convention-
al furrow irrigation. (See Table 3–5.) The
most efficient sprinkler, known as low-ener-
gy precision application (LEPA), is
equipped with drop tubes extending verti-
cally from the sprinkler arm that deliver
water much closer to the plants, thereby
reducing evaporation losses in the hot,
windy plains. Under LEPA irrigation, corn
yields have increased about 10 percent and
cotton yields by 15 percent, while water use
has dropped by 15–35 percent.39

The Texas High Plains program has also
included extension work to help farmers

adopt good water practices—including, for
example, the construction of small earthen
ridges in the furrows of fields so as to cap-
ture both rain and irrigation water and to
promote infiltration into the soil. The dis-
trict also uses weather and crop water use
information to develop irrigation schedules
for farmers. Overall, the Texas water dis-
trict’s program, bolstered by state-funded
low-interest loans for efficiency improve-
ments, has achieved impressive results.
Over the last two decades, growers have
raised the water productivity of cotton,
which accounts for about half the cropland
area, by 75 percent.40

The list of measures and strategies that
can boost water productivity—whether on a
farm, within an irrigation district, or more
broadly within a region or river basin—is
too long to describe here in its entirety. But
together with dietary shifts away from
heavy meat intake and other actions to
reduce consumption (see Chapter 4), they
offer the hope of producing enough food
for all in a world of increasing water scarci-
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Table 3–5. Efficiencies of Selected Irrigation Methods,
Texas High Plains

Water Application
Irrigation Typical Needed to Add 100 Water Savings Over
Method Efficiency Millimeters to Root Zone Conventional Furrow1

(percent) (millimeters) (percent)

Conventional Furrow 60 167 —
Furrow with Surge Valve 80 125 25
Low-Pressure Sprinkler 80 125 25
LEPA Sprinkler 90–95 105 37
Drip 95 105 37

1Data do not specify what portion of savings result from reduced evaporation versus runoff 
and seepage.
SOURCE: Based on High Plains Underground Water Conservation District (Lubbock,Texas), The Cross 
Section, various issues.
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ty. Collectively, they can move us toward a
modern irrigation-based society that is
more efficient, productive, ecologically
sound, and potentially lasting.

Expanding Irrigation to
Poor Farmers

The benefits of irrigation, like so many of
society’s advances, have not been shared
equally. Tens of millions of the world’s
poorest farmers do not have access to irri-
gation because the technologies available
are too big for their small plots and too
expensive. Typically the cheapest way to
irrigate with groundwater, for example, is to
install a diesel pump on a tubewell, which
costs upwards of $350—out of reach for
farmers who earn barely this much in a year.

Partly because so many farmers lack
access to irrigation, poverty and hunger
remain entrenched in large pockets of the
countryside. Like trickle-down economics,
trickle-down food security does not work
well for the very poor. India, for example, is
self-sufficient in grain, yet tens of millions
of Indians suffer from hunger and malnu-
trition. The production and trade of more
“surplus” food will not solve their problems
of hunger because many of them are too
poor to buy that food, even at today’s his-
torically low prices. The surest and most
direct way of reducing hunger among the
rural poor is to raise their productive capac-
ities directly. Access to irrigation, in turn, is
one of the best ways to boost small-farm
productivity. With a secure water supply,
farmers can get higher yields and harvest an
additional crop or two each year.41

A spectrum of irrigation technologies—
custom-designed for small plots and afford-
able by the poorest farmers—has begun to

open the door to irrigation’s benefits for
millions of farm families, from the Gangetic
plains of South Asia to the terraced hills of
Nepal to the drylands of sub-Saharan
Africa. (See Table 3–6.) Collectively, these
little-known technologies could lift produc-
tivity on tens of millions of hectares of
farmland and raise the incomes of many of
the world’s poorest people.

Over the past 16 years, for example,
large areas of Bangladesh have been trans-
formed by a human-powered irrigation
device called a treadle pump. To an affluent
westerner, it resembles a Stairmaster exer-
cise machine, and is operated much the
same way. Grasping a horizontal arm on the
bamboo frame, the user pedals up and
down on two long poles, or treadles. On
the upward stroke, groundwater is sucked
up into a pair of cylinders while water from
the previous stroke is expelled directly into
a field channel. The volume of water that
can be pumped in an hour depends on the
distance to the water table, the diameter of
the pump cylinders, and the energy expend-
ed by the operator. In general, the treadle
pump is practical for lifting water up to 6
meters below the surface.42

Since its introduction in Bangladesh in
the early 1980s, the treadle pump has qui-
etly revolutionized small-farmer agriculture
there. Each pump irrigates roughly a fifth of
a hectare (half an acre) and costs about $35,
including installation of the tubewell. Net
returns have averaged more than $100 per
pump, so farmers recoup their investment
in less than a year, and often in one season.43

So far, Bangladeshi farmers have pur-
chased 1.2 million treadle pumps, which are
raising the productivity of a quarter-million
hectares of farmland and injecting an addi-
tional $325 million a year into the poorest
parts of the Bangladeshi economy. Thanks
to creative and effective marketing efforts
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orchestrated by International Development
Enterprises (IDE), a Colorado-based non-
profit organization with offices in many
developing countries, the treadle pump has
spread entirely through the private sector,
with no government subsidies. The tech-
nology is now supported by a network of
more than 70 manufacturers, 830 dealers,
and 2,500 installers—creating jobs and rais-
ing incomes in urban areas as well. IDE
President Paul Polak estimates that the total

market for treadle pumps in the developing
world may number 10 million—including 6
million in India, 3 million in Bangladesh,
and another 1 million spread among a num-
ber of Asian and African countries.44

Lack of access to affordable technologies
for small farm plots has also been a major
constraint on irrigation’s spread in sub-
Saharan Africa. In Malawi, Tanzania, Zam-
bia, and many other sub-Saharan African
countries, small-scale farmers account for
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Table 3–6. Low-Cost Irrigation Methods for Small Farmers

Technology or General Conditions
Method Where Appropriate Example Locations

Cultivating wetlands, delta Seasonally waterlogged Niger and Senegal river
lands, valley bottoms; floodplains or wetlands valleys; fadama of northern
flood-recession cropping; Nigeria; dambos of Zambia
rising-flood cropping and Zimbabwe; other parts

of sub-Saharan Africa

Treadle pump, rower pump; Very small (less than 0.5 Eastern India; Bangladesh;
pedal pump; rope pump; swing hectare) farm plots underlain parts of southeast Asia;
basket;Archimedian screw; by shallow groundwater or valley bottoms, dambos,
shadouf or beam and bucket; near perennial shallow streams fadama, and other wetlands
hand pump or canals in dry areas or areas of sub-Saharan Africa

with a distinct dry season

Persian wheel; bullock and other Similar to those above, but Those above, in addition to
animal-powered pumps; low- where average size of farm plots parts of North Africa and
cost mechanical pumps is roughly 0.5–2.0 hectares Near East

Various forms of low-cost Areas with perennial but scarce Much of northwest, central,
micro-irrigation, including water supply; hilly, sloping, or and southern India; Nepal;
bucket kits; drip systems; terraced farmlands; tail-ends of Central Asia, China; Near
pitcher irrigation; as well as canal systems; can apply to farms East; dry parts of sub-
microsprinklers of various sizes,depending on Saharan Africa; dry parts of

the micro-irrigation technique Latin America

Tanks; check dams; percolation Semiarid and/or drought-prone Much of semiarid South Asia,
ponds; terracing; bunding; areas with no perennial including parts of India, Pakistan,
mulching; other water- water source and Sri Lanka; much of sub-
harvesting techniques Saharan Africa; parts of China

SOURCE: Global Water Policy Project,Amherst, MA.
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80–85 percent of the farming population.
Most are subsistence farmers just scraping
by, and they face many barriers to irriga-
tion. Equipment often costs 2–10 times
more than in Asia. Many farmers lack secure
tenure to their land, making it risky to
invest in improvements. Many smallhold-
ers—especially the women, who do much
of the farm work in Africa—lack access to
credit to purchase supplies and equipment.
And poor transportation and marketing
facilities often make it difficult to profit
from agricultural investments.45

Nonetheless, small-scale irrigation
schemes have the potential to make a huge
contribution in the region. Many of them
build on Africa’s long and diverse tradition
of indigenous irrigation, including such
practices as cultivating wetlands, flood-reces-
sion farming, and a variety of techniques to
capture rainfall and runoff and to channel
more moisture into the soil. These water
management practices are typically not
counted as “irrigation” in official statistics,
even though they provide more water to
crops than natural rainfall would alone. In
addition to 6.3 million hectares of irrigated
land in sub-Saharan Africa, the U.N. Food
and Agriculture Organization reports that
there are more than 1 million hectares of
cultivated wetlands and valley bottoms and
another 1 million hectares of flood-recession
cropping. Including these lands increases the
total area under some form of water man-
agement in sub-Saharan Africa by a third.46

Compared with conventional irrigation
methods, few resources and little support
have been devoted to raising the productive
potential of rain-fed lands using these
indigenous and small-scale methods.
Greater efforts to do this, however, seem
warranted.

Malawi, Zambia, and Zimbabwe are
among the sub-Saharan African countries
with substantial areas of seasonal wetlands
called dambos. Crops grown on dambos typ-
ically get 85–90 percent of their moisture
through capillary action from the underly-
ing shallow groundwater. Farmers labori-
ously use buckets or handpumps to get
water from shallow wells to meet the
remainder of the plants’ water needs. With
careful management, small human-powered
devices—such as swing baskets, rope pumps
(made locally from a bicycle wheel and
rope), and very shallow treadle pumps—can
be ideal for easing the watering burden,
raising the productivity of these lands, and
spreading the cultivated area, while at the
same time sustaining ecological functions.
In Zimbabwe, about 20,000 hectares of
dambos are cultivated out of a total dambo
area of 1.3 million hectares.47

Substantial areas of valley bottomlands
are suited for irrigation with low-cost pumps
as well. In Kenya, for example, a local non-
governmental organization called Appro-
tech reconfigured the Asian treadle pump
into a lighter, portable device called a pedal
pump for irrigating small valley-bottom
plots. Nicknamed “the moneymaker,” the
pedal pump sells for about $70 and is active-
ly marketed in Kenyan towns and villages.48

Modern enhancements to traditional
practices of flood-recession agriculture also
show promise in parts of Africa. As the
phrase implies, flood-recession farming
involves planting crops after a river’s sea-
sonal flood recedes. The moisture stored in
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Few resources and little support
have been devoted to raising the
productive potential of rain-fed
lands using indigenous, small-scale
methods.
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the floodplain soils supports the plants
throughout the growing season. Farmers
practicing this method typically trade high-
er yields for greater drought resistance and
early maturation of crops, because if the soil
moisture runs out before harvest time, they
can lose their entire crop.

In good years, between 300,000 and
500,000 hectares are used for flood-reces-
sion cultivation in the Senegal, Niger, and
Lake Chad basins. Judged by grain yields
alone, this cultivation method appears con-
siderably less productive than modern inten-
sive irrigated agriculture. Typical cereal
yields range between 400 and 800 kilograms
per hectare, compared with 2,000–4,000
kilograms per hectare on irrigated lands with
good water control. But crop yields alone
fail to capture other highly productive ele-
ments of a flood-recession system—especial-
ly livestock herding, fishing, and vegetable
production—that together contribute to
higher water productivity and greater food
and income security.49

For example, a research team studying
the effects of the Manantali Dam on Mali’s
Bafing River (a major tributary of the Sene-
gal River) found that the dam could store
enough water for both the planned hydro-
electric production and the release of a con-
trolled flood. Moreover, according to
researcher Michael Horowitz, “the net
returns per unit land from the total array of
traditional production—flood-recession
farming, herding, and fishing—actually
exceed those from more-conventional irri-
gation, without taking into account the lat-
ter’s huge start-up and recurrent operating
and maintenance costs.”50

In areas with a perennial but scarce water
supply, a variety of low-cost micro-irriga-
tion systems can help raise production, as
noted earlier. But in semiarid and drought-
prone areas with no year-round water

source, farmers need methods to capture
rainfall and runoff in the wet season for use
during the dry season. There are millions of
such farmers in semiarid parts of South
Asia, sub-Saharan Africa, Latin America,
and China. Because of unreliable rains,
many of them suffer crop failures in one out
of three years.

A set of practices known as water har-
vesting offers the best hope of raising crop
production and food security in many of
these regions. These measures aim at cap-
turing and channeling a greater share of
rainfall into the soil, and conserving mois-
ture in the root zone where crops can use it.
Researchers in India, for example, are reviv-
ing interest in tanks—small reservoirs of
varying sizes that store rainfall or runoff
from the wet season for use during the dry
season. Used for centuries, some 2 million
tanks dot India’s landscape, but many now
lie in disrepair.51

In many watersheds, constructing a small
dam across a gully can trap large amounts of
runoff, which can either be channeled
directly to a field, stored for later use in a
tank or small reservoir, or allowed to perco-
late through the soil to recharge the under-
lying groundwater. Often called check
dams, temporary structures can be made of
loose rocks, earth, woven wire, or other
locally available materials. They typically
last two to five years and cost $200–400,
depending on the materials used, the size of
the gully, and the dam’s height. More-per-
manent check dams made of stone, brick,
or cement typically cost $1,000–3,000.52

These descriptions only hint at the rich
diversity of small-scale irrigation and water
harvesting methods that have substantial
untapped potential. The enhanced food
security and rising incomes of large numbers
of small-farm families can be a powerful
engine of economic growth in the world’s

State of the World 2000

55



REDESIGNING IRRIGATED AGRICULTURE

poorest regions, and stem the exodus of
rural dwellers to burgeoning cities. But that
engine must be jump-started. Especially as
large-scale water projects come under closer
scrutiny for their environmental and social
costs, a coordinated effort to provide access
to small-scale irrigation methods that poor
farmers will invest in and use is a critical
addition to the portfolio of irrigation
advances.

The Policy Challenge

From the wealthiest farms in California to
the poorest ones in Bangladesh, irrigation
involves many players, each of whom
behaves according to a set of rules and
incentives. These players include farmers,
irrigation districts, water user organizations,
state or provincial water agencies, national
ministries, development banks, aid agencies,
private voluntary organizations, engineer-
ing firms, politicians, and taxpayers.

The rules, by and large, have been
stacked against efficiency, equity, and envi-
ronmental sustainability. Large government
subsidies—an estimated $33 billion a year
worldwide—keep water prices artificially
low, discouraging farmers from investing in
efficiency improvements. Inflexible laws and
regulations have discouraged the marketing
of water, leading to inefficient water alloca-
tion and use. The absence of rules to regu-
late groundwater use has led to the
overpumping and depletion of aquifers, and
has worsened inequities between the rich,
who can afford to deepen their wells, and
the poor, who cannot. And the failure to
place a value on freshwater ecosystem ser-
vices—including maintenance of water qual-
ity, flood control, and the provision of fish
and wildlife habitat—has left far less water in
natural systems than is socially optimal.53

Correcting these policy failings is no easy
task. In most cases it requires bucking
entrenched and powerful interests. But if
society is to redesign irrigated agriculture to
make it both productive and sustainable in
an era of water scarcity, there is little choice
but to take up the challenge.

More than 25 countries are now in the
process of devolving responsibility for irri-
gation systems from central government to
local farmers’ groups or other private orga-
nizations. Most are driven as much by the
need to cut government expenditures as by
the desire to improve irrigation perfor-
mance. The hope is that, in reducing subsi-
dies, such management transfers will
accomplish both aims.54

The largest shift of this kind has occurred
in Mexico, where the management of more
than 85 percent of the 3.3 million hectares
of publicly irrigated land has been turned
over to farmers’ associations. With the large
reduction in government subsidies, water
fees have risen to cover costs. The irrigation
districts are now about 80 percent financial-
ly self-sufficient, up from 37 percent prior
to the management transfer. The cost of
irrigation water to farmers, although higher,
is still generally within 3–8 percent of total
production costs, a typical range for irrigat-
ed agriculture. Other important aspects of
Mexico’s efforts—in particular, whether the
turnover is promoting greater equity and
more efficient use of scarce water—have yet
to be assessed.55

In many areas, raising water prices can be
a political high-wire act. But a spectrum of
options exists between full-cost pricing,
which could put farmers out of business,
and a marginal cost of nearly zero to the
farmer, which is a clear invitation to waste
water. One option, for example, is a tiered
pricing structure. Farmers are charged the
rate they are accustomed to paying for up
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to, say, 80 percent of their average water
use, a much higher price for the next 10
percent, and the full marginal cost for the
last 10 percent. This gives farmers a strong
incentive to reduce their water use so as to
avoid the higher unit rates.

The Broadview Water District in Califor-
nia instituted a tiered pricing structure
when faced with the need to reduce
drainage into the highly polluted San
Joaquin River. For each crop, the district
determined the average volume of water
used in 1986–88, and then applied a rate of
$16 per acre-foot (1.3¢ per cubic meter),
which was the rate farmers were accus-
tomed to paying, to 90 percent of this
amount. Any deliveries above that level
were charged at a rate of $40 per acre-
foot—2.5 times higher. Even though they
were still paying much less than the real
cost of their irrigation water, the farmers
had incentive to conserve. On average, cot-
ton growers used 25 percent less water over
the period 1990–93 compared with
1986–89. Similarly, water use on tomatoes
fell by 9 percent, on cantaloupes by 10 per-
cent, on wheat by 29 percent, and on alfal-
fa seed by 31 percent. Crop yields either
held steady or increased.56

Lifting barriers to water marketing can
also help promote more efficient use and
allocation of water, although checks are
needed to guard against worsening
inequities. The ability to sell some of their
water gives farmers an incentive to improve
their efficiency so as to profit from the
resulting savings. Formal water markets
only work where farmers have legally
enforced rights to their water (either pri-
vate or communal), and where those rights
can be traded. Australia, Chile, Mexico,
and many western states in the United
States now have laws and policies that allow
for water markets.

As with pricing, a variety of marketing
options exists. Farmers can sell their water
on a seasonal basis in response to short-term
conditions, or they can enter into long-term
contracts (say for 5, 10, or 30 years). They
can also sell their water rights to another
user, in which case the legal water entitle-
ment permanently changes hands.

Another option—and one that can be
particularly helpful during droughts—is the
trading of water through a water bank. A
farmer (or other water user) “deposits”
water in the bank in hopes that another
user will rent that water at a profit-yielding
price. The benefit of a water bank, which is
typically run by a regional or state water
authority, is that it gives farmers extra flex-
ibility in the face of uncertainty. They can
choose to deposit water one year, but then
do something different the next. In 1991,
during the fourth consecutive year of
drought, a water bank operated by Califor-
nia’s Department of Water Resources pur-
chased 820,000 acre-feet (about a billion
cubic meters) of water, half of it coming
from farmers who had decided to stop irri-
gating temporarily.57

Groundwater overpumping ranks
among the most serious threats to the
world’s food supply, yet no government has
made a concerted effort to curtail the prac-
tice. To the contrary, India encourages
overpumping in many areas by charging a
flat fee for electricity. This policy makes the
marginal cost of water nearly zero for many
farmers, discouraging efficiency improve-
ments. Likewise, Texas irrigators get a
break on their federal income taxes for
depleting the Ogallala aquifer: they receive
a depletion allowance, much as oil compa-
nies do for depleting oil reserves.

In addition to reducing such subsidies,
an important step for governments is to
commission credible assessments of the
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replenishment rates for every major
groundwater basin or aquifer. Only after
these are determined can a plan be devised
to balance pumping with recharge. Where
landowners have de facto rights to pump as
much water as they like from beneath their
land, including in India and some parts of
the United States, legislatures and the
courts may need to intervene in order to
elevate the public interest over private
rights. Some scholars have recommended
use of the public trust doctrine to deal with
India’s severe groundwater problem. This
doctrine asserts that governments hold cer-
tain rights in trust for the public and can
take action to protect those rights from pri-
vate interests.

Once a legal basis for regulating ground-
water use is established, the challenge is to
develop an equitable plan for making that
use sustainable. The council overseeing
Mexico’s Lerma-Chapala River basin, an
area that contains 12 percent of Mexico’s
irrigated land, is taking a constructive
approach. It is setting specific regulations
for each aquifer in the region. Technical
committees are responsible for devising
plans to reduce overpumping. Because
these committees are composed of a broad
mix of players, including groundwater
users, they lend legitimacy to both the
process and the outcome.58

Technologies and policies of the sort
described in this chapter can go a long way
toward making irrigated agriculture more

efficient and moving the global economy
toward more sustainable water use overall.
However, they are not by themselves suffi-
cient. If gains in efficiency are used merely
to support ever more consumption, we will
get no closer to a sustainable world. Meet-
ing the challenges posed by Earth’s finite
supply of fresh water also requires a scaling
back of our individual and collective pres-
sures on natural systems.

One way to reduce the pressure is to eat
lower on the food chain. This can be just as
effective at saving water as the use of better
irrigation practices. The typical American
diet, with its large share of animal products,
requires twice as much water to produce as
do nutritious but less meat-intensive diets
common in some Asian and European
countries. If Americans reduced their meat
intake to these lower (and often healthier)
levels, the same volume of water could feed
two people instead of one, leaving more
water in rivers, streams, and aquifers.59

Further reductions in population growth
would ease pressures on fresh water as well.
Stepped-up support for family planning ser-
vices, women’s reproductive health pro-
grams, and educational and economic
opportunities for women would have the
double benefit of bettering women’s lives
and lowering birth rates. Coupled with
reductions in high-end consumption, slower
population growth would make the goal of
adequately feeding all people while keeping
natural ecosystems intact far more achievable.

Like the rulers of ancient Mesopotamia,
today’s political leaders seem unaware of the
dangers of a faltering irrigation base. Yet his-
tory strongly warns against complacency
when it comes to the sustainability of our
agricultural foundation. It is a lesson our irri-
gation society has yet to heed and act upon.
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In a large desert tent in war-torn Ajeip,
Sudan, doctors and nurses from the aid
agency Médecins sans Frontières are hard at
work. They hover over starving Sudanese
children, administering high-calorie biscuits
and sugar water in an effort to revive them.
These children have traveled from miles
around, most arriving by foot. All of them
are emaciated, with skin stretched tightly
across their bones, and with stomachs that,
ironically, are clearly distended—a condi-
tion of calorie and protein deficiency
known as “kwashiorkor” that disturbs the
water balance of the abdomen.

Half a world away, patients arrive at the
cardiac ward of Mt. Sinai hospital in Man-
hattan, many complaining of chest pains.
Doctors and nurses prepare some for open-
heart surgery, schedule others for angio-
plasties to open clogged arteries, and
administer anti-clotting medications to the
remainder. Like the Sudanese children,
many of these patients are noteworthy for
their swollen abdomens—in this case, of
course, the product of too much food. In

contrast to the Sudanese children, many of
whom will not pull through, most of the
New Yorkers will survive, only to return
later with similar symptoms.

The disparity in wealth and in health care
between the Ajeip and Manhattan centers is
clear. Perhaps less obvious is the condition
common to both, one shared by a large and
diverse portion of the human family: malnu-
trition. The World Health Organization
(WHO) estimates that roughly half the pop-
ulation in all nations—wealthy and poor—
suffers from poor nutrition of one kind or
another. This includes 1.2 billion hungry
people, those whose diets are lacking in calo-
ries. It also includes their polar opposite on
the nutritional spectrum—those who eat too
much—at least 1.2 billion people and prob-
ably the fastest-growing group of malnour-
ished. A large third group of several billion
people overlaps the first two; dubbed the
“hidden hungry,” these people appear to be
adequately fed, but are nonetheless debili-
tated by a lack of essential vitamins and
minerals. (See Table 4–1.)1

Gary Gardner and Brian Halweil

Chapter 4

Nourishing the Underfed
and Overfed
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Malnutrition is both parent and child of
a society’s development process. It stifles
children’s mental and physical development
and increases susceptibility to disease and
death, which in turn burdens health care
systems and hampers economic advance-
ment. On the other hand, malnutrition
itself is shaped by societal trends. What
appears on a dinner plate and what is miss-
ing from it are closely related to a smorgas-
bord of societal issues, including income
levels, women’s status, migration to cities,
civil strife, land distribution, and exposure
to advertising, to name a few. The central
place of nutrition in development makes it
an issue that policymakers ignore at their
country’s peril.

A Malnourished World

Today our food supply is nothing less than
cornucopian: more food and more varieties
of food are available to more people than
ever before. Yet more people and a greater
share of the world today are malnourished—
hungry, deficient in vitamins or minerals, or
overfed—than ever in human history. To be
sure, the three faces of malnutrition are tak-

ing different directions globally. But overall,
trends in nutrition and in the way we get
and consume food are headed down
unhealthy paths. (See Table 4–2.)

Malnutrition is an imbalance—a defi-
ciency or an excess—in a person’s intake of
nutrients and other dietary elements need-
ed for healthy living. Carbohydrates, pro-
tein, and fat—the macronutrients—provide
the basic building blocks for cellular
growth. They are also the body’s only
source of energy, or calories: each gram of
carbohydrate or protein provides about
four calories; each gram of fat, about nine.
Micronutrients are vitamins and minerals,
such as iron, calcium, and vitamins A
through E; these provide no energy and are
consumed in small quantities. But they are
no less important nutritionally. Vitamins
and minerals help macronutrients to build
and maintain the body. Cholesterol, fiber,
and other components of food also affect
nutrition and health, although these are not
defined as nutrients.2

Foods vary widely in their nutrient com-
position. Whole grains are mostly carbohy-
drates, but they also provide fiber, protein,
and small amounts of fat and micronutri-
ents. Meat’s profile is just the opposite: it
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Table 4–1.Types and Effects of Malnutrition, and Number 
Affected Globally, 2000

Minimum Number
Type of Malnutrition Effect on Diet Affected Globally

(billion)

Hunger1 Deficiency of calories and protein at least 1.2

Micronutrient Deficiency Deficiency of vitamins and minerals 2.0

Overconsumption1 Excess of calories often accompanied at least 1.2
by deficiency of vitamins and minerals

1Indicated by the number of underweight or overweight people.
SOURCE: See endnote 1.
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provides large quantities of fat, cholesterol,
protein, and some micronutrients, but no
carbohydrates or fiber. Meanwhile, fruits
and vegetables tend to be low in fat, but
rich in fiber and micronutrients. And other
foods, such as refined sugar, provide
“empty calories”: energy without any addi-
tional nutritional value. Striking a healthy
nutrient balance requires eating from each
of these categories, but in different quanti-
ties. A joint research effort by the Harvard
School of Public Health and Oldways
Preservation & Exchange Trust found that
traditional diets associated with good health
and lengthy adult life expectancies are gen-
erally plant-based—rich in whole grains,
vegetables, fruits, and nuts—supplemented
by sparing amounts of animal products.3

Hunger, the worst of the three forms of
malnutrition because it often cuts short
lives that have barely begun, has been
reduced modestly in recent decades. The
U.N. Food and Agriculture Organization
(FAO) reports that 790 million people—
roughly one out of five people in the devel-
oping world—are chronically hungry, down
from 918 million in 1970. While this esti-

mate captures the trend, it likely underesti-
mates the number of hungry, because it is
based on calculations of calories per person
in developing countries—a method that
does not account for the unequal distribu-
tion of food found virtually everywhere.
For example, FAO estimates that 21 per-
cent of India’s population is chronically
undernourished. But recent, on-the-
ground surveys paint a more accurate and
desperate picture: 49 percent of adults and
53 percent of children in India are under-
weight, a proxy measurement for hunger.4

Based on the share of children who are
underweight, hunger in the developing
world has fallen by 10 percent over the past
two decades: 26 million fewer children are
estimated to be underweight in 2000 than
in 1980. (See Table 4–3.) The greatest
absolute progress in reducing hunger was
made in Asia, while the greatest relative
reduction came in Latin America, where the
population of children underweight was cut
in half. Africa, on the other hand, saw a
worsening in the number of children who
are underweight. There, the number in this
condition nearly doubled—making the
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Table 4–2. Share of Children Who Are Underweight and Adults 
Who Are Overweight, Selected Countries, Mid-1990s

Country Share Underweight Country Share Overweight
(percent) (percent)

Bangladesh 56 United States 55
India 53 Russian Federation 54
Ethiopia 48 United Kingdom 51
Viet Nam 40 Germany 50
Nigeria 39 Colombia 43
Indonesia 34 Brazil 31

SOURCE: U.N. Food and Agriculture Organization, The State of Food Insecurity in the World (Rome: 1999);
World Health Organization, Obesity: Preventing and Managing the Global Epidemic, Report of a WHO 
Consultation on Obesity (Geneva: 1997); K.M. Flegal et al., “Overweight and Obesity in the United States,
Prevalence and Trends, 1960–1994,” International Journal of Obesity,August 1998.
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continent a focus of particular concern.
Despite the progress in some regions,

hunger remains stubbornly rooted across
much of the developing world. The greatest
concentration of chronically hungry people
is in South Asia and sub-Saharan Africa.
Some 44 percent of South Asia’s children
are underweight, with the shares in India,
Bangladesh, and Afghanistan are well above
this average. In sub-Saharan Africa, 36 per-
cent of children are underweight, but the
figure climbs toward 50 percent in nations
such as Somalia, Ethiopia, and Niger. Even
in Latin America, with a relatively small
share of hungry people, particular countries
and subregions, such as Haiti and Central
America, still have high levels of hunger.5

Hunger is found in pockets of the indus-
trial world as well. The U.S. Department of
Agriculture (USDA) estimates that in 1998
people in some 10 percent of U.S. house-
holds were “food-insecure”—hungry, on
the edge of hunger, or worried about being
hungry.These households are home to near-

ly one in five American children. In Europe,
Australia, and Japan, where social safety nets
are more widespread, hunger is rarer.6

While the ranks of the hungry are shrink-
ing modestly, overeating is more prevalent
today than ever, according to WHO, which
has called the swift spread of being over-
weight and its extreme form, obesity, “one
of the greatest neglected public health
problems of our time.” Worldwide, the
number of overweight people now rivals
the number who are underweight. (Over-
weight and obesity are defined using body-
mass index [BMI], a scale calibrated to
reflect the health effects of weight gain. A
healthy BMI ranges from 19 to 24; a BMI
of 25 or above indicates “overweight” and
brings increased risk of illnesses such as car-
diovascular disease, diabetes, and cancer. A
BMI above 30 signals “obesity” and even
greater health risks.)7

The United States has been at the lead-
ing edge of this overeating wave. Today it is
more common than not for American
adults to be overweight: 55 percent have a
BMI over 25. The share of American adults
who are obese has climbed from 15 to 23
percent just since 1980. And one out of five
American children is overweight or obese, a
50-percent increase in the last two decades.
Meanwhile, the incidence of being over-
weight or obese in Europe has shown simi-
lar growth in the last decade, although from
somewhat lower levels. The prevalence of
obesity in England, for example, has dou-
bled in the last 10 years to 16 percent.8

Significantly, the condition of being
overweight or obese is no longer found
only in wealthy nations. A 1999 survey for
the United Nations found obesity at mea-
surable levels in all developing regions, and
growing rapidly, even in countries where
hunger persists. In China, for example, the
share of adults who are overweight jumped

State of the World 2000

62

Table 4–3. Underweight Children in
Developing Countries, 1980 and 2000

Share of
Underweight Children Who

Children Are Underweight
Region 1980 2000 1980 2000

(million) (percent)

Africa 22 38 26 29

Asia 146 108 44 29

Latin America
& Caribbean 7 3 14 6
All developing
countries 176 150 37 27

SOURCE: United Nations, Administrative Commit-
tee on Coordination, Sub-Committee on Nutri-
tion, “Fourth Report on The World Nutrition
Situation” (draft) (New York: July 1999).
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by more than half—from 9 percent to 15
percent—between 1989 and 1992. In sev-
eral Latin American nations, such as Brazil
and Colombia, the prevalence of over-
weight people—at 31 and 43 percent,
respectively—approaches the share in some
of Europe. Today, the overweight popula-
tion in many developing nations exceeds
the number who are underweight.9

The third malnourished population—
those with inadequate intakes of vitamins
and minerals—partially overlaps with both
the hungry and the overfed. Micronutrient
deficiencies typically result from a lack of
dietary variety—three bowls of rice and lit-
tle else each day, for example, or heavy
dependence on hamburgers and french
fries. Low intake of three micronutrients—
iodine, vitamin A, and iron—is of particular
concern globally because it is so widespread.

The human body needs only one tea-
spoon of iodine over a lifetime, consumed
in tiny amounts. Yet iodine deficiency dis-
order (IDD), the world’s leading pre-
ventable cause of mental retardation, affects
740 million people—some 13 percent of
the world population—in at least 130
developing countries. (The prevalence of
IDD stood at double this level in the mid-
1990s, before a worldwide salt-iodization
initiative.) Another 2 billion people are
reportedly at risk. Vitamin A deficiency
(VAD), which leads to blindness and even
death in children, is less well documented,
but data from problem countries in Latin
America and Africa indicate that the preva-
lence ranges from 9 to 50 percent of the
population.10

The most commonly lacking micronutri-
ent, however, is iron—a mineral found in
whole grains, green leafy vegetables, and
meat. A 1999 U.N. report estimates that 5
billion people, more than 80 percent of the
human family, suffer from varying degrees

of iron deficiency. Among the 2 billion
most severely affected, largely women and
children in poor countries, lack of iron leads
to anemia and cognitive disability.11

Changes in hunger, overeating, and
micronutrient intake have been linked to
changes in eating patterns, as traditional
diets and food sources are replaced by 
less nutritious alternatives. On every conti-
nent, for instance, the age-old practice of
breast-feeding is being replaced by more
“modern” alternatives, even though breast
milk is the best source of nutrition for
infants and protects babies from some ill-
nesses. In only three countries in Latin
America is exclusive breast-feeding—the
UNICEF recommendation for infants
under the age of six months—practiced
more than half the time. And rates are even
lower in the industrial world: only 14 per-
cent of mothers in the United States 
practice exclusive breast-feeding.12

Consumption of fat and sugar has surged
far beyond earlier levels as people eat more
livestock products and as oil and sugar are
added to foods of all kinds. In Europe and
North America, fat and sugar account for
more than half of caloric intake and have
squeezed complex carbohydrates, such as
grains and vegetables, to just a third of total
calories—a near complete reversal of the
diet of our hunter-gatherer forebears. More-
over, whole grain products have been large-
ly replaced with refined grains, which are
stripped of fiber and of many vitamins and
minerals; just 2 percent of the wheat flour
consumed in the United States is unrefined.
And fast-food items, which often surpass
government guidelines for daily intake of
fat, sugar, cholesterol, and sodium in a sin-
gle meal, may be displacing nutritious dark
green and yellow vegetables: one fifth of the
“vegetables” Americans eat are french fries
and potato chips. These trends are rapidly
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spreading beyond industrial nations as the
fast-food culture goes global.13

The Roots of Hunger

Most people would correctly identify
hunger as the most critical form of mal-
nourishment. But few can describe its caus-
es. The myth persists today that hunger
results from scarce food supplies, and that
poor harvests, usually because of poor rain-
fall or barren soils, are the root cause of
hunger. The reality is that hunger is the
product of human decisions—especially
decisions about how a society is organized.
Whether people have a decent livelihood,
what status is accorded to women, and
whether governments are accountable to
their people—these have far more impact
on who eats and who does not than a coun-
try’s agricultural endowment does.

Nobel Laureate Amartya Sen argues per-
suasively that poverty—rather than food
shortages—is frequently the underlying
cause of hunger. Indeed, nearly 80 percent
of all malnourished children in the develop-
ing world in the early 1990s lived in coun-
tries that boasted food surpluses. The more
important common feature among these
countries is pervasive poverty, which limits
people’s access to food in the market or to
land and other inputs needed to produce
food. Poverty also means poor access to
health care, education, and a clean living
environment, which increases the likeli-
hood of hunger. Diseases like diarrhea, for
instance, prevent a child from absorbing
available nutrients, while a poor education
often means poor job prospects, with
adverse consequences for income, and, in
turn, for nutrition.14

Poverty often strikes hardest among
women, the nutritional gatekeepers in

many families. FAO estimates that more
than half of the world’s food is produced by
women, and in rural areas of Africa, Latin
America, and Asia, the figure soars to 80
percent. Yet women have little or no access
to landownership, credit, agricultural train-
ing, education, and social privileges in gen-
eral. In five African nations, for
example—Kenya, Malawi, Sierra Leone,
Zambia, and Zimbabwe—where at least 40
percent of the people are chronically hun-
gry, women receive less than 10 percent of
the credit awarded to smallholder farmers
and just 1 percent of agricultural credit
overall, which limits their ability to increase
income and boost nutrition.15

Moreover, women in developing coun-
tries reinvest nearly all of their earned
income to meet household food and other
needs, whereas men often set aside up to a
quarter of their income for alcohol, sex, and
other nonhousehold expenses. And women
impoverished to the point of hunger bear
hungry children, and are less able to care
for their children and to breast-feed, condi-
tions that perpetuate hunger across genera-
tions. In sum, societies that abandon
women to poverty are weakening one of
their key defenses against malnutrition.16

Poverty and hunger also result from a
range of misguided government policies,
from inequitable distribution of land and
other resources to poor management of for-
eign debt. Where governments have
allowed land to be concentrated in a few
hands, rural poverty and hunger tend to be
most severe. And many governments sad-
dled by heavy debts have reduced public
spending, cut food aid, and eliminated sub-
sidies for staple crops, often under pressure
from international donor organizations
such as the International Monetary Fund—
all of which is likely to increase the ranks of
the poor.17
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Many indebted countries turn to the
export of coffee, bananas, flowers, and
other cash crops, often at the expense of
their own domestic food supply, in an effort
to earn foreign exchange to pay down debt.
The main beneficiaries of this export orien-
tation are typically large corporations, for-
eign investors, and large landowners, not
the rural poor. Indeed, the export boom in
Latin America and Southeast Asia has tend-
ed to squeeze out smallholder farmers and
to divert resources away from household
food production.18

The growing emphasis on free trade in
agricultural products brings additional
nutritional vulnerabilities. Current trade
arrangements, such as the Agreement on
Agriculture under the World Trade Organi-
zation, permit the industrial farmers of
Europe and North America to sell subsi-
dized grain, oils, and other commodity sur-
pluses cheaply in developing nations,
undercutting local farmers and forcing
many off the land—their source of nutrition
security.19

Meanwhile, dependence on foreign mar-
kets for staple foods leaves importing coun-
tries vulnerable to price fluctuations and
currency devaluations that can increase the
price of food substantially. Mexican con-
sumers, for example, initially benefited from
cheap imports of corn from the United
States under the North American Free
Trade Agreement. But when the peso was
devalued in 1995, the price of corn doubled
in one year. Some hungry Mexicans—
including farmers undercut by the flood of
American corn—took to looting rail freight
cars to obtain food.20

While hunger can spark social unrest,
conflict can often produce or worsen
hunger. From Angola to Kosovo, millions
are hungry because warring factions use
food as a weapon, choking distribution

channels or forcing people from their farm-
land. War can exacerbate hunger by
destroying crops, eliminating jobs, and dri-
ving up food prices. And the destruction of
agricultural infrastructure, schools, hospi-
tals, and factories means that war’s damage
to nutrition persists long after the conflict
has ended. In Afghanistan, landmines
planted in conflicts since 1979 are estimat-
ed to prevent between half and two thirds
of the nation’s arable land from being
plowed. A rash of civil wars and resulting
refugee flows in central Africa in the 1990s
are at the center of the worsening hunger
there.21

The Creation of Overeating

Even as hunger persists in much of the
developing world, a large share of humani-
ty has shifted from a traditional diet domi-
nated by grains and vegetables to one with
foods heavy in fats and sugars. This “nutri-
tion transition” did not emerge sponta-
neously from farms and kitchens
worldwide. Instead, societal changes—from
rising incomes to urban migration and the
emancipation of women—shaped eating
habits in two important ways. First, they
unleashed the natural human desire for fat
and sugar. And second, they created a rela-
tively open operating space for food com-
panies to meet this demand. In the absence
of regulation of the food industry, and with
government providing only minimal dietary
guidance for consumers, overeating and the
consumption of nutrition-poor foods were
nearly inevitable.

In part, the shift to chronic overeating
was a physiological response. The desire for
fatty and sugary food seems to be innate—
a vestige of our hunter-gatherer roots,
when energy-dense foods were scarce but
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crucial for weathering lean times. And the
sugary and fatty foods we prefer are also
easily overconsumed: the human body has
weak satiation mechanisms for fat and
sugar, in contrast to foods high in fiber and
complex carbohydrates, such as whole grain
bread and potatoes, which leave us feeling
full. But these physiological traits were
largely corralled until this century, when a
host of social forces transformed the food
environment and allowed our desires to run
largely unconstrained.22

The mechanization of agriculture and
the breeding of high-yielding crops, for
example, boosted the availability of all
foods, including meat, vegetable oils, dairy
products, sugar, and other commodities
previously reserved for the affluent or for
holidays. For those with money, food sim-
ply became far more available. And more
people had more money, as industrializa-
tion boosted incomes. The fourfold
increase in per capita income in China since
1978, for instance, correlated with a drop
in consumption of rice and starchy roots
and a rapid increase in the consumption of
high-fat foods, such as pork. Moreover, as
the price of vegetable oils fell in China—
and in much of the rest of the world—
fried foods became more popular,
making a relatively high-fat diet avail-
able even to people who could not yet
afford meat. Indeed, increased global
vegetable oil consumption since the
1960s alone has added roughly 30
grams of fat to the average daily diet.
(See Figure 4–1.) In short, the twenti-
eth century saw more high-fat foods
become available to more people at
lower prices than ever before.23

Not only were these foods available
and cheap, but new lifestyles spawned
by urbanization made them still more
attractive. As the urban share of global

population rose from 10 percent in 1900 to
nearly 50 percent today, time for food
preparation was squeezed as women began
to work outside the home—and because
men do not typically share domestic
responsibilities. Breastfeeding also began to
decline. Urban consumers began to
demand convenience foods, which are often
high in fat, cholesterol, and sugar and low
in fiber, vitamins, and minerals. And these
foods are generally cheaper and more wide-
ly available in cities than in rural areas, at
least in developing countries. Not surpris-
ingly, a study of 133 countries has demon-
strated that in poorer nations, migration to
the city—without any changes in income—
will generally double per capita intake of
sweeteners and increase fat intake by at least
25 percent.24

Even as more calories become available
to more people in cities, fewer are needed
for daily living. As jobs of all kinds become
mechanized, work in the manufacturing
and service sectors demands less physical
exertion than farming. In the developing
world, the share of the population engaged
in agriculture has declined from roughly 80
percent in 1950 to 55 percent. And electri-
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fied, labor-saving amenities at home,
motorized transportation, and sedentary
leisure activities further reduce energy
expenditure.25

As urbanization has broken the close
connection between farmer and consumer,
and as changing lifestyles encourage more
processed, packaged, and fast foods, the
food industry has assumed a powerful place
in the food chain—catering to and influ-
encing consumer demands. To maximize
revenues, food sellers invest heavily in the
creation of a “food environment” that
makes unhealthy food and its promotion
ubiquitous in modern life.

The most powerful tool used by compa-
nies to shape this environment is advertis-
ing. In the United States, food companies
spend more on advertising than any other
industry—an estimated $30 billion annual-
ly. Food is also the top ad category in Aus-
tria, Belgium, and France. Food ad
expenditures in the developing world are
lower, but are growing fast as incomes
increase rapidly. In Southeast Asia, for
example, food ad expenditures tripled
between 1984 and 1990, from $2 billion to
$6 billion.26

Unfortunately, the most heavily adver-
tised foods tend to be of dubious nutrition-
al value. A 1996 Consumers International
study found that candy, sweetened breakfast
cereals, and fast-food restaurants accounted
for over half of all food ads in Australia,
Norway, the United States, and 10 Euro-
pean Union nations. In the United States,
fast-food restaurants alone account for one
third of food advertising expenditures. And
Coca-Cola and McDonald’s are among the
top 10 ad spenders worldwide. Moreover,
food advertisers disproportionately target
children—the least savvy consumers—with
troubling implications over the long run.
While a sweet tooth is a natural human

characteristic, research shows that repeated
exposure to sweet and fatty foods in child-
hood results in a life-long craving for these
unhealthy items.27

In theory, companies could promote
nutritional foods, such as apples and car-
rots, instead of potato chips and cookies.
But two factors compel food companies to
keep their eyes on sweet and fatty foods.
They know that consumers will always have
a special interest in these products, given
our predisposition for them. And processed
foods are most likely to have “added
value”—the alterations or packaging that
allow a company to earn higher profits.
Doughnuts, for example, will fetch a
greater profit than if the flour, oil, eggs, and
sugar in them were sold separately. Part of
the profit is reinvested in advertising the
product, which keeps the cycle of promo-
tion and sales in constant motion.

Not all processed foods are nutritionally
poor, of course. But when the added
“value” is sugar, salt, fats, or oils, the result
is usually a tasty and profitable but nutri-
tionally suspect product that is irresistible
for consumers and companies alike. In fact,
sugar and salt are the two most widely
added ingredients to food, and fats and oils
are also added in large doses. Consumers
are often unaware of the quantities of these
additives in what they are eating, especially
where nutritional labeling is missing or
unclear. In 1909, for example, when the
range of processed foods was much smaller,
two thirds of discretionary sugar consumed
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in the United States was added in the
household. Today, three quarters is added
during the processing of food, out of the
consumer’s sight.28

Value added generates the revenues need-
ed to fund other marketing strategies in addi-
tion to advertising, including product
placement, distribution, and efforts to
expand the reach of junk food. Since 1990,
for instance, soda companies have offered
millions of dollars to cash-strapped school
districts in the United States for exclusive
rights to sell their products in the schools.
Indeed, the marketing prowess of fast-food
firms makes them a growing presence in U.S.
schools. More than 5,000 schools—13 per-
cent of the U.S. total—have contracts with
fast-food establishments to provide either
food service, vending machines, or both.29

Among the newest marketing strategies
is the “supersizing” of french fries, pop-
corn, pizzas, soda, and other fast-food
items—at little extra cost to the consumer.
The standard 6.5-ounce soda container of
the 1950s, for example, has been supplant-
ed by 20-ounce bottles, and one U.S. con-
venience store pushes a 64-ounce,
600-calorie “Double Gulp” soda bucket.
The extra food content costs manufacturers
very little, since the ingredients account for
only a small share of the sale price; the con-
sumer is paying mostly for the brand name,
packaging, and marketing. To the con-
sumer, such a “good value” is highly entic-
ing. But supersizing may be skewing
peoples’ conception of what a “normal”
serving is: surveyed Americans consistently
label as “medium” portions that are double
or triple the size of USDA’s “medium”
guidelines. And consumer behavior studies
show that people consistently eat more
from larger containers.30

Whatever the marketing strategy, in most
nations its presence dwarfs efforts at nutri-

tion education. In the United States, the
billions of dollars of advertising by fast-food
restaurants and the myriad advertisements
for snack foods, soda, candy, and sugary
breakfast cereals—Kellogg’s spends $40
million to promote Frosted Flakes alone—
makes USDA’s $333-million budget for
nutrition education look like a pittance.
This imbalance in information and power
between industry, consumers, and govern-
ment results in what Kelly Brownell, a Yale
University psychologist, has labeled a “toxic
food environment”: unprecedented access
to high-calorie foods that are low in cost,
promoted heavily, and good-tasting.31

As these strategies run their course in
increasingly saturated industrial markets,
and as incomes rise in developing nations,
many food companies are looking overseas
for greater profits. Mexico recently sur-
passed the United States as the top per capi-
ta consumer of Coca-Cola, for example. And
that company’s 1998 annual report marvels
at Africa’s rapid population growth and low
per capita consumption of carbonated bev-
erages, noting that “Africa represents a land
of opportunity for us.” American fast-food
restaurants are growing rapidly overseas:
four of the five new restaurants that
McDonald’s opens every day are found out-
side the United States. From Cali to Calcut-
ta, urbanites in the developing world are
tempted by the same foods that are jeopar-
dizing health in the industrial world.32

Despite these troubling nutritional
trends, the emergence of a countertrend—
perhaps the first wave of a new nutrition
transition—offers some hope for healthier
eating. High-income and well-educated
people in Brazil, Chile, South Korea, the
United States, and elsewhere are beginning
to spurn junk foods, improve exercise
habits, and embrace nutritional basics—a
diet low in fat and added sugar and high in

State of the World 2000

68



NOURISHING THE UNDERFED AND OVERFED

whole grains, fruits, and vegetables. In
these countries, the traditional relationship
between obesity and socioeconomic levels is
being inverted: the wealthiest often have
the best eating habits, while the poorest,
with little access to healthy food and nutri-
tion education, are increasingly likely to be
overweight. The question for coming
decades is whether better eating will spread
from elites to entire societies, or whether
obesity will join hunger as a poor person’s
affliction worldwide.33

Diet and Health

Hunger, deficiencies of micronutrients, and
overeating are all closely linked to health,
suppressing or promoting diseases from the
common cold to cancer. Sometimes dietary
influence on disease is direct, as with the
capacity of iodine deficiency to cause men-

tal retardation. Other times diet interacts
with lifestyle patterns to set off a chain reac-
tion: increased fat and sugar consumption,
for example, combined with more seden-
tary activities typically leads to obesity,
which raises the risk of developing heart
disease, diabetes, and hypertension. What-
ever the path, researchers are increasingly
confident that a large share of many diseases
can be blamed on poor nutrition. (See
Table 4–4.)34

In some ways, the undernourished and
overnourished face similar health risks: both
are more susceptible to disease and both
have reduced life expectancies. But differ-
ences exist as well. Hunger and the lack of
vitamins and minerals do their greatest
damage early in life, while overnourishment
degrades the body gradually, with heart dis-
ease, cancer, and other chronic ailments
appearing typically in middle and old age.
Moreover, the effects of undernourish-
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Table 4–4. Health Problems That Could Be Avoided Through Dietary Change

Share of Cases Preventable Public Initiatives That Could Lower
Disease or Condition Through a Change in Diet1 the Risk of Disease or Condition

(percent)

Cancer 30–40 Promote the consumption of fruits and
vegetables; promote low-fat diets and 
higher levels of physical activity

Coronary Heart Disease 17–25 Promote low-fat diets and higher levels 
of physical activity

Childhood Blindness 25–50 Establish vitamin A supplementation 
programs; ensure access to vegetables and
other food rich in micronutrients

Mental Retardation 33–43 Iodize salt

Adult-Onset Diabetes 64–74 Promote low-fat diets and higher levels of
physical activity

1The share of preventable cases of cancer, coronary heart disease, and adult-onset diabetes is substantial-
ly greater in high-risk groups such as obese people.

SOURCE: See endnote 34.
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ment, such as stunted growth and blind-
ness, are often irreversible, while illnesses
from overnourishment can be corrected
through changes in diet and lifestyle.

An assessment of disease worldwide
undertaken early in the 1990s by the World
Bank and Harvard University captured the
broad impact of malnutrition on health.
The study measured deaths due to various
risk factors, as well as “years of healthy life
lost” because of death or disability. Hunger
and micronutrient deficiencies are now
regarded as the top two causes for loss of a
year of healthy life: updated analysis by Dr.
John Mason, who worked on the original
study, finds hunger to be responsible glob-
ally for 22 percent of these losses, and
micronutrient deficiencies for 18 percent.
The study did not measure the contribution
of being overweight. But Dr. Alan Lopez,
head of the Harvard team that contributed
to the study, is confident that overeating is
responsible for at least as large a share of
global illness as hunger. Thus even consid-
ering some overlap between micronutrient
deficiency and hunger or overeating, the
three forms of malnutrition would likely
account for more than half of the global
burden of disease.35

Some of hunger’s worst effects are sown
even before a child is born. A 1999 U.N.
report on nutrition estimates that each year
some 20 million infants—16 percent of all
live births—are underweight in the womb,
the result of malnutrition in the mother.
These children are scarred for life, suffering
from impaired immune systems, neurologi-
cal damage, and retarded physical growth.
Underweight in utero, for example, trans-
lates in adulthood to five centimeters’ loss of
height and five kilograms’ loss of weight.36

The consequences of malnutrition in the
womb may be broader, however. Epidemi-
ologist David Barker of the University of

Southampton hypothesizes—and many
nutritionists agree—that in utero malnutri-
tion may predispose a person to chronic dis-
ease in later life. Barker’s theory is that
malnutrition in a fetus triggers metabolic
and physiologic responses that help it to
survive hunger. The same adaptive respons-
es later in life, when food is more plentiful,
can lead to high blood pressure, cardiovas-
cular disease, and glucose intolerance, a risk
factor for diabetes. The terrible irony of
Barker’s hypothesis is that a child born hun-
gry might escape the “diseases of poverty”
only to be at increased risk of dying from a
“disease of affluence.”37

Many underweight infants, however, do
not survive to see adulthood. The risk of
death for an infant weighing two thirds of
normal is 10 times greater than for a
healthy baby. Barker observes soberly that
60 percent of all newborns in India would
be in intensive care had they been born in
California. And WHO estimates that of the
five leading causes of child death in the
developing world, 54 percent of cases have
malnutrition as an underlying condition.38

Hungry infants—and older children and
adults as well—are also more susceptible to
infectious disease because they lack the ener-
gy needed to fight such illness. Infectious
disease, in turn, often suppresses appetite
and prevents a hungry body from absorbing
the few nutrients it does get. Diarrhea, for
example, sweeps away nutrients before they
are used and can leave a body hungrier than
before. Thus hunger and sickness chase each
other in a vicious circle known as the mal-
nutrition-infection cycle.39

Even if a person gets sufficient calories,
micronutrient deficiencies can take a heavy
toll on development and health. Iodine
deficiency, as noted earlier, can stunt physi-
cal and mental growth, leading to mental
retardation in severe cases. And vitamin A
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deficiency is the world’s leading cause of
preventable blindness. It is also a killer—
researchers have learned that eliminating
VAD can reduce infant mortality by an
average of 25 percent. Meanwhile, iron
deficiency is a particular concern for
women: some 44 percent of all women in
developing countries, and 56 percent of
pregnant women there, suffer from anemia,
compared with 33 percent of men. Most
micronutrient deficiencies in expectant
mothers will damage the unborn child.
Severe anemia, for example, is a major cause
of mental impairment in utero.40

Some micronutrient deficiencies are wide-
spread in industrial nations as well, especial-
ly among poorer people. As calorie-rich junk
foods squeeze healthy items from the diet,
obesity often masks nutrient starvation. In
the United States, iron deficiency affects
nearly 20 percent of all premenopausal
women—and 42 percent of all poor, preg-
nant African-American women. And the
exorbitance of industrial-nation diets also
adversely affects micronutrient levels:
extremely high protein intake—characteristic
of diets dominated by animal products—
tends to leach calcium from bones, height-
ening the risk of osteoporosis.41

As a country grows wealthier, and as
people begin to overconsume calories and
to eat nutrition-poor foods, a major shift
occurs in health patterns. Hospitals see
fewer cases of infectious disease and an
increase in chronic illness, including cardio-
vascular disease, diabetes, and cancer. The
nutrition transition, in other words, spawns
an epidemiological transition—essentially
trading diseases of dietary deficiency for dis-
eases of dietary excess.42

Two long-term surveys have helped
establish the link between dietary habits
and the prevalence of chronic disease. The
China Health Survey has tracked 6,500

Chinese undergoing the nutrition transition
since 1983, and found strong correlations
between high intake of fat and protein, par-
ticularly from animal sources, and the inci-
dence of heart disease, stroke, and
colorectal and breast cancer. Meanwhile,
the Framingham Heart Study followed
more than 5,000 residents of Framingham,
Massachusetts, since the 1950s and found
that chronic illness is not a normal or
inevitable consequence of aging but is
closely tied to modifiable dietary and exer-
cise habits. The long-term nature of these
studies and their broad coverage make
them particularly strong chroniclers of the
effect of poor eating on health.43

Diets high in calories and fat encourage
obesity, which raises the risk of heart dis-
ease, stroke, diabetes, and various cancers.
These four sets of disease are responsible for
more than half of all deaths in the industri-
al world. High-calorie, high-fat diets also
promote high blood pressure and clogged
arteries, which are additional risk factors for
a variety of degenerative diseases. Dr. Gra-
ham Colditz at the Harvard School of Pub-
lic Health has estimated that among obese
Americans, slimming to a healthy weight
and maintaining it could prevent 96 percent
of diabetes cases, 74 percent of hyperten-
sion, 72 percent of coronary heart disease,
32 percent of colon cancers, and 23 percent
of breast cancers. Indeed, researchers at the
World Cancer Research Fund and the
American Institute for Cancer Research
(WCRF/AICR) report that changes in diet
alone could prevent 30–40 percent of all
cancers worldwide—at least as many cases

State of the World 2000

71

Sixty percent of all newborns in
India would be in intensive care 
had they been born in California.



NOURISHING THE UNDERFED AND OVERFED

as could be prevented by a cessation of
smoking, a more familiar cause of cancer.44

People who are overweight also suffer
disproportionately from a range of nonlethal
but debilitating conditions, including osteo-
arthritis, hormonal disorders, asthma, sleep
apnea, back pain, and infertility. And like
hunger, obesity raises the susceptibility to
infection by impairing immune function.45

The most dramatic health effect of the
surge in global obesity is the parallel rise in
diabetes. The global population with adult-
onset diabetes—the type that is associated
with being overweight—jumped nearly five-
fold between 1985 and 1998, from 30 mil-
lion to an estimated 143 million. And the
affected population is broadening rapidly as
well. Adult-onset diabetes was once rare in
people under 40. But up to 20 percent of
new pediatric patients at Columbia Univer-
sity’s Naomi Berrie Diabetes Center had
this condition in 1998, compared with less
than 4 percent in the early 1990s—a trend
confirmed at clinics around the nation. As
obesity spreads to younger populations, it is
likely that other “adult” diseases—from
heart disease to stroke and cancer—will also
strike young people more frequently.46

Because of an aging population,
unhealthy diets, obesity, and a sedentary
lifestyle, developing countries face a grow-
ing wave of chronic disease. The Interna-
tional Diabetes Federation estimates that
the number of diabetics worldwide will
double to 300 million by 2025, with three
quarters of the growth coming in develop-
ing nations. And the share of deaths from
cancer is projected to double in developing
countries to 14 percent by 2015, while
holding steady in industrial countries at 18
percent. Of even greater concern is recent
epidemiological evidence that non-Cau-
casian populations, particularly Pacific
Islanders, American-Indians, Asian-Indians,

and Mesoamericans and other Hispanics,
appear to be susceptible to some chronic
diseases, especially adult-onset diabetes, at
lower levels of overweight and at younger
ages than Caucasians.47

Societal Costs of Poor Diet

The toll of malnutrition on society is broad-
er but perhaps more subtle than its impact
on individual health. Children’s perfor-
mance at school, worker productivity, the
size of the national health budget—all of
these are affected by malnutrition. Most
studies of this effect are partial, analyzing
hunger but not obesity, for example, or the
impact on children but not adults. But
these hint at a huge societal cost and yield a
clear conclusion: malnutrition hampers a
country’s development—in poor nations,
by making them less productive and less
prosperous; in wealthy nations, by paring
back hard-won developmental gains, such
as less disability and longer life spans.

Nutritional deficiencies often limit chil-
dren’s capacity to learn. The World Bank
reports that undernutrition and micronutri-
ent deficiencies together result in a 5- to 10-
percent loss in learning capacity. And a set
of nine studies on nutrition’s role in educa-
tional performance suggests that early mal-
nutrition can affect school aptitudes,
concentration, and attentiveness and can
lead to delays in starting school. In Spain
and Indonesia, children in areas with high
levels of iodine deficiency reportedly aver-
age three fewer years in school than their
peers in comparable but nondeficient com-
munities. In the Philippines, a 12-year study
of more than 2,000 children linked stunting
during infancy with a marked increase in the
dropout rate, later enrollment in school,
and poorer school performance.48
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Meanwhile, hunger among adults
reduces their strength and physical stamina,
which lowers productivity at work. For five
South Asian nations, economist Susan Hor-
ton of the University of Toronto calculates
that productivity losses due to hunger range
from 2 to 6 percent for the moderately
undernourished and from 2 to 9 percent for
the severely malnourished. Fatigue induced
by iron deficiency is especially devastating:
for light blue-collar work, productivity loss-
es are measured at 5 percent, and for heavy
manual labor, at 17 percent.49

Horton also expressed these productivity
reductions in terms of lost wages. She cal-
culates that productivity losses from hunger
and micronutrient deficiencies cost devel-
oping countries 1–2 percent of their gross
domestic product each year in lost wages. A
modest-sounding sum, these losses never-
theless amount to more than $5 billion
annually for these five countries alone—
equal to the total government health bud-
gets of these nations. If Horton’s estimates
hold for all developing countries, between
$64 billion and $128 billion is drained from
developing-country economies just from
productivity losses. Horton’s work is path-
breaking yet conservative: it does not mea-
sure the costs associated with child deaths,
premature births, stunting, disruption to
the immune system, and less quantifiable
consequences of undernutrition.50

Malnutrition takes a great toll on pro-
ductivity in industrial countries as well. In a
1994 study of 80,000 Americans, obese
participants were found to account for a
disproportionate share of health-related
absences from work. For example, they
were half again as likely as other study par-
ticipants to take sick days in bed. And a
1995 study from Sweden estimated that
obesity accounted for 7 percent of lost pro-
ductivity due to sick leave and disability,

and that obese people were twice as likely as
the general population to take long-term
sick leave. These results are also conserva-
tive, because they do not include analysis of
overweight (as distinguished from obese)
populations in these countries.51

Overeating is costly to a nation’s health
care system too. Unlike the diseases of
undernutrition, which often kill the young
or inflict permanent and untreatable dam-
age such as stunting or blindness, treatment
of chronic illness often involves frequent use
of the health care system. Overweight and
obese people in the Netherlands visit their
physicians 20 percent and 40 percent more,
respectively, than people of healthy weight.
And obese people there were 2.5 times
more likely to take drugs prescribed for car-
diovascular and circulation disorders.52

The economic cost of these burdens to
health care appears to be enormous. Com-
paring the prevalence of hypertension,
heart disease, cancer, diabetes, gallstones,
obesity, and food-borne illness among veg-
etarians and meat eaters in the United
States, the Physicians Committee for
Responsible Medicine estimated total annu-
al medical costs in 1995 related to meat
consumption of between $29 billion and
$61 billion. The costs would likely have
been higher if stroke and other arterial dis-
eases had been studied as well.53

Meanwhile, Dr. Graham Colditz of the
Harvard School of Public Health has calcu-
lated the direct costs (hospital stays, medi-
cine, treatment, and visits to the doctor)
and indirect costs (reduced productivity,
missed work-days, disability pensions, and
other nonmedical costs) of obesity in the
United States to be $118 billion annually,
or nearly 12 percent of the nation’s health
care expenditures. (This is more than dou-
ble the $47 billion in direct and indirect
costs attributable to cigarette smoking in
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the United States.) Add to this enormous
sum the $33 billion spent on diet drugs and
weight loss programs, together with the
unmeasurable psychological costs from the
social exclusion associated with being over-
weight, and the full cost of overeating
begins to emerge.54

Whichever figure is used, such huge
sums are a drag on a nation’s development.
Money spent to counteract obesity or to
reverse the damage done by meat con-
sumption—health effects that are largely
avoidable—cannot be used to address other
social problems. In this sense, poor nutri-
tion—like pollution, crime, or excessive
military spending—has the potential to
constrain or even unravel a nation’s devel-
opment gains.

The high cost of malnutrition poses par-
ticularly acute challenges for developing
countries, which must tackle large caseloads
of both infectious and chronic diseases on
shoestring budgets. Many developing
countries spend less than $25 per person
annually on health care, compared with
$4,000 in industrial nations. India and
China, for example, spend $17 and $31,
respectively, on health care.55

Yet treating chronic diseases will cost a
bundle: WCRF/AICR researchers warn
that without effective policies for cancer
prevention, the cost of treating cancer in
developing countries will rise 25-fold
between 1985 and 2015. The cost of can-
cer alone may exceed the entire national
budget for health care in many developing

countries by then. Because chronic disease
usually afflicts the wealthy—at least initial-
ly—in developing countries, and because
the wealthy often wield disproportionate
political clout, the pressure to give priority
to treatment of chronic diseases will proba-
bly be strong. Those suffering from infec-
tious disease—typically the poor—are likely
to be left untreated.56

The broad costs of malnutrition extend
still further, since malnutrition tends to
reinforce the social inequalities that spawn
poor eating in the first place. Where hunger
leads to high rates of infant mortality, for
instance, population growth is often high,
as couples have large families to offset likely
losses of children. Such overcompensation
further burdens poor families. At the other
end of the spectrum, obesity can also keep
people in poverty. Obese women in the
United States generally have less education
and less income than other women, and
obese young adults are less likely to reach
the same social class level as their peers.57

Nutrition First

Half of the world is malnourished, roughly
half of the world’s burden of disease is like-
ly linked to poor diet, and some of these
diseases are spreading at an epidemic clip.
The world is in the midst of a nutrition cri-
sis, and its toll on human development is
large, but also largely unrecognized.
Reversing the crisis requires that nutrition,
long treated as an afterthought by many
national leaders, become a clear policy pri-
ority. And it requires that policymakers see
hunger and overeating as the product of
human decisions—often societal but some-
times individual—that government policies
can influence.

The most urgent task facing policymak-
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ers is to attend to those who are currently
hungry or deficient in micronutrients. Dis-
tribution of food aid, supplementary feed-
ing programs, and fortification of foods can
all be set up in the short run, often with
great success. UNICEF and WHO, for
example, set out early this decade to elimi-
nate iodine deficiency disorder, largely by
persuading 47 countries to establish pro-
grams to iodize salt, thereby doubling the
number of countries with this capacity. As a
result, the global population at risk of IDD
was slashed in half between 1994 and 1997,
from 29 percent to 13 percent.58

A commitment like this could be made
concerning iron, vitamin A, and other
micronutrients, many of which can easily be
added to foods. Such fortification is gener-
ally quite affordable, at around 10¢ per
beneficiary per year. (See Table 4–5.) Feed-
ing programs require more fiscal effort,
costing some $70–100 per beneficiary
annually, but the alternative—in terms of
loss of life, loss of productivity, and
increased health care costs—is likely to
make such investments look like a bargain.

Perhaps a greater bargain, and another
initiative that can be quickly implemented,
is the promotion of breast-feeding.
Researchers calculated in the 1980s that
during a baby’s first six months, effective
campaigns could reduce illness from diar-
rhea by 8–20 percent and death from diar-
rhea by 24–27 percent. Some governments
have gone a step further in encouraging
breast-feeding: for example, Papua New
Guinea allows the sale of feeding bottles
only with a prescription, and the Baby-
Friendly Hospital Initiative, a joint
UNICEF and WHO program, facilitates
breast-feeding by prohibiting the promo-
tion of breast-milk substitutes in hospitals
and permitting mothers and infants to
room together.59

Interventions such as these, however, are
not sufficient to end hunger. Eradicating
hunger requires elimination of its root
cause, which is generally poverty. Job cre-
ation, affordable food pricing, micro-credit,
women’s education, land redistribution—
any number of diverse measures that reduce
poverty and improve social services are like-
ly to improve nutrition. A 1999 study of
malnutrition in 63 countries by the Inter-
national Food Policy Research Institute
found social factors—health environment,
women’s education, and women’s status—
to account for nearly three quarters of the
reduction in malnutrition in these coun-
tries, with food availability per person an
important fourth factor. Indeed, where
governments are committed to improving
social safety nets and ensuring gender equi-
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Table 4–5. Costs of a Range of 
Nutrition Interventions

Cost per Beneficiary 
Intervention per Year

(dollars)

Micronutrient fortification 0.05–0.15

Micronutrient 0.20–1.70
supplementation

Mass media education 0.20–2.00

Other education 5
programs, such as 
breast-feeding promotion

Community-based programs 5–10
such as home gardening and 
growth monitoring

Feeding programs
(per 1,000 calories a day) 70–100

SOURCE: Susan Horton, “The Economics of Nutri-
tional Interventions” (draft, April 1999), in R.D.
Semba, ed., Nutrition and Health in Developing Coun-
tries (Totowa, NJ: Humana Press, forthcoming).
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ty, hunger has largely been contained.60

In South Korea and Taiwan, for exam-
ple, strong commitment to public educa-
tion and other social infrastructure meant
wide access to economic opportunities,
while land redistribution and heavy invest-
ment in agriculture—the leading economic
sector in many developing countries—cre-
ated a level playing field for rural enterprise.
The result has been rapid and shared eco-
nomic growth that has dampened income
inequalities and made poverty, as well as
hunger, virtually nonexistent. Especially in
rural areas, where most of the world’s hun-
gry now live, improving agricultural credit,
marketing, and distribution and targeting
agricultural investment to small- and mid-
dle-size farms are often the fastest routes to
eliminating poverty.61

Even where economic growth is not
robust, attention to poverty reduction can
reduce malnutrition substantially. In the
Indian state of Kerala, for instance, where
per capita incomes and the rate of econom-
ic growth are below the Indian average, a
strong social safety net is credited with
keeping the share of hungry children at 32
percent—well below the national average of
53 percent. Subsidized food shops, health
care, and education guarantee acess to all,
including women and those in rural areas—
two groups that often have the lowest
incomes.62

The international community shares
responsibility for eliminating hunger by
assisting national governments and by
ensuring that international institutions

respect food security. Debt relief, develop-
ment aid, and assistance for family planning
programs—the latter representing one of
the most cost-effective means to improve
incomes, health, and lives of women and
their children—are among the international
initiatives that can alleviate poverty and
reduce hunger. And there remains a need to
restructure free trade agreements so that
subsidizing food production intended for
domestic markets is not viewed as illegal.63

In nations where overeating is a prob-
lem, policymakers require a different set of
policy tools. Technofixes attract great atten-
tion: liposuction is now the leading form of
cosmetic surgery in the United States, at
400,000 operations per year; designer foods
use olestra to offer worry-free consumption
of nutritionally marginal foods, and labora-
tories scurry to find the human “fat gene.”
But such quick fixes typically fail to confront
behavioral patterns that underlie obesity,
and fail to promote diverse, balanced diets
and active lifestyles. Renewed attention to
these nutrition basics will require educa-
tion—with a focus on prevention—and
modification of the food environment.64

A high-payoff venue for nutrition educa-
tion is schools, where children are gathered
in one place, meals are often served, and
eating habits are still being formed. In Sin-
gapore, for example, the Trim and Fit
Scheme has reduced obesity among chil-
dren by 33 to 50 percent, depending on the
age group, through changes in school
catering and increased nutrition and physi-
cal education for teachers and children.
Programs like this can have lasting effects.
In the United States, the Child and Adoles-
cent Trial for Cardiovascular Health target-
ed children in grades 3 through 5 with
additional nutrition and physical education,
and yielded behavioral changes that persist-
ed at least into adolescence: a three-year
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follow-up, without further intervention,
showed dietary fat intake to be substantial-
ly lower and daily vigorous activity substan-
tially higher in participating children than
in control groups.65

“Hands-on” learning, which allows stu-
dents to cook and taste healthy food, cri-
tique food advertisements, and read
nutrition labels, is an especially effective
approach to nutrition education. One
example of this philosophy is found in
Berkeley, California, where schools have
instituted vegetable gardens to educate stu-
dents about food and nutrition—and to
supply some of the food for the cafeterias,
which were required in 1999 to begin serv-
ing all-organic lunches.66

Nutrition education is especially critical
for doctors, nurses, and other health care
providers, who are in a key position to edu-
cate patients about the links between diet
and health. Doctors unfamiliar with the
impact of diet on health respond only to
the consequences of poor nutrition rather
than to early warning signs that suggest the
need for a change in diet, increase in phys-
ical activity, or other preventive measures.
In the United States, only 23 percent of
medical schools required that students take
a separate course in nutrition in 1994—a
benchmark that could be raised.67

For society at large, mass education
campaigns may be needed to change long-
standing nutritional habits. One of the
most successful national nutrition educa-
tion campaigns was carried out by Finland
in the 1970s and 1980s to reduce the
country’s high incidence of coronary heart
disease. Government-sponsored media
campaigns, national dietary guidelines, and
regulations on food labeling were among
the diverse educational tools used to ham-
mer home the nutritional message. This
broad, high-profile approach—it also advo-

cated an end to smoking, and involved
groups as diverse as farmers and the Finnish
Heart Association—slashed mortality from
coronary heart disease by 65 percent
between 1969–71 and 1995. About half of
the drop is credited to the lower levels of
cholesterol induced by the nutrition educa-
tion campaign.68

Less ambitious but well targeted
approaches to nutrition education can also
provide a large payoff. A consumers’ orga-
nization in the United States reports that
more than two thirds of all shoppers are
“very interested” in increasing their con-
sumption of fresh fruits and vegetables. But
the same share of shoppers admitted that
they did not know how to prepare or eat
these foods—and therefore did not buy
them. Supermarkets and others in the food
business could help by teaching consumers
the skills needed for healthy eating.69

A nutritionally literate public will begin
to demand different foods, to which the
food industry may respond with wider
offerings of low-fat, whole grain, and other
healthier selections. Governments can help
markets to promote good nutrition by
allowing nutritional claims—verified by an
independent authority—to be displayed on
food products. Such a system will have
greater credibility, however, if the govern-
ment also requires equally prominent warn-
ing labels on unhealthy foods. In Finland,
the government requires “heavily salted”
to appear on foods high in sodium, while
allowing low-sodium foods to bear the
label “reduced salt content.”70

Similarly, governments may need to reg-
ulate harmful nutritional information,
especially the advertising of nutritionally
poor foods. Sweden and Norway, for
instance, do not allow any advertising
aimed at children under 12, while the
Flemish region of Belgium prohibits adver-
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tising five minutes before or after children’s
programming. And more than a dozen
European countries have voluntary, self-
regulating codes of conduct for advertising
targeted at children.71

Some nutrition advocates, including Yale
professor Kelly Brownell, have argued that
regulating advertising of junk foods is simi-
lar to curbing the promotion of cigarettes:
both industries target children in an effort
to win lifelong customers, both kill in huge
numbers, and both drive up health care
costs substantially. Does it make sense to
allow nutrition-poor foods to be promoted
and sold freely while tobacco is increasingly
regulated?72

As support for healthy eating grows,
consumption of nutrition-poor foods can
be further reduced using fiscal tools.
Brownell advocates adoption of a tax on
food based on the nutrient value per calo-
rie. Fatty and sugary foods poor in nutrients
and loaded with calories would be taxed the
most, while fruits and vegetables might
escape taxation entirely. The idea is to dis-
courage consumption of unhealthy foods—
and to raise revenue to promote healthier
alternatives, nutrition education, or exercise
programs. This initiative would best be
accompanied by efforts in mass public edu-
cation, so that low-income people, who
make up a large share of the public who
consume nutritionally poor foods, are not

adversely affected.73

A final part of reshaping the food envi-
ronment is recultivating an appreciation of
food as a cultural and nutritional treasure.
Groups like the Slow Food Movement,
based in Italy, and the Oldways Preservation
& Exchange Trust in the United States pro-
mote a return to the art of cooking tradi-
tional foods and of socializing around food.
Their work, which targets chefs as well as
consumers, is the kind of cultural interven-
tion that could help more people shift to a
healthy diet, similar to the change in con-
sciousness that encouraged a shift away from
smoking in the United States. Government
encouragement of these groups, perhaps
through assistance with marketing and pro-
motional activities, would give broader
exposure to this important work.74

In an age of unprecedented global pros-
perity, it is ironic—and wholly unneces-
sary—that malnutrition should exist on
such a massive scale. Indeed, poorly nour-
ished people are a sign of development
gone awry: prosperity has either bypassed
them and left them hungry, or saturated
them to the point of overindulgence. But a
nation’s development path is the product of
human choices, and can therefore be redi-
rected. By providing access to nutritionally
sound food for all, governments can help
shape a social evolution that is truly worthy
of the name development.
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In late spring 1999, Belgium suffered a
public health crisis that toppled a govern-
ment, sent food exports plunging, and 
captured world press attention. The 
problems began in January, when two 
synthetic organic compounds—polychlori-
nated biphenyls (PCBs) and furans—were
mixed with animal oil and fats destined for
feed. Investigators do not know what
caused the initial contamination, but they
suspect used transformer oils. Both com-
pounds have effects similar to dioxins, per-
sistent substances that are one of the most
toxic group of chemicals known.1

About 10 feed manufacturers sold their
products to nearly 1,700 farmers in Bel-
gium, who gave it to countless chickens,
pigs, and cows. Although the exposure in
each bite of feed was minuscule, these con-
taminants collect in animal fat, concentrat-
ing to much higher levels. By early
February, chickens were dying and egg pro-
duction at many of the farms had declined.
In mid-March, the Ministry of Agriculture
found PCBs and furans in chicken fat and

eggs at several hundred times the legal and
safe limit.2

Despite the evidence, national authori-
ties waited another month to warn the pub-
lic and neighboring nations of the dangers,
a decision that came back to haunt them on
election day. By the end of May, retailers
throughout the country pulled from their
shelves all poultry and egg products,
including mayonnaise, cakes, and cookies;
farmers slaughtered any animals suspected
of carrying the poisons; and governments
from Australia to the United States banned
importation of Belgian animal products.
Consequently, Belgian farmers lost nearly
$500 million in sales and many politicians
were ousted in the June election.3

Unfortunately, this widely reported case
is but the tip of a much larger scandal that
affects people and wildlife in every corner of
the globe—the uncontrolled spread of per-
sistent organic pollutants (POPs) like diox-
ins and PCBs, and their infiltration into our
food and water, the environment, and our
bodies. In this scandal, we are not only the

Anne Platt McGinn

Chapter 5

Phasing Out Persistent
Organic Pollutants



PHASING OUT PERSISTENT ORGANIC POLLUTANTS

victims but also the culprits.
POPs are a group of insidious synthetic

compounds that share four common prop-
erties: they are toxic, they accumulate in the
food chain, they persist in the environment,
and they have a high potential to travel long
distances from their source.4

The properties that made some of these
chemicals so appealing to industries in the
first place have made their control extreme-
ly difficult. Rather than being soluble in
water, POPs have an affinity for the fat tis-
sue of living organisms. Animals and people
accumulate these toxins in their bodies, pri-
marily from the food they eat. As the chem-
icals move up the food chain, they
bioaccumulate, which means that each link
or species in the food chain takes up the
previous link’s exposure, adding it to their
own and magnifying the effects.

POPs are also extremely durable. Even
where these chemicals have been banned
for 20 or more years, as in the United
States, they persist in soil, water, and body
fat. Many health problems can be traced to
chemical releases that ended long before
the victims were born. And because they are
highly reactive to temperature and pressure,
POPs can hitchhike on global wind and
water currents, migrating from warmer to
colder climates and contaminating people
as far away as the Arctic Circle.5

As the twenty-first century begins, the
legacy of the chemical revolution is clear:
from plastics to pesticides, POPs are ubiq-
uitous. Some of these synthetic compounds
have helped raise levels of food production,
protected human health, and allowed for
many of the conveniences of modern life.
But these advances have come at a high
price. All of us now have about 500 anthro-
pogenic chemicals in our bodies—potential
poisons that did not exist before 1920.
Many of these are POPs, with PCBs and

DDE—a highly persistent breakdown prod-
uct of the notorious DDT—the most com-
monly detected.6

While scientists have yet to understand
fully the long-term health impacts of POPs,
they have begun to confirm some of the ini-
tial effects. Several POPs are thought to be
hormonally active compounds that imper-
sonate natural chemical messengers and
throw the body’s endocrine and immune
systems into disarray. Others are associated
with delayed intellectual development,
reproductive problems, and cancers. From
gulls and fish to seals and eagles, species
throughout the food web have shown signs
that they are imperiled by POPs. And as
Rachel Carson wrote in Silent Spring, more
than 30 years ago, “Our fate is connected
with the animals.” Unless actions are taken
to reduce and eventually eliminate POPs,
these synthetic time bombs will continue to
menace life on Earth.7

The World of POPs

Today a new chemical substance is discov-
ered about every nine seconds of the work-
ing day. Most remain laboratory artifacts.
On June 15, 1998, chemists identified the
18 millionth synthetic chemical substance
known to science. Of the millions now rec-
ognized, fewer than 0.5 percent—possibly
50,000 to 100,000—are actually used in
commerce. The vast majority of these are
organic substances, meaning they contain
carbon, an element essential to life. But in
certain molecular combinations, carbon can
herald trouble.8

Synthetic organic chemicals are largely a
twentieth-century creation. They were first
manufactured on a large scale during the
1930s, and have been growing in volume
ever since. Global production escalated
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from less than 150,000 tons in 1935 to
more than 150 million tons by 1995. In the
United States, production increased more
than threefold, from 45 million tons in
1966 to 150 million tons in 1994. (See Fig-
ure 5–1.) Some of these “everyday” syn-
thetic organic chemicals are not of direct
environmental concern, such as those in
pharmaceuticals, cosmetics, and food addi-
tives. More problematic are the numerous
compounds introduced into the environ-
ment in large quantities, such as dyes, deter-
gents, additives in plastics, organic metals,
antifouling paints, and pesticides.9

Of some 1,000 recognized environmen-
tal contaminants, about half contain chlo-
rine, which tends to impart stability and
persistence to the molecule and make it
more likely to bioaccumulate. In nature,
chlorine is almost never found in its ele-
mental state—it normally binds with a more
electron-rich atom such as sodium or car-
bon. Because it is so reactive, it is the basis
for thousands of humanmade chemicals.10

Chlorine has been called “the single most
important ingredient in modern [industrial]
chemistry.” About one third of the chlorine
made in the United States is used to manu-

facture plastics such as polyvinyl chloride
(PVC), which shows up in plastic wrap, shoe
soles, automobile components, siding, and
medical products such as intravenous bags,
tubing, and gloves. Slightly more than half
of the chlorine helps synthesize thousands
of other commercial chemicals, such as car-
bon tetrachloride used to make nonstick fry-
ing pans, or ends up as chlorinated solvents.
The remainder is used to bleach paper or
treat drinking water.11

Many chlorine-containing chemicals are
both innocuous and valuable for commerce
and medicine. Some, however, including
most of the POPs, are extremely harmful.
The challenge is to identify and regulate the
most dangerous substances. At the
moment, scientists do not even know how
many POPs exist. Estimates vary from
dozens to hundreds. Many compounds
have never been tested for bioaccumulative
or persistent properties. More important
than the absolute number, however, is their
cumulative impact in the environment.12

Government officials, members of envi-
ronmental and health groups, and toxic
substance specialists have singled out 12
POPs as the first candidates for global

action. These 12 are deemed particu-
larly high priorities as they have seri-
ous and well-understood effects.
Several of them have been banned in
industrial countries for years, making
them an easy starting point. Referred
to as the “dirty dozen,” they include
nine agricultural pesticides, one indus-
trial compound (PCBs), and two
industrial byproducts (dioxins and
furans). (See Table 5–1.)13

Ironically, the pesticides that are
now blacklisted in some countries
were for many years viewed as a chem-
ical triumph over nature. In 1948, for
example, Swiss chemist Paul Müller
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Table 5–1. Production and Use of the “Dirty Dozen” POPs

Persistent Date Product Cumulative
Organic Pollutant Introduced World Production Designed Use

(tons)

Aldrin 1949 240,000 Insecticide used to control soil pests 
(primarily termites) on corn, cotton, and
potatoes; fumigant

Chlordane 1945 70,000 Insecticide used on variety of crops 
and for termite control

DDT 1942 2.8–3 million Domestic and agricultural insecticide
used against mosquitoes

Dieldrin 1948 240,000 Insecticide used on fruit, soil, and seed
crops including corn, cotton, and 
potatoes

Endrin 1951 (3,119 tons Rodenticide and insecticide used on
in 1977) cotton, rice, and maize

Heptachlor 1948 (900 tons used Insecticide used to kill soil insects
in 1974 in the and termites. Used for fire ant
United States) control.Also for malaria control

Hexachloro- 1945 1–2 million Used as fungicide.Also a byproduct 
benzene in pesticide manufacture and contami-

nant in other pesticide products

Mirex™ 1959 no data Insecticide used on fire ants, leaf cutters,
and harvester termites. Also a fire retar-
dant. One of the most stable and persis-
tent pesticides

Toxaphene™ 1948 1.33 million Insecticide, especially used against ticks,
mites, and maggots and on cotton.
Mixture of 670 chemicals

PCBs 1929 1–2 million Used primarily in liquid form as dielec-
tric fluid in capacitors and large trans-
formers, hydraulic fluids, and heat
transfer systems. Used as nonliquids in
weatherproofers, carbonless copy paper,
paint, adhesives, and plasticizers in syn-
thetic resins

Dioxins 1920s Byproduct of combustion, especially
of plastics, and of chlorine product
manufacture and paper bleaching

Furans 1920s Byproduct, especially of PCBs,
(dibenzofurans) often with dioxins

1International Toxic Equivalency.
SOURCE: See endnote 13.

(10.5 tons ITEQ1 of
dioxins and furans
combined, 1995)
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won a Nobel Prize for creating
dichlorodiphenyl-trichloroethane—DDT.
During World War II, soldiers and civilians
were doused in DDT powder to ward off
insect-borne diseases. Farmers sprayed DDT
liberally on their crops in the United States
through the 1950s and 1960s to deter
insects. Cotton farmers in Central Asia may
still be using it illegally for this purpose
today, while a handful of countries are
believed to release DDT directly into the
environment illegally through crop spraying
and other agricultural applications.14

DDT was also initially hailed as a public
health miracle for combating vector-borne
diseases such as malaria. Indeed, shortages
of DDT were once considered a public
health hazard by the World Health Organi-
zation (WHO). Today, only India, China,
and a few other countries still produce
DDT, but 30 or so use it to control malar-
ia-transmitting mosquitoes. With about
four children dying every minute from
malaria, primarily in sub-Saharan Africa,
numerous doctors argue that DDT remains
the best weapon to combat this disease.
Where alternatives are not yet widely avail-
able, this may be true. In parts of India and
South America, however, mosquitoes are
resistant to DDT. In other areas, alterna-
tives such as insecticide-soaked bednets
have proved just as effective at reducing
exposure. The challenge is to eliminate
DDT from agricultural use while preserving
its reliability as a malaria-control tool to be
used only under specific circumstances until
viable alternatives are widely available.15

Other pesticides have undergone a simi-
lar transition from a heyday of production
to a period of more restrictions and less
effectiveness. World pesticide use has
increased 26-fold in the last 50 years,
although growth has slowed recently. (Not
all pesticides are POPs.) Since the 1970s, an

increasing number of countries have cur-
tailed use of particular pesticides, due to
health and environmental concerns.16

Meanwhile, about 1,000 species of
insects, plant diseases, and weeds now 
regularly survive chemical applications
intended to wipe them out. Improper,
incomplete, and sometimes even full appli-
cation has allowed many pests to evolve
stronger, more resistant strains. This has
prompted farmers to engage in a vicious cir-
cle of more toxic combinations, more fre-
quent applications, and larger quantities.
Even though the quantity of pesticides used
in industrial countries has declined, the tox-
icity has increased 10- to 100-fold since
1975, so each application is deadlier to
pests as well as to people. Moreover, many
of the “dirty dozen” pesticides continue to
plague Earth’s ecosystems because they are
still used in many developing countries.
Reducing these persistent and transbound-
ary compounds in the environment there-
fore requires a global strategy tailored to
local agricultural needs.17

Polychlorinated biphenyls are among the
most notorious POPs. The PCB family
consists of about 209 compounds, each of
which has between 1 and 10 chlorine atoms
in its molecular structure. In industrial
countries, PCBs were manufactured mostly
between the 1920s and the late 1970s.
(They are still manufactured in Russia
today.) Because of their stability, low flam-
mability, and low conductivity, PCBs were
ideal transformer fluids used to insulate
electrical components. They are also found
in cables, electrical wiring insulation, and
even carbonless copy paper.18

During the last 20 years, the levels of
PCBs in most environmental media have
been declining, particularly in countries
where they have been banned. But this
trend slowed during the 1990s as PCB use
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and release continued elsewhere. In devel-
oping countries, PCB levels measured in
human fat, blood, and milk samples have
been increasing recently. Scientists estimate
that 70 percent of all PCBs manufactured in
the last 70 years are still in use or can be
found in landfills. Since PCBs are very sta-
ble compounds that do not degrade easily,
they are virtually guaranteed to contami-
nate the environment—and humans—for
decades.19

In contrast to PCBs and pesticides, diox-
ins and furans have never been produced
intentionally. They are formed primarily as
the byproducts of processes such as the
bleaching of wood pulp or the incineration
of medical and solid wastes with chlorine-
containing products. When such wastes are
burned in poorly controlled incinerators,
they create dioxins and dioxin-like furans.
Worldwide, incineration of medical and
municipal wastes accounts for 69 percent of
dioxin and furan releases to air, some 7,000
kilograms a year.20

Japan currently reports the highest total
emissions of dioxins and furans in the
world. (See Table 5–2.) The government is
now trying to contain dioxin releases from
more than 3,800 highly polluting munici-
pal incinerators. (In contrast, the United
States has fewer than 200 such facilities in
operation.) Japan is not the only country
facing a dioxin crisis from incineration: on a
per capita basis, the Dutch are responsible
for almost as many emissions as the Japan-
ese, and Belgians account for more than
twice as much. In contrast, Austria, Ger-
many, and Sweden have made significant
strides in controlling incinerator releases
and now boast the lowest reported per capi-
ta emissions in the world.21

The true scope of dioxins and furans is
hard to estimate: the “global” totals include
only 15 countries that responded to a 1995

global inventory by the U.N. Environment
Programme (UNEP). Many countries have
only recently begun to monitor emissions,
let alone try to control them.22

The World Bank is now actively promot-
ing medical waste incinerators in 20 devel-
oping countries to help reduce their wastes.
Instead of advocating cleaner and more
environmentally appropriate technologies,
the Bank has held on stubbornly to tech-
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Table 5–2. Known or Estimated Dioxin
and Furan Air Emissions, Selected

Countries,Total and Per Capita, 1995

Total Per Capita 
Country Emissions Emissions

(grams ITEQ/a)1 (nanograms
ITEQ/a)1

Sweden 22 2,500

Austria 29 3,625

Denmark 39 7,464

Slovak Republic 42 7,844

Hungary 112 10,952

Australia 150 8,358

Switzerland 181 25,340

Canada 290 9,792

Germany 334 4,090

The Netherlands 486 31,439

United Kingdom 569 9,758

Belgium 661 65,523

France 873 15,047

United States 2,744 10,276

Japan 3,981 31,728

1 International Toxic Equivalency emitted into air.
SOURCE: U.N. Environment Programme, Chemicals
Division, Dioxin and Furan Inventories: National and
Regional Emissions of PCDD/PCDF (Geneva: Inter-
Organization Programme for the Sound Management
of Chemicals, May 1999); U.N. Population Division,
World Population Prospects:The 1998 Revision (New
York: 1998).



nologies that are no longer suitable. As Ravi
Agarwal and Bharati Chaturvedi, coordina-
tors for the Delhi-based Indian Campaign
Against Medical Waste Incineration, argue,
the so-called cure for the medical waste
problem—incineration of contaminated
syringes, infectious materials, and health
care wastes, which results in releases of
dioxins and toxic chemicals—is far worse
than the disease itself, the piles of waste and
garbage.23

Rather than serving a useful purpose,
dioxins and furans make old problems
worse and add new ones to the mix. To a
certain extent, the same is true for pesti-
cides and PCBs, which transform systems of
food production, disease prevention, and
electricity generation into sources of toxic
releases. The subset of the chemical uni-
verse represented by POPs is thus particu-
larly dangerous because compounds that at
first glance seem too good to be true
become insidious chemical threats long
after they are released in the environment.

Routes of Exposure and 
Environmental Fate

The usual image of environmental pollution
is a massive oil spill or a pipe dumping tox-
ins into the water. POPs, in contrast, are
released into the environment through
everyday activities—from pesticide applica-
tions to waste burning—usually with little
thought of the effects. Consequently,
humans and animals are exposed to multi-
ple chemicals—mixtures that are difficult to
isolate for testing and identification, let
alone for predicting how they react togeth-
er. As Linda Birnbaum, Director of the
Experimental Toxicology Division for the
U.S. Environmental Protection Agency,
says, “We live and breathe in a chemical

soup.” Life on Earth has always existed in a
chemical soup, but in the industrial age we
have added vast quantities of synthetic
chemicals to the recipe. Scientists are just
beginning to understand the fates of pollu-
tants and the risks they pose to all of us.24

The four factors that distinguish POPs
from other chemicals—high toxicity, bioac-
cumulation, persistence, and the potential
for long-range transport—also determine
how far-reaching their effects are in the
environment. The combination of bioaccu-
mulation and persistence, for instance,
allows POPs to invade the web of life and to
linger on almost indefinitely. Arctic cod and
turbot, to cite but one example, have 1,000
times higher concentrations of DDT per
gram of fat than the zooplankton they con-
sume. And herring gulls from Lake Ontario
harbor nearly 25 million times the concen-
tration of PCBs that are found in surround-
ing waters.25

Although DDT was banned from use
more than 25 years ago in both the United
States and Canada, enough of the synthetic
compound is present in the Great Lakes to
reduce substantially the chances that eagles
and other top predators will produce viable
offspring. Even newcomers fall prey to this
residual contamination. Within two years of
migrating from pristine inland areas to the
Great Lakes shores, bald eagles suffer
marked declines in fertility. For this reason,
experts refer to the Great Lakes as a “black
hole” for bald eagles.26

Humans collect POPs from their food
just like animals do. People receive about
90 percent of their total intake of bioaccu-
mulative POPs through foods of animal ori-
gin. Consequently, monitoring food
sources of POPs, particularly meat and fish,
is absolutely critical to protecting human
health. Foods tested in India, Thailand, and
Viet Nam show low to moderate levels of
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PCB contamination, a trend that is expect-
ed to worsen as these countries become
more industrialized. More than 90 percent
of human dioxin exposure occurs from eat-
ing fatty foods and animal products such as
meat, fish, milk, cheese, and even ice cream.
In the United States, 46 states have issued
advisories against eating local fish because
of dioxin contamination.27

Because POPs collect in high levels in
fatty tissues, they are sometimes inadver-
tently transmitted, along with vital nutri-
ents, in breast milk. Breast-fed babies in
India and Zimbabwe absorb DDE (a high-
ly persistent breakdown product of DDT)
at levels six times the acceptable daily
intake. By their first birthday, Americans
may receive up to 12 percent of their
acceptable lifetime exposure to dioxins
from their mothers’ breast milk. In Europe
and the United States, dioxins in breast
milk are many times higher than what is
allowed for commercial cows’ milk. (Never-
theless, experts believe that for most chil-
dren the benefits of breast-feeding still far
outweigh these risks.)28

Once they are released, POPs become
the chemical equivalent of an invasive
species. They work their way into innocent
species and distant ecosystems, accumulat-
ing to ever higher concentrations along the
way. Many migrate through the atmos-
phere, condense and deposit out in soil or
water, and then evaporate again, often
repeating this cycle several times, spreading
to all corners of the globe. Scientists have
tested albatrosses in what would seem a
remote refuge: Midway Atoll—aptly named
for its position roughly halfway between
Japan and California, near the Internation-
al Dateline. Many of the birds there carry
levels of DDT, PCBs, and dioxin-like com-
pounds equivalent to those that are debili-
tating bald eagles near the North American

Great Lakes. Similarly, tree bark sampled
from more than 90 sites—including several
tropical and temperate developing coun-
tries—found that DDT, chlordane, and
dieldrin were present no matter how
remote the area.29

Polar regions are one of the world’s main
collection sinks for POPs, even though
these areas account for just 13.4 percent of
Earth’s surface area. With less than six
months of regular daylight, and with
delayed decomposition, evaporation, and
metabolism in the bitter cold temperatures,
POPs are especially long-lived in these
high-latitude areas. Even though only a
fraction of the mass of all POPs make the
trip to the poles, they readily accumulate to
high concentrations in marine species. “The
Arctic is not only firmly connected to the
global transport system, but it is also espe-
cially vulnerable to some of the things being
transported,” Robie Macdonald of the
Institute of Ocean Sciences, Fisheries, and
Oceans Canada in British Columbia
explains.30

Because native peoples in these remote
areas eat large quantities of local fish and
marine mammals, which are at the top of
the food chain and high in fat, their diet
poses special risks. A few years ago, scien-
tists looking for control populations with
little to no exposure to modern chemicals
headed to the Arctic. What they found was
quite a surprise. Indigenous people in the
remote reaches of Canada’s Northwest Ter-
ritories and Baffin Island, well north of the
Arctic Circle, are among the most exposed
people in the world. One bite of raw whale
blubber, an Inuit delicacy known as muk-
tuk, can contain more PCBs than Canadian
scientists say should be consumed in a
week. Inuit women carry 2 to 10 times as
high a concentration of PCBs in their breast
milk as women in southern Canada do, and
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10 times as much chlordane, even
though they are thousands of kilometers
from the closest agricultural area.31

In addition to the nearly invisible
flows on wind and water currents, the
wings of birds, and our own dinner
plates, some POPs are sold as commodi-
ties in international markets. In 1996,
total pesticide sales topped $33 billion.
The value of world exports of pesticides,
some of which are POPs, increased more
than eightfold in less than four decades,
from $1.3 billion in 1961 to nearly $11
billion in 1997 (in 1997 dollars). (See
Figure 5–2.) Most exports originated in
industrial countries.32

One of the sad ironies of the chemical
age is that many countries continue to pro-
duce and export chemicals that are deemed
too deadly for use domestically. Although
forbidden from using them on American
soil, U.S. companies are allowed to manu-
facture more than 4 million tons of chlor-
dane and other pesticides. The majority go
to developing countries. And some may
come back to haunt Americans in imported
food.33

Despite growing awareness of the dan-
gers of bioaccumulating chemicals, this
trend is getting worse: between 1992 and
1996, U.S. chemical companies increased
exports of domestically prohibited pesti-
cides by 18 percent. The rate of exports of
pesticides that have never been registered
jumped 40 percent during this time.
Although domestically restricted and never-
registered pesticides represent only a small
share of all U.S. pesticide exports, more
than 14 percent of the total exported are
restricted in some form. Many are trans-
ferred without handling instructions, safety
data sheets, or any indication of how to
properly use and dispose of the chemical.34

Tracing the life cycle of POPs from pro-

duction to end point is quite difficult: much
of the data are proprietary, the science of
mapping a compound’s environmental fate
is still fairly elementary, and the routes to
world food supplies remain murky.
Although information on the properties of
POPs is still emerging, the health effects of
living and breathing in a chemical soup are
gradually becoming clearer—and harder to
ignore.

Health Consequences

Since the 1950s, scientists have linked per-
sistent organic pollutants to a range of
health problems in wildlife, including mas-
culinization and feminization, poor egg
survival and twisted beaks in birds,
deformed limbs, reproductive and develop-
mental disorders, and decreased immunity.
A large share of human data come from
studying people who have been highly
exposed at work or in severe chemical acci-
dents. Combined with a rapidly evolving
scientific understanding of POPs and grow-
ing public concern of potentially serious
and irreversible human health impacts,
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researchers have begun looking for—and
finding—the signature effects of POPs at
everyday exposure levels. With data from
animals, highly exposed communities, and
the general population, scientists have thus
started to confirm the health effects of per-
sistent organic pollutants.35

As early as 1948, just nine years after
researchers discovered that DDT could kill
insects, scientists measured DDT in human
fat tissue. That same year, the World Health
Organization convened a panel of experts to
examine the toxic effects of pesticides on
people and to recommend safe handling
procedures. In the 1950s, two American sci-
entists studied chickens exposed to DDT
and found that the roosters failed to devel-
op red combs and wattles, typical male char-
acteristics. In addition, their sex organs were
almost 20 percent smaller than normal.36

In the 1960s, Rachel Carson’s writings
and mounting scientific evidence of the
harm from pesticides helped spark a gener-
ation of activists who campaigned against
pesticide misuse, toxic pollution, and emis-
sions. Carson’s work also united two often
disparate communities—environmentalists
and biologists with doctors and health spe-
cialists, a partnership that continues to
honor her legacy by working together on
behalf of human and planetary health.

The next wave of attention to POPs
came during the 1970s and 1980s, when a
series of marine mammal die-offs in the
Baltic, Mediterranean, and North Seas
prompted researchers to test whether POPs
might be responsible. In one experiment, a

group of seals were fed highly contaminat-
ed fish from the Wadden Sea while a control
group ate cleaner fish from Atlantic waters.
Scientists found that females who ate the
cleaner fish bred normally with males 83
percent of the time. In contrast, only one
third of the females who consumed the
contaminated fish mated successfully; the
rest failed to produce any offspring.37

A similar feeding experiment showed
that seals carrying higher loads of PCBs
experienced declines of 20 and 60 percent
in two types of cells that are essential com-
ponents of a healthy and functioning
immune system. With their natural defenses
impaired, seals and other species can easily
fall prey to normally harmless infections.
Given that populations of many marine
mammals have declined to historic lows,
these are troubling results. Not only are
marine mammals more vulnerable to poten-
tially lethal illnesses, but the difficulties they
now experience in reproducing successfully
greatly diminish the chances that they will
repopulate anytime soon—if at all.38

The late 1980s and early 1990s saw a
sharp increase in our understanding of how
these chemicals work and an appreciation
that they can cause severe damage at levels
dismissed as insignificant only a decade ear-
lier. Pioneering detective work by Dr. Theo
Colborn, a wildlife toxicologist, and other
scientists helped bring these links to light.
Many of the problems can be traced to
chemicals that act like, disrupt, or otherwise
interfere with the body’s network of hor-
mones and receptors, known as the
endocrine system. Some endocrine dis-
rupters block hormones from getting
through to their receptors by interfering
with the levels of different hormones or the
process of attachment; others induce hor-
mone-like reactions from receptors or sim-
ply increase the number of receptors.
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Whichever change occurs, low levels of
these unnatural compounds can derail a
species’ normal development—often with
long-lasting and irreversible effects.39

In 1993, toxicologists identified 45 pes-
ticides and industrial chemicals as known or
suspected endocrine disrupters. By 1998,
15 other compounds were added, bringing
the total to 60, including all of the “dirty
dozen.” Yet one recent estimate, citing the
German Federal Environment Agency,
identifies 250 such compounds. More are
likely to be listed as testing and screening
continue.40

One of the first signs of the impacts of
endocrine disrupters on humans came dur-
ing the 1950s and 1960s. Nearly 1 million
pregnant women in the United States took
an artificial hormone, diethylstilbestrol
(DES), to prevent spontaneous abortions.
The drug had severe side effects. DES
daughters suffered from fertility problems,
abnormal pregnancies, reproductive organ
malfunctions, immune system disorders,
and higher rates of a rare vaginal cancer,
which is typically only seen in women over
the age of 50. DES sons reported cryp-
torchidism (undescended testicles), abnor-
mal semen, and hypospadias (abnormal
urethral opening)—similar to the effects
seen in roosters exposed to DDT.41

People accidentally exposed to high lev-
els of PCBs develop many telltale signs of
acute toxicity and sometimes endocrine dis-
ruption. For nine months in 1978, for
instance, about 2,000 Taiwanese unknow-
ingly used rice bran cooking oil that had
been contaminated by a mixture of PCBs
and furans, which came from leaking cook-
ing fuel. The average intake was about one
gram of PCBs, nearly a thousandfold the
average for Americans, and an estimated
3.8 milligrams of furans, nearly 10,000
times higher than normal exposure.42

By 1983, the provincial Health Depart-
ment had recorded more than 2,000 cases
of “Yucheng” or oil disease, which was
characterized by skin discoloration, severe
stomach problems, hypersecretions from
the eyelid glands, and delayed nerve con-
duction—all characteristic of acute toxicity.
In addition, scientists found that rates of
chronic liver disease were 2.7-fold higher
among the Yucheng victims than among
people who had never been exposed. Chil-
dren who were born several years after their
mother’s initial exposure suffered from
slower cognitive and physical growth
through their teens, and more frequent ear
and upper respiratory infections.43

In the United States, more than 200
children whose mothers ate PCB-contami-
nated salmon and lake trout from Lake
Michigan during their pregnancies devel-
oped similar traits of slowed intellectual
development. By sixth grade, these children
lagged up to two years behind their class-
mates in reading ability and word compre-
hension. One hypothesis is that PCBs may
have interfered with thyroid hormones,
which stimulate nerve cell proliferation and
development. Particularly worrying is the
fact that these were not especially contami-
nated fish. In contrast to the women in Tai-
wan, these mothers consumed levels of
PCB that were “similar or only slightly
higher than the general population” con-
sumed. Researchers confirm comparable
effects among children exposed to PCBs
and dioxins in the Netherlands.44

Some scientists argue that endocrine dis-
rupters are linked to significant drops in
sperm counts over the past 60 years in
industrial countries. In 1992, a report in
the British Medical Journal noted a 50-per-
cent drop in sperm production between
1938 and 1991 among European and
American men. In the United States, sperm
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counts reportedly fell by 1.5 percent a year
from 1938 to 1988, whereas in northern
Europe, sperm counts declined by roughly
the same amount but nearly twice as fast—
3.1 percent a year—during the 1970s and
1980s. Other studies have cited a rash of
related male reproductive health problems
in industrial countries since the 1960s,
including a higher incidence of testicular
cancer, cryptorchidism, and hypospadias.45

But the debate over male reproductive
health is highly controversial. Sperm counts
collected in seven developing and non-
western countries—including Brazil, India,
Israel, Nigeria, and Thailand—show no
clear trends since monitoring began in
1978, and even an increase in some areas.
Moreover, some urban populations in
Europe and the United States witnessed no
drop in sperm counts. Several long-term
projects are now under way to analyze the
trends and determine what role—if any—
endocrine disrupters may be playing.46

A growing body of scientific evidence
suggests that people who have been
exposed to pesticides and other POPs at
work or in accidents may have higher rates
of immune system cancers (non-Hodgkin’s
lymphoma, leukemia, and myeloma), infer-
tility, genital defects among sons, heart dis-
ease, and suppression of the immune
system, which can lead to higher rates of
infections. For example, highly exposed
farmers and agricultural workers are at sim-
ilar risk of infectious ailments as people who
have AIDS or genetic immunological defi-
ciencies.47

General consumers are not spared from
excessive pesticide exposure either. A 1999
study by the U.S.-based Consumers Union
found that domestic fruits and vegetables
often exceed the safe exposure limit set by
the Environmental Protection Agency
(EPA) for young children. Peaches, pears,

apples, and even frozen green beans could
potentially cause severe neurological dam-
age in children because of high levels of an
organophosphate, methyl parathion. EPA
recently banned this compound from being
sprayed on crops. While long overdue, ban-
ning a single compound will in the short
term have little effect on the amount of
active contaminants already in the environ-
ment. Like POPs, methyl parathion resists
degradation and will continue to affect our
food systems for years.48

The difficulties of regulating particular
compounds are made worse by the fact that
most POPs are highly synergistic—two of
them mixed together trigger greater effects
than the sum of the results when they are
used alone. (See also Chapter 2.) Although
the health effects of one substance may be
known, it can produce unpredictable fire-
works when coupled with another.49

The Policy Response to POPs

Since the dawn of the chemical era, count-
less manufacturers have worked hard to
spread the gospel about these seemingly
miraculous compounds. Today, however,
many scientists and political leaders agree
that POPs are more dangerous than other
synthetic compounds. Moreover, an increas-
ing number of leaders recognize that ade-
quately addressing these compounds
requires a unified, global strategy. While the
shape of such a strategy is still up in the air,
several regional agreements have called for
the reduction and eventual elimination of
most POPs, based on the precautionary
principle—the idea that even in the face of
scientific uncertainty, the prudent stance is
to take cost-effective steps to restrict or even
completely prohibit an activity that has the
potential to cause long-term or irreversible
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harm. There is now significant potential for
this principle to become the operative tool
for POPs policy.50

Traditionally, international agencies have
focused their attention on how to use
chemicals safely rather than questioning the
need for a synthetic compound in the first
place. In 1963, for example, WHO and the
U.N. Food and Agriculture Organization
(FAO) formed a joint committee to evalu-
ate what levels of pesticides are safe in 
particular foods. The recommendations
were channeled through an intergovern-
mental body, the Codex Alimentarius Com-
mission, which draws up international food
safety standards.51

For many years, individual countries

have taken the lead on chemical control by
enacting prohibitions and import bans (see
Table 5–3), advocating nontoxic alterna-
tives, and educating the public about the
hazards. By the 1970s, several industrial
countries had banned the use of several
POP pesticides. The number of national
bans on particular pesticides worldwide
jumped from 53 in 1983 to 689 in 1995.
About two thirds of these were in develop-
ing countries. Most of the “dirty dozen”
pesticides are now banned in a number of
countries, but many nations remain addict-
ed to their production and use. And this
affects all nations, of course, for POPs do
not respect national boundaries.52

The roots of an international POPs strat-
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Table 5–3. Regulatory Status of the “Dirty Dozen” POPs

Countries with Countries with Countries with
Chemical Bans or Prohibitions1 Restrictions2 Import Bans

Aldrin 72 10 52
Chlordane 57 17 33
DDT 60 26 46
Dieldrin 67 9 53
Endrin 65 9 7
Heptachlor 59 17 36
Hexachlorobenzene 59 9 4
Mirex™ 52 10 n/a
Toxaphene™ 58 12 n/a
PCBs 9 4 5
Dioxins 0 23 n/a
Furans 0 22 n/a

1Bans includes national laws that ban substance for all uses or from principal use and substances banned by EC
directive or regulation. 2Restrictions include national laws that severely restrict substance or restrict use of sub-
stance.
SOURCE: U.N. Environment Programme (UNEP), Summary of Existing National Legislation on Persistent Organic Pollu-
tants (Geneva: 14 June 1999); PCB data from Joint Canada-Philippines Planning Committee, International Experts
Meeting on Persistent Organic Pollutants:Towards Global Action, meeting background report,Vancouver, Canada, 4–8
June 1995 (revised October 1995); import bans from UNEP and U.N. Food and Agriculture Organization, Report
on Study on International Trade in Widely Prohibited Chemicals (Rome: 16 February 1996).
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egy emerged in regional marine policies of
the late 1980s. Looking to reduce sources
of upstream pollution, several treaties high-
lighted the dangers of toxic, bioaccumula-
tive substances in the marine environment
and called for their phaseout, including the
Third Ministerial Conference on the North
Sea in 1989, the International Joint Com-
mission on the Great Lakes in 1991, and
the Paris Commission for the Northeast
Atlantic in 1992.53

At the 1992 Earth Summit in Rio, gov-
ernments addressed the threat of POPs in
the oceans chapter of Agenda 21. They
called for eliminating organohalogen com-
pounds (which includes most of the “dirty
dozen” POPs) and reducing other synthet-
ic organic compounds in the marine envi-
ronment. Agenda 21 also laid the
groundwork for more specific international
commitments concerning POPs and creat-
ed institutions that could help coordinate
such efforts. For instance, the International
Forum on Chemical Safety (IFCS), com-
posed of various governments, nongovern-
mental organizations (NGOs), and
intergovernmental bodies, was established
to provide policy guidance to national
agencies and governments. Although the
Agenda 21 chapter on toxics essentially
supported business as usual, the oceans sec-
tion broke new ground for international
POPs policy and set such actions in the
context of the precautionary principle.54

After Rio, public and institutional sup-
port for addressing the 12 initial POPs
gathered momentum. In late 1995, envi-
ronment ministers from 103 countries
attended a UNEP conference on land-
based sources of marine pollution in Wash-
ington, D.C. They signed a high-level
ministerial declaration calling for a legally
binding global treaty to reduce and eventu-
ally eliminate POPs. Several months later,

the IFCS concluded that there was enough
evidence of the harmful effects of the “dirty
dozen” to justify a global treaty to curb
their use and production. The World
Health Assembly of WHO seconded these
findings. Nearly five years after the Earth
Summit, the UNEP Governing Council
agreed to oversee development of an Inter-
national Legally Binding Instrument for
Implementing International Action on Cer-
tain Persistent Organic Pollutants. Formal
negotiations began a year later.55

At the opening session, in June 1998,
UNEP Executive Director Klaus Töpfer
declared that “the ultimate goal [for the
global treaty] must be the elimination of
POPs, not simply their better manage-
ment.” Officials from more than 100 coun-
tries and dozens of NGOs have heeded his
call and are now working to specify obliga-
tions and mandate actions on the “dirty
dozen.” At the third session, in September
1999, for instance, the parties to the pro-
posed treaty agreed to list 8 of the 10 inten-
tionally produced POPs on Annex A, which
calls for eventual elimination.56

The most telling test of the delegates’
resolve will take place in upcoming sessions,
however. Delegates have yet to decide if and
where DDT and PCB can still be used.
Most likely, these two compounds will be
severely restricted, with specific exemptions
under certain circumstances. Dioxins and
furans will also be the subject of a reduc-
tion-versus-eventual-elimination debate.
Currently, industry representatives and the
United States are opposed to a specific
long-term goal of elimination for these
ubiquitous byproducts, but Europeans have
recognized the need for such a framework.57

It also remains unclear whether the
accord will focus on the elimination or
reduction of all POPs or each individual
POP. How these issues are decided will
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determine the ultimate form—and useful-
ness—of the treaty. If it turns out to deal
with POPs one by one, it would represent
an unfortunate shift away from a broad
application of the precautionary approach
to a more limited approach favoring busi-
ness as usual.

With the nearly universal recognition of
the need to expand the scope and coverage
of the treaty from the original list of 12, a
group of experts has been working on the
criteria for adding other POPs once the
treaty comes into effect. They have benefit-
ed from the recently completed regional
agreement on POPs, the Aarhus Protocol
to the 1979 Convention on Long-Range
Transboundary Air Pollution, which was
signed by all European nations, Russia,
Canada, and the United States. It specifies
threshold criteria for identifying a POP.
Establishing such standards in the global
accord is critical to ensuring that the final
product is truly a POPs treaty and not sim-
ply a “dirty dozen” treaty.58

Despite the progress to date, several
stumbling blocks remain in the final stages
of global treaty negotiations. The debate
between those who want to maintain the
status quo and not ban chemicals and those
who advocate adopting a more precaution-
ary approach continues. Chemical produc-
ers such as those represented by the
International Council of Chemical Associa-
tions argue that POPs can be managed
without bans, through voluntary commit-
ments and other means. This disagreement
is particularly evident with respect to diox-
ins and furans and the specific criteria for
new compounds, as representatives disagree
on what level of a particular characteristic
should lead to global action.59

Further complicating the treaty process
is a challenge that all nations face: finding
the money to pay for the phaseout of POPs.

Technical expertise, financial assistance, and
cost-effective alternatives are needed. It
remains to be seen whether industrial coun-
tries are willing to contribute funds for
developing countries to comply with a
global treaty. To date, a few have voluntari-
ly pledged money for an assistance fund.
Funding will most likely come from a POPs
convention financial mechanism that has
yet to take shape, combined with money
from multilateral development banks, 
bilateral funds from industrial-country gov-
ernments, and contributions from manufac-
turers of new technologies and alternatives
who are eager to tap into new markets.60

Getting a handle on the global disper-
sion of POPs also requires addressing trade.
Hazardous waste trade is certainly much
broader than simply POPs, but several
recent international agreements cover these
compounds and help set the stage for the
global POPs treaty. (See Table 5–4.)
Although many are not yet in force, these
agreements have the potential to reduce
transboundary shipments of POP products
and their waste, and to publicize the dan-
gers of production, use, and disposal of
such hazardous chemicals. The Rotterdam
accord, for instance, employs the Prior
Informed Consent procedure to empower
countries to accept or refuse shipments of
dangerous hazardous waste, including
many POPs. Significant indicators of sup-
port for the goal of reducing shipments are
national and regional bans: by 1997, more
than 100 countries had enacted hazardous
waste import bans covering much of the
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developing world, including all of Africa,
the South Pacific, and Central America.
South and Southeast Asia, however, remain
wide open.61

Even if all hazardous products and waste

trade were halted today, the world has many
a “ticking time-bomb,” in the words of
FAO. More than 100,000 tons of obsolete
pesticides are improperly stored in the
developing world alone. (Many were
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Table 5–4. Status, Strengths, and Weaknesses of Selected International 
Conventions Complementary to the Global POPs Treaty

Aarhus Protocol on Persistent Organic Pollutants to the Long-Range Transboundary 
Air Pollution Convention, June 1998

Strengths: • Covers 16 POPs; bans 8, restricts 4, and calls for phaseout of others
• Includes specific criteria for adding chemicals
• Includes Western and Eastern Europe, Canada, Russia, and the United States

Weaknesses: • No developing countries involved
• Air pollution agreement, does not cover all media

Status: • 55 countries signed; 1 ratification, 16 needed

Rotterdam Convention on the Prior Informed Consent (PIC) Procedure for Certain 
Hazardous Chemicals and Pesticides in International Trade, September 1998

Strengths: • Creates an information exchange procedure on national bans and restrictions to
reduce imports of unwanted, harmful chemicals

• Covers 7 POPs; total of 5 industrial chemicals and 22 pesticides
Weaknesses: • No enforcement “teeth” until ratified—voluntary procedure until then

• Applied at the national level, with no global aspects
Status: • 60 countries and EU signed; 50 ratifications needed

Basel Convention on the Control of Transboundary Movements of Hazardous Wastes and
their Disposal, 1989, and 1995 Amendment

Strengths: • Most POPs qualify as hazardous wastes when destined for final deposition or recycling
• Singles out wastes contaminated with PCBs, dioxins, and furans
• Technical cooperation trust fund established to assist developing countries in

implementation
• 1995 amendment will stop exports of hazardous waste from OECD countries to 

non-OECD countries
• Legally binding with criminal penalties

Weaknesses: • Applies to imports only, not production or use
• Amendment not in force yet

Status: • Convention: entered into force May 1992
• 1995 Amendment: 67 countries signed; 15 ratifications, 62 needed

SOURCE: U.N. Environment Programme (UNEP),“Analysis of Selected Conventions Covering the Ten Intentionally
Produced Persistent Organic Pollutants” (Geneva: 2 June 1999); Aarhus from Daniel Pruzin, “UN/ECE Draft 
Protocol on Heavy Metals, Persistent Organic Pollutants Concluded,” International Environment Reporter, 18 Feb-
ruary 1998; U.N. Food and Agriculture Organization, “Rotterdam Convention on Harmful Chemicals and Pesti-
cides Adopted and Signed,” press release (Rome: 11 September 1998); Basel Secretariat, UNEP,
<www.unep.ch/basel>, viewed 23 October 1999.
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shipped there by companies in industrial
countries looking for a cheap way to get rid
of them, in exchange for nominal pay-
ments.) Properly disposing of such wastes is
a daunting task. Experts estimate it would
cost $80–100 million to clean up the more
than 20,000 tons of obsolete pesticides in
Africa.62

With negotiations on a global POPs
treaty well under way, politicians, business
leaders, activists, and concerned citizens
have an enormous opportunity “to change
the way the chemical manufacturers do
business,” according to Greenpeace toxins
expert Charlie Clay. Broad acceptance and
application of the precautionary principle
can shift the impetus from controlling the
release of chemicals to questioning their use
and requiring safe alternatives. Treaties and
bans alone will not accomplish this goal,
but they will help spur the development of
cost-effective and viable nontoxic substi-
tutes and ease the difficult transition to the
phaseout of POPs. Bolstered by greater cit-
izen involvement and oversight, adequate
funding and technical assistance, and the
development of viable alternatives, these
steps can help consign persistent organic
pollutants to history.63

Retooling Regulations,
Business, and Agriculture

Phasing POPs out requires fundamental
changes in regulations, business, agricul-
ture, and society at large. In some cases,
this may occur in stages—away from highly
persistent chemicals to less persistent ones
and then to nonchemical methods or
sources. Many tools can help speed the
transition, including data inventories and
pesticide taxes.

In the wake of the Bhopal, India, disas-

ter in 1986, environmentalists, community
activists, and the U.S. EPA successfully lob-
bied the U.S. Congress to pass the world’s
first community right-to-know law, over
strong protests from industry officials. The
Emergency Planning and Community
Right-to-Know Act created a national data-
base of toxic emissions and releases by man-
ufacturing plants. Known as the Toxic
Release Inventory (TRI), it is an invaluable
information tool for industry, government,
and the public. TRI data allow citizens and
the media to publicize the worst polluters
and to bring public attention to the issues
of toxic waste management and reduction.
Despite the obvious benefits of such
accounting, the system does not cover all
toxic chemicals or sources. Many POPs are
not included on the current list of 600
reportable chemicals. There is, however, an
enormous opportunity to expand TRI data
to include small releases and to identify
sources of POPs.64

Today, seven industrial countries and
one developing nation—Mexico—have
implemented systems similar to the U.S.
right-to-know laws. Internationally known
as Pollutant Release and Transfer Registers
(PRTRs), they contain data on chemicals in
most facilities and media. Several other
countries are expected to adopt similar sys-
tems soon: Egypt and the Czech Republic
are in the process of developing PRTRs
with assistance from the United Nations
Institute for Training and Research, and
Argentina, Japan, and five former Soviet
bloc nations are in the discussion stages.65

Given the mandate from the 1992 Earth
Summit and recommendations from indus-
trial-country environment ministers in
1996 that all nations establish such systems,
the next few years could witness important
milestones in tracking POPs, goading com-
munities to become more involved in the
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management of toxic chemicals. These reg-
isters are also an important tool for devel-
oping national POPs inventories, as called
for in the draft global treaty. And with the
Prior Informed Consent procedure, they
help remove a wall of corporate secrecy,
improve the policymaking process by
encouraging greater public participation,
and provide a check against government
and corporate abuses.66

Educating and empowering the public
can lead to regulatory changes, as happened
recently in the Philippines. Setting a historic
precedent, in June 1999 President Joseph
Estrada signed the world’s first national ban
on all waste incineration. The law received
strong support from environmentalists,
community activists, and the Department
of Environment and Natural Resources,
which called for a blanket ban on waste
incineration. The agency forcefully argued
that the country should adopt nonburn
technologies such as microwaving to steril-
ize medical wastes that could not be com-
posted or recycled. In a similar move, all
incineration was recently banned in Costa
Rica by presidential decree.67

Two programs in the United States
promise to change the way Americans think
about POPs. Washington is the first state 
to embark on a production-and-release
elimination strategy for persistent and
bioaccumulative toxics, including dioxins,
furans, and several POP pesticides. The ini-
tiative is now being publicly debated.
Meanwhile, in Passaic County, New Jersey,
the nation’s first community right-to-act

law went into effect in January 1999, grant-
ing to groups of 25 or more employees and
neighbors in the county the right to form a
Neighborhood Hazard Prevention Adviso-
ry Committee. Upon approval by the coun-
ty health officer, the committee has the
authority to monitor specific chemical facil-
ities by conducting walk-through investiga-
tions with technical experts. Should a
company refuse, the citizens could sue 
for access, a policy that could easily be
adopted elsewhere.68

Public shame stemming from bad pub-
licity can prompt radical changes in corpo-
rate practices, compelling companies to
focus more on pollution prevention, there-
by safeguarding human health while reduc-
ing the costs of pollution abatement. In the
mid-1990s, Filippino citizens forced a
French company to abandon its plans to
build the world’s largest waste incinerator
just north of Manila. Similarly, after exten-
sive lobbying efforts by environmentalists
and subsequent public outcry, multination-
als including Nike, Lego, and IKEA have
pledged to go PVC-free. And in late Sep-
tember 1999, the world’s largest automo-
bile manufacturer, General Motors,
announced plans to stop using vinyl in car
interiors.69

While right-to-know laws are aimed at
reducing the supply of POPs, financial tools
such as taxes are well suited to reducing
demand. Charging a higher price for pesti-
cides and other POPs is expected to dis-
courage and thereby lower their use. In the
early 1990s, the Oil, Chemical, and Atomic
Workers’ International Union proposed a
transition fund to clean up the Great Lakes
ecosystem, financed by taxes on certain
chlorinated compounds. Although it was
never implemented, it sets a formula for
such a tax. One way to implement the pro-
posal would be to extend existing sales taxes
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on pesticides—or merely reduce current
exemptions. In the United States, a study
by Friends of the Earth found that of the
$8.8 billion spent in 1997 on pesticides,
nearly $276 million in government revenue
was lost due to exemptions from state sales
taxes. These public revenues could be ded-
icated to nonchemical crop protection
research.70

Currently, Sweden has a 7.5-percent pes-
ticide tax per kilogram of active ingredient.
Between 1986 and 1993, this levy, com-
bined with farmer training and certification,
spray testing, bans, and plant protection
programs, led to a 65-percent drop in pesti-
cide usage among Swedish farmers. In a
March 1999 study, U.K. economists sug-
gested that a 30-percent tax on pesticides
could result in 8–20 percent reductions in
their use. Accordingly, the U.K. Depart-
ment of the Environment, Transport, and
the Regions has proposed a tax per kilogram
of pesticide sold at a rate determined by the
level of hazard, so that more-toxic pesti-
cides would be subject to higher taxes.71

The Montreal Protocol on Substances
That Deplete the Ozone Layer offers a use-
ful model for developing a financial mecha-
nism to help pay for some of the costs of
shifting away from POPs. This 1986 treaty
granted developing countries an extended
time frame for implementing the provisions
of the accord, as well as financial support
from industrial countries for the conversion
from harmful products and technologies to
more benign ones. The protocol called for
replacing ozone-depleting chemicals with
alternative chemicals that would not harm
the ozone layer. In the process of phasing
out chlorofluorocarbons, companies actual-
ly found cheaper nonchemical solutions,
which in many cases saved enormous
amounts of money.72

In the long run, advocates for a global

POPs treaty hope to generate a broad shift
away from harmful chemicals to alternative
practices and cleaner production methods.
Several industries and communities have
begun to make notable strides in this direc-
tion. (See Table 5–5.)73

In response to growing concern about
medical waste incineration, hospital admin-
istrators and waste specialists have begun to
develop viable alternatives. Autoclaves use
steam heat and pressure to destroy infec-
tious agents. They are cheaper to maintain
than incinerators and already a familiar
technology in many hospitals, where labs
use them regularly to sterilize equipment.
In 1997, an estimated 1,500 nonincinera-
tor medical waste treatment facilities were
installed in the United States alone. The
World Bank and other multilateral institu-
tions should move quickly to advance these
technologies in all countries.74

Rooting chlorine out of the life cycle of
product formation is by no means easy, but
it is ultimately the only way to prevent diox-
ins from forming and being released. A hos-
pital in Vienna, Austria, has replaced PVC
in its products with chlorine-free materials,
thereby eliminating PVC entirely from its
waste stream. In 1996, the Central Pollu-
tion Control Board of India banned the
burning of PVC in medical waste incinera-
tors, and the American Public Health Asso-
ciation urged health care facilities and
suppliers to reduce their use of PVC and
other chlorinated plastics.75

For evidence that these steps make eco-
nomic sense, and can even turn a profit,
researchers at the Center for the Biology of
Natural Systems at Queens College in New
York looked at the employment and finan-
cial costs and benefits of replacing all major
sources of dioxins in the North American
Great Lakes region with alternative process-
es. They estimated that replacing solid
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waste incinerators with intensive recycling
would cost about $600 million, to pay off
existing debt and additional operation
costs, but would save $1.1 billion in waste
disposal fees and increased sales of recycled
materials, yielding an annual net savings of
$536 million for this one sector. It would
cost $370 million a year to eliminate diox-
ins from other sources—medical waste
incinerators, iron ore sintering plants,
cement kilns that burn hazardous waste,
and pulp and paper mills. Overall, industries
and communities in the region would save
approximately $166 million a year and reap
the health and environmental benefits of

getting rid of dioxin.76

WHO has recently reconsidered its posi-
tion on using DDT to control malaria-
spreading mosquitoes. Previously, this U.N.
agency recommended blanket spraying. Its
most recent revisions, in 1993, recommend
spraying DDT indoors only, combined with
use of safer insecticides. Researchers in
Africa have demonstrated that bednets
soaked in alternative insecticides such as
deltamethrin and other synthetic
pyrethroids, which are less toxic to people
and have less tendency to bioaccumulate,
reduce the transmission of malaria by 30–60
percent and childhood mortality by up to
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Table 5–5.Alternatives to the “Dirty Dozen” POPs, by Use or Source

Primary Use or Source Alternatives

Dioxins/furans
municipal solid waste incinerators • Intensive recycling
medical waste incinerators • Autoclaves (steam and heat to destroy pathogens)

• Chlorine-free materials
iron sintering plants • Virgin ore or equivalent, landfill process residues
cement kilns that burn hazardous wastes • Replace hazardous waste with conventional fuel
pulp mills • Kraft and soda, totally chlorine free processes based on

hydrogen peroxide and/or ozone
• Recycled paper

incinerators • Upgrade to optimal combustion technology (850ºC or
higher, long residence times, sufficient oxygen, thorough
admixing of gases, firing control without cold streams)

• Filter dust scrubbing techniques
• Solidification techniques to immobilize dioxins and furans

Pesticides
public health vector control • Pyrethroid-soaked bednets

• Screens and mosquito netting
• Larvae-eating fish
• Environmental management to reduce mosquito breeding

pest control for crop protection • Crop rotation, selected natural pests
pest control for buildings • Alternative chemical (chlorpyriphos)

• Steel or mesh barriers

PCBs
hydraulic fluids and capacitor insulators • Silicone oils, transformer grade mineral oils

SOURCE: See endnote 73.
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30 percent. Combined with other preven-
tion and treatment strategies, these bednets
can prevent half of all deaths from malaria.
In addition, they are easily introduced at the
local level and relatively cost-effective: $10
for a bednet plus $1 for a year’s supply of
insecticide. But alternative insecticides do
not eliminate all problems: while the com-
pounds are less persistent than DDT, mos-
quitoes eventually develop resistance to
them, and the potential health effects from
chronic exposure to these replacements
have not yet been fully examined.77

In reality, there is no universal solution
for malaria control. Approaches involving
nonchemical vector control methods—
from larvae-eating fish to the elimination of
mosquito breeding sites—combined with
rigorous local-level disease surveillance,
education, and prevention programs are
effective strategies for communities in
malaria-prone zones. Research to develop a
viable vaccine has been under way for more
than a decade, but to no avail as yet. One
reason is a shortage of funding. Until
industrial countries and major drug compa-
nies decide to help pay for tools to fight
malaria—which in 1998 killed 1.1 million
people in the developing world, primarily
children under the age of five, and made
another 275 million sick—DDT will remain
the weapon of choice.78

While the phaseout of pesticides for 
disease control has been hampered by the
slow development of cost-effective alterna-
tives, such options are readily available for
agricultural uses. Some farmers are now
choosing more selective methods by adopt-
ing tools included in a wide variety of tech-
niques that fall under the heading of
integrated pest management. This com-
bines judicious use of pesticides with inten-
sive training in nonchemical methods,
including crop rotation and mixtures to

increase diversity, introduction of natural
enemies of pests, and pest barriers such as
screens to limit crop losses. In 1991,
Indonesian farmers warded off an invasion
of white rice stemborers by collecting egg
masses, setting traps, and nurturing benefi-
cial insects. In Africa, some farmers use cow
urine instead of pesticides on their cotton,
an otherwise chemically intensive crop. As
of 1996, farmers in nine Asian countries
relied on integrated pest management to
control pests and promote healthy crops
and ecosystems.79

With regulators and consumers demand-
ing limited use of chemical fertilizers and
pesticides, organic farming is a welcome
alternative. With a 20-percent annual
growth rate in the United States since
1989, organic farming could be the wave 
of the future. Organic food sales totaled 
$4 billion in the United States in 1997 and
were expected to reach $6.6 billion in
2000. Some 3 million Japanese consumers
regularly buy organic produce. Given the
profits and markets at stake, more farmers
will likely shun persistent pesticides in 
the future and instead favor the health 
of soil, consumers, and the planet. Ulti-
mately, however, consumers may have the
most sway in whether or not POPs contin-
ue to be used. Education thus has a key role
to play.80

No longer can we simply expect a
stronger pesticide to take care of a problem,
or a disposal process to eliminate the health
risks and waste problem created by various
industrial pollutants. From incineration and
industrial processes to consumer goods and
byproducts, society would do well to heed
to advice of Rachel Carson when she
warned of the imminent dangers of the
escalation of chemical use in the 1960s.
Instead of the current model, society can
apply the precautionary approach more
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widely. If followed globally, it could
become the cornerstone for toxics policy,
preventing the manufacture and generation
of POPs in the first place. But until society

rejects the notion of innocent until proven
guilty with respect to toxic chemicals, we
will continue to live under a dangerous
cloud of denial.
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“Just imagine a day without paper,” an ad
in the Financial Times for a Finnish paper
company reads—”you inevitably see our
products every day.” And they’re right. For
the average reader of the Financial Times, a
day without paper would be almost as
impossible as a day without breathing. But
in many industrial countries, people are so
accustomed to paper—whether it is supply-
ing them with the daily news, drying their
hands, holding their groceries, or filling
their garbage cans—that its role in their
daily lives goes virtually unnoticed.1

For most of the 2,000 years since paper
was first invented, it was a scarce and valued
material, used primarily for important letters
and documents. In the last century, howev-
er, new technologies, falling costs, and
growing economies have allowed the use of
paper to skyrocket. Today there are more
than 450 different grades of paper destined

for purposes as mundane as wiping noses
and as specialized as filtering chemicals.2

For all the valuable services it provides,
paper entails high costs—many of which go
unnoticed by the average consumer.
Although the impact of a single envelope,
magazine, or box may seem negligible, the
process of making it requires many steps
that take a heavy toll on the world’s land,
water, and air. The rapid and excessive
growth in paper consumption in the indus-
trial world and the potential for growth in
the developing world raise some fundamen-
tal questions. How much does paper actu-
ally contribute to our quality of life? How
much paper do we really need? And how
can those needs best be met?

The Paper Landscape

In 1997, the last year for which data are
available, the world produced 299 million
tons of paper—well over six times as much
as in 1950. This much paper could fill the
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Empire State Building 383 times, or make a
pile that could reach the moon and back
more than eight times. By 2010, global
demand for paper is expected to rise by
nearly 31 percent.3

Paper consumption is closely correlated
with income levels, and the vast majority of
the world’s paper is produced and used in
industrial countries. (See Tables 6–1 and
6–2.) With 22 percent of the world’s popu-
lation, these nations account for more than
71 percent of the world’s paper use. As 
the populations and economies of many
developing nations grow, however, their
share of world consumption is climbing.
(See Figure 6–1.)4

On a per capita basis, differences in
paper use are even more striking. In 1997,
people in the United States used on average
335 kilograms of paper and paperboard,
while for industrial countries as a whole, the

figure was 164 kilograms. But this is no
indication of the paper used each year by
the average world citizen. The global figure
was 50 kilograms, and for developing
nations, it was just 18 kilograms. Africans
on average used less than 6 kilograms of
paper a year, and in more than 20 African
nations the figure was below 1 kilogram.
(One kilogram roughly equals 225 sheets of
office paper, or two copies of a daily New
York Times.) Yet it has been estimated that
an annual per capita consumption level of
30–40 kilograms is required to meet basic
needs for education and communication.5

Paper is used for many different purpos-
es. Today packaging claims about 48 per-
cent of all paper use. Printing and writing
papers accounts for 30 percent, newsprint
another 12 percent, and sanitary and
household papers, about 6 percent. While
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Table 6–1.Top 10 Producers of Paper
and Paperboard and Share of World

Production, 1997

Country Production Share
(thousand tons) (percent)

United States 86,477 29
Japan 31,015 10
China 27,440 9
Canada 18,969 6
Germany 15,939 5
Finland 12,149 4
Sweden 9,779 3
France 9,143 3
South Korea 8,364 3
Italy 7,532 3

Top 10 226,807 76
producers

World 299,092 100

SOURCE: Miller Freeman Inc., International Fact and
Price Book 1999 (San Francisco, CA: 1998).

Table 6–2.Top 10 Consumers of Paper
and Paperboard and Share of World
Consumption and Population, 1997

Share of Share of
Country ConsumptionConsumption Population

(thousand (percent) (percent)
tons)

United States 89,900 30 5
China 32,695 11 21
Japan 31,374 11 2
Germany 15,733 5 1
United King. 12,240 4 1
France 10,328 3 1
Italy 9,125 3 1
South Korea 6,836 2 1
Canada 6,652 2 1
Brazil 6,124 2 3

Top 10
consumers 221,007 74 37

World 296,896 100 100

SOURCE: Miller Freeman Inc., International Fact and
Price Book 1999 (San Francisco, CA: 1998).
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the use of all types of paper has increased
over time, in recent years consumption of
printing and writing paper has grown faster
than grades such as packaging paper and
newsprint. (See Figure 6–2.) Since 1980,
global paper consumption has jumped by
74 percent while that of printing and writ-
ing paper has skyrocketed by 110 percent.6

Decades ago, at the dawn of the elec-
tronic information era, many analysts pre-
dicted a “paperless office.” Instead, the
proliferation of computers and other new
technologies such as fax machines and high-
speed copiers has gone hand-in-hand with
increased use of printing and writing paper.
Paper.com, an industry group that exam-
ines the correlation between paper use and
electronic commerce, e-mail, and the Inter-
net, describes paper as the “currency of the
electronic era. . . . While the Internet and
paper will certainly compete in certain
areas, the general pattern is one of mutual
growth and interdependence.”7

Their assessment is supported by the
trends so far. According to a leading indus-
try analyst, the number of pages consumed
in U.S. offices is growing about 20 percent

each year. In 1996, office copiers in
the United States churned out more
than 800 billion sheets of paper, and
laser printers nearly as much. Given
the size of the civilian labor force, this
means almost 12,000 sheets of office
paper per person. Nor has electronic
mail replaced traditional letters: in the
United States, the number of pieces
of mail delivered between 1993 and
1998 increased by 16 percent and the
amount of advertising mail rose by 25
percent.8

While some technologies have
clearly bolstered the use of certain
types of paper, others—such as elec-
tronic data interchange—are begin-

ning to trim paper use. Still, it is too early
to tell what the long-term impact will be on
world paper markets. One wild card is the
fast-growing markets in some developing
countries. As economies grow and tech-
nologies spread, the use of printing and
writing papers in these countries could sky-
rocket. But it is also possible that new tech-
nologies could allow these countries to
avoid assuming the current wasteful habits
of industrial nations.9

For decades, the world’s top producers
and consumers of pulp and paper have been
fairly constant, with the United States,
Europe, Japan, and Canada maintaining
leading roles. But in the last 10 years coun-
tries such as Brazil, China, and South Korea
have emerged as major players. By 2002,
some analysts expect that Asia will be the
largest producing region in the world.10

Another change in the final decades of
the twentieth century was a substantial
increase in international trade in pulp and
paper. Whereas roughly 16 percent of the
world’s wood pulp and 17 percent of its
paper and paperboard were traded interna-
tionally in the 1960s, today the figures are
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22 and 29 percent respectively. Together
these products represent close to 45 per-
cent of the total value of world forest prod-
ucts exports.11

China is an extreme example of a coun-
try that has an enormous and growing
influence in global trade in pulp and paper.
Economic growth in the world’s most pop-
ulous country has resulted in soaring pulp
and paper consumption. Given its popula-
tion of 1.25 billion and per capita con-
sumption growing at about 2 kilograms per
year, China is an attractive market for the
world’s pulp and paper companies.
Between 1990 and 1997, the consumption
of paper and paperboard in China increased
by 127 percent while production doubled.
By 2010, the country expects to increase
production and consumption by more than
half again.12

Although the Chinese expect tree plant-
ing efforts and new mills to meet some of
the growth in demand, imports of wood,
pulp, and paper will also have to increase
substantially. Imports have already risen
dramatically in the last decade. Since 1990,

paper imports have
gone up nearly fivefold
and pulp imports more
than threefold. China
is now the largest net
importer of paper in
the world.13

These rapid changes
in the world’s pulp and
paper industry suggest
that the paper econo-
my in the twenty-first
century will be far dif-
ferent than the one we
knew in the twentieth.
And as investments and
production spread to
new areas of the world,

paper’s footprint expands to the forests, air,
and water of these far-flung places.

Uncovering the 
Costs of Paper

The production of a simple piece of paper
involves many steps and has many
impacts—from soil erosion and species loss
when forests are harvested in British
Columbia or Chile, to air pollution from
pulp mills and waste incinerators in Japan,
to the deadly dioxins released by mills along
lakes in North America and Russia, to life-
less rivers in China and India. Paper’s
impacts spread far and wide, and can persist
for decades to centuries.

Perhaps one of the most widely recog-
nized costs of paper is the threat it poses to
the world’s forests. Forests are under a bar-
rage of pressures today, and the insatiable
appetite for paper is a major one. The world
is currently losing about 14 million hectares
of forest cover each year—an area larger
than Greece—and even larger areas are
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being degraded by less obvious threats such
as fragmentation, soil degradation, exotic
species, and air pollution. The causes of
degradation vary greatly among different
regions of the world, but logging for pulp,
lumber, and fuel, as well as forest clearance
for pasture, farmland, and other forms of
development, are the leading causes of for-
est decline.14

The virgin wood fiber used to make
paper accounts for approximately 19 per-
cent of the world’s total wood harvest. Of
the wood harvested for “industrial” uses
(everything but fuel), fully 42 percent goes
to paper production. This share is expected
to grow in the coming years since the
world’s appetite for paper is expanding
twice as fast as for any other major wood
product. By 2050 it is expected that pulp
and paper manufacture will account for
over half of the world’s industrial wood
demand.15

Even so, the direct connection between
papermaking and forest decline is some-
what difficult to sort out. For one thing,
the amount of wood used to make paper is
often underestimated due to the lack of
accounting for sawmill residues. Of the 42
percent of the world’s industrial wood har-
vest going to paper, almost two thirds
comes from wood harvested specifically for
pulp, while the rest derives from mill
residues such as wood scraps and sawdust.
In most global statistics, these residues are
not categorized as “pulpwood” and are
therefore not accounted for in paper pro-
duction. The use of mill residues in paper-
making will likely decline as engineered
wood products use more of the residues
and as mill efficiency increases. So in the
future more fiber will come from trees har-
vested specifically for pulp.16

Another reason that the link between
paper and forests is not always easy to see is

that today, just 55 percent of the fibers used
to make paper come from virgin wood.
Recycled or “recovered” fibers account for
about 38 percent of today’s total fiber sup-
ply for paper, while nonwood fibers such as
wheat straw and bamboo contribute about
7 percent. (See Figure 6–3.)17

The sources of virgin wood fiber for
paper were fairly constant for most of the
time since wood pulping technologies were
invented in the mid-1800s. But in recent
decades the industry has entered a period of
rapid flux. The regions, species, and forest
types have begun to change.

As noted earlier, pulp production has
begun to shift from traditional suppliers in
the North to new producers in the South.
Countries such as Brazil, Indonesia, and
Chile have become global players in the
world’s pulp market by making the most of
a strategic advantage—climates conducive
to fast growth rates. In Chile and New
Zealand, the widely planted radiata pine
grows at about 25 cubic meters per hectare
a year, whereas loblolly pine in the southern
United States grows at about half that rate.
Hardwoods such as eucalyptus—the planta-
tion tree of choice in the tropics—grow at
about 40 cubic meters per hectare in Brazil
and 26 in Chile, while a comparable hard-
wood species in Sweden grows at a sluggish
5 cubic meters per year. Faster growth and
lower production costs mean that some
southern hemisphere producers can provide
wood pulp at about half the cost of tradi-
tional suppliers in the North.18

In addition to the new geography of
pulp, there has also been a significant shift
in how trees are grown. Rather than man-
aging natural mixed-species, mixed-age
forests, the industry has shifted toward a
more agricultural model, in which genetic
strains are carefully bred and selected, and
seedlings are planted and developed into
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well-organized, single-species, single-aged
stands and treated with fertilizers, herbi-
cides, and pesticides. These pulpwood plan-
tations are generally harvested in 6–10 year
rotations in the tropics and 20–30 year
rotations in temperate regions.

Pulpwood plantations currently account
for about 16 percent of the world’s total
fiber supply for paper. Second-growth
forests provide 30 percent, and old-growth
forests, another 9 percent. (The remaining
45 percent is recycled and nonwood fiber.)
Most of the old-growth forests that are still
being logged for pulp are in boreal regions
of Canada and the Russian Federation. A
smaller share comes from original temper-
ate and tropical forests in countries such as
Australia, Indonesia, and Malaysia.19

While the current contribution from
plantations may seem fairly small, large
investments in plantation resources in
recent decades ensure that the upward
trend in these sources will continue. For
many countries, the prospect of gaining a
larger share of the wood products market
has led to heavily subsidized plantation pro-
grams and a rush of foreign investment. In
Japan, for example, the shortage of domes-
tic timber has led the industry to invest

heavily in pulpwood plantations in
Australia, Chile, China, New
Zealand, Papua New Guinea, Viet
Nam, and elsewhere.20

Today there are approximately 13
million hectares of fast-growing tree
plantations, yielding more than 15
cubic meters of wood per hectare
each year. Nearly all such plantations
are used specifically for pulp produc-
tion, and about 80 percent are in
South America and the Asia-Pacific
region.21

Proponents argue that intensively
managed plantations will create jobs,
rehabilitate degraded areas, combat

climate change by absorbing carbon, and
help “save” forests by providing most of the
world’s wood needs from a much smaller
parcel of land than do forests themselves. A
1999 report from the World Commission
on Forests and Sustainable Development
suggested that it might be possible to meet
the world’s demand for pulpwood in 2050
with 100 million hectares of fast-growing
plantations—an area equal to more than 70
percent of the amount of the world’s crop-
land planted in corn. The implication is that
the need to log natural forests will be
reduced and that more forests could be
protected.22

This sounds like an attractive scenario,
and some types of plantations could cer-
tainly play an important role in improving
the industry’s impact on forests. But plan-
tation development as it is currently unfold-
ing within the pulp and paper industry is
not without drawbacks. Plantations may
provide more ecosystem services such as
wildlife habitat and soil protection than
degraded farmland does, but compared
with a mature, native forest, they simply
don’t measure up. Like virtually all large-
scale monocultures, plantations are suscep-
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tible to disease and pest outbreaks, so they
commonly require regular applications of
insecticides and fungicides. Herbicides are
also used to prevent invasion of competing
vegetation. The frequent harvests and site
preparation procedures can result in soil
degradation that reduces the long-term via-
bility of the land. A mature pulpwood plan-
tation might look like a natural forest to an
undiscerning eye, but it actually has about
as much in common with a natural forest as
a cornfield does with a native prairie. 

Another concern is that in some parts of
the world, natural forests are being cleared
to make way for plantations. In Indonesia,
where pulp production has more than
quadrupled in the last decade, more than
1.4 million hectares of natural forest have
been replaced by plantations. Plantation
expansion and the timber industry have
been heavily subsidized by the government
for years. Satellite data showed that 80 per-
cent of the fires that burned over 2 million
hectares of Indonesian forest in 1997–98
were set largely to clear land for palm oil
and pulpwood plantations.23

The loss of natural forest in favor of
plantations is not only a developing-coun-
try phenomenon. In the United States, the
expansion of pine plantations for pulp and
sawnwood has also come at the expense of
natural forests. According to U.S. Forest
Service data, pine plantation cover in the
Southeast grew by nearly 8 million hectares
between 1952 and 1985, while natural pine
forest cover declined by 12 million
hectares, an area nearly equal in size to the
state of Mississippi or three times as big as
Switzerland. The Forest Service predicts
that this trend will continue into the future,
anticipating that by 2030 there will be
about twice as much area in plantation pine
as in natural pine stands.24

In addition to the environmental

impacts, pulpwood plantations have also
had adverse effects on local people. In
Indonesia, some plantations have displaced
indigenous Dayak communities. Compa-
nies have failed to negotiate land acquisi-
tion agreements with villagers, have broken
promises to provide facilities, and at times
have harassed and intimidated local people.
Similar problems have occurred in many
other parts of the world. In Brazil, the
Tupinikim and Guarani have been fighting
for decades to have their traditional territo-
ries restored. These lands were lost to the
Brazilian paper company Aracruz Celulose
when it appropriated thousands of hectares
of “uninhabited” land in the 1960s.25

Producing pulp and paper casts a long
ecological shadow beyond its impact on the
world’s forests. To make a ton of paper, at
least 2–3.5 tons of trees are brought to the
mill. Converting them into paper requires
large amounts of energy, water, and chemi-
cals, and it generates vast amounts of air
and water pollution and solid waste.26

Worldwide, pulp and paper is the fifth
largest industrial consumer of energy,
accounting for 4 percent of all the world’s
energy use. In Canada, this industry is the
largest consumer of energy, and in the Unit-
ed States, the second largest. Although
there have been some improvements in
reducing energy use, pulp and paper is still
one of the most energy-intensive industries
in the world. In developing countries, ener-
gy use in pulp and paper is often double that
in industrial countries, because of greater
reliance on outmoded technologies.27

In most papermaking nations, energy
efficiency has improved in recent decades
due to regulations and cost concerns. In
Japan, the amount of energy used per ton
of paper decreased by half since the mid-
1970s. And in the United States, the figure
declined by 22 percent between 1972 and
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1996. But these efficiency gains were over-
shadowed by the fact that total energy use
increased by 49 percent, a result of produc-
tion levels rising by 89 percent.28

The pulp and paper industry uses more
water to produce a ton of product than any
other industry—in the United States, some
44,000–83,000 liters per ton of virgin fiber
paper, depending on the grade. Writing
paper, the fastest-growing grade, uses more
than others because of extensive bleaching
and washing. Yet, as with energy, some
improvements have also been made in effi-
ciency. In the United States, water use has
fallen by 50–90 percent per ton since 1950.
And in Japan, the amount of water needed
per ton of product has dropped by two
thirds in just the last 10 years.29

Converting wood into paper is a com-
plex process that begins by stripping trees
of their bark and then chipping them into
small pieces. Chemicals or mechanical
grinders are then used to separate, or
“pulp,” the cellulose fibers. The pulp is
rinsed and washed several times and often
bleached to make it white. Finally, it is
formed into paper.

There are a number of ways to accom-
plish this transformation. Chemical pulp-
ing, especially the “kraft” process, is the
most common method and is used to pro-
duce strong papers such as printing and
writing paper, grocery bags, and corrugated
boxes. Chemical pulping is not very effi-
cient in converting wood into pulp, howev-
er, and only about half of the wood ends up
in paper. The sludgy processing “waste”—
the other half of the wood, mixed with left-
over chemicals—is usually burned to help
fuel the mill and to recover some of the
chemicals. Mechanical pulping uses about
twice as much energy as other processes but
is about 95 percent efficient in converting
the wood into pulp. The paper made from

mechanical pulp tends to be weaker and
yellows easily, so it is generally used to make
newsprint and telephone books.30

Pulp and paper mills have long been con-
sidered “bad neighbors” because of the
foul-smelling air and sickening water they
produce. Even with improvements, U.S.
pulp and paper factories have one of the
highest pollution intensities, or emissions
per value of output, of the 74 industrial sec-
tors monitored by the government’s Toxics
Release Inventory. In many developing
countries, mills can be even more polluting,
especially if they rely on outdated technolo-
gy or if pollution is less well regulated.
China, India, and other Asian nations, for
instance, have thousands of small mills that
have no chemical recovery systems, and that
pour untreated black “pulping liquor”
directly into waterways.31

A host of air pollutants are released when
paper is made, including volatile organic
compounds, nitrous oxides, sulfur oxides,
acetone, methanol, chlorine compounds,
hydrochloric and sulfuric acids, irritating
particulate matter, and carbon monoxide. 
It is the sulfur compounds that give kraft
pulp mills their characteristic “rotten egg”
smell. In addition to having well-docu-
mented human and ecosystem health
effects, some of these air pollutants con-
tribute to climate change and others are
ozone-depleting substances.32

Thousands of substances are released
into water bodies from pulp and paper mills,
including dissolved wood, chemicals, and
other compounds—many unidentified—
that result from interactions between wood
and the pulping and bleaching chemicals.
This mix can reduce oxygen levels in the
receiving water system and thus kill aquatic
organisms, cloud and acidify the water, and
release toxic chemicals. While some aquatic
life is killed immediately, other effects are
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long-term and persistent as chemicals accu-
mulate and work their way up the food
chain to people. (See Chapter 5.)33

Many of these highly toxic compounds
are produced during conventional bleach-
ing processes that use chlorine. To make
whiter paper, wood pulp is bleached, most
commonly with elemental chlorine (usually
in the form of chlorine gas). Chlorine
bleaching has come under intense scrutiny
since the discovery of dioxins in mill efflu-
ent in the mid-1980s. Some mills have
switched to other types of chlorine, such as
chlorine dioxide, which can cut measurable
discharges by 90 percent. Unfortunately,
many of the chlorine-based compounds are
toxic at levels that are too low to detect
using standard measures.34

Most improvements in pollution levels 
in industrial countries have come in
response to government laws and regula-
tions. The earliest tended to deal with end-
of-the-pipe (or smokestack) pollution and
to prescribe specific technologies. They 
succeeded in reducing the gross levels of
pollution that characterized the pulp and
paper industry of 30–50 years ago, when
dead and discolored rivers and lakes were
commonplace.

Today, there is greater emphasis on pol-
lution prevention or source reduction. This
newer approach tends to set longer-range
emissions targets and allows industry to fig-
ure out how best to meet these goals by
examining and modifying production
processes. In Sweden, strict standards with
more flexible rules for compliance have
helped the country achieve higher environ-
mental performance and greater competi-
tiveness. The recent U.S. Environmental
Protection Agency “Cluster Rule” also
takes a more integrated approach to air and
water regulations. As the public, regulators,
and the industry have become more sophis-

ticated, there is a growing awareness that
the most effective way to achieve environ-
mental and economic goals is to prevent
pollution in the first place; wasted resources
are wasted profits.35

Reducing the Burden 
of Production

Although significant progress has been
made in reducing the environmental costs
of producing paper in many parts of the
world, there is still considerable room for
improvement. From expanding the use of
alternatives to virgin wood fiber (such as
recycled and nonwood fibers) to improving
forest management and cleaning up mills,
ample opportunity exists to reduce the hid-
den costs of paper production.

Increasing the collection and reuse of old
paper is one of the most promising ways to
lessen many of the problems associated with
paper. Producing new paper from old is an
efficient process. For each ton of used paper,
nearly a ton of new paper can be pro-
duced—far more efficient than the 2–3.5
tons of trees used to make 1 ton of virgin
paper. And because recycled paper has
already been processed, just 10–40 percent
as much energy is required during repro-
cessing as in virgin pulping. And little, if any,
bleaching is needed because white papers
had already been bleached during their orig-
inal production and many grades (like cor-
rugated boxes) do not need bleaching.36

Recycling can make use of a huge, bare-
ly tapped supply of materials—the urban
forest. This term has been used to describe
cities not because trees grow there, but
because cities generate enormous amounts
of wood and paper waste that is all too
often thrown away. A fast-growing industry
is making use of this vast resource to pro-
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duce useful products, reduce waste, and
create jobs. A new paper mill is under con-
struction at an old industrial site in the
Bronx area of New York City that will use
100-percent recycled newspaper and get its
water from treated sewage. It will produce
far less pollution and use half the energy of
virgin production. By locating near the
source of its raw material and the buyers for
its products, the company’s transportation
energy costs will be slashed by 94 percent.
The paper is expected to cost 28 percent
less than virgin newsprint.37

In many countries, the primary motiva-
tion for increasing recovery rates has been
the need to reduce the flow of waste to
landfills and incinerators. The volume of
waste generated in many industrial coun-
tries has grown substantially in recent
decades—more than doubling in the Unit-
ed States alone since 1960. Paper accounts
for the largest share of municipal solid
waste in many industrial countries. In the
United States, for example, it accounts for
39 percent (by weight) of this waste. And
even though almost half of used paper is
now diverted for recycling, some 44 million
tons are still discarded in the United States
each year—more than all the paper con-
sumed in China.38

As the benefits of recycling have been
recognized, recovered paper’s contribution
to the global fiber supply for paper has
nearly doubled—from 20 percent in 1961
to 38 percent in 1997. Between 1975 and
1997, the volume of paper recovered
worldwide more than tripled and the share
of paper that was recovered increased to
more than 43 percent.39

Yet wastepaper recovery rates vary dra-
matically among countries. Legislation to
aggressively reduce solid waste in Germany
has resulted in paper recovery rates of nearly
72 percent. And in Japan, the world’s second

largest paper producer, limited domestic
resources and a shortage of waste disposal
options have encouraged the heavy use of
recovered paper. On the other hand, the
recovery rate in China is only 27 percent.40

In the 1970s and early 1980s, only about
one quarter of wastepaper was recovered in
the United States. Thanks to a variety of
laws and private initiatives, such as banning
paper in landfills, establishing curbside recy-
cling programs, and issuing mandates for
recycled content paper, by 1997 the U.S.
recovery rate had risen to 46 percent. In
Europe, where there are also high levels of
wastepaper recovery, a 1994 European
Union directive targeted a recovery rate of
50–65 percent for packaging waste by
2001, and a new directive calls for a nearly
two-thirds reduction in the amount of
biodegradable material (such as paper) sent
to landfills.41

Recycling has served more as a supple-
ment than a substitute for virgin fiber.
Global paper and paperboard consumption
is increasing so rapidly that it has over-
whelmed gains made by recycling. Indeed,
while the amount of material recovered has
increased severalfold and its contribution to
the fiber supply has nearly doubled, the
total volume of virgin wood pulp and paper
consumed and waste generated continues to
rise, overtaking these important successes.42

The potential for using old paper to make
new paper has yet to be fully exploited.
Today’s 43-percent recovery rate is far below
the 70 percent or more that is possible.
Some grades of waste paper, such as old cor-
rugated boxes and newspapers, are more
widely recycled than others, and there are
well-developed markets for pulping them
into similar new products. Other grades,
such as mixed office paper, have lower recov-
ery rates, and very little of what is collected
is used in making new office paper. Instead it
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is “downgraded” for other uses such as card-
board, because of the variety of inks used
and the demand for ultra-bright white office
paper. In fact, more than 90 percent of the
printing and writing paper made in the Unit-
ed States is from virgin fiber.43

For recovery and recycling to reach its
full potential, a number of barriers need to
be overcome—some technical or economic,
others social. One barrier has been price
volatility in recovered paper. For a long
time the capacity to pulp wastepaper was
limited, and the volatility of supply and
price made it difficult for mills to invest in
new facilities to handle the paper, creating a
vicious circle. With the more widespread
adoption of municipal and business recy-
cling programs and the expansion of recy-
cled mill capacity, supply and prices are now
more predictable. Unfortunately, wide-
spread subsidies and overcapacity for virgin
fiber still put recovery and recycling at an
economic disadvantage.44

Despite the expansion and success of
recycling programs, their economic benefits
are usually underestimated, and thus
municipalities tend to underinvest in recy-
cling. In Massachusetts, these economic
benefits are two to four times the waste dis-
posal fees. The additional investment need-
ed to expand recycling fully would amount
to just 1–2 percent of the economic bene-
fits that would accrue to municipalities.45

In recent years there have been dramatic
advances in the quality of recycled papers,
thanks to innovations made in processing.
And as the volume of recovered paper use
rises each year, even more gains are being
made. These technological advances need to
be more widely adopted. The most common
standards for judging writing papers—opac-
ity and brightness—are easily met by today’s
recycled papers. The strength of recycled
paper is on a par with virgin paper as well (a

concern for printers, because breaks in large
paper rolls can be very costly).46

Nonwood fibers provide another option
for improving paper’s fiber mix. There are
two main types of nonwood fibers for
paper: agricultural byproducts from crops
such as wheat, rice, and sugar, and crops
that can be grown specifically for pulp, such
as kenaf and industrial hemp. Wild plants,
such as reeds and grasses, and recycled tex-
tiles are also used as a fiber source in some
parts of the world.47

Nonwood fibers were once the sole
source of raw material for pulp; wood pulp-
ing techniques were not even invented until
the middle of the nineteenth century. The
first piece of paper, produced in China in
A.D. 105, was made of tree bark, old rags,
hemp, and used fishing nets. Today, non-
woods provide only about 7 percent of the
world’s total fiber supply for paper. But
there is a strong case for increasing that
share to 20 percent or more. Doing so
could make use of a resource that is cur-
rently burned in many parts of the world,
provide farmers with an additional source of
income, reduce chemical use in pulping,
and cut the demand for wood pulp.48

Developing countries account for 97
percent of the world’s nonwood pulp use.
China is responsible for the vast majority of
this—83 percent. In the United States,
nonwood fibers provide less than 1 percent
of the paper industry feedstock, whereas in
China, the figure is nearly 60 percent.49

Agricultural byproducts currently pro-
vide about three quarters of the world’s
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nonwood pulp supply. By one estimate, one
hectare of cereal grain can yield up to one
ton of straw—and this includes an
allowance for half of the straw to be tilled
back into the soil. More than 2 billion tons
of agricultural byproducts could be avail-
able each year, a far cry from the roughly 35
million tons currently used. The majority of
agricultural residues should be composted
and recycled on farmlands, and in some
countries, residues represent an important
source of fuel. Yet in some parts of the
world, large amounts of these residues are
burned, resulting in polluted air and a wast-
ed resource.50

Crops planted specifically for pulp, such
as kenaf and hemp, also have potential for
expanded use. These sources currently
account for about 9 percent of the world’s
nonwood pulping capacity. They can cost
more than agricultural byproducts, but
many have properties that can yield high-
quality pulps as well as environmental and
social benefits. One of the primary advan-
tages they have over wood is their low
lignin content. Lignin binds cellulose
together, and the removal of lignin is part
of what makes the pulping process so ener-
gy- and chemical-intensive.51

Whether kenaf and hemp are preferable
to wood fiber depends to a large extent on
local social, economic, and ecological con-
ditions. In some places, the climate may be
more suitable for nonwood crops; in others,
farmers may be looking to diversify and
could get a much faster return from an
annual fiber crop than from a pulpwood
plantation that could take 15–20 years to
mature.

Even with expanded use of recycled and
nonwood fibers, 25–30 percent of the
world’s fiber supply for paper will likely
continue to come from virgin wood. Tree
plantations and forests are integral to the

modern paper production system. But in a
world with a rapidly expanding population
and a rapidly declining forest endowment,
reforming forest management is essential. A
continuation of the practices of the twenti-
eth century and a growing demand for
wood will leave us with severely degraded,
fragmented systems 50 years hence. Large
expanses of healthy, intact forest ecosystems
that are not in protected or extremely
remote areas would become a distant mem-
ory, and vital ecosystem services would be
severely compromised.

There are some encouraging signs that
forest management can be improved. In
recent years, there has been a growing
interest in sustainable forestry practices on
the part of local communities, foresters, the
industry, policymakers, and concerned citi-
zens. These practices involve changing har-
vesting techniques; managing for multiple
species, age classes, and uses; and protect-
ing wildlife habitat and watersheds while
also providing products and livelihoods.

Some types of plantations can play a role
in reducing the environmental impacts asso-
ciated with producing pulp for paper. Farm-
ing trees in a sustainable way is clearly
preferable to harvesting the world’s last
remaining old-growth stands. But planta-
tions can be managed much better than
they are now. First and foremost, they
should be established on lands that truly are
“degraded”—that are not currently forest-
ed, farmed, or inhabited, and do not have
high potential to regenerate naturally.
Instead of providing subsidies for plantation
establishment in recently cleared or highly
productive areas, governments could offer
financial incentives to plant in degraded
areas. The subsidies could make up for some
of the profits lost from slower growth rates.

Other ways to improve plantation man-
agement include long-term landscape plan-
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ning, watershed protection, local stakehold-
er involvement, reduced chemical use, and
the use of native trees. Some companies have
already taken steps to reduce their environ-
mental impact. For example, a Brazilian
company intersperses its plantations with
plantings of native rainforest species. They
do this in part to improve their environmen-
tal image, but also to provide a natural
means of pest control.52

Consumer demand has played a role in
encouraging the trend toward sustainable
forest management and cleaner paper pro-
duction. In particular, the late 1990s were
characterized by increased consumer aware-
ness in some parts of the world. The Euro-
pean market has been especially influential
in catching the attention of major forest
products industries. And companies rang-
ing from Dutch publishers to McDonald’s
have recently been demanding products
free of old-growth wood.53

The growing concern about forest man-
agement practices has contributed to an
expansion of certification initiatives. The
Forest Stewardship Council (FSC) is the
best known and most credible third-party
certifier. FSC accredits certifiers who audit
forest management practices, at the request
of companies wishing to use the FSC logo,
and who certify products for the entire
chain of custody—from forest to transport
to processing. FSC-certified forests must
follow strict standards set forth in regional-
ly specific principles and criteria for sustain-
able forest management. Many companies
are seeking FSC certification, and by the
beginning of 1999 more than 15 million
hectares of forest—almost three times the
size of Costa Rica—had been approved by
FSC certifiers. In late 1998, the first U.S.-
produced paper containing FSC-certified
tree pulp arrived on the market.54

Regardless of the fiber source, there is

ample room to improve the way that paper is
made. In recent years, new methods have
been developed for producing paper with
less energy, less pollution, and fewer virgin
raw materials. Some businesses have begun
to embrace these changes. Many companies
were initially pushed by regulations, but
more and more are finding that it can be
more profitable (and publicly acceptable) to
generate less waste and more environmental-
ly benign products. On the whole, however,
the pulp and paper industry has been rather
slow to change, and too few companies have
been willing to adopt innovations that do
not pay for themselves in the next quarter.

Reusing water, chemicals, and other
materials in a manufacturing operation is a
time-tested way of increasing profitability
and improving environmental performance.
The ultimate goal is a closed-loop system
that completely eliminates releases to the
water, air, and land. There are already sev-
eral zero-effluent mills in the world. One is
a mini-mill located in the New Mexico
desert that uses old corrugated containers
to make 100-percent recycled linerboard
(for items such as boxes). It takes steam and
water purchased from a nearby electric
plant and recycles it over and over in a
closed loop. And in Wisconsin, a recycled
paper mill has completely eliminated dis-
charge.55

As noted, progress has been made in
reducing the volume of waste produced in
pulp and paper mills, and the effluent levels
of some of the most toxic chemicals like diox-
in. Using better methods to remove lignin
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that reduce chemical and energy use and give
higher fiber yields, switching to safer bleach-
ing chemicals, and better waste treatment are
all major steps toward cleaner paper. Modern
mills that have adopted improved processes
have cut effluents by 80 percent, which in
turn helps cut energy and chemical demands,
saves money, and makes it easier to comply
with environmental permits.56

A number of other new technologies
have the potential to improve pulp and
paper processing significantly. “Biopulp-
ing,” for example, takes advantage of natu-
rally occurring local fungi to break down
lignin in the wood chips, thereby reducing
the amount of energy needed in processing
and improving the water quality of effluents
while also increasing the strength of the
resulting paper. Researchers at the Forest
Products Lab of the U.S. Department of
Agriculture (USDA) are developing “fiber
loading” as a way to produce lighter-weight
printing and writing papers from recycled
or virgin pulp with the same qualities as
heavier paper. Because fiber-loading tech-
nology is quite inexpensive, mills that retro-
fit their equipment could pay for their
investment in one year on the material and
energy savings alone.57

A major focus of efforts in most industri-
al nations continues to be cleaning up the
bleaching process. Reducing or totally elim-
inating chlorine from processing has a num-
ber of advantages, both ecological and
economic. Chlorine is corrosive to process-
ing equipment (which limits its recyclability
within a plant and requires more expensive
equipment), dangerous to workers, and
extremely harmful when released to the
environment. Luckily, there are ways to
eliminate its use.

“Totally chlorine-free” (TCF) processes
replace chlorine-based chemicals with oxy-
gen-based chemicals such as hydrogen per-

oxide. Dioxin releases are virtually eliminat-
ed, almost no hazardous air pollutants are
released, less water is needed, and the water
can be reused many times (an essential step
toward developing closed-loop systems).
The water that is discharged needs less
treatment, and energy use is far lower—
increasing profitability. Scandinavia has
already shifted 27 percent of its production
to TCF. The United States and Canada lag
far behind, with less than 1 percent. TCF
mills are cheaper to build because they need
less equipment and can use less expensive
metals than mills using chlorine. World-
wide, about 6 percent of the world’s
bleached pulp is now totally chlorine-free.58

So far, most of the industry (especially in
North America) has chosen to adopt the
“elemental chlorine free” (ECF) approach
rather than TCF, because it requires fewer
modifications to existing plants. ECF uses
chlorine derivatives (such as chlorine diox-
ide) rather than elemental chlorine, which
reduces some—but not all—of the most
harmful compounds in the effluent. World-
wide, 54 percent of the bleached pulp pro-
duced in 1998 was ECF, a big jump from
17 percent the preceding year.59

Adoption of these newer bleaching meth-
ods has resulted in significant reductions in
toxic discharges. For comparison, an average
paper mill using standard chlorine bleaching
releases about 35 tons of organochlorines a
day, while ECF mills release just 7–10 tons.
TCF mills release none.60

The reluctance to move to the full range
of cleaner technologies is surprising, given
the proven cost benefits. A 1995 study of
50 mills in six countries found that the ear-
lier a mill had invested in improved tech-
nologies (such as extended delignification,
ECF, or TCF), the more profitable and
competitive it became. These findings held
true even in nations without strong pollu-
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tion regulations. As the study published in
the industry journal Pulp and Paper Inter-
national noted: “Business people have been
brainwashed by classes in traditional eco-
nomics to believe that investing to reduce
pollution is a waste of money. The problem
with this view is that it makes assumptions
that do not hold true in the real world.”61

Trimming the Costs 
of Consumption 

Although the paper industry has a key role
to play in reducing the environmental
impacts of paper and shifting toward sus-
tainability, consumers also have a pivotal
role. Their purchases and preferences send
signals to the industry. And their discards
help create mountains of waste, much of
which consists of paper. Strategies such as
reduce, redesign, reuse, and recycle can eas-
ily be practiced by businesses, government,
and individual consumers alike.

Business consumers can have a particu-
larly strong influence on the industry.
Office paper is the fastest-growing use of
paper, and the cost of printing, copying,
mailing, storage, and disposal can exceed
the initial purchase price of paper by as
much as 10-fold. Luckily, there are easy
ways for businesses to audit—and reduce—
their paper use and costs. Reductions of 20
percent are possible in most offices, just
through “good housekeeping” practices
such as eliminating “extra” paper purchases
and needless copies. Photocopying and
printing on both sides can save a substantial
amount of paper, and office machines that
print “duplex” (double-sided) are widely
available. Greater use of electronic commu-
nication can also save paper and money.62

Many companies have already begun
using such strategies. Bank of America, now

the largest commercial bank in the United
States, decided in 1994 to reduce its paper
use by 25 percent in two years. It reported
exceeding that goal by 1997 by using on-
line reports and forms, e-mail and voice mail
instead of paper forms and memos, duplex
copying, and lighter-weight papers. Just
trimming the weight of the paper in auto-
mated teller machines by 25 percent saved
228 tons of paper a year. Bank of America
now recycles 61 percent of its paper, saving
about a half-million dollars a year in waste
hauling fees. And 75 percent of all its paper
purchases have some recycled content.63

Many printers and publishers have man-
aged to reduce the amount of paper waste
generated at the printing plant and to recy-
cle the waste they create. Advances in com-
puter-assisted layouts and other design
tools allow printers to maximize the
amount of printing on a sheet. Some print-
ers are using lower-weight papers. The
weight of the paper in American newspa-
pers, for example, was gradually reduced by
9 percent between the late 1960s and the
mid-1980s. Some newspapers and maga-
zines are saving even more money and
paper by also reducing the size of their pub-
lications by a fraction. It is still common for
magazine publishers, however, to print and
ship many more copies than they expect to
send to subscribers or to sell at the news-
stand: at least half the magazines printed in
the United States are never sold.64

The rapidly growing overnight and
express shipping industry is another large
consumer of paper. United Parcel Service
(UPS), the largest of these companies, ships
more than 3 billion packages a year. Several
companies (including Airborne, UPS, and
the U.S. Postal Service) now use more than
80 percent post-consumer wastepaper for
boxes and paperboard, have eliminated
bleached paper, offer reusable materials,
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and are using lighter packaging.65

Smaller businesses can make a difference
as well. An increasing number of Japanese
offices are coming together to collect paper
in sufficient quantities to make it economi-
cal for pickup by a private recycling compa-
ny, thanks to an initiative started in 1990 by
a concerned office worker. One such “office
town council,” a group of 280 offices, now
diverts more than 8,000 tons of high-grade
office papers from the waste stream each
year, saving nearly 87 million yen (approxi-
mately $712,000) in disposal costs. The
group has also promoted purchases of recy-
cled-content paper products. Its example
has been replicated elsewhere in Japan.66

Each household may not use as much
paper as a business, but collectively house-
hold paper use is considerable, as is the
influence that individuals have on business-
es that provide them with goods and ser-
vices. Guides are now available to help
consumers audit and reduce their own
paper use and to identify and support more
environmentally benign purchases. They
can eliminate excessive “junk mail” and cat-
alogues, choose items with less packaging,
and support community recycling efforts.
An essential step is buying recycled prod-
ucts, for without a market, paper that is col-
lected for recycling may end up in a landfill
or incinerator.67

Some manufacturers are using creative
ways to produce the same desired product
while using less raw material. In the 1980s,
for example, standards for corrugated 
shipping containers shifted from weight-
based standards to performance-based
ones. By “lightweighting,” a substantial
amount of raw material was saved, and
stronger containers resulted. Since nearly
half of the world’s paper is turned into
packaging and shipping products, such a
shift is significant.68

Products and services can be redesigned
to use far less material or more environ-
mentally benign materials. Consumer prod-
ucts giant Procter and Gamble shaved the
amount of paper packaging per unit of
product by 24 percent in just four years. In
Europe, some padded shipping envelopes
are a “bag-in-a bag” that can easily be
reused and recycled. The plastic bubble
wrap bag slips out of the paper envelope,
and both can be recycled.69

Entire products and functions are being
redesigned to virtually eliminate paper use.
Documents such as phone directories, parts
catalogues, and technical reference manu-
als, can now be accessed on-line or on CD-
ROMs, saving millions of dollars and tons
of paper. The potential is illustrated by the
fact that the contents of all the phone books
in the United States could be put onto a
few CD-ROM disks for just a few cents and
are already available on the Internet.70

While the “paperless office” predicted by
some in the 1970s may never materialize,
today’s new generation of information and
communication technologies is showing how
businesses can function with far less paper.
Electronic mail, electronic data interchange,
document scanners, intranets, and the Inter-
net can radically reduce paper use, while also
saving time and money. Many companies are
now producing and processing core business
documents such as invoices, purchase orders,
and reports electronically, greatly increasing
their efficiency.71

Paper products in the office—from 
copy paper to corrugated containers, ship-
ping envelopes, and magazines—can be
reused before recycling. Manufacturers of a
range of products like furniture and comput-
ers are also switching to returnable and
reusable packaging, which can save money
and resources.72

Municipalities and businesses have found
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that expanding recycling has reduced the
volume of waste. Retailers that receive large
shipments have already discovered that
recycling old corrugated containers can be
profitable, and their efforts help account for
the fact that corrugated paper has the high-
est recovery rates of all paper types. In the
United States, more than 70 percent of old
corrugated containers have been recycled
since 1995; grocery stores are now the sin-
gle largest source of this valuable material.73

As very large consumers of paper, pub-
lishers have a key role to play by making
their operations more efficient and moving
the market to supply better papers. Dutch
paper buyers, for example, are demanding
old-growth-free paper from Finland, and
German publishers are making sure that
their suppliers practice good forest manage-
ment. Printers are finding that customers
are asking for these papers and that firms
that supply them have a competitive edge.
Members of like industries, such as publish-
ers or environmental groups, have come
together to form buyers groups, so that col-
lectively their purchases can help spur
change.74

Governments are also big paper pur-
chasers. The U.S. government, which
accounts for 2 percent of all paper bought
in the country, has mandated that its paper
purchases must have a minimum of 30-per-
cent post-consumer recycled content.
Japanese government offices now buy recy-
cled-content copy paper with whiteness of
70 percent (instead of the old standard, 80
percent), thanks to a campaign by con-
cerned businesses and nongovernmental
organizations. The campaign also taught
consumers that whiteness standards for
paper were unnecessarily high.75

A number of creative alliances are bring-
ing changes. Five years ago the U.S. Envi-
ronmental Protection Agency set up the

WasteWise program to encourage public
and private entities to reduce waste by shar-
ing strategies and highlighting achieve-
ments. Last year, more than 900 partners
cut waste by 8 million tons and saved about
$40 million in avoided purchases and dis-
posal fees. The overnight shipping industry
and the fast-food giant McDonald’s have
worked with the Environmental Defense
Fund to reduce materials use. The U.S.
Postal Service is collaborating with USDA’s
Forest Products Lab to develop better
stamp adhesives that will make paper more
recyclable.76

In recent years there have been many
advances in the quality and availability of
more “environmentally friendly” paper.
The perception of recycled paper, for exam-
ple, as weak or coarse and flecked is no
longer true, as a range of high-quality recy-
cled paper that meets the demands of all
types of printing is available at competitive
prices. Likewise, the range and availability
of “tree-free” papers and those made with-
out chlorine bleaching has expanded con-
siderably, and guides are available to help
consumers find suppliers. Labels that indi-
cate recycled content, chlorine bleaching,
and so forth are becoming widespread in
many parts of the world. Consumers are
using this information to buy better prod-
ucts and to encourage the industry in a sus-
tainable direction.77

Designing a Sustainable
Paper Economy

As we enter the new century, the need for a
healthier paper diet is more urgent than
ever. In its most recent projections, the
U.N. Food and Agriculture Organization
(FAO) predicts that global paper consump-
tion will reach nearly 391 million tons by
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2010, more than a 30-percent increase over
today’s level. With such growth would
come the felling of more trees, and more
pollution and waste. But ever-rising con-
sumption and all the costs that it entails are
not a foregone conclusion. Accelerating the
use of promising technologies and promot-
ing leaner consumer habits can bring a
healthier paper diet within reach.78

Paper use has traditionally been closely
correlated with income levels, and industry
analysts generally treat rising consumption
as a sign of a healthy economy and improv-
ing quality of life. But using more paper is
no more a prerequisite for rising economies
and standards of living than is increased
automobile traffic, television viewing, pol-
lution, or heart disease—other trends that
have historically grown with income. In
Japan, total paper use rose by 75 percent
between 1980 and 1997, yet it is question-
able that well-being rose by a comparable
level. Paper use can be “decoupled” from
economic growth thanks to improvements
in efficiency and conservation, much as
energy use has been.79

There are many parts of the world where
access to paper does need to increase for
education, communication, and sanitary
purposes. About 80 percent of the world
uses less than the 30–40 kilograms per per-
son a year recommended as the minimum
for basic literacy and communication needs.
But consumption levels in industrial nations
can be substantially reduced without losing
the benefits of the services that paper now
provides. Such changes are both possible
and practical, as described earlier, and they
promise many economic and environmental
benefits.80

For individuals and companies alike,
there are ways to provide the benefits and
fill the functions of paper with far less mate-
rial, and without racking up the costs that

come with today’s high level of paper use.
Businesses, for example, can become more
“eco-efficient” by adding value to products
and services, while reducing material and
energy use, pollution, and waste. Today’s
box manufacturers could sell shipping ser-
vices, as some are already doing by selling
or leasing reusable containers, and compa-
nies could sell information transmittal or
communications services rather than reams
of paper and copy machines.81

These strategies, combined with the
many others described earlier, can yield
substantial savings by “capturing the magic
of compounding arithmetic,” as Paul
Hawken, Amory Lovins, and Hunter
Lovins describe in their book Natural Cap-
italism. If, for example, a process has 10
steps, and you can save 20 percent at each
step, the net savings is a whopping 89 
percent. The highest gains are made by
reducing consumption, as the impact is
multiplied back through the entire chain of
production, from the mills to the forests.82

Applying this principle to paper con-
sumption and production, dramatic savings
could be achieved using some fairly conserv-
ative estimates of improvements along the
chain. For example, if per capita consump-
tion in industrial countries were trimmed by
one third, an amount largely possible just
through “good housekeeping,” global paper
consumption would fall by 5 percent, and
developing-country consumption could rise
to 30 kilograms per person a year, improving
the chances that basic needs are met. And if
at the same time production efficiency
increased by 5 percent, while recycled paper
as a fiber source expanded to 60 percent and
nonwoods as a fiber source doubled, then
we could save 56 percent of the wood fiber
now used for paper making.83

Policymakers have a key role to play in
making the transition to a sustainable paper
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economy. Through policies and regula-
tions, governments can spur cleaner pro-
duction, encourage recycling, promote
sound forest management, shift consump-
tion patterns, and save taxpayers money.
Reforming a host of policies that are envi-
ronmentally destructive and fiscally wasteful
is also essential.

Fiscal reform is a top priority, starting
with reducing the extensive subsidies for raw
materials use (such as wood, water, and ener-
gy), tax incentives for forest conversion, and
low concession and stumpage fees. Many
countries rely on such policies with the mis-
taken assumption that forest exploitation,
trade, and increased consumption are
engines for economic growth. These policies
are not only wasteful in their own right, they
also put relatively sustainable alternatives and
activities—such as reuse-and-recycle and
nonwood fiber sources—at an economic dis-
advantage. The overall effect is to make
paper produced from virgin wood fiber inex-
pensive, encouraging overproduction and
wasteful consumption.

Eliminating numerous widespread subsi-
dies would reap financial and environmental
benefits. In Canada—the world’s largest tim-
ber exporter—British Columbia subsidizes
the timber industry to the tune of $7 billion
a year. Indonesia’s subsidies for forest
exploitation range between $1–3 billion a
year. Some subsidies are direct, such as the
$811 million in tax breaks the U.S. govern-
ment gives the forest industry each year.
Others are indirect, such as tax-exempt
bonds for landfills and incinerators, or the
subsidized energy, water, and transportation
infrastructure that make virgin extraction
and processing more profitable. For exam-
ple, the pulp and paper industry is the
biggest beneficiary of the U.S. taxpayer-
funded $2-billion Tennessee-Tombigee
waterway, which gave companies access to

land-locked forests and made the explosive
growth in wood chip exports possible.84

Taxes can be an effective tool for shifting
the industry in a more sustainable direction.
Higher taxes for exceeding pollution levels,
excess packaging, waste incineration, and
landfilling have the double benefit of dis-
couraging things people want less of (such as
pollution) while lowering other taxes, and
thus encouraging things people want more
of (such as jobs and investment). The
Netherlands, for example, has gradually
increased taxes on water pollution in recent
decades, which spurred major improvements
in water quality as industry adopted cleaner
technologies. The United Kingdom’s new
landfill tax is expected to stimulate paper
recovery and help trim paper imports.85

Most governments have been pursuing a
policy of trade promotion and liberalization
that encourages forest degradation. Cur-
rent global trade negotiations, for instance,
are set to further reduce tariffs on forest
products—a potential stimulus to produc-
tion. And some positive steps, such as
national laws covering packaging, recycling,
certification, and eco-labelling, are viewed
by the World Trade Organization as non-
tariff barriers to trade, and are also thus tar-
geted for elimination under expanding
global free trade rules. Also under attack are
national sanitary standards intended to pre-
vent the accidental introduction of exotic
pests and diseases that can hide in wood
products and decimate forests in the
importing nation.86

In addition to reforming unsustainable
policies, scaling up policies with positive
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effects—such as recycling promotion, pol-
lution prevention, mandates for recycled
content in procurement, and so forth—
would make a difference. Laws mandating
waste reduction and recycling have helped
expand the supply of old paper available for
paper manufacturing. In many countries,
“pay-as-you-throw” programs provide an
incentive to generate less trash and to recy-
cle more by charging households only for
the amount they throw away, much the way
many businesses already pay trash haulers
based on volume. Helping recycling mills
to open in urban areas close to fiber sources
and markets, or agricultural fiber mills to set
up in areas where such fibers are little used,
can simultaneously make use of wasted
resources and provide regional economic
benefits. Regulators and taxes can encour-
age wider adoption of integrated pollution
prevention methods that slash pollution
and save money.87

Sometimes sound policies and regula-
tions fail to translate into action because of
poor implementation or enforcement. The
efforts of many developing countries to
enforce pollution control measures or halt
illegal logging and land conversion are
often hampered by understaffed and under-
funded environmental agencies. Good laws
may also be stymied by corruption at vari-

ous levels of government. And regulators
may bow to pressure by industry, as is hap-
pening with British Columbia’s pollution
policy that mandates zero discharge of
deadly dioxins.88

Relatively small investments in research
by government and industry can yield big
dividends. Given the economic importance
of paper, surprisingly little is spent by gov-
ernment and industry on research and
development into new technologies. In fact,
the pulp and paper industry spends less on
research than any other major industry—
about 1 percent of sales, compared with 4–5
percent in manufacturing industries as a
whole. A hopeful sign is that several devel-
oping nations, notably India, Indonesia,
and China, have established research insti-
tutes that focus on the environmental prob-
lems of their pulp and paper industries.89

Continuing the current course of paper
production and use carries costs that are
too high to pay—from impoverished land-
scapes, to pollution and waste, to unmet
needs. These costs will become increasingly
burdensome as the world’s population and
consumption continue to expand. A high
standard of living can be enjoyed in all
countries without incurring such costs, for
the tools to bring about a sustainable paper
economy are available.
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The Silicon Valley Toxics Coalition (SVTC)
is a grassroots organization in California
that monitors the pollution generated by
computer production. In 1999, the group
discovered a new way to use computers
themselves to uncover some of the toxic
consequences of computer manufacturing.
The organization commissioned experts in
geographic information system (GIS) 
software to create computer-based maps
showing pollution from semiconductor
manufacturing in northern California.

The maps, posted on the coalition’s Web
site, show a patchwork of diamonds and
squares rimming the San Francisco Bay that
indicate sources of toxic chemical releases
and hazardous waste sites monitored by the
federal government. Internet users can
point and click on a town’s name to zoom
in for a closer view. A further click on a
symbol will bring up a text box with details
about the hazardous site.1

This story touches on three broad areas
in which information technologies intersect
with efforts to build an environmentally

sustainable society. The first is the environ-
mental impact of the production, use, and
disposal of information technologies. The
toxic chemicals used to make semiconduc-
tors, circuit boards, and electronic monitors
can cause pollution, as SVTC’s maps attest.
The disposal of information technologies
also creates environmental hazards: obso-
lete computers burden landfills, just as old
satellites add to the celestial junkyard.

Yet the net environmental effect of the
use of information technologies is far from
clear. On the downside, computers require
electricity and use paper, while radios, tele-
visions, and the Internet broadcast advertis-
ing and programs that may drive people to
buy resource-intensive products. But there
are myriad ways in which the use of infor-
mation tools may benefit the environ-
ment—for instance, by substituting data for
materials and energy, or communication for
transportation.

The second area is monitoring and mod-
eling the environment. The computer-gen-
erated maps with pollution data on SVTC’s
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Web site are just one instance of informa-
tion technology helping people to monitor
the environment. Other examples abound.
Satellite sensors are giving us clearer pic-
tures of environmental change than ever
before: spreading fires in the tropical forests
of Southeast Asia, ozone loss above the
Antarctic, and the shrinking of the Aral Sea,
among many others. In addition,
researchers are using computers to study
various environmental scenarios, from
urban transportation alternatives to the
burning of fossil fuels worldwide.2

Networking for sustainable development
is the third area of overlap. By placing the
maps of toxic sites on the Internet, SVTC
gives anyone with a computer and a modem
access to the data. New communications
systems, such as the Internet and cellular
telephones, are speeding the exchange of all
types of information, including environ-
mental data. By linking far-flung people,
the network helps researchers and activists
work together to solve environmental prob-
lems. The expanding communications net-
work also transmits information to remote
areas, where it can be used to boost human
development—helping teachers to extend
educational programs, doctors to provide
information and emergency aid, and rural
farmers and entrepreneurs to reach urban
markets.

This chapter considers the environmen-
tal implications of a large family of elec-
tronic technologies that help people gather,
store, analyze, share, and distribute infor-
mation. Given the tremendous growth and
power of these technologies, people every-

where stand to benefit from thinking about
how to harness these tools to promote sus-
tainable development—and how to avoid
the potential pitfalls.

An Expanding Global 
Network

In June 1999, reporters from around the
world flocked to Bhutan to watch the tiny
Himalayan kingdom officially enter the
information age. Bhutan’s rulers had long
tried to protect the nation’s traditional
Buddhist culture from outside influence
with limits on tourist traffic and bans on
satellite television receivers. But now King
Wangchuck was celebrating the twenty-fifth
anniversary of his reign by inaugurating
Bhutan’s first Internet hookup and address-
ing his subjects during the nation’s first
television broadcast. A new state-of-the art
digital telephone system would serve both
computer modems and television.3

Bhutan has joined a diverse and rapidly
expanding global network. Radio remains
the most common form of electronic com-
munication in the world, with more than 3
billion sets in use. Televisions are the next
most prevalent device, followed by fixed-
line telephones, computers, and cellular
phones. (See Figure 7–1.) Between 1990
and 1996, international telephone traffic
more than doubled, from 33 billion to 70
billion minutes per year.4

The newest technologies are catching up
with the most established. In 1996, for the
first time, the worldwide growth in cellular
phones surpassed the growth in fixed-line
telephones: more than 55 million new cel-
lular subscribers compared with some 49
million main-line connections. The number
of personal computers in use worldwide
more than tripled in the 1990s, to top 370
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cellular phones surpassed the
growth in fixed-line telephones.
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million by the end of 1998. During the
same period, the number of Internet
“hosts”—computers that are linked directly
to the Internet—grew 115-fold to 43 mil-
lion, allowing an estimated 147 million
people to go online.5

There is also growth in the satellite
remote sensing and computer software
technologies that obtain, store, and analyze
information about Earth. Altogether, more
than 45 Earth observation missions now
operate, with more than 70 planned during
the next 15 years by civil space agencies and
private companies. And the number of peo-
ple using geographic information system
computer software is swelling by roughly
20 percent each year. The leading GIS soft-
ware company, ESRI, grew from fewer than
50,000 clients in 1990 to more than
220,000 in 1999.6

The contribution of these technologies
to the global economy is growing rapidly 
as well. Industry analysts estimated the
worldwide market for information and
communications technologies at $1.83 tril-
lion in 1997 and commerce over the Inter-
net at $7–15 billion in 1998. The boom 

in Internet businesses
helped push the net
worth of the world’s
200 wealthiest people
from $463 billion in
1989 to beyond $1
trillion in 1999.7

The digital revolu-
tion now under way
may mark the third
wave of technological
change in communica-
tions, each of which
has transformed soci-
eties. (See Table 7–1.)
Humans were writing
for about 4,000 years
before Johann Guten-

berg invented the printing press in the fif-
teenth century, but only a tiny elite could
obtain the texts. The printing press brought
information to the masses, spurring the
growth of Christianity as Bibles became
widely available, the codification of law as
the same legal tomes could be shelved at all
courts, and the development of intellectual
property rights as writers laid claim to their
publications.8

The second wave came in the nineteenth
century, as people began to exploit electri-
cal current and the electromagnetic spec-
trum to transmit information quickly over
great distances. Samuel Morse launched the
electrical telegraph in 1844 by tapping out
a message from Washington, D.C., to Balti-
more, asking “What hath God wrought.”
And by 1875, telegraph pioneers in Victo-
rian England had built a network of cables
linking the United Kingdom, the United
States, Australia, India, and other points in
Asia. The telegraph shrunk the world as
never before, shortening the time it took to
send messages from London to Bombay
and back from 10 weeks to a mere four
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minutes. Subsequent innovations—tele-
phones, radio, television, and communica-
tions satellites—built on the progress of
telegraphs to overcome the barrier of dis-
tance in communications.9

The current wave of change stems from
the marriage of the computer to these com-
munications links. Telephone and television
networks have long conveyed sound and pic-
tures as analog waves. Now, however, many
types of information—text, sound, picture,
or video—can be transmitted digitally, as
compressed bits in the binary language of
computers. Digitization is sweeping through
the telephone, photography, remote sensing,
broadcasting, film, and music industries. 
As a result, the lines separating telecommu-

nications from computers, information 
processing, publishing, recording, and enter-
tainment are increasingly blurred.10

Although this digital movement is bring-
ing information to more people, it has a
long way to go to reach the majority of the
world’s population. Just 23 industrial coun-
tries account for 62 percent of all phone
lines, even though they are home to less
than 15 percent of the world’s people. (See
Figure 7–2.) Finland, Norway, and Sweden
actually have more phone links—fixed-lines
and cellular combined—than people. And
some 84 percent of cellular phone sub-
scribers and more than 90 percent of Inter-
net users live in industrial countries. (See
Table 7–2.)11
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Table 7–1. Key Events in Communications History 

Year Event

around 3000 B.C. Written language arises

A.D. 1448 Johann Gutenberg invents the printing press—bringing information to the masses

1489 The Thurn und Taxis family formalizes an extensive postal system in the Holy Roman
Empire

1844 Samuel Morse launches the first electrical telegraph system—connecting people in 
a communications network

1876 Alexander Graham Bell invents the telephone

1896 Guglielmo Marconi patents a device for generating and detecting radio waves 
(radio telegraph)

1929 First public television transmission

1945 ENIAC, the first electronic digital computer, is completed

1948 Transistor is invented

1962 First communications satellite launched

1969 First link in what would become the Internet is installed—marrying the computer
to the communications network

1971 Microprocessor is created
First e-mail program written by Ray Tomlinson

1990 Tim Berners-Lee at CERN (European Laboratory for Particle Physics) creates the
first World Wide Web server

1993 Development of first graphical Internet browser

SOURCE: See endnote 8.
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In the developing world, telecommuni-
cations investment is concentrated in 30
emerging economies. So although the
number of phone connections per 100 peo-
ple in developing countries jumped from
two to six between 1985 and 1997, the
gains occurred mainly in parts of Latin
America and East Asia. Buenos Aires, with a
population of more than 6 million, has
twice as many links to the fixed-line tele-
phone network as does all of Eastern Africa,
which is home to nearly 250 million. Varia-
tions within nations are often just as great,
with urbanites better connected than rural
dwellers. In the United States, for instance,
people in urban areas are more than twice
as likely to have Internet access as those
earning the same income in rural areas.12

Technology changes are beginning to
narrow this gap. One technological driver
is growth in the capacity to handle informa-
tion, in both computing and communica-
tion. The basic components of a computer
have shrunk dramatically, from the bulky
vacuum tubes of the first machines to
microscopic transistors so tiny that
researchers expect silicon chips will reach
the physical limits of miniaturization early

in this century. In the last three decades, the
computing power of a single computer chip
has increased by a factor of 64,000.13

Similarly, communications capacity has
risen as copper wires have been replaced by
ever more powerful optical fibers, thin glass
strands that transmit light signals. At a
given instant, all of North America’s long-
distance telephone traffic could theoretical-
ly be carried on a single pair of optical
fibers, each the thickness of a human hair.

As the Internet explodes in size, trans-
mission of data is expected to surpass
voice calls within the next few years.
To meet this demand, companies are
boosting installed capacity—laying
undersea fiber-optic cables and launch-
ing satellites at a record pace.14

High-capacity digital connections,
or “broadband” services, allow com-
munications service to be provided in
new and potentially cheaper ways—for
instance, telephone bundled together
with television or Internet service. The
cost of installing one new link can be
defrayed by payments for more than
one service.15
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Table 7–2. Internet Hosts by Region,
January 1999

Region Share of Total
(percent)

Canada and United States 64.0

Europe 24.3

Australia, Japan, and New Zealand 6.3

Developing Asia-Pacific 3.4

Latin America and the Caribbean 1.6

Africa 0.4

SOURCE: Network Wizards, “Internet Domain 
Surveys, 1981–1999,” <www.nw.com>, updated
January 1999.
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Wireless technologies are well suited to
reach the most remote locations. In several
developing countries where the fixed-line
network is concentrated in urban areas and
where wireless services offer competitive
prices, cellular phones are substituting for
traditional service. Mountain farmers in yak
caravans in Laos and Myanmar now use cell
phones to find the best route to market
during the rainy season. Wireless phones
are also being adopted in places where cop-
per wires are often stolen for scrap value
and in countries such as Cambodia,
Lebanon, and the Democratic Republic of
Congo (formerly Zaire) where phone lines
have been damaged by war.16

Communications satellites are beginning
to cover underserved markets as well. Since
1965, Intelsat, a treaty-based cooperative
that now has 140 member nations, has
dominated commercial satellite communi-
cations with a fleet of satellites that are
“geostationary,” orbiting the equator high
enough to remain over the same point on
Earth. The first satellite could provide 240
telephone circuits (or one television chan-
nel) between Europe and the United States;
within two decades, Intelsat satellites were
providing the bulk of the world’s intercon-
tinental telephone and television links.17

A new generation of satellites is designed
for low orbit (700–1,400 kilometers from
the surface). These are cheaper to launch,
can cover the most remote parts of the
planet, and are better suited than geosta-
tionary satellites for interactive voice and
video connections because they are close

enough to Earth’s surface to eliminate the
time lag in transmission.18

Teledesic, the largest constellation of low-
orbiting satellites, aims to provide high-
speed Internet access from anywhere on
Earth. It is scheduled to begin service in
2002 and plans to reserve some of its capac-
ity to extend communications links to rural
parts of the developing world. Iridium, a
system of 66 such satellites completed in
1998, is the first global satellite phone net-
work. At $3,000 per handset and $1–3 per
minute, its use is limited to wealthy business
travelers. But more modest one-satellite sys-
tems, which allow Internet links for just two
hours a day, are already being used to trans-
mit medical information in Africa.19

Spurred by private companies, commu-
nications satellites rocketed from 14 per-
cent of all satellite launches in 1967 to 69
percent in 1997, the first year in which
commercial launches exceeded government
ones. In 1998, a private venture, World-
Space, launched the first of three communi-
cations satellites intended to provide digital
radio service to underserved populations in
Africa, Asia, and Latin America.20

Along with new technologies, new mar-
ket liberalization and competition policies
are expanding the communications network.
In this respect, the tumultuous changes in
today’s communications industry are remi-
niscent of the telephone explosion of a cen-
tury ago. When Alexander Graham Bell’s
patent on the telephone expired in the
1890s, competition in the United States
surged for a short period, resulting in low-
ered costs that made the telephone afford-
able to more people. The rise of a giant
telephone monopoly slowed the drop in
prices. Although state-controlled monopo-
lies have dominated the phone business for
most of its history, the World Trade Organi-
zation ushered in a new era in February
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1997 when 69 nations, accounting for more
than 90 percent of world telecommunica-
tion revenues, agreed to open their markets
to foreign competitors.21

From Asia to Africa, governments in the
1990s have been dismantling state-run
monopolies and opening their telecommu-
nications markets to competition. Since
1996, Côte d’Ivoire, Ghana, and South
Africa have sold parts of their phone net-
works to private companies that agreed, as
part of their contracts, to expand service
substantially. Similar policies have succeed-
ed in extending service to underserved pop-
ulations in Mexico and Argentina, which
were among the first Latin American coun-
tries to privatize in the 1990s.22

Squandering or Saving 
Natural Resources?

Throughout their “lives,” computers, satel-
lites, televisions, and other telecommunica-
tions instruments take a toll on Earth’s
resources. Their effects on the environment
at birth and death—production and dispos-
al—are fairly easy to estimate. But the net
environmental effect during their useful
lives is much harder to gauge.

Making computers requires energy and
water. The production of the silicon semi-
conductors that form computer “chips” is
particularly energy- and water-intensive. A
single large semiconductor manufacturing
plant, producing 5,000 eight-inch wafers a
week, could use as much electrical power
and water as a small city.23

Manufacturing computers and televi-
sions also generates waste, much of it haz-
ardous. Toxic solvents, acids, and heavy
metals are used in the manufacture of semi-
conductors, printed wiring boards, and
cathode ray tubes for computer monitors

and television screens. In 1993, the Micro-
electronics and Computer Technology Cor-
poration analyzed the waste created in
manufacturing a typical computer worksta-
tion. Its study suggests that 63 kilograms of
waste, 22 of them toxic, are generated in
producing a 25-kilogram computer.24

California’s Silicon Valley provides a case
study in the environmental hazards of com-
puter production. Before the Santa Clara
Valley was transformed into a computer-
producing hub in the 1970s, pristine
underwater aquifers supported agriculture.
Three decades later, 29 Superfund haz-
ardous waste sites—including 23 former
chip-making factories—blight the valley,
and the county of Santa Clara must now
import much more water. In some cases,
these wastes have harmed either the work-
ers assembling the devices or the local envi-
ronment surrounding the factory.25

Computers and mobile phones also pre-
sent a tremendous disposal problem—in
part because they become obsolete so
quickly. A recent study by the U.S. Nation-
al Safety Council estimated that 20.6 mil-
lion personal computers became obsolete in
the United States in 1998—and of these,
only 11 percent were recycled and 3 percent
were resold or donated. Because computers
become outdated rapidly, repair is costly
compared with the price of new goods.
When computers are trashed, the lead in
monitors, the mercury and chromium in
central processing units, and the arsenic and
halogenated organic substances inside the
devices all become health hazards. 26

Recycling of computers and telephones
is difficult because most are not designed to
be recycled. Thus it is usually not cost-
effective for recycling businesses to pay for
transportation and labor to dismantle and
sort 10–25 kilograms of used computer
into three types of plastics and four types of
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metals, which may be worth as little as
$1.80. Small electronic devices, such as
mobile phones, are particularly difficult to
recycle.27

Spurred by activists and threats of gov-
ernment action, high-tech companies have
begun to deal with the pollution and waste
that arise from manufacturing and disposal.
In the United States, the Silicon Valley 
Toxics Coalition has taken the lead in pub-
licizing the toxic side of electronics manu-
facturing, and has organized other
nongovernmental organizations (NGOs)
worldwide in an International Campaign for
Responsible Technology. U.S.-based com-
panies such as Motorola, IBM, and Intel
now publish annual environmental health
and safety reports that show progress
toward reducing the energy, water, and haz-
ardous materials used in manufacturing.28

In Europe, the idea of making producers
responsible for their products at both the
cradle and the grave is becoming more
accepted—and may ultimately transform
the production of information technolo-
gies. The best example so far of “extended
producer responsibility” is Germany’s pack-
aging law, which went into effect in 1991
and has required manufacturers and distrib-
utors to recover their packaging and reuse
or recycle it. If producers are to take com-
puters and cell phones back cost-effectively,
the products’ design will have to change to
make them easier to recycle. Proponents
argue that this will actually save companies
money because it favors simple designs with
fewer parts.29

Since 1995, the European Union (EU)

has been discussing a draft directive on
take-backs for electronics. It prohibits the
use of certain toxins—mercury, cadmium,
hexavalent chromium, and brominated
flame retardants—in electrical goods by
2004. And it requires producers to pay for
collection systems, and distributors to take
back an electronic device when supplying a
new one. Between 70 and 90 percent of all
material recovered by weight must be
reused or recycled.30

Austria, France, Germany, Japan, the
Netherlands, Sweden, Switzerland, Taiwan,
and the United Kingdom are the countries
where the strongest support is found for
take-back plans for electronics. In 1999,
Germany began to move the draft decree
through its parliament. The Netherlands is
aiming for 100-percent recovery by 2000,
with different recycling targets for large
appliances, consumer electronics, metal,
and plastics. Industry is allowed to impose a
surcharge to fund the take-back schemes.31

The prospect of an EU directive has
spurred some companies into action. The
five cell phone producers who account for
the bulk of the European market—Motoro-
la, Ericsson, Nokia, Alacatel, and Panason-
ic—started pilot programs in Sweden and
the United Kingdom to take phones back
for recycling. At Sony Europe, new TV
designs now have snap-together parts and
fewer screws to make them easier to take
apart. And Siemens in Germany has built a
personal computer that is much easier to
take apart—an added benefit is lower pro-
duction costs, as the fewer parts mean that
the personal computers can be assembled
more quickly as well.32

Outside Europe, Taiwan started a take-
back system for computers, televisions, and
large home appliances in 1998 that requires
retailers to accept used electronics, regard-
less of where they were sold. And in 1999,
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Australia announced a national recycling
scheme for mobile phone batteries.33

Like consumer electronics, used satellites
also create a waste disposal problem.
Humanmade space debris—an orbiting
graveyard of dead satellites, camera lens
caps, spent rocket boosters, and other bits
of wreckage—now poses a greater collision
risk to spacecraft than do natural mete-
oroids. The U.S. Space Command cata-
logues these objects, which now number
more than 8,000. In recent years, compa-
nies that produce satellites for geostationary
orbit have agreed to design their satellites
to retain enough fuel at the end of their
“life” to boost themselves into a graveyard
orbit. And satellites closer to Earth will use
their last fuel supply to move downward
into the atmosphere, where they will burn
up. Researchers are also trying to develop
reusable rockets, smaller satellites, and ways
to reel in old space objects.34

Cleaner production processes and fledg-
ling efforts to reuse and recycle information
technologies may alleviate many of the
environmental hazards of their manufactur-
ing and disposal, but the most profound
environmental effects of information tech-
nologies are likely to occur from their use.
Enough data exist to estimate some of the
environmental effects of operating informa-
tion technology—for instance, the paper
and electricity requirements of computers.
Much less is known, however, about the
extent to which materials and fuels may be
conserved when people substitute informa-
tion exchange for activities that require
more natural resources. 

Paper is one resource whose consump-
tion is clearly linked to computer use.
Between 1988 and 1998, average per capi-
ta consumption of printing and writing
paper in industrial countries shot up by 24
percent. (See Chapter 6.) Computers have

not sated the appetite of paper-hungry
industrial countries—they have merely
altered their tastes. While office paper use
has risen steadily, newsprint consumption
has stagnated in the United States. Elec-
tronic commerce is expected to lower the
demand for paper used for advertisements,
but increase the need for packaging paper.35

Among the many reasons that computers
have yet to supplant paper is that computer
screens are hard on the eyes and their hori-
zontal orientation is harder to scan than ver-
tically oriented office paper. Better
electronic reading devices may change this.
The first “e-book”—a portable machine to
read electronic documents—went on sale in
November 1998. The size and weight of a
paperback book, the e-book could be used
to store and display any number of heavy
textbooks. Several teams of researchers are
working on versions of an “electronic
paper” technology that would be about
twice the thickness of an ordinary piece of
paper, but just as readable and portable, and
capable of being reused millions of times. In
1999, Xerox and 3M announced a partner-
ship to market an e-paper technology.36

Another requirement of electronic infor-
mation tools—although a relatively modest
one—is electricity. A typical desktop com-
puter with a monitor uses 120–180 watts of
electricity, about the same as two light-
bulbs. Efforts to make computers more effi-
cient include designing sleep modes, in
which the computer uses 30 watts or less,
or having a machine shut off entirely when
not in use. The Energy Star campaign of
the U.S. Environmental Protection Agency
(EPA) has helped boost production of ener-
gy-efficient computers and other office
equipment—on an annual basis, this effi-
cient equipment uses as little as half the
electricity of conventional equipment. A
1998 report by the World Resources Insti-
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tute highlights electronic products by Sharp
and “Instantly Available PCs” from Intel
that bring electricity use below even Energy
Star levels.37

Moreover, growth in energy use has
been slower than economic growth in many
industrial countries. And this decoupling
appears to be led by information technolo-
gies, which are transforming manufacturing
and commerce. Computers and other office
equipment represent the fastest-growing
demand for electricity. At the same time,
most computer processing units are embed-
ded in devices other than computers, and
these electronic controls have increased
energy efficiency in a tremendous number
of industries. For instance, semiconductors
permit 3-D data visualization of energy use
in buildings for the building operator to
see—and this can improve energy efficiency
by 15–20 percent. In the 1999 Annual
Energy Outlook, the U.S. Department of
Energy found that electricity demand was
only slightly higher than the previous year
because the increase in commercial demand
from rapid growth in computers and other
office equipment was offset by a decrease 
in industrial demand from efficiency
improvements.38

Another question related to energy is
whether communications technologies will
become so effective that they will decrease
the need for transportation. Speaking at the
Governing Council meeting of the U.N.
Environment Programme (UNEP) in Feb-
ruary 1999, a representative of a large U.S.
telecommunications company laid out a
vision “that the transmission of bits and
bytes may increasingly substitute for the
burning of hydrocarbons—that search
engines will eventually prove more impor-
tant and prevalent than internal combus-
tion engines.” Telecommuting and
videoconferencing are on the rise in indus-

trial countries—but it is far from clear that
they are causing an overall reduction in
transportation.39

Although telecommunications may sub-
stitute for actual travel in many instances, it
can also stimulate transportation in a variety
of ways—by allowing people to live farther
apart; by making people aware of confer-
ences, events, and stores that can be
reached by travel; and by making travel
time more productive with mobile phones
and pagers. No communications technolo-
gy in history has ever been associated with
a net reduction in travel. Between 1880 and
1910, telephones were paralleled by com-
muter railways and metropolitan subways;
between 1920 and 1940, radios by auto-
mobiles and airplanes; and between 1950
and 1970, the television by highways and
commercial jets. New information tech-
nologies that allow people to work from
home more easily may play an important
role in alleviating peak traffic congestion,
but they will not eliminate the need for
integrated transportation and land use plan-
ning. Indeed, such planning will be critical
to prevent “telesprawl.”40

Similarly, both environmental opportuni-
ties and dangers accompany electronic com-
merce, as more people and companies buy
and sell products over the Internet. Envi-
ronmental analyst Nevin Cohen believes
that, like the rise of shopping malls and the
globalization of production, “e-commerce
will have significant environmental conse-
quences.” For instance, online companies
can avoid waste by holding limited invento-
ry. Products such as books, music, photos,
and videos can be bought in electronic form
and sent directly over the Internet, saving
materials and energy. And the popularity of
online auction houses such as E-bay indi-
cates that the Internet can help companies
and individuals who have used products to
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match up with those who can use them,
turning wastes into resources.41

Such environmental benefits, however,
could easily be offset if the spread of infor-
mation technologies causes a surge in the
consumption of products that harm the
environment or human health. Television,
the world’s most ubiquitous information
technology, is also a potent medium for
advertising. Automobiles, cigarettes, and
fast food constitute the top advertisers in
the world. Television programs that depict
lavish consumer spending further promote
consumerism. As satellites beam television
to remote areas, and as commerce and
entertainment expand on the Internet,
these technologies have the potential to
spur greater consumer excess.42

Monitoring and Modeling

In October 1999, astronauts from some 15
countries met in Romania to discuss space-
based research to protect the environment.
Since the first manned flights to the moon in
the 1960s, space travelers have been struck
by the sight of a fragile blue planet suspend-
ed in the vast blackness of space. Noting the
large swaths of clearcut forests and the drab
spread of urban settlements visible from 258
kilometers above Earth’s surface, in the early
1990s one U.S. astronaut explained the
power of the global perspective: “Most peo-
ple don’t get to see how widespread some of
the environmental destruction is. From up
there, you look around and see that it’s a
worldwide rampage.”43

Today, a growing number of satellites
capture such images of human activities on
Earth. Computers and GIS software allow
images obtained by satellites to be stored,
analyzed, and manipulated. Together with
on-the-ground monitoring and other data,

this information can help researchers exam-
ine pollution and other environmental haz-
ards, identify areas rich in particular
resources, and model changes to the envi-
ronment. And it can help decisionmakers
and planners to manage the environment
better. (See Table 7–3.) 

Although other types of environmental
monitoring are equally valuable, satellites
are unique in being able to collect detailed
information about parts of Earth that are
otherwise difficult to get to—the far reach-
es of the atmosphere, the depths of the
oceans, the icy polar regions, and forest
interiors. Moreover, remote-sensing instru-
ments aboard Earth-orbiting satellites can
frequently record changes over large areas
and long periods of time.

The first effort to monitor Earth system-
atically from space began in 1972, with the
launch of a U.S. government satellite that
was eventually named Landsat. Hand-held
cameras carried by the earliest astronauts
were limited to the visible range of the elec-
tromagnetic spectrum, but the Landsat sen-
sors could also record heat and reflected
energy invisible to the human eye. Five sub-
sequent Landsats have created a continuous
data series from 1972 to the present. The
French space agency has a similar series,
System Probatoire d’Observation de la
Terre (SPOT), which began in 1986.44

Although these systems have global cov-
erage, they also have fairly high spatial res-
olution, with a 10- to 30-meter-square
piece of land on Earth corresponding to
one picture element—or “pixel”—of data.
Compiling such a detailed picture of the
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entire planet would take a great deal of
time, so these data are better for close-up
local analysis: to categorize the types of land
use in a country or to assess vegetation
health, water resources, or coastal boundary
changes. For instance, scientists have
recently compared declassified images from
covert military satellites pointed at Antarc-
tica in 1963 to more recent SPOT data to
gain insight into changes in the continent’s
ice cover.45

Another class of satellites, designed pri-
marily for meteorology, has much coarser
resolution, with each data point covering at
least one square kilometer. This imagery is
well suited to frequent regional or global
monitoring and analysis. For instance, the
U.S. National Oceanic and Atmospheric
Administration uses the Advanced Very
High Resolution Radiometer (AVHRR) to
look at the changes in global sea surface
temperature that characterize El Niño. This

picture shows how warming off the coast of
Peru is linked to droughts in Australia and
tropical fish landings in California. Imagery
from this type of sensor is also appropriate
for mapping large areas of vegetation.
Boston University Professor Ranga Myneni
and colleagues at the National Aeronautics
and Space Administration (NASA) analyzed
AVHRR data to detect an increase in
“greenness” from plant growth in northern
latitudes in summer months between 1981
and 1991; this lengthening growing season
was linked to warmer temperatures.46

A different set of meteorological satel-
lites forms the backbone of the most effec-
tive global environmental monitoring
program to date: the World Weather Watch.
Operated by the U.N. World Meteorologi-
cal Organization, this network combines
satellite observations with ground, sea, and
air monitoring stations, telecommunication
links, and computer analysis centers.47
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Table 7–3. Mapping the Environment: Global Digital Data Sets on the Internet

Data Sources

Elevation and Drainage Basins United States Geological Survey/EROS Data Center
<edcwww.cr.usgs.gov/landdaac/gtopo30/gtopo30.html>

Population Distribution CIESIN <www.ciesin.org/data.html>

Land Use Global Land Cover Characteristics Data Base, U.S. Geological Survey
<edcwww.cr.usgs.gov/landdaac/glcc/globe_int.html>

Soils FAO Soils Map <www.fao.org/catalog/new/products/v8600% 2De.htm>

Global Assessment of Human-Induced Soil Degradation
<grid2.cr.usgs.gov/data/glasod.html>

Oceans and Sea Surface Marine Geology & Geophysics Images, <web.ngdc.noaa.gov/mgg/
Temperatures image/images.html>

University of Wisconsin, Space Science and Engineering Center
<www.ssec.wisc.edu/data/sst.html>

Water Global Hydrology and Climate Center <wwwghcc.msfc.nasa.gov>

Stratospheric Ozone CIESIN <sedac.ciesin.org/ozone>
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A key element of the weather program’s
success is the multitude of observations
from both sky and land. In 1985, such a
combination proved essential to revealing
the damage to the ozone shield that pro-
tects Earth from ultraviolet radiation. Satel-
lite instruments that calculate atmospheric
ozone were initially filtered to discount
abnormally low data as system error. Thus
an instrument on the ground in Antarctica
was the first to detect the ozone “hole.”
The satellite data were then recovered to
provide a more complete picture of how
widespread the ozone decreases were.48

Most satellite sensors measure either
reflected light or heat, but a few relatively
new systems use radar—transmitting short
bursts of microwave energy to Earth and
recording the strength of the reflected ener-
gy that comes back. Microwaves can pene-
trate the atmosphere in all conditions, so
radar can “see” in the dark and through
haze, clouds, or smoke. Radar sensors
launched by European, Japanese, and
Canadian space agencies in the 1990s have
mainly been used to detect changes in the
freezing of sea ice in dark, northern lati-
tudes. But experiments suggest a wide
range of applications exist. For instance,
satellite-borne radar has been used to help
map the topography of the ocean floor,
providing insight into ocean currents, tides,
and the upwelling of nutrient-rich water
that sustains fisheries.49

Governments have launched most of the
current global fleet of Earth observation
satellites, but private companies are now
beginning to enter the picture. One of the
first was OrbImage, a U.S. company that
launched a satellite called SeaWiFS in 1997.
Originally designed to measure ocean color
and temperature, SeaWiFS has monitored
fires in Indonesia, floods in China, and dust
storms in the Sahara and Gobi Deserts.

Through a public-private partnership,
NASA is purchasing the data for its science
program, while OrbImage retains rights for
commercial purposes. In a similar vein,
three private companies are teaming with
government-run space agencies in the
European Union and Russia to start a
Global Environmental Service that will pro-
vide data and maps for nature preservation,
regional planning, forestry, agriculture, and
emergency management.50

Other commercial satellites are begin-
ning to deliver images as sharp as those
obtained by government-owned spy satel-
lites. With one-meter resolution, such
instruments will be able to identify individ-
ual houses and cars and provide more
detailed information about crop health.
Companies expect orders from not only
intelligence agencies but also urban plan-
ners and farmers. The first of a new genera-
tion of commercially owned satellites was
the IKONOS instrument, launched by Col-
orado-based Space Imaging in September
1999. Under ideal conditions, a customer
will be able to get a one-meter image as
quickly as 30 minutes after it is taken. At
least two other U.S. companies are plan-
ning similar systems.51

A key reason for the commercial interest
in remote sensing is the growing demand
for geographic information, as advances in
computer software now allow satellite
images to be combined with other data in
computerized maps. Human eyes can often
identify patterns more quickly on maps
than in written text or numbers. The pro-
grams that create these maps are geograph-
ic information systems.

In much the same way that old medical
encyclopedias depict human anatomy, with
transparencies of the skeleton, circulatory
system, nervous system, and organs that can
be laid over a picture of the body, a GIS
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stores multiple layers of geographically ref-
erenced information. The data layers might
include satellite images, topography, politi-
cal boundaries, rivers, highways, utility
lines, sources of pollution, and wildlife
habitat. Researchers can now take air or
water samples at a given location, and feed
the data directly into a GIS with latitude
and longitude coordinates supplied by a
network of 24 navigation satellites operated
by the U.S. Department of Defense.52

Maps that are stored in a GIS allow peo-
ple to exploit the advantages of computers,
which can store huge amounts of data and
do repetitive and complex calculations.
Thus when geographically referenced data
are entered into a GIS, people can use the
computer to look at changes over time, to
identify relationships between different data
layers, to change variables in order to ask
“what if” questions, and to explore various
alternatives for future action.

When GIS software was first developed
in the 1960s, it required huge computers.
Some environmental modeling and analysis
still require tremendous computing power.
Among these applications are the programs
that use the basic laws of physics that gov-
ern the climate, taking into account Earth’s
topography, along with land, oceanic, and
atmospheric processes. These climate mod-
els can simulate an accretion of various
gases: both the heat-trapping gases such as
carbon dioxide that warm the atmosphere
and the sulfate aerosols, another byproduct
of fossil fuel burning, that cool it. Scientists
who have studied the models think they see
a telltale human “fingerprint” on the cli-
mate: observed temperature patterns close-
ly match the patterns that models
generate.53

Computer software has also aided in
European efforts to halt transboundary air
pollution, which has killed fish in Scandina-

vian streams and trees in Germany’s Black
Forest. Meeting in Oslo in 1994, European
negotiators agreed to reduce their emis-
sions of sulfur dioxide, a byproduct of fossil
fuel burning that forms acid rain. In setting
their emissions goals, they relied heavily on
a computer model. Devised by scientists at
a nongovernmental research institute in
Austria, this model analyzed the environ-
mental effects of a range of sulfur emissions
scenarios. The computer showed the poli-
cymakers how they could target their cuts
to prevent ecosystems from exceeding “crit-
ical loads” of acid deposition, beyond
which long-term damage was likely.54

With advances in computing power,
some geographic information system soft-
ware packages can now be run on desktop
computers. As a result, GIS is beginning to
reach more people. For instance, this tool is
helping environmental and community
activists identify local sources of pollution,
allowing energy agencies in developing
countries to determine the best sites for
renewable energy installations such as wind
turbines, and helping conservation groups
craft strategies for natural resources man-
agement and the protection of biological
diversity.

The New York Public Interest Research
Group has shown how maps can empower
local activists with the Community Map-
ping Project it launched in 1997. With rel-
atively simple GIS tools, community
activists in polluted neighborhoods of New
York City have been able to create maps
that overlay facilities such as garbage trans-
fer stations, oil refineries, and sewage treat-
ment plants with locations that report high
levels of asthma and cancer cases.55

With a more complex program requiring
greater analytical expertise, researchers at
the U.S. National Renewable Energy Labo-
ratory have mapped the available wind
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resources of parts of Asia, Latin America,
and North America. The computer pro-
gram combines elevation data with meteo-
rological information to identify areas
where strong winds might be harnessed to
generate clean, renewable electricity. In the
Dominican Republic and the Philippines,
for instance, detailed wind maps have stim-
ulated public and private interest in wind
energy development.56

Several large conservation organizations
have also embraced GIS. Washington-based
Conservation International was among the
first to bring the technology to developing
countries. The group has developed a rela-
tively low-cost GIS in English, Spanish,
Portuguese, and French, and has invested
heavily in training local people to create
databases and maps to manage national
parks and other natural resources better.
The software is now used by more than 200
institutions in at least 30 countries.57

Another environmental group, the
World Wildlife Fund (WWF), has been
using GIS for the past six years to support
ecoregion conservation in projects ranging
from the local to the global. By overlaying
satellite imagery with many other types of
data, such as road networks and national
parks, the group can help local and national
governments identify priority areas for bio-
diversity conservation. WWF has used GIS
to develop a global map of the world’s ter-
restrial, freshwater, and marine ecosystems.
This project was the basis for WWF’s Glob-
al 200, a list of outstanding examples of
Earth’s diverse biodiversity and habitats.58

In 1996, the World Resources Institute
invested in GIS to analyze threats to natur-
al resources. Researchers combined ground
and satellite data on forests with informa-
tion about wilderness areas and roads to
map the world’s remaining large, intact
“frontier” forests and identify “hot spots”

of deforestation. And an investigation of
the threats to coral reefs worldwide pulled
together information from 14 global data
sets, local studies of 800 sites, and scientific
expertise to conclude that 58 percent of the
world’s reefs are at risk from development,
overfishing, and pollution.59

Remotely sensed data and GIS software
can help researchers study the global envi-
ronment, but their use is limited by several
problems. While these systems can comple-
ment existing environmental protection
efforts, only relatively few people, mainly in
industrial countries, know how to use
them. Developing countries often need
computer hardware and software, but what
is absolutely essential at the same time is
training in how to use them.

Another problem is that launches of
Earth observation satellites are outpacing
the growth of ground- or ocean-based envi-
ronmental observation programs. Remotely
sensed images must be compared with data
obtained on the ground if they are to be
interpreted correctly. But ground measure-
ments of basic environmental indicators are
not available for much of the world. For
instance, the Global Environmental Moni-
toring System for Urban Air Pollution
(GEMS/AIR), a joint project of the World
Health Organization (WHO) and UNEP,
ran from 1975 through 1996, introducing
pollution monitoring technology to a num-
ber of developing countries. Although
more than 80 cities in 50 countries con-
tributed to the GEMS network, many were
sporadic or short-term participants, so data
from 1975 to 1995 only exist for a few
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desktop computers.



cities, data before 1989 may not be reliable,
and differences in monitoring methods
make city-to-city comparisons difficult.
Among the other indicators not tracked
globally are transboundary air pollution,
groundwater quality, land degradation,
deforestation, and ocean productivity.60

Other types of data problems thwart
projects. Although volumes of digital, geo-
graphically referenced data are now avail-
able, much of the material is out of date.
Moreover, data often must be converted
into a format that a particular software pro-
gram can use—and this process can be
time-consuming. In addition, aside from
the World Weather Watch, there is no
process for coordinating a worldwide, long-
term time series of comparable data from
Earth observations. Rather, individual sci-
entists collect data to answer specific ques-
tions for their own projects. In recent years,
national space administrations have teamed
up with research funding agencies and two
international research programs to support
an Integrated Global Observing Strategy
that would create a framework for uniting
environmental observations. If it succeeds,
this project would be an important contri-
bution to human understanding of the
global environment.61

Networking for Sustainable
Development

The networking power of communications
technologies has wide-ranging implications
for sustainable development. Scientists have
easier access to environmental data for their
research. Environmental NGOs can respond
to emergencies quicker and mount cam-
paigns. Both governments and NGOs are
more able to publicize information about
polluters. And communications links can aid

in education, health care, and job creation—
all essential to raising the quality of life.

The most prevalent communication
devices—radio and television—can be used
to educate and inform. Population Services
International is one group that has used
broadcast technologies in countries as var-
ied as Bangladesh, Haiti, and South Africa
to spread information about family plan-
ning, child survival, and AIDS prevention.
For instance, the group collaborated with
the National AIDS Committee of Côte
d’Ivoire on a public health campaign that
included a weekly television soap opera that
explored AIDS transmission, detection, and
prevention. Well-know Ivorian entertainers
donated their time to act in the program,
which became quite popular.62

The Internet combines broadcasting
with two-way information exchange, which
makes it easier for scientists and researchers
exploring questions about the state of the
environment to share ideas and collaborate.
In 1999, for instance, the World Resources
Institute initiated a Global Forest Watch
program by linking up with more than 25
groups around the world who were already
collecting forest data. These partners will
maintain a set of interlinked Web sites to
share data. Initial participants included
researchers in Cameroon, Canada, Gabon,
and Indonesia; additional contributors are
being sought in Central Africa, Southeast
Asia, South America, North America, and
Russia.63

Another environmental project made
feasible by communications technologies is
the proposed Global Biological Informa-
tion Facility. Funded by the Organisation
for Economic Co-operation and Develop-
ment through its Megascience Forum, this
project would put more than 350 years of
information on biological resources cur-
rently housed in major museums around
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the world on the Internet. Each of the
world’s named species would be listed on a
Web site, with links to a description, refer-
ences in the literature, and information on
which museums house specimens.64

As the global communications network
has grown, it has become an increasingly
important tool for NGOs pursuing human-
itarian and environmental agendas. A direc-
tory of NGOs operating in three or more
countries maintained by the Union of
International Organizations documents a
surge from 985 groups in 1956 to more
than 20,000 in 1996. With the aid of new
technologies, these citizens’ organizations
are affecting government policies.65

For example, a loose international coali-
tion of NGOs launched a campaign to ban
land mines, making use of a Web site, e-
mail, and newsletters. They succeeded in
getting a land mine treaty, an accomplish-
ment that earned the organizers the 1997
Nobel Peace Prize. The Rainforest Action
Network is another pioneer in Internet
campaigns, using its Web site to disseminate
information on logging and mining in trop-
ical forests from its partners in more than
60 countries. The group enlists the help of
online visitors, who are urged to write a let-
ter to government officials or company
executives and to fax it directly from the
Web site.66

The largest audience for online activists is
in the United States. In December 1997,
when the U.S. Department of Agriculture
proposed relaxing the standards by which it
defined “organic” produce, a nonprofit
group used the Internet to mobilize a Save
Organic Standards campaign. These activists
pointed out that the proposed standards
would allow genetically modified food, irra-
diated food, and food grown with municipal
sludge to be labeled “organic.” After receiv-
ing a public response that included more

than 237,000 e-mail messages, the govern-
ment dropped its proposal.67

According to Richard Civille, cofounder
of the U.S.-based Center for Civic Net-
working, Internet campaigns are most
effective as part of a broader strategy. An
ideal campaign would use traditional radio
and print ads to direct people to a Web site
dedicated solely to the campaign, which
would include a page with an underlying
database to collect names and addresses of
visitors. Using these tenets, the nonprofit
Technology Project (now e-group)
designed <www.ourforests.org> for the
Heritage Forest Campaign, which prompt-
ed some 175,000 people in May and June
1999 to send e-mails to U.S. Vice President
Gore, pushing him to protect national
forests from road construction. Rob Stuart
of e-group dubbed the effort a “word of
mouse” campaign.68

In countries with limited communica-
tions infrastructure, environmental net-
working can aid in emergencies. One
example comes from Karachi, Pakistan,
where representatives of the World Conser-
vation Union–IUCN saw an alarming news
story in May 1993. Karachi police, finding
a warehouse owner and his driver dead after
inhaling the fumes from a 2.5-ton canister
of chemicals in their truck, had dumped the
material into the already polluted Lyari
River. Together with local NGOs, IUCN
helped the government remove the canister
from the river and identify it as meta-dini-
trobenzene, but they had no idea how to
handle it or dispose of it safely. They 
did not have access to the Internet, so 
they phoned colleagues in Lahore, who
sent an appeal for information to two 
computer-based conferences—<en.toxics>
and <en.alerts>—on the Association for
Progressive Communications (APC) net-
work. Within days, the NGOs in Karachi
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received detailed advice and offers of help
by fax from environmental experts around
the world.69

The activist network that came to the
rescue, APC, is one of the oldest NGO
associations on the Internet. It is an inter-
national group of more than 60 networks
and Internet providers that has been serv-
ing NGOs and activists since 1990. Its part-
ner in the United States, the Institute for
Global Communications, was formed in
1987. In the 1990s, a number of other
global environmental networks joined APC
in cyberspace—some sponsored by NGOs,
others by U.N. agencies. (See Table 7–4).70

In fact, the NGOs in Karachi were able
to reach the APC network with the help of
a U.N.-sponsored effort, the Sustainable
Development Networking Programme
(SDNP). Following the 1992 Earth Sum-
mit, the U.N. Development Programme
launched this program in 12 pilot countries,
including Pakistan. The idea was to provide
$150,000–200,000 over two to three years
to help developing countries make effective
use of a communications network. The
funds generally pay for a manager, a techni-
cal specialist, hardware, software, training,
and Internet connectivity. In many coun-
tries that lacked Internet access, SDNP
effectively served as an Internet service
provider. Between 1992 and 1998, it spread
from 12 to more than 80 countries.71

By publicizing pollution, a government
agency or NGO can often force a company
to clean up its act. This approach—dubbed
“regulation by revelation” by Ann Florini,
an analyst at the Carnegie Endowment for
International Peace—was pioneered in the
United States. A 1986 law, the Emergency
Planning and Community Right-To-Know
Act, required EPA to prepare an annual
Toxics Release Inventory (TRI) beginning
in 1987. (See Chapter 5.) The publication

of these data provides an incentive for com-
panies to reduce pollution; indeed, toxic
releases in the United States fell by 43 per-
cent between 1988 and 1997.72

Two nonprofit groups, operating the
Right-To-Know Network, were the first to
offer online, public access to the TRI data-
base. (EPA now provides the data on its
Web site.) Recently, the Environmental
Defense Fund used TRI data to create an
online scorecard—<www.scorecard.org>—
that ranks facilities to reveal the biggest
threats. There are maps that show schools,
roads, and facilities that release toxic mate-
rials. People visiting the site can send faxes
to polluting facilities.73

Networking has a number of implications
for poor and rural communities—including
health care, education, and job creation.
“Telemedicine” refers to the use of commu-
nications technologies to link doctors to far-
flung colleagues and patients. A prominent
example is SatelLife, a nonprofit in Cam-
bridge, Massachusetts, started in 1989 to
promote the exchange of health information
through a network called HealthNet. A
small, relatively cheap, low-orbiting satellite
picks up and delivers e-mail as it passes over
ground stations.74

This system began with ground stations
in seven African countries and now links
19,500 health care workers in more than
150 countries worldwide. Doctors use the
network to collaborate on patient care, col-
lect data, and do research. A weekly e-mail
newsletter features excerpts from leading
medical journals. An e-mail conference, the
Program for Monitoring Emerging Dis-
eases (ProMED) is used to post medical
alerts. In July 1996, a doctor in Switzerland
posted a message about the death of a yel-
low fever patient, alerting the Pan American
Health Organization, which found that the
patient had traveled through Manaus,
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Brazil; the agency contacted authorities in
Manaus, who launched an immunization
campaign to stave off an epidemic.75

Some efforts are under way to use the
Internet to open markets to rural business-
es, but it is probably too soon to evaluate
their success. In 1995, for instance, the
Center for Civic Networking received a
grant from the U.S. Department of Agri-
culture to start a Public WebMarket pro-
ject. The goal is to stimulate Internet
businesses that will reduce dependence on
natural resource extraction in areas that are
losing industries, such as sugar cane planta-
tions, coal mining, or logging.76

To connect people to the information
network more quickly, it will be important

to provide access to communications cen-
ters. The “telecenter” or “telecottage”
movement started in rural parts of Scandi-
navia in the 1980s. A community telecenter
might include public telephones, fax
machines, computers, and access to the
Internet.

In Estonia, the nonprofit Estonian Asso-
ciation of Rural Telecottages grew from 3
in 1993 to 32 in 1997, connecting a larger
share of the country’s rural population.
And in Ghana, the postal service is being
bolstered by Message Link, a network of e-
mail hubs, where messages are sent and
then delivered to recipients by bicycle.
Since the mid-1990s, telecenter projects
have been supported by a number of devel-
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Table 7–4. Selected Global Environmental Networks 

Network Date Launched Description

Sponsored by NGOs:
Association for Progressive 1990 Links NGOs promoting human rights and 
Communications (APC) environmental justice.
<www.apc.org>

OneWorld Online 1995 A “supersite” that links to hundreds of Web sites
<www.oneworld.net> to provide information on development.

Global Forest Watch 1999 Linking WRI to NGOs in five countries to monitor
<www.wri.org/gfw> the world’s large, intact “frontier forests”

Sponsored by U.N.Agencies:
UNEPNet (UNEP) 1997 Links eight UNEP offices and at least nine other
<www.unep.net> partner institutions by satellite to improve the flow

of global environmental information.

Global Urban Observatory (Habitat) 1998 Links researchers worldwide to compile statistics and
<www.urbanobservatory.org> examples of best practices in urban management.

HORIZON Solutions Web site 1999 Provides case studies on solutions to problems of
(UNDP, UNEP, UNFPA, water, waste, energy, transportation, toxic chemicals,
UNICEF, IDRC, Harvard,Yale) public health, industry, desertification, biodiversity,
<www.solutions-site.org> air pollution, and agriculture.



opment agencies, including UNESCO, the
Netherlands-based International Institute
for Communications and Development, the
U.S. Agency for International Develop-
ment, and Canada’s International Develop-
ment Resource Centre.77

The European experience with telecen-
ters suggests that for such projects to be sus-
tained over the long term, local people must
be able to make money by running them as
a business. In Bangladesh, the world’s
largest wireless pay phone project allows vil-
lagers to purchase cellular phones on a lease
program and then sell calls to their neigh-
bors. Farmers use the phone to check on the
price of crops in Dhaka in order to avoid
being cheated by intermediaries.78

A complementary technology is small-
scale power generation. Neither phone lines
nor power lines reach some parts of the
developing world, so portable, wireless
power systems—for instance, solar electric
panels—are a perfect match for remote
computers, televisions, and radios. (See
Chapter 8.) The Solar Electric Light Fund,
a nonprofit group that has demonstrated
the feasibility of solar power in remote vil-
lages, is now beginning to link solar-pow-
ered computers in South African schools to
the Internet via satellite. Other groups are
just starting to promote solar-powered tele-
centers in Palestine, west central India, and
Uganda.79

Information Tools for
a Healthy Planet 

The fusion of computing and communica-
tions has quickened the pace of growth and
innovation in information technologies.
Governments and citizens face new chal-
lenges and opportunities to use these pow-
erful tools to conserve natural resources,

educate people, and diminish inequities. 
As cellular phones and computers prolif-

erate, it is increasingly important that they
are manufactured safely and designed so
that the materials in them can be easily
reused. The EU’s proposed directive on
producer responsibility for the waste from
electrical and electronic equipment could
serve as an important model.

New, high-resolution satellite imagery
and computer software can be used to aug-
ment environmental laws and treaties. For
instance, one of the leading fishing nations,
Peru, has begun to monitor its own waters
to prevent overfishing that leads to collapse
of the fisheries. And in Italy, the city of
Ancona is now planning to buy satellite
photographs to better detect illegal waste
dumps.80

As information technologies permit new
patterns of living, working, and organizing
industries, environmental policymakers will
need new approaches to take advantage of
the opportunities for substituting informa-
tion for energy and materials. David Rejes-
ki, a policy advisor at EPA, warns: “Ten
years from now, the environmental policy
community may wake up and realize that
they missed the Information Revolution.”81

Even more important than alert policy-
makers will be an environmentally literate
public who are able to steer information
technologies to benefit the environment.
For instance, advertising over the Internet
threatens to unleash more consumption of
resource-intensive products. Yet an environ-
mentally conscious consumer could perhaps
make use of software robots, which hold the
promise of extensive online comparison
shopping, to find products that were pro-
duced in an environmentally friendly man-
ner and designed for recycling.82

To use information tools effectively, the
global community will need much higher
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levels of literacy and education. Roughly 22
percent of the world’s population, some 1.3
billion people, are illiterate. Although com-
munications technologies permit the cross-
fertilization of ideas, they are currently
dominated by the English language and by
American perspectives. Nearly 60 percent of
the world’s online population uses English
to gain access to the Internet. As govern-
ments focus on bringing communication
tools to more people, the percentage of
non-English content is likely to rise. 83

Education will be essential to helping
people make sense of the growing glut of
data. Whereas the cost of a printing press or
television antenna once limited the num-
bers of people broadcasting information,
the Internet gives this power to many. The
World Wide Web grows by roughly a mil-
lion electronic pages per day, adding to the
hundreds of millions that already exist.84

Although remote sensing, GIS, and
other technologies can help us understand
how we are changing the planet, they can-
not substitute for first-hand knowledge of
the environment. Even while information
technologies help swell databases of envi-

ronmental knowledge and link people, they
may disconnect people from the world
around them.

Time spent in front of a computer col-
laborating with faraway colleagues by e-
mail or talking on a cell phone is time not
spent in face-to-face dialogue or interacting
with nature. A recent study found a link
between heavy Internet use and depression,
suggesting that electronic communication
does not make up for time spent nurturing
personal relationships. In the early 1990s,
environmental writer Bill McKibben sur-
veyed the content of a day’s worth of pro-
gramming on more than 90 U.S. television
channels and compared it with a day spent
in the mountains. Television, he concluded,
immersed him in an artificial, people-centric
world, whereas his time in the wilderness
taught him that human beings are not all-
important.85

Information technologies not only shape
our world view, they also give us greater
power to change our world. We have a
responsibility to harness these tools to build
a healthier, greener, and more equitable
future.
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Chapter 8

When the first Olympic Games of the new
millennium open in Sydney, Australia, in
September 2000, one highlight of the envi-
ronmentally conscious “Green Games” will
be the Olympic Village, whose buildings
will include rooftop solar cells that generate
all the electricity they need. When the
Games conclude, the village will become a
1,500-residence “solar suburb” that its
designers calculate will eliminate 7,000 tons
of carbon pollution annually that would
have been produced by the coal-fired power
plants that now provide most of Sydney’s
electricity.1

In a variation on the Olympic motto of
“swifter, higher, stronger,” the village’s
power system might be described as
“cheaper, cleaner, more reliable.” These
tiny new household-scale generators repre-
sent a dramatic reversal of the bigger-is-bet-
ter philosophy of electricity generation that
has prevailed throughout most of the
power industry’s first century—culminating
in the multibillion-dollar coal and nuclear
behemoths that now provide most of the

world’s electricity. Today, a confluence of
technological, political, and environmental
forces is breathing new life into an old con-
cept: decentralized, small-scale power.

During the next few years, manufactur-
ers plan to introduce several new generating
systems at scales that were unimaginable
just a few years ago. Stirling engines, micro-
turbines, fuel cells, and other devices can all
be deployed in sizes that make them suit-
able for power generation in hotels,
schools, hospitals, small businesses, and
even homes. The smallest of these systems
produces just 2 kilowatts of power—one
five-hundred-thousandth of the power gen-
erated by an individual nuclear plant. With
the average U.S. commercial customer
using just 10 kilowatts of power and the
average residential user just 1.5 kilowatts,
the new generation of technologies is well
matched to the market.2

E.F. Schumacher may not have had
micropower specifically in mind when he
argued that “small is beautiful,” but today’s
small-scale electricity generators are with-
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out doubt clean, efficient, and economical.
The new technologies emit levels of air pol-
lution, including climate-altering carbon
dioxide, that are 70–100 percent lower
than conventional systems, in part because
they are fueled by natural gas or renewable
energy and in part because they are more
efficient. And since they are deployed where
the power is needed, the waste heat from
micro generators can be captured for use—
leading to total thermal efficiencies of
80–90 percent, compared with the 30 per-
cent that is typical of today’s centralized
power system.3

The shift to small-scale power generation
has other advantages. Power produced
locally puts fewer demands on electric
transmission systems, and provides added
reliability when local power lines are cut
due to severe weather or other problems.
Most industries as well as vital institutions
such as banks and hospitals are now highly
automated, and the loss of power for even a
few-hundredths of a second often leads to
major economic losses. Local power also
gives consumers who want it an added mea-
sure of independence from distant econom-
ic institutions.4

The advent of small-scale electricity may
be most consequential in the developing
world, where central power grids are noto-
riously vulnerable to frequent blackouts,
where power plant and grid construction
has saddled government treasuries with
multibillion-dollar debts, and where 2 bil-
lion people still have no electricity at all.
Micropower can reduce substantially the
cost of providing basic services to a rapidly
growing urban consumer base. And in rural
areas, the new technologies may allow the
development of stand-alone village power
systems, doing away with the need for cost-
ly grid expansion.5

In a special August 1999 issue of Busi-

ness Week entitled “21 Ideas for the 21st
Century,” local, “personal” power plants
top the list. Indeed, the electric power
industry is beginning the new century in a
period of ferment not seen since its early
days 100 years ago. Already, the flow of
entrepreneurial enthusiasm and venture
capital has attracted the interest of giant
companies like BP Amoco and General
Electric.6

Exactly where all of this is headed is
uncertain. In the short term, the liberaliza-
tion, restructuring, and reform of the elec-
tric power industry now under way in many
nations will set the pace of change. The new
rules of the road will determine how open
the markets are to the new, small-scale com-
petitors. The vested interests of the incum-
bent monopolies can be expected to resist
change, but as with the restructuring of
telecommunications, their resistance will
almost certainly slacken over time.7

It is impossible to know whether two
decades from now we will be getting 30,
50, or 80 percent of our electricity from
small-scale power—or what the full implica-
tions of a new era of “energy indepen-
dence” are. But one thing is certain:
electricity’s future is unlikely to resemble its
recent past.

Miniaturized Machines

At the dawn of the electrical age in the late
nineteenth century, Thomas Edison envi-
sioned a decentralized system, with numer-
ous small companies competing to install
generators near the point of use. Since
power distribution wires were still rare, the
Edison Electric Illuminating Company
found most of its early business installing
generators in small, independent factories,
department stores, hotels, and residences.
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By 1888, Edison had installed 1,700 small-
scale plants. And by the early twentieth cen-
tury, more than half of U.S. electricity was
generated by industrial facilities that pro-
duced their own power, harnessing the
waste heat and selling any excess electricity
to nearby customers.8

The first small-scale generators were
noisy, smoky, and unreliable, however.
These problems, combined with advances
in steam turbines, transformers, and alter-
nating current, led to the development of
ever-larger, more economical central power
stations, located further and further from
the end-user. As demand soared and prices
fell, the power business was recast as a
large-scale “natural monopoly”—to avoid
the wasteful duplication of equipment—
and industries turned from on-site genera-
tion to purchasing power from electric
utilities, which by 1970 supplied more than
90 percent of the world’s electricity.9

Plant size “hit the wall” in the 1970s,
however, as environmental concerns, energy
crises, and multibillion-dollar meltdowns at
massive nuclear power projects led many to
question the wisdom of the centrally planned
electricity paradigm. By the 1980s, the trend
toward larger power stations reversed, as
smaller, mass-produced gas turbines entered
the market. The average size of a new utility
power station in the United States fell from
600 megawatts in the mid-1980s to 100
megawatts in 1992 and 21 megawatts in
1998.10

Yet recent evidence suggests that the
downsizing may have only just begun. The
past five years have witnessed the emer-
gence of a new generation of pint-sized
power technologies that are a tiny fraction
of the size of the large generators that are
now the mainstay of the electric power
industry. Reflecting advances in metallurgy,
synthetic materials, electronics, and other

fields, these devices span a wide array of
technologies, ranging from improved inter-
nal combustion (IC) engines to generators
relying on electrochemical and photoelec-
tric processes. Although micropower is
often still relatively costly compared with
conventional generators, prices are likely to
fall rapidly as the technologies mature and
as mass production lowers costs further.11

Micropower technologies are defined
here as less than 10 megawatts (or 10,000
kilowatts) in size. This is small enough to be
connected to low-voltage local distribution
systems, rather than requiring direct connec-
tion to the high-voltage transmission sys-
tem, and to be installed in most commercial
and residential buildings. Power systems of
this scale are small enough to be factory-
built in modular units and transported in
one piece by truck or rail to the site where
they are installed. Installation often takes a
few hours or less. These characteristics con-
trast sharply with the massive power plants
of the 1980s, unable to benefit from mass
production and built on site over periods of
up to a decade. (See Table 8–1.)12

The leading edge of the commercial
micropower industry is the small “genset,”
using a diesel or spark-ignition reciprocat-
ing engine, that is closely related to the
engines found in trucks and buses and that
for decades has provided power for off-grid
applications. Even as these traditional mar-
kets expand, a growing number of these
systems are now being installed as “pack-
aged” natural-gas-burning generators for
commercial and even residential buildings.
(See Table 8–2.)13

Since these engines are already mass-pro-
duced by scores of manufacturers, includ-
ing well-known firms such as Caterpillar,
Detroit Diesel, and MAN, they cost as little
as $600 per kilowatt, and are backed by an
extensive sales and maintenance infrastruc-
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ture in some countries. The global diesel
generator market more than doubled
between 1990 and 1997, and by one esti-
mate is as large as 35 gigawatts annually.14

The efficiency of these generators in pro-
ducing electricity ranges from 20 to 45 per-
cent, depending largely on the size of the
plants, which range from 5 kilowatts to
10,000 kilowatts. In most of these pack-
aged engine generator sets, attached heat
exchangers capture the waste heat from the
engines (known as cogeneration), which
can be used for water or space heating or
for industrial process heat, increasing the
efficiency of the total system to 80 percent
or more. Waukesha and Caterpillar, for
example, offer 25-kilowatt generators that
are suitable for small commercial applica-
tions such as fast-food restaurants. Some
manufacturers have assembled units that
use both electricity and waste heat to run
cooling systems.15

On-site power systems relying on inter-
nal combustion engines and natural gas do

produce local air pollution, principally
emissions of nitrogen oxides, one of the
main contributors to urban smog. To lower
these to the stringent levels currently
required in many urban areas, engineers
have adapted “lean burn” engines and cat-
alytic converters—widely used on automo-
tive engines—to stationary use. While this
increases the cost of the gensets, they are
still competitive with traditional power
plants. Noise, which is generally not a prob-
lem in commercial settings but remains a
concern for some residential applications,
can be suppressed by mufflers and sound-
proofing, as the Canadian firm CDH 
District Heating has done with two 2.5-
megawatt engines.16

Servicing thousands of small, distributed
power systems also raises issues not present-
ed by large power plants, which can afford
full-time maintenance personnel. Like car
engines, generator engines must have their
oil changed, their oil filters, air filters, and
spark plugs replaced, and their valves
adjusted as often as every 2,000 hours of
operation. Most genset owners have main-
tenance contracts, and their systems are
regularly serviced by professionals, just as
central air conditioning systems are. Com-
plete overhauls are required less frequently.
Mid-sized commercial diesel engine gensets
are estimated to cost 1.0–1.5¢ per kilowatt-
hour for all maintenance and overhauls,
representing as much as one third of the
total cost of the electricity produced.17

The most immediate small-scale chal-
lenger to these conventional engines is the
microturbine—a tiny jet engine that uses
heat released by combustion to spin a single
shaft that in turn spins a high-speed gener-
ator. Microturbines are derived from com-
mercial jet engines and the gas turbines
now dominating the power market.
Although the most popular turbines for
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Table 8–1. Power Plant Downsizing

Plant Type Typical Size
(kilowatts)

Nuclear power station 1,000,000

Combined-cycle power 250,000
station

Industrial cogeneration plant 50,000

Commercial gas turbine 10,000
generator

Grid-connected wind turbine 1,000

Commercial microturbine 200
or fuel cell

Residential fuel cell 10

Household solar panel 2

SOURCE: See endnote 12.
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utility use are 50 megawatts and above,
mid-sized turbines for industrial use are
now widely available in the 1- to 20-
megawatt scale, from companies such as
Solar Turbines. Proponents believe that
even smaller microturbines could supply
power for portable applications like laptop
computers.18

Microturbines that generate 15–300
kilowatts are expected to be slightly more
efficient than IC engines at comparable
scales, and considerably more if waste heat is
reused. Their chief advantage is their low
cost: with just two moving parts, they are in
principle easy to manufacture. They are also
long-lived (perhaps 40,000 hours of opera-
tion), and unlike conventional engines do
not require liquid lubricants or coolants,
which simplifies operations and maintenance.
They produce less nitrogen oxide pollution
than IC engines, and have similar, manage-
able noise control problems. And they are
adaptable to a wider array of fuels than con-
ventional engines: natural gas, diesel fuel,
kerosene, propane, and biogas can all be
used in microturbines, making them viable
even where piped gas is not available.19

Though the commercial market is most-

ly untested, Capstone Turbine has 200
orders for its 30-kilowatt unit and began
offering a 75-kilowatt version—after testing
at restaurants, factories, bakeries, and
banks—in late 1999. Microturbines are
especially well suited for small businesses,
which use anywhere between 25 and 300
kilowatts of power. Capstone President Ake
Almgren, who predicts a $1-billion micro-
turbine industry in five years, estimates that
at a volume of 100,000 units per year, 30-
kilowatt turbines could cost $400 per kilo-
watt. Turbines generating 100 kilowatts
would cost just over $200 per kilowatt—
less than half as much as the most econom-
ical power plants being built today.20

Another “newcomer” to the small power
market is Scottish engineer Robert Stir-
ling’s engine. Invented in 1816, and used
extensively in the late nineteenth century,
the Stirling is now being revived by new,
efficient piston designs that reduce friction
and wear. These pistons are driven by a gas
that is heated by “external combustion”—a
cycle that allows the engine to be very small
and to accommodate most combustible
materials, including agricultural and
forestry residues. In one configuration, Stir-
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Table 8–2. Combustion-Based Micropower Options

Characteristic Reciprocating Engine Microturbine Engine Stirling Engine

Current Size Range 5–10,000 30–200 0.1–100
(kilowatts)

Electrical Efficiency 20–45 30–38 20–36
(percent)

Current Installation Cost $600–1,000 $600–1,100 $1,500
(per kilowatt)

Expected Installation Cost <$500 $200–250 $200–300
with Mass Production
(per kilowatt)

SOURCE: See endnote 13.
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ling engines can be powered by heat gener-
ated by parabolic dishes that concentrate
the sun’s radiation. Stirling generators have
achieved efficiencies of over 30 percent, and
are relatively simple, quiet, and durable,
with operating lifetimes projected at
30,000–60,000 hours.21

Because they are highly efficient at small
scales, the early Stirling engines on the mar-
ket are sized from 30 kilowatts to as small as
several hundred watts. A number have been
installed in remote regions, and several
companies are beginning to market pack-
aged systems suitable for home use, with
competitive prices projected at $1,500. A
Norwegian firm has demonstrated a 3-kilo-
watt Stirling cogeneration system with 95-
percent efficiency. The Stirling Technology
Company is developing a 1-kilowatt model,
as well as off-grid systems ranging from 3 to
350 watts.22

Cool Power

The most revolutionary new micropower
devices require no combustion and have no
moving parts. The fuel cell, invented by the
British physicist William R. Grove in 1839,
is an electrochemical device that splits
hydrogen into ions that either run along an
electrode or combine with oxygen, produc-
ing electricity and water. Though deployed
extensively in the U.S. space program, fuel
cells have generally been considered far too
expensive for terrestrial use.23

Most of today’s fuel cells are hand-built
by electrochemists, and require expensive,
high-tech membranes and significant quan-
tities of platinum to catalyze the reactions.
But advances over the last 10 years have
yielded designs with the potential for far
lower costs at a wider range of scales and
applications. Those attracting the most

attention are phosphoric acid fuel cells
(PAFCs), already available commercially,
and proton exchange membrane (PEM)
fuel cells, which several companies plan to
market in the next few years.24

Fuel cells have several advantages over
combustion generators. They are virtually
soundless, making them ideal for use in
buildings where noise is a problem—
libraries, office buildings, hospitals. Where
they use hydrogen fuel, the only byproduct
is water. Most commercial fuel cells will ini-
tially derive their hydrogen from natural gas
using a fuel processor, which produces
some nitrogen oxides and carbon dioxide
but at lower quantities than most engines.
Some fuel cells can be built at sufficiently
small sizes to power electronic devices such
as laptop computers or cell phones. With no
moving parts, they are more reliable than
conventional power plants and require little
maintenance.25

The central challenge with fuel cells is to
lower their current high cost. The 200-kilo-
watt PAFCs on the market today are used in
several hundred commercial buildings and
as power boosters at electric utility “substa-
tions.” At up to $3,500 per kilowatt, fuel
cells are still in a demonstration phase, and
can be justified economically only on the
basis of a need for ultra-reliable power. (See
Table 8–3.) Companies around the world
are striving to reduce the cost of fuel cells by
developing lower-cost materials and designs,
and by figuring out ways to mass-produce
the electrochemical devices. According to
one estimate, some 85 organizations are
now doing research on PEM fuel cells.26

The commercial prospect for fuel cells is
being accelerated by some of the world’s
leading automakers. DaimlerChrysler, Toy-
ota, Ford, and Volkswagen are among those
that have proclaimed fuel cells as the prob-
able successor to the internal combustion
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engine; at least four plan to have fuel cell
cars in showrooms by 2004. Most automo-
tive research focuses on the PEM fuel cell,
led by Ballard, a small company in Vancou-
ver, British Columbia. DaimlerChrysler, for
example, has a $500-million joint venture
with Ballard to develop fuel cell “engines”
near its factories in Stuttgart. Larger sys-
tems are being developed for use in hydro-
gen-fueled city buses, which are being
test-driven in Chicago and other cities.27

PEM fuel cells at the scale now being
developed for transportation can be readily
adapted to a range of commercial and resi-
dential uses. In fact, such fuel cells will
become competitive for many power sector
applications well before they get to the mass
production target.28

Although stationary fuel cells will have
to be more durable, and will require a fuel
processor to derive hydrogen from natural
gas, costs of less than $2,000 per kilowatt
appear achievable within the next several
years. Major power companies are actively
pursuing the fuel cell power market, includ-
ing General Electric in the United States,
Alsthom in France, Ebara of Japan, and
Siemens of Germany, some in partnership

with small firms like Ballard and Plug
Power. Their current focus is the 100–300
kilowatt commercial market—particularly
facilities that need electricity and either
heating or cooling during a large part of the
day. Larger facilities may simply use several
of these modular units wired together in a
utility room.29

The residential market for fuel cells is
likely to emerge in small niches at first, and
will open wider once prices fall below $500
per kilowatt. An experimental fuel cell the
size of a dishwasher was installed in a model
home in upstate New York in 1998.30

Equally radical are small-scale power
technologies that are powered by sunshine
and wind. Technical improvements over the
past two decades have dramatically lowered
the costs of wind turbines and solar cells,
making them the world’s fastest-growing
energy sources in the 1990s.31

Wind turbines, a technology that
emerged in modern form in the 1980s, gen-
erally consist of three-bladed mechanical
devices that point into the wind. Although
the early commercial market for wind power
started with machines of less than 50 kilo-
watts, the scale of the machines has steadily
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Table 8–3. Non-Combustion-Based Micropower Options

Characteristic Fuel Cell Wind Turbine Solar Cell

Current Size Range <1–10,000 <1–3,000 <1–1,000
(kilowatts)

Electrical Efficiency 35–50 — —
(percent)

Current Installation Cost $2,000–3,500 $900–1,000 $5,000–10,000
(per kilowatt)

Expected Installation Cost $100–300 $500 $1,000–2,000
with Mass Production
(per kilowatt)

SOURCE: See endnote 26.
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increased, even as the rest of the power
industry has downsized. The most popular
commercial models are now 600–1,000
kilowatts, and several 2–3 megawatt models
are on or nearing the market.32

Many grid-connected wind projects con-
sist of large collections of turbines, called
“wind farms,” but in Germany and Den-
mark, the first and third largest users of wind
power, most of the turbines are sited indi-
vidually or in small clusters, connected
directly to local distribution systems. The
cost of such installations—which generally
range in size from 600 kilowatts to 3
megawatts—is under $1,000 per kilowatt,
making them competitive with traditional
power plants in areas where winds are
strong. Unlike thermal generators, distrib-
uted wind turbines are generally located on
farms, and are often owned by a farmer or
group of farmers. In addition, smaller wind
turbines are widely used in rural areas to pro-
vide electricity, including in China, where
more than 150,000 wind turbines are as
small as 200 watts each.33

Although some regions in Denmark,
Germany, and Spain already get 10–25 per-
cent of their electricity from the wind, and
although installations have grown by 22
percent annually since 1990, the global
potential has barely begun to be tapped.
Inland regions like the U.S. Great Plains
and China’s Inner Mongolia have wind
resources sufficient to meet the entire elec-
tricity demand of their countries. Decen-
tralized wind development can provide an
important power source and revenue gener-
ator for rural areas. The amount of wind
power developed in a given area will be
determined by the capacity of the local dis-
tribution system and the availability of
other generators to provide power when
the wind is not blowing.34

The most versatile small-scale power

option is the photovoltaic (PV) cell, based
on semiconductor chips that convert sun-
light directly into electricity. Surpassing even
the fuel cell in modularity, solar cells have
for nearly two decades been used in off-grid
applications such as satellites, telecommuni-
cations, and handheld calculators. Solar cells
are now entering the grid-connected
micropower market, in the form of residen-
tial and commercial rooftop installations.
These are typically 2–5 kilowatt systems,
enough to provide half or more of the annu-
al power of a residential building, with the
rest coming from the grid.35

To drive down costs, several govern-
ments, including those of Germany, Japan,
and the United States, have ambitious
rooftop solar programs that provide financial
and technical support for interested individ-
uals and businesses. The most successful
program so far is in Japan, where 25,000
homes now have solar cells on their
rooftops. Japanese solar system owners sell
power back to the utility at the same high
price they pay for it, and also receive an
upfront subsidy from the government.36

Government subsidies, market growth,
and technological gains promise to deliver
sharp cost reductions in coming years. The
vibrant solar home market may motivate
this transition, as improved solar-powered
roofing shingles and window glass can be
substituted for sometimes expensive build-
ing materials. Solar cells can also be
deployed along highways, over parking lots,
and atop municipal buildings and transit
stations.37

Is Smaller Better?

For many people in the United States, the
summer of 1999 tested their faith in an
electric power system that most had taken

State of the World 2000

149



SIZING UP MICROPOWER

for granted. In Chicago, rising demand for
power from soaring temperatures and
equipment failures cut off 2,300 businesses
and the Chicago Board of Trade on a mid-
week afternoon. In New York City’s Wash-
ington Heights, 200,000 homes were
blacked out for 18 hours, and cancer and
AIDS research experiments were ruined by
the loss of refrigeration at Columbia Pres-
byterian Medical Center. New York City
Mayor Rudy Giuliani denounced the city’s
power supplier and filed a lawsuit to recov-
er the city’s losses.38

The 1999 power failures exposed
decades of underinvestment in local power
distribution by utilities, a neglect that may
be exacerbated by the cost-cutting now
under way as the industry becomes more
competitive. “The outages during the sum-
mer revealed very dramatically that we do
indeed have substantial problems,” accord-
ing to David Helwig, a senior vice president
at Commonwealth Edison in Chicago.
“But the issue isn’t about generating
enough power, it’s about not being able to
deliver it.”39

The weaknesses of local distribution sys-
tems point to the need to spend more on
upgrading power lines and transformers, but
also to the potential value of small-scale, dis-
tributed generators. By producing some
power within the local system, small genera-
tors can reduce loads on distribution equip-
ment. And in downtown centers where
power lines are underground, where replac-
ing them requires tearing up streets, adding
small generators sometimes costs a fraction
as much as upgrading the system.40

Just as aging equipment and strained
transmission networks are casting doubt on
the ability of large, centralized power sys-
tems to handle rising electricity demands and
more extreme weather conditions, growing
dependence on digital, computerized

processes is heightening interest in high-
quality, “non-interruptible” power. And as
the information age creates a premium
demand for power quality, new communica-
tions technologies are speeding the way to a
more reliable and decentralized system.41

In many areas of the world, the main
threat to the reliability of the electricity sys-
tem is the disruption of local power supplies
caused by weather-related damage to distri-
bution lines or the overloading of lines due
to excessive demand. Distribution system
failures cause 95 percent of the electricity
outages in the United States. In the devel-
oping world, these systems—if they exist 
at all—are even more brittle. While heat
waves can cause power demand from air
conditioning to overwhelm electricity dis-
tribution systems, weather-related disas-
ters—such as floods, ice storms, or
hurricanes—can cause widespread outages
by knocking down lines. U.S. transmission
and distribution expenditures have exceed-
ed those for generation since 1994; $800
million to $2.5 billion of these expenditures
could be profitably diverted to small-scale
generators and improved energy efficiency,
according to a report prepared for the
Energy Foundation.42

Businesses affected by extreme weather
events commonly cite electricity as the most
important “lifeline” service—more crucial
than telephones, natural gas, or water. Dis-
rupted power can account for as much as 40
percent of the total insured losses claimed
after a disaster. Increasingly, small-scale
power is seen as a way to mitigate against
these losses. While nearly 3 million people
were left without power during a 1998 ice
storm that hit New England, New York, and
Quebec, those with wind power systems
stayed up and running. One New York
homeowner, using a wind turbine and bat-
tery, provided his community with hot
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showers and laundry services; the utility took
25 days to restore power to the county.43

The growing role of computers and the
Internet throughout the economy and the
rise of computerized manufacturing make
users more vulnerable to even momentary
voltage fluctuations or outages. In the past,
such “glitches” were less important, causing
lights and motors to dim or slow but not
fail. But growing reliance on computers
means a growing need for voltage stability:
computer networks cannot withstand dis-
ruptions longer than eight-thousandths of a
second, a period utilities do not even con-
sider a failure. U.S. businesses lose some $26
billion annually from computer failures.44

If computers at the heart of the financial
system shut down just for a brief moment,
data can be lost and millions of dollars of
transactions involving loans, credit cards,
and automatic teller machines prevented. In
1997, the First National Bank of Omaha—
which estimates a one-hour outage costs it
$6 million—responded to a computer sys-
tem crash that followed a power “flicker”
by investing in four fuel cells, backed by IC
engines and flywheels. The cells supply the
majority of the data center’s power, and the
system’s computer can cut itself from the
grid at any sign of instability. The fuel cell
power system has the side benefit of reduc-
ing carbon emissions by 45 percent and
other air pollutants by 95 percent.45

In addition, supermarkets, restaurants,
insurance companies, hospitals, and postal
service offices are all beginning to look to
micropower to avoid costly interruptions.
The world’s largest fuel cell system will pro-
vide backup power and heating for the U.S.
Postal Service facility in Anchorage, Alaska;
Harvard Medical School is exploring the use
of fuel cells to power its teaching and labo-
ratory sites. High-tech industries—pharma-
ceuticals, chemicals, semiconductors, and

biotechnology—that increasingly rely on
computerized manufacturing processes are
another near-term application. Computer
chip manufacturing plants, for example, can
use fuel cells for reliable electricity as well as
the byproduct of hot distilled water.46

The other major advantage of small-scale
power is its much smaller environmental
footprint. Today, 62 percent of the world’s
electricity comes from fossil fuels—38 per-
cent from coal alone—concentrated energy
sources that can be economically burned in
large-scale power plants. Although many of
these plants have been fitted with costly
emissions controls in recent decades, they
still belch vast quantities of pollutants into
the atmosphere. In the United States, elec-
tric generators are responsible for 28 per-
cent of nitrogen oxides, 67 percent of sulfur
dioxide, 36 percent of carbon dioxide, and
33 percent of mercury emitted nationwide
each year. Globally, electricity generation is
the largest single source of carbon emis-
sions, accounting for more than one third
of the total.47

The combination of higher efficiency—
effectively using up to 90 percent of the
energy in a fuel, as opposed to 30 percent in
today’s system—and the use of cleaner fuels
allows micropower to vastly reduce the envi-
ronmental burdens imposed by today’s elec-
tric power system. Replacing all U.S.
coal-fired power plants with microturbines,
fuel cells, and renewables could cut national
carbon emissions by more than 20 percent.48

Recent research by Amory Lovins and
Andre Lehmann of the Rocky Mountain
Institute (RMI) shows that deploying small-
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scale generators closer in size and location
to customers has important advantages over
giant plants, greatly increasing their value to
the power system as a whole. This cost gap
is large enough to make even today’s pricey
solar cells cost-effective in many applica-
tions. The RMI research identifies more
than 70 ways in which small-scale, distrib-
uted power provides additional economic
and environmental value. (See Table 8–4 for
a synthesis of the major benefits.)49

For decades, electric utilities have insisted
that the reliability of the electric grid depends
on maintaining centralized control of the
system. Allowing thousands of generators to

be controlled by consumers was, they
argued, a prescription for chaos. A growing
number of analysts, however, now argue the
contrary: a more decentralized, dispersed
control may prove far more resilient than a
centralized, hierarchical system. Such a sys-
tem could evolve along the lines of resilient
biological systems—such as ecosystems, or
the human body—that decentralize control
among numerous feedback loops rather than
rely on a centralized hierarchy. Just as the
brain does not need to track every bodily
process for the system to function, power
networks need not have a central point
through which all information flows.50
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Table 8–4. Seven Hidden Benefits of Micropower

Benefit Description

Modularity Micropower system size can be adjusted, by adding or removing units, to
match demand

Short Lead Time Small-scale power can be planned, sited, and built more quickly than larger
systems, reducing the risks of overshooting demand, longer construction
periods, and technological obsolescence

Fuel Diversity and Micropower’s more diverse, renewables-based mix of energy
Reduced Price Volatility sources lessens exposure to fossil fuel price fluctuations

Reliability and Numerous smaller plants are less likely to fail simultaneously, have
Resilience shorter outages, are easier to repair, and are more geographically

dispersed

Avoided Plant and Grid Small-scale power can displace construction of new central plants,
Construction, Losses, reduce grid losses, and delay or avoid adding new grid capacity
and Connections or connections

Local and Community Micropower provides local choice and control, and the option of
Control relying on local fuels and spurring community economic development

Avoided Emissions and Small-scale power generally emits lower amounts of particulates,
Environmental Impacts sulfur and nitrogen oxides, and carbon dioxide, and has a lower cumulative

environmental impact on land and water supply and quality

SOURCE: Amory B. Lovins and Andre Lehmann, Small is Profitable: The Hidden Economic Benefits of Making 
Electrical Resources the Right Size (Boulder, CO: Rocky Mountain Institute, forthcoming).
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Innovations in power electronics, infor-
mation technologies, and storage devices are
making it easier to connect small-scale sys-
tems to the grid (or to allow them to remain
off it), while improving the ability of the
grid to adjust to “peak” demand and power
fluctuations. The outcome may be a more
“omni-directional” grid, in stark contrast to
the traditional one-way street between cen-
tral plants and end users. Like the Internet,
such a power system would be “controlled”
by thousands or even millions of businesses
and individuals who follow a common set of
protocols. (See Figures 8–1 and 8–2.)51

Advanced power electronics, including
miniaturized chips, wires, and sensors, are
creating new ways to connect, invert, and
control power flows: microprocessor sen-
sors, for example, can collect data on the
electricity demands of automated building
and industrial operations. Advances in
inversion and conditioning equipment
make it possible to invert direct current to
alternating current (or vice versa) at a rea-
sonable cost, synchronize small generators
with the grid, and isolate them if the grid
fails—keeping the system reliable and
allowing utility workers to repair power
lines and transformers safely.52

In the longer run, the confluence of
communications and power technologies
may lead to an “intelligent” distributed dig-
ital grid that will allow all parts of the elec-
tricity system to respond to the needs of the
system as a whole—from central station and
micropower plants to transformers, power
lines, and even individual electric appli-
ances. Controlled by computers, such a sys-
tem could respond instantaneously to any
problems and maximize its overall efficien-
cy. For example, the owner of a refrigerator
with appropriate communications and con-
trol equipment could, for a small reduction
in his or her monthly bill, allow a utility to

shut down the refrigerator’s electric motor
for brief moments when demand on the
overall network is high. This would save
consumers money and improve reliability.
Similarly, a price signal sent from a utility’s
computers to a consumer’s fuel cell could
trigger it to turn on when needed to supply
the neighborhood’s electricity.53

Distributed storage technologies may
also aid micropower’s entry into the grid,
allowing intermittent sources to provide
more-dependable electricity. Flywheels,
batteries, and supercapacitors are among
the devices being developed for storage
purposes. A particularly promising option is
to produce hydrogen from rooftop solar
cells when the sun is shining, and then use
that hydrogen in a fuel cell to provide elec-
tricity when electricity and heat are needed.
Just as the internal combustion engine
spurred demand for gasoline, the advent of
automotive fuel cells may speed the emer-
gence of a network for storing and trans-
porting hydrogen, an idea that is attracting
the interest of companies such as Royal
Dutch Shell and DaimlerChrysler.54

In tandem with rising demand for relia-
bility, these grid innovations are pushing
power toward a more dispersed system—
and along a historical continuum. During
the twentieth century, the closest analogue
of the electric power system was the Soviet
structure of hierarchical central planning.
At the beginning of the twenty-first, elec-
tricity is heading more in the direction of
the Internet model: decentralized, nonhier-
archical, and market-oriented.

Remaking Market Rules

Most of today’s power markets still carry
the legacy of the state-granted monopoly
invented in the early twentieth century by
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the American speculator Samuel Insull,
who convinced lawmakers that consolida-
tion was essential for the rapid spread of
electricity to the public. Insull’s sprawling
empire of Chicago-based utility holdings—
and his personal wealth that derived from
it—collapsed under the Great Depression,
but a slew of regulations reinforcing large,
central-station power remain. As Walt 
Patterson of the Royal Institute for Interna-
tional Affairs puts it, “All too often . . .
inherently decentralized technologies find
themselves ‘playing away,’ on the home 
terrain of the centralized system and
according to its rules.”55

If micropower is to realize its potential,
electric power regulatory systems will need
to be reformed so as to remove the thicket
of market barriers that currently limit its
penetration. (See Table 8–5.) One step is
for electricity policymakers to ensure that
micropower generators are paid a price that
reflects the full value of the electricity they
provide. A 1998 European Commission
study found that distributed solar power in

Italy has a total value of just over 10¢ per
kilowatt-hour, half of which is the genera-
tion value, and half of which represents the
added reliability and distribution system
support that are unique to small-scale,
locally based generators.56

Denmark, Germany, and Spain have
introduced “in-feed” laws that currently
require electric utilities to purchase renew-
able electricity at prices ranging from 7–10¢
per kilowatt-hour. These laws have led to
the development of more than 5,000
megawatts of wind power since the mid-
1990s. Similarly, Japan and 29 states in the
United States now have “net metering” laws
for solar power, allowing the solar system
owners to sell excess power back to the grid
at the retail price—as high as 23¢ per kilo-
watt-hour in Japan. They were enacted
mainly for environmental reasons, rather
than to elicit the broader benefits of distrib-
uted power. Nonetheless, they clearly show
the potential effectiveness of simple, well-
designed laws that give distributed genera-
tors access to the grid at a steady, fair price.

State of the World 2000

154

Figure 8–1. Example of a Centralized Power System
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Micropower tariffs on the order of 7¢ per
kilowatt-hour could stimulate rapid growth
in most countries.57

A June 1999 report prepared by the
RAND Corporation for the Pew Center on
Global Climate Change recommends that
developing countries go beyond the tradi-
tional analysis of the “least cost” means of
generating electricity, an approach that
neglects the economics of the transmission
and distribution system. The study recom-
mends using a broader analysis of the sys-
tem as a whole, an assessment that might
well lead to increased investment in distrib-
ution infrastructure—and in micropower
generators that can support that system. In
competitive markets, assessments of deliv-
ery costs could be required in all bids for
new power generation. According to the
study, this strategy—together with the use
of low-emissions technologies and
improved efficiencies of electricity supply
and demand—could meet growing power
needs while cutting local air pollution and
lowering carbon emissions by up to 42 per-

cent relative to business-as-usual trends.58

Another critical reform is to standardize
requirements for safely connecting micro-
power systems to the grid. In many regions,
electric utilities accustomed to large-scale
generators impose a melange of complicat-
ed and unnecessary requirements that typi-
cally add thousands of dollars to the cost of
systems priced only at $3,000–10,000 to
begin with. These requirements stem from
antiquated utility engineering standards, as
well as the understandable desire of electric
utilities to staunch the loss of customers for
their centralized power. Efforts to stream-
line such requirements are under way in the
United States, where the Underwriters
Laboratory and the Institute of Electrical
and Electronics Engineers are developing
standards for safely connecting small solar
systems to the electric grid.59

Additional policies are required to pre-
vent utilities from unfairly blocking micro-
power development. Rules preventing
access to the network must be rewritten,
and utilities should be required to offer
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Figure 8–2. Example of a Distributed Power System
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straightforward “power purchase” con-
tracts for micropower systems, rather than
discouraging them with unnecessarily dense
legal documents. Additional fees, used by
utilities to penalize customers who reduce
their purchases of grid power, need to be
minimized. The state of Massachusetts, for
example, has reduced “stranded cost”
charges, which fund the retirement of
uneconomic plants, for customers who use
on-site systems.60

Other obstacles to micropower stem
from siting, permitting, and emissions reg-
ulations that were designed before microp-
ower became an option. Small-scale
electricity is not accounted for in most
building, electrical, and safety regulations,
nor do local code and zoning officials tend
to be familiar with the technology. U.S.
homeowner associations concerned about
lower property values often retain restric-
tions on modifications—such as solar roof-
ing—well after developments have been

finished. Land use planning and zoning
laws favor the right to build over the “solar
access” of neighboring property owners.
Environmental regulations in many nations
need to be revamped to credit the reduced
pollution that results from deploying effi-
cient small-scale systems.61

Monopoly utilities need some motiva-
tion to encourage small-scale power. Cur-
rent rules compensate utilities based on the
amount of capital equipment bought and
installed or the amount of electricity deliv-
ered, giving these utilities a financial inter-
est in blocking self-generation. Thomas
Starrs and Howard Wenger recommend in
a Renewable Energy Policy Project report
that regulators create performance-based
regulations that remove these disincentives,
and offer local utilities an incentive to
encourage distributed generation.62

Tom Casten, president of Trigen Energy
Corporation, a leading U.S. builder of mid-
sized industrial cogeneration plants using
gas turbines, has identified a plethora of
laws, regulations, policies, and practices that
are based on the assumption that power
plants are large and do not sell associated
heat, penalizing small plants that combine
the two. The tax depreciation life of a
cogenerating gas turbine is 15–20 years, for
example, even though a small, on-site plant
lasts only 5–7 years. Casten recommends
that such rules be removed or reformed,
and supplemented with per-megawatt pol-
lution and efficiency standards.63

Efforts to restructure power laws are
generally dominated by incumbent monop-
olies keen on protecting past investments in
large, centralized power plants. Progress in
reforming those laws to make way for a new
class of small-scale generators that barely
exists in the marketplace today has been
predictably slow. However, as the number
of companies investing in these technolo-

State of the World 2000

156

Table 8–5. Eight Barriers to 
Micropower

• Higher initial capital costs
• Ownership rules
• Customers not rewarded for relieving peak

load
• Impacts on local reliability ignored
• Unfair standby charges, exit fees, transition

costs
• Burdensome interconnection requirements
• Discriminatory permitting, fire, building, and

other codes
• Inequitable emissions policies

SOURCE: Joseph Iannucci, Distributed Utility Associ-
ates, “Distributed Generation: Barriers to Market
Entry,” Presentation to Board on Energy and Envi-
ronmental Systems, National Research Council,
Washington, DC, 6 May 1999.
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gies grows and is augmented by major
firms, and by millions of consumers who
would like to own their own power systems,
the tide will turn.64

Potential models are emerging in the
United States, where the California Alliance
for Distributed Energy Resources and the
Distributed Power Coalition of America
advocate a range of reforms in state and
national regulations. These groups seek to
create better conditions for micropower in
a manner opposite to that of Samuel
Insull—rather than one individual fighting
for consolidation and monopoly, a political
network pushing for decentralization and
fair competition.65

How Far, How Fast?

Towering above New York City’s Times
Square, a new 48-story “green skyscraper”
wears a skin of solar cells along its south and
east sides. In the building’s basement sit
two 200-kilowatt fuel cells that supply both
electricity and hot water. Incorporating
additional measures such as efficient light-
ing and insulating windows, the “cool
power” design is estimated to result in
greenhouse gas emissions that are 40 per-
cent lower than in a traditionally powered
building.66

Micropower’s high-profile appearance in
one of the world’s leading financial cen-
ters—just blocks from Thomas Edison’s
tiny 1882 power station at Pearl Street—is
a homecoming of sorts. Still, many analysts
remain skeptical that mass-produced, small-
scale generators can provide a major alter-
native to large, central power plants. Similar
doubts were observed among railroad own-
ers confronted with the early automobiles,
and among mainframe computer manufac-
turers facing the first personal computers. It

remains to be seen whether industry leaders
and policymakers will learn from these
lessons of economic history.67

One argument leveled against small-scale
power is that such tiny devices cannot possi-
bly make a major contribution to the elec-
tricity supply of a modern economy. The
weakness of this argument is revealed by a
simple calculation. If the average capacity of
an automobile power system is taken to be
roughly 100 kilowatts, the U.S. auto indus-
try’s annual production of 13 million new
cars and light trucks is equivalent to 1,300
gigawatts of generating capacity. The capac-
ity of all the U.S. power plants in operation
in 1998, by comparison, was just 778
gigawatts. In its total car and truck fleet, the
United States already has more than 200
million reliable, self-generating power
plants—each with a per-kilowatt capital cost
one tenth that of a large, central generator.68

Recent market assessments suggest that a
boom in small-scale power is on the way. A
July 1999 study by the Business Communi-
cations Company concludes that small-scale
power will account for “a significant por-
tion” of the 200 gigawatts of new capacity
added by 2003 worldwide. Estimating U.S.
sales of power equipment between 1 kilo-
watt and 5 megawatts at $4.2 billion in
1998, the study projects the U.S. market to
grow at an annual rate of 32 percent in the
next several years, surpassing $16 billion in
2003. The fuel cell market is projected to
grow from $305 million in 1998 to $1.1
billion in 2003, with the microturbine mar-
ket exploding from virtually zero in 1998
to $8.5 billion in 2003—reaching almost
half the U.S. small-scale power sector.69

Looking further ahead, projections of
micropower’s share of new U.S. generation
in 2010 range from 5 to 40 percent; one
study predicts renewably fueled fuel cells
will be a $10-billion global market by then.
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But the true potential may be much greater.
Small-scale systems could displace signifi-
cant amounts of existing central generation
in the industrial world, and avoid the same
in developing countries. With the right
policies, micropower could well dominate
power markets worldwide within the next
5–10 years. In the long run, it is not incon-
ceivable that over half of societies’ power
would come from small-scale local systems,
with the rest coming from larger renewable
energy plants such as wind and solar
farms—making central thermal plants no
longer necessary.70

Joseph Iannucci of Distributed Utility
Associates—who has logged nearly 300
small-scale power consultations in the Unit-
ed States since 1990—identifies 10 “market
accelerators” for micropower. (See Table
8–6.) He concludes that if electric utilities
do not take the lead in promoting distrib-
uted power, then customers—supported by
aggressive new companies—will. The near-
term growth of micropower will be most
affected by the direction of electric industry
restructuring, the pace of decommissioning
of nuclear and coal-fired power plants, and
new environmental regulations. Some rules
in the United States and Europe are being
rewritten with small systems in mind, but
much remains to be done.71

As the grid market for micropower
unfolds, an even more important role for
the technologies is likely to open in rural
areas of the developing world for the 2 bil-
lion people lacking electrical services. In
many cases, small-scale renewables already
compare favorably—in terms of technical
performance, economic competitiveness,
and reliability—with extending transmis-
sion lines to unserved areas. Microturbines
and Stirling engines burning locally avail-
able biofuels could be used to provide
power for isolated villages, as could wind

turbines or solar cells, backed by fuel cells
that run on hydrogen produced by the
renewable generators. Trends in some
countries suggest developing nations may
set the pace in adopting decentralized,
small-scale electricity systems in off-grid
areas, just as some have “leapfrogged” sta-
tionary phones to pocket beepers and
mobile phones. (See Table 8–7.)72

Small-scale power for remote areas is
ideal for critical tasks, such as ice-making,
water desalination, purification, and pump-
ing, and for operating rural schools, health
clinics, and microenterprises. Although
small diesel gensets are widely used to pro-
vide off-grid power today, their need for
maintenance and fuel that is often difficult
to obtain suggests that the new micropower
technologies would be far more appealing.73

Institutional support is also key. Daniel
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Table 8–6.Ten Micropower “Market
Accelerators”

• Simplified interconnection standards
• Modest or unpredictable growth in electric-

ity demand
• Aggressive new market entrants, such as

natural gas and energy service suppliers
• More-efficient electricity pricing schemes
• Saturation of electric transmission and 

distribution systems
• Siting difficulties for new central generation

plants and transmission and distribution
capacity

• Streamlined, standardized permitting proce-
dures

• Dissatisfied electricity customers
• Technology advances
• Demand for green energy

SOURCE: Joseph Iannucci,“Overview on Distributed
Generation,” Presentation to Windpower ’99 
Conference, American Wind Energy Association,
Burlington,VT, 22 June 1999.
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Kammen of the University of California at
Berkeley argues that small-scale, decentral-
ized power systems could make it far easier
for developing countries to expand the
availability of power without further envi-
ronmental deterioration. In the past, how-
ever, small-scale power has suffered from
institutional neglect, and in many cases,
active discrimination. Kammen concludes
that even modest increases in investments
can yield disproportionately large returns in
developing countries—bringing cleaner
energy at a lower cost.74

Both on and off the grid, broader under-
standing of micropower’s benefits will be
critical for realizing its potential. List-serves
on the Internet, Web sites, and conferences
related to small-scale power are multiply-
ing, as is coverage in the mainstream media.
The U.S. National Renewable Energy Lab-
oratory has an extensive database of past
projects and an on-line discussion group,

and cosponsors Village Power conferences
with the World Bank. Also growing is will-
ingness among consumers in Australia,
Europe, and the United States to pay small
“green power” premiums to support clean
energy investments or installations. In Cali-
fornia, the Sacramento Municipal Utility
District—an early promoter of distributed
resources—has mounted more than 450
solar panels on the roofs of “PV Pioneers,”
financed by modest increases in the cus-
tomers’ monthly electricity bills.75

The financing of on-grid micropower
systems is not likely to pose a major problem
once the technologies mature. The loan for
a building-based power plant can simply be
built into the commercial loan or mortgage
used to finance the building. In fact, devel-
oping countries could substantially reduce
the financial burden entailed in building up
their electricity systems by passing some of
the burden to the cash-flush developers of
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Table 8–7. Small-Scale Power Applications, Developing Countries

Country Application

China More than 150,000 small-scale wind turbines (200–1,000 watts)
operating; over 500,000 people served (one third of non-grid-
connected population)

Dominican Republic More than 9,000 solar home systems installed to date

India An estimated 1,025 megawatts of wind power capacity installed

Indonesia Over 20,000 solar home systems installed to date

Kenya More than 80,000 PV systems installed (over 200,000
people served)

Mexico More than 40,000 solar home systems installed to date

South Africa An estimated 50,000 PV systems in place, including 1,300 
rural schools, 400 rural health clinics, and 2,000–4,000 water pumping systems

Zimbabwe Approximately 9,000 PV systems installed in rural homes, schools, and clinics;
70 local design and installation companies in business.

SOURCE: See endnote 72.
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new hotels, office buildings, and factories.76

Off-grid micropower presents more diffi-
cult financing hurdles. People in rural areas
need affordable, small-scale financing to
help cover the high upfront expenses that
make purchasing or leasing a system prohib-
itive for most. Innovative “microfinance”
strategies are emerging in Bolivia, the
Dominican Republic, India, South Africa,
and Bangladesh—where the Grameen Shak-
ti, an affiliate of the Grameen Bank, for
more than 20 years a leading provider of
small amounts of credit to the poor, is bring-
ing solar and wind systems to rural cus-
tomers via small loans. Funders such as the
World Bank, the Inter-American Develop-
ment Bank, and U.S. foundations are work-
ing to set up microenterprises that distribute,
fund, and install solar systems in developing
nations. Insurers like Swiss Re—for whom
micropower is a “risk management” strategy
against power losses and weather-related
damages—are exploring low-interest, long-
term loans for home solar and wind systems.
Governments and nongovernmental groups
in the United States and Europe publish
guides for homeowners and development
workers on buying or financing solar and
other small-scale systems.77

Until the late 1980s, solar electrification
in Kenya was confined to a handful of
donor projects; the national Rural Electrifi-
cation Program had connected less than 2
percent of rural households to the power
grid. But falling PV costs, and the efforts of
private and volunteer organizations to pro-
vide information and training, have fostered
a vibrant commercial market with dozens of

homegrown assembly, sales, installation,
and maintenance companies. Some 80,000
systems have been sold—the largest PV
penetration rate in the world—providing
power to more than 200,000 Kenyans; sales
are increasing 10–18 percent annually.78

From Kenya’s experience, observers have
drawn several broader lessons on how to
spread small-scale power. Training and sup-
port are crucial, but can be met by a small
group of organizations and individuals.
Subsidies can help, but may not be as nec-
essary as other steps to promote technology
transfer, such as logistics and performance
standards. Attracting a range of commercial
interests is of vital importance in sustaining
the emerging technology’s market. And
government and international policies can
be valuable, particularly when they support
independent power producers, lower or
remove taxes and tariffs on cleaner tech-
nologies, and offer affordable credit.79

Greater international cooperation could
help spur small-scale electricity. Climate
change commitments might accelerate the
adoption of micropower in a growing num-
ber of countries. Other objectives—techno-
logical leadership, reduced oil import
dependence, lower air pollution, lessened
nuclear safety risks, new export markets—
may also motivate support for micropower.
Citing a projected $10-trillion market for
worldwide energy supply in the next 20
years, a 1999 White House report urges the
government and industry to step up invest-
ment and forge international alliances in
clean energy. The California-based Nautilus
Institute has already installed three small
wind turbines in power-deprived, famine-
stricken rural North Korea, a project that is
being assisted by the U.S. government in
the hope of lessening bilateral tensions over
nuclear proliferation.80

The pace of micropower development
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The move to micropower may
accelerate the evolution to a 
carbon-free hydrogen economy.
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may in turn shape global developments.
Bringing power back to the people could
facilitate decentralizing tendencies within
societies, empowering local communities
and businesses. It may also help minimize
the kind of rampant corruption in power
contracts, such as those between western
vendors and Indonesian power companies
that were revealed in the wake of that coun-
try’s financial collapse. And the move to
micropower may accelerate the evolution to
a carbon-free hydrogen economy, as prolif-
erating fuel cells create a growing demand
for hydrogen as an energy carrier. Govern-
ments, businesses, and citizens concerned
about climate change share an interest in
seeing this shift unfold.81

Micropower has many of the characteris-
tics of what Joseph Bower and Clayton
Christensen of the Harvard Business School
have called “disruptive technologies.” The
term refers to new technologies such as
small copiers or personal computers that
carry important new attributes that cus-
tomers do not value at first. Initially
neglected by the companies that dominate a
given market, and that are heavily invested
in the existing infrastructure, the invading
technologies are often spearheaded by hun-
gry newcomers who gain early footholds
and grow at steep trajectories, eventually
pushing aside the market leaders.82

The key question regarding disruptive
technologies is not whether they can out-
perform existing technologies according to
conventional criteria, but whether they can
meet future market needs more effectively.
Market research may grossly underestimate
the potential. Polaroid’s president was
informed by his marketers that only
100,000 of his instant cameras would be
sold over their lifetime, as few foresaw the
uses of instant photography. Likewise, most
utility managers have difficulty envisioning
a large market for small-scale power. But
this is changing quickly, as environmental
and economic forces reveal their inherent
advantages—and the bigger firms scramble
to keep up with their nimble competitors.83

As athletes “go for the gold” at the 2000
Games in Sydney, the shimmering solar cells
of the Olympic Village symbolize another
competition that will occupy our global vil-
lage in the new millennium. The test is to
see how quickly we can leave behind the
large-scale, centralized electricity model as a
distinctly twentieth-century relic, and “go
for” a small-scale, decentralized system that
is cheaper, cleaner, and more reliable, and
that serves many more of the planet’s 
people. Should this race continue to pick up
speed, micropower might eventually
become a household expression—in more
ways than one.
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Chapter 9

From November 1811 to January 1813,
organized bands of English artisans in the
wool and textile trades attacked the shear-
ing frames, spinning jennies, gig mills, and
other pieces of textile-manufacturing
machinery that were beginning to replace
them in the early stages of the Industrial
Revolution. Acting in the name of “Gener-
al Ned Ludd”—by all accounts an imagi-
nary, yet immensely inspiring, figure—the
“Luddites” conducted nighttime raids, ran-
sacked factories, and even committed arson
and burglary in their desperate struggle
against the onset of an industrialism that
they saw as a mortal threat to their liveli-
hoods and the world they knew: craft, cus-
tom, and community.1

Kirkpatrick Sale, who has chronicled the
Luddite struggle, observes that “by 1813
there were an estimated 2,400 textile looms
operating by steam, but that burgeoned to
14,150 by 1820 and exploded to more than
100,000 just a decade later.” Age-old crafts
were obliterated, skills rendered obsolete,
communities torn asunder. Some 100,000

handloom weavers in the cotton industry
were impoverished. As the Industrial Revo-
lution gathered force, hundreds of thou-
sands of self-employed people all over
Britain were driven out of work. Suddenly
in need of money to secure food and other
basic needs, they had no choice but to
depend on wage labor. Factory towns
emerged that became infamous for their
reckless pollution of air and water and their
inhumane treatment of workers who
received no more than poverty wages.
Despite deplorable conditions in factories,
laws passed in 1799 and 1800 made it ille-
gal for workers to organize.2

In support of the budding manufacturers,
the British government unleashed the most
severe episode of repression in the country’s
memory. Because recorded history is usually
about the winners, the term Luddite entered
the modern vocabulary with thoroughly
negative connotations. Although Luddites
are now often derided as “opposed to tech-
nological change,” the machine breakers of
early nineteenth-century England were not

Michael Renner
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hostile to technology per se. Rather, they
protested against “machinery hurtful to
Commonality,” as a contemporary letter put
it: an onrush of technology beyond their
control, introduced without regard to the
social dislocation and environmental
destruction it caused.3

The particular technologies that trig-
gered the Luddite movement may seem
quaint today, but the issues remain salient.
The economic system that was first brought
into existence by the Industrial Revolution
embodies a turbulence—a constant chang-
ing and churning—that, even as it propels
society forward, inserts a degree of uncer-
tainty into people’s jobs and lives. In
today’s Europe, as elsewhere in the indus-
trial world, more than 10 percent of all jobs
vanish each year, replaced by different jobs
in new occupations and sometimes in new
companies.4

This turbulence is amplified, and more
socially disruptive, in times of fundamental
structural change. New technologies and
industries arise and old ones wither away;
some regions prosper and others become
rustbelts; new jobs and skills emerge and
others fall victim to the march of technology.
In a transformation perhaps as momentous
as the one 200 years ago, the rise of an
“information economy” and the trend
toward economic globalization are today
spawning considerable anxiety about job
security, skills obsolescence, and wage trends.

But even as computers, the Internet, and
associated technologies remake the econo-
my, another challenge beckons: the grow-
ing urgency to move toward a sustainable
economy. With the spreading industrial sys-
tem, environmental concerns grew from
localized (though severe) pollution in early-
industrial Britain to planetary-scale degra-
dation and alteration of natural systems.
The implications for a more sustainable

development path are clear: we need to
reduce the reliance on fossil fuels dramati-
cally, curtail mining and logging of virgin
areas, restructure the transportation and
utility sectors, and alter industrial processes
to minimize waste generation. The fear is
that such measures will cause grave eco-
nomic disruptions and massive job loss, and
such worries are eagerly cultivated by indus-
tries resistant to change.

Does sustainability need to be synony-
mous with economic insecurity? Primarily
for reasons other than the pursuit of sus-
tainability, logging, mining, and heavy
industries like iron and steel are already far
less important today than they once were
for economic growth, and even less so for
employment. For a long time, it was an arti-
cle of faith among economists that energy
and materials consumption move in lock-
step with the gross national product, mean-
ing that reduced resource use equaled lower
growth and less employment. But this
direct link has already been severed, and
even greater resource efficiency will make it
possible to produce more goods and ser-
vices while reducing the burden on the nat-
ural world. The rapid rise of information
and communications technologies could
help forge a more sustainable economy.
(See Chapter 8.)5

Energy and materials efficiency, renew-
able energy, recycling, waste avoidance, and
“clean production” methods offer substan-
tial employment opportunities—typically
more jobs than in traditional industries. In
place of the present resource-intensive,
high-throughput economy, a sustainable
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economy will manufacture products so that
they are energy- and materials-efficient, are
durable, upgradable, and repairable, and
can be remanufactured when their useful
life comes to an end. All these characteris-
tics promise new kinds of jobs. A sustain-
able economy will also emphasize the
intelligent use of products rather than mere
ownership; services built around the idea of
extending the life of a product and maxi-
mizing its utility will offer additional job
opportunities.

A new economy that provides sufficient
employment without exacting massive envi-
ronmental damage is possible. However, as
with any fundamental economic transfor-
mation, there are transition costs. The
lessons of the Luddite resistance will need
to be heeded: people caught in the mael-
strom of change will resist if they don’t see
a future for themselves. Affected workers,
communities, and regions—particularly
those dependent on resource extraction—
will need help to master new skills, tech-
nologies, and industries. Creative policies
are required to boost job creation, enhance
workers’ education and update their skills,
and smooth the transition process. A new
economy will not be viable unless it is both
environmentally and socially sustainable.

The World of Work

In modern economies, wage employment is
the primary source of income for most peo-
ple. The world’s labor force—those
employed or available for work—has grown
from 1.2 billion people in 1950 to an esti-
mated 2.9 billion in 1998. And because of
strong population growth, it will continue
to swell: during the next half-century, the
world will need to create nearly 30 million
additional jobs each year. If past is pro-

logue, then there is reason for concern:
Employment has expanded, but less so than
the working-age population. Unemploy-
ment and uncertainty about future
prospects allow those opposed to strong
environmental policies to play on workers’
fears about their jobs.6

Worldwide, at least 150 million people
were unemployed at the end of 1998.
Long-term structural unemployment—that
is, joblessness that will not be easily reduced
merely by cyclical upswings in the econo-
my—accounts for a significant portion of
the total. In western industrial countries,
more than a quarter of the unemployed in
1997 had been jobless for a year or longer.
In addition, as many as 900 million people
are “underemployed”—involuntarily work-
ing substantially less than full-time, or
working full-time but earning less than a
living wage.7

Then there are the “discouraged” work-
ers, who have given up hope of finding a
job; since they no longer actively seek work,
they are usually not even counted as unem-
ployed. In the European Union (EU), for
instance, some 18 million persons are offi-
cially unemployed, but at least another 9
million are “discouraged.” And yet, even as
millions are out of work, many workers end
up putting in large amounts of overtime—
the equivalent of at least 2 million full-time
jobs in the EU.8

What economist Joseph Schumpeter
dubbed the “creative destruction” of capi-
talist economies implies an ever-present
changing and churning that, while creating
greater wealth, at least as traditionally mea-
sured, is also bound to infuse labor markets
with great uncertainty and all the attendant
social and psychological impacts on individ-
uals, families, and communities.9

At the turn of the millennium, the
nature of work is changing dramatically,
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perhaps on a scale comparable only to the
Industrial Revolution. Increasing interna-
tional trade and investment and a new wave
of automation are reshaping virtually every
kind of human economic activity and
speeding up the pace of change. (See also
Chapter 10.) Conventional economics
praises the process in which mature 
industries shed jobs and new industries
emerge to provide employment. But it is
unclear whether computers and microelec-
tronics will render jobs more interesting or
more stressful, whether they will entail jobs
that are mostly routine tasks instead of
requiring problem-solving skills that stimu-
late human creativity, and whether they will
lead to a growing polarization of the work
force between well-paid and poorly paid
employees. Just like the earlier revolution,
this transformation brings with it a de-
skilling process, as existing abilities, exper-
tise, and proficiencies lose in value and
importance, and new skills and require-
ments rise in response.10

Technological development and increased
capital mobility—the flow of money, tech-
nology, and machinery across borders—
allow growing numbers of companies to
embrace measures such as temporary or
part-time hiring, parceling out components
of the work process (subcontracting and
“outsourcing”) and tapping into a large pool
of cheap labor in developing countries to
either supplement or replace higher-paid
workers in industrial countries. Products are
now routinely made from components pro-
duced in far-flung places around the planet.
Although these measures allow companies to
be highly flexible and adapt rapidly to fast-
changing market conditions, they also make
job security more tenuous and weaken the
bargaining power of labor unions.11

Disparities between skilled workers and
those lacking skills or possessing outdated

ones grow more noticeable. Manufacturing
employment in western industrial countries
stayed roughly even for skilled workers
between 1970 and 1994, but declined 20
percent for unskilled workers. Likewise, the
gap between those with full-time jobs and
those working involuntarily in temporary or
part-time jobs is becoming more promi-
nent. Under the right circumstances, part-
time work can be part of the solution to the
employment and social challenges of our
time. For the moment, however, it means
mostly jobs with low pay and few benefits,
limited career prospects, and no assurance
that the position will still be available next
week or next month. In Britain, part-time
employment accounted for 15 percent of all
jobs in 1971 but 25 percent in 1997. In
Germany, 15 percent of employees were in
“insecure” jobs (defined as part-time, tem-
porary, or insufficient work) in 1970; by
1995, the figure had risen to 30 percent.12

If current trends continue, the work
force will become more polarized. A rela-
tively small group of employees may
emerge as “winners”—highly skilled, with
secure, well-paid jobs, and more likely 
than not working substantial overtime in
high-stress conditions—whereas many
workers will probably confront episodes of
unemployment or have to accept irregular,
less secure work arrangements. The real
losers may face more or less permanent
exclusion from gainful employment because
their skills, age, or other attributes are
judged as inadequate or unneeded in a 
fast-paced, merciless labor market. In devel-
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oping countries, too, growing disparities
are likely. Employees in small high-tech
enclaves such as one in Bangalore, India,
are likely to benefit from world market inte-
gration. Free trade zones like Mexico’s
maquiladoras attract foreign investment
and jobs, though wages and working con-
ditions are often little better than in English
factories during the early stages of the
Industrial Revolution.13

Since the 1970s, unemployment in
advanced industrial countries has been on
the upswing. In Western Europe, it climbed
from a little over 2 percent in 1970 to
about 12 percent in the late 1990s; in
Japan, from about 1 percent to above 4 per-
cent. By contrast, after it rose from 5 per-
cent in 1970 to above 10 percent in the
early 1980s, the unemployment rate in the
United States is now back to slightly below
the 1970 level. (See Table 9–1.)14

But higher job creation has come at a

cost: Almost 28 percent of all U.S. workers
now have jobs that pay wages at or below
the official poverty level. From a peak in
1978, real hourly earnings for all produc-
tion and nonsupervisory workers outside
agriculture declined 9 percent by 1997. On
average, U.S. wages are lower, and unem-
ployment benefits and the social safety net-
work far less generous, than in most other
industrial nations. In 1997, manufacturing
production workers on average received
$18.24 an hour in the United States,
$19.37 in Japan, $20.24 in the European
Union, and $28.28 in Germany.15

Employment concerns are also high on
the agenda in other parts of the world, as
countries attempt to navigate the treacher-
ous terrains of economic transition and
developmental catching-up. Since the end
of the cold war, most states in Eastern
Europe and the former Soviet Union have
seen a rapid rise in unemployment, from
near zero to close to 10 percent. Joblessness
has been accompanied by lower real wages
and dramatic increases in income inequality.
In Russia, where the economy has severely
contracted, real wages plummeted by 58
percent between 1989 and 1996, and peo-
ple often receive their wages months behind
schedule.16

The East Asian economic crisis that
broke out in 1997 has added at least 10
million people to the world’s unemploy-
ment rolls and thrown substantial portions
of the population there into renewed
poverty, as unemployment benefits and
other protective measures are sparse. Sever-
al other Asian countries—Cambodia,
China, Laos, Mongolia, and Viet Nam—
face serious labor market problems result-
ing from the excess labor in state and
collective enterprises. In China, layoffs in
1998 alone affected 3.5 million workers,
bringing the official unemployment rate to
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Table 9–1. Unemployment Rates by
Region and Selected Countries, 1987

and 1997

Region or Country1 1987 1997
(percent)

Europe 10.4 10.5
Japan 2.8 3.4
United States 6.2 4.9
Latin America 5.72 7.4

and Caribbean
China 2.0 3.03

India 3.4 2.34

Other Asian 4.32 4.23

countries
Central and 7.24 9.63

Eastern Europe

1No comprehensive data for Africa are available.
21990. 31996. 41993.
SOURCE: International Labour Organization, World
Employment Report 1998–99 (Geneva, 1998).
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5–6 percent. Perhaps as many as 30 million
more workers are going to lose their jobs.17

In Latin America, the International
Labour Organization (ILO) projected
unemployment in the formal sector to rise
from about 6 percent in the early 1990s to
9.5 percent in 1999, despite an upturn in
the region’s macroeconomic performance.
Real wages have stagnated and minimum
wages have, on average, fallen 27 percent
since 1980.18

Since job creation in the formal sector is
limited in many developing countries,
much employment takes place in the infor-
mal sector. According to the ILO, this
accounted for more than 60 percent of sub-
Saharan Africa’s urban work force in 1990
and 58 percent of Latin America’s. The
informal sector is an amalgam of economic
activities, including family enterprises, that
are not captured by traditional categories.
It generates demand for semiskilled and
unskilled labor, is more likely to adopt
appropriate technologies and local
resources, plays an important role in recy-
cling and reusing waste materials, and pro-
vides a major source of income for women.
But working conditions are frequently
poor, social security is mostly nonexistent,
and wages are often very low, typically
below the official minimum wage.19

One of the most unsettling aspects of the
jobs crisis is large-scale youth unemploy-
ment, which virtually everywhere is substan-
tially higher than for the labor force as a
whole. The ILO estimates that there are
about 60 million people worldwide between
the ages of 15 and 24 who are in search of
work but cannot find it. In developing
countries, high rates of population growth
translate into massive pressure on job mar-
kets. In China, 26 percent of the population
is 15 or younger; in the rest of Asia, the fig-
ure is 35 percent; in Latin America, 33 per-

cent; and in Africa, 43 percent.20

Although developing countries clearly
face a growing jobs challenge, labor market
data are relatively scarce; scarcer still are
studies addressing the employment-envi-
ronment linkage in the developing world.
This chapter focuses on industrial countries.
But developing countries must inevitably
grapple with similar issues. If anything, they
face a challenge of even greater magnitude.
They need to find work for growing num-
bers of young people entering the job mar-
ket, agriculture is still the most common
occupation, and large-scale rural-urban
migration is placing increasing burdens on
urban job markets. Hence there is an
urgent need for sustainable agricultural and
rural industry jobs in order to lessen the
pressure. The challenge for developing
countries is to not follow the siren song of
unsustainable development—pollute first,
clean up later—but to exploit opportunities
to leapfrog to sustainable technologies and
to develop labor-intensive industries.

Boosting Resource 
Productivity

Ever since the beginnings of the Industrial
Revolution, businesses have sought to
economize on their use of labor, whereas
land and natural resources were seen as
boundless and cheap. While companies
have emphasized raising labor productivi-
ty—using fewer workers for each car, refrig-
erator, or computer, they have largely
neglected the issues of energy and materials
productivity—using less oil, electricity, alu-
minum, and copper for each unit of output. 

This may once have made perfect sense,
when skilled labor was indeed scarce and
when substituting machines for humans
promised rapid economic progress. But
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today, given the environmental crisis and
the growing abundance of human labor,
particularly in developing countries, it is
time to reevaluate these priorities. Not only
is nature scarce today, there is no substitute
for it once it is depleted: no matter what
technologies human ingenuity dreams up,
pure air and water, intact forests and fish-
eries, and a stable global climate are irre-
placeable.

As labor productivity grows, output and
consumption must grow at least as fast in
order to maintain steady employment lev-
els, and faster if the number of jobs is to
expand. But as long as economic growth is
predicated on burning large quantities of
fossil fuels, using copious amounts of mate-
rials, and generating huge waste flows, this
is a formula for growing environmental
degradation. A sustainable economy must
break the work-consumption-environmen-
tal degradation connection.

Capital, energy, and materials are steadily
replacing labor. Although this section relies
primarily on U.S. data for illustration pur-
poses, the same holds true for other indus-
trial countries and for newly industrializing
nations as well. Total output by the U.S.
manufacturing sector rose by about
440 percent between 1950 and 1996.
Labor inputs (measured by the total
number of hours worked) increased
by about 40 percent between 1950
and 1969, then remained stagnant for
a decade before beginning to decline
slightly. By contrast, inputs of capi-
tal—that is, buildings and equip-
ment—jumped by 525 percent
during these 47 years, energy inputs
rose by 369 percent, and materials
inputs by 335 percent.21

As a result, the productivities of
these individual inputs—the output
of manufactured items for each unit

of input—diverged dramatically. Labor pro-
ductivity more than tripled. In the auto
industry, for instance, this means that where
a worker was once able to produce one car
in a given stretch of time, one individual
can now produce three cars in the same
period. By contrast, capital productivity has
declined almost throughout the entire post-
war period, so that it takes a growing
investment in buildings and equipment to
produce a dollar’s worth of manufactured
goods. Until rising oil prices in the 1970s
forced the development of more-efficient
motors, lighting, and production processes,
energy productivity also declined: growing
amounts of oil, gas, coal, and electricity
were needed to produce a dollar’s worth of
output. By the mid-1990s energy produc-
tivity was only marginally higher than in
1950. Materials productivity rose until the
early 1970s, but then lost some ground.
(See Figure 9–1.)22

Energy and materials productivities
could be boosted substantially, since more
resource-saving technologies are already
available, even better ones are on the draw-
ing boards, and opportunities for redesign-
ing whole systems as opposed to individual

State of the World 2000

168

1950 1960 1970 1980 1990 2000
0

50

100

150

200

250

300

350
Index: 1950=100

Source: BLS, Rosenblum

CapitalEnergy

Labor

Materials

Figure 9–1. Selected Factor Productivities
in U.S. Manufacturing, 1950–96



CREATING JOBS, PRESERVING THE ENVIRONMENT

products remain largely unexplored. For
instance, eco-business pioneer Paul
Hawken and Amory and Hunter Lovins of
the Rocky Mountain Institute argue that
just using existing technologies (including
advanced polymer composites, better aero-
dynamic design, and fuel cells) can reduce
new-car fuel consumption by as much as 85
percent, and slash materials use in car man-
ufacturing up to 90 percent (by weight).
What this means is that manufacturing
industries now use far more energy and
materials, and cause greater environmental
damage, than need be.23

Just a handful of industries are responsi-
ble today for the bulk of environmentally
damaging activities while at the same time
providing only limited (though often well-
paid) employment. Four U.S. manufactur-
ing industries—primary metals, paper, oil
refining, and chemicals—accounted for 21
percent of manufacturing value-added in
the mid-1990s. They absorbed 78 percent
of primary energy use in all U.S. manufac-
turing and were responsible for 64 percent
of the amount of toxics released from 
manufacturing operations, but represented
only 12 percent of all jobs and about 14
percent of total hours worked and payroll.

(See Table 9–2.) Outside the manufactur-
ing sector, mining and utilities share these
attributes: few jobs but substantial environ-
mental impact. Thus, change in the 
environmentally most damaging sectors of
the economy will affect only limited num-
bers of workers.24

Growing labor productivity explains why
manufacturing employment in industrial
countries has either stayed flat or even
declined, although output almost doubled.
In fact, relative to output, manufacturing
employment has declined almost sevenfold
since 1960 in Japan, 4.5-fold in France, and
threefold in Germany and Britain.25

Employment is increasingly shifting into
the “service” sector. (See Table 9–3.) Over-
all, services employment has roughly dou-
bled in western industrial countries, and
almost quadrupled in the United States
since 1950. (See Figure 9–2.) For every
manufacturing job, there are now almost
five service jobs in the United States; three
to four in Japan, France, and the United
Kingdom; and more than two in Germany.26

Both in employment and environment
terms, however, the shift toward services is
an ambiguous development. The term 
“services” encompasses vastly disparate
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Table 9–2. Value-Added, Employment, Energy Use, and Toxics Releases, Selected
U.S. Manufacturing Industries, Mid-1990s

Value- Number Hours Energy Toxics
Industry Added of Jobs Worked Payroll Use Released

(percent within all manufacturing industries)

Paper 4 3 4 4 12 11
Chemicals 11 4 4 6 25 36
Oil Refining 2 1 1 1 29 3
Primary Metals 4 4 5 4 11 15

Total 21 12 14 14 78 64

SOURCE: Worldwatch calculation, based on sources cited in endnote 24.
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activities, including wholesaling and retail-
ing, hotels and restaurants, health care,
banking and finance, utilities, communica-
tions, and transportation. These sectors
include some highly skilled and extremely
well-paying jobs, but also many unskilled,
low-paying ones. In the United States, 
a considerable share of job growth is taking
place in the retail sector; that part of 
the economy, however, is increasingly char-
acterized by low wages and insecure
employment. In mid-1999, the average
hourly wage in retail was a mere $9.02,
compared with $12.61 in all services and

$13.94 in manufacturing.27

Service jobs are also by no means
immune to the turbulence of change that
has taken hold in mining and manufactur-
ing. A study by the University of Würzburg
concluded that computerization and infor-
mation technologies in Germany may 
eventually do away with 61 percent of 
jobs in banking, 51 percent in wholesale
and retail, and 74 percent in transportation
and logistics.28

Most service establishments are directly
responsible for very little pollution and envi-
ronmental degradation. But many are inex-

tricably linked to oil drilling, strip
mining, forest clearcutting, paper
pulping, and aluminum smelting—
either by coordinating, facilitating,
and financing resource extraction
and processing, or by providing
transport and distribution (that is,
wholesale and retail) services. In
essence, they are a part of the high-
throughput economy. The challenge
will be to generate service jobs that
facilitate a shift away from our cur-
rent resource-intensive forms of pro-
duction and consumption—for
instance, selling heating and cooling
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Table 9–3.Total Labor Force, Industrial and Developing Countries,
by Economic Sector, 1960 and 1990

Sector Agriculture Industry Services
1960 1990 1960 1990 1960 1990

(percent)

Industrial Countries 26 10 35 33 38 57
Developing Countries 76 61 9 16 15 23

World 61 49 17 20 22 31

Note: Categories may not add up to 100 percent due to rounding.
SOURCE: U.N. Development Programme, Human Development Report 1996 (New York: Oxford University
Press, 1996).
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services instead of fossil fuels, or transporta-
tion services instead of motor vehicles.29

Environment Policy:
Job Killer or Creator?

Business leaders have long argued that envi-
ronmental regulations would render them
uncompetitive, forced to close plants, and
compelled to delay or cancel new projects.
The upshot: lost jobs. The “job killer” argu-
ment has lost some of its potency, however,
for three reasons. First, many dire predic-
tions have failed to come to pass: job loss
due to environmental regulations has been
extremely limited. Second, it has become
clear that environmental regulations can
have “technology-forcing” effects that
actually give companies a competitive edge.
And third, environmental regulations have
spawned a sizable and rapidly growing
industry (mostly focused on pollution con-
trol) that employs perhaps 11 million peo-
ple worldwide.30

Still, as limited pollution control slowly
gives way to farther-reaching pollution pre-
vention measures and cutting-edge “clean
production,” and as the threat of climate
change increasingly points to the need for a
substantial restructuring of the energy
economy, the belief in an economy-versus-
environment tradeoff finds new adherents
and is eagerly stoked by businesses opposed
to change. But what are the impacts of
environmental policy? Before looking at any
specific cases, it is useful to undertake a
brief conceptual assessment.

Like any other economic activity, invest-
ment in renewable energy sources, energy
efficiency, railroads and public transit, less-
polluting industrial production equipment,
and other environment-friendly activities
generates a certain number of jobs directly,

plus indirect jobs in supplier industries. The
crucial question is, Do these investments
support more or fewer jobs for each dollar
laid out than expenditures in more pollut-
ing and waste-generating industries?
Countless studies suggest strongly that less
damaging ways of producing, transporting,
consuming, and disposing of goods tend to
be more labor-intensive than the more
damaging ways.31

Beyond specific comparisons of direct
employment potential lies the larger issue of
how well and efficiently an economy carries
out its activities. For example, if energy ser-
vices such as heating and cooling buildings,
generating electricity, or powering motor
vehicles can be provided more cheaply
through boosted efficiency or other mea-
sures, then the money saved by businesses
and households—the avoided costs—can be
“re-spent” elsewhere in the economy. To
the extent that this re-spending benefits
segments of the economy that are more
labor-intensive than the energy sector, it
generates additional employment. (And
because most countries import the bulk of
their energy consumption, this re-spending
would in effect substitute imported energy
inputs with more local, decentralized
labor—although oil-exporting countries
would suffer accordingly.) Similar re-spend-
ing effects may also occur in other parts of
the economy, as we restructure transporta-
tion, waste management, and other sectors.

When prices do not tell the truth, how-
ever, it is difficult in a market economy to
realize opportunities for avoided costs and
for redirecting investments and expendi-
tures to sectors that will provide greater
environmental and employment benefits.
Phasing out subsidies that favor fossil fuel
industries and other polluters and introduc-
ing environmental taxes will help to move
toward full-cost accounting and to unveil
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re-spending opportunities.32

Energy again serves as a useful example.
Presumably, the move toward greater effi-
ciency will be brought about in part by
higher energy taxes. Some of these tax rev-
enues may go to financing the equipment
and infrastructure for a more sustainable
economy—creating jobs in energy efficien-
cy technologies and public transit systems,
for instance. Governments may decide to
return the remainder to taxpayers, and that
money would then be re-spent across the
entire economy, replicating existing pat-
terns of demand for goods and services—
and creating more jobs than would have
been supported in the fossil fuel industry.
Alternatively, however, these funds could be
used to reduce labor costs. Studies suggest
that lowering employers’ contributions to
national health or social security funds can
be a powerful stimulant for job creation, as
discussed later in the chapter.

Although the losers are likely to be far
outnumbered by the winners, some workers
will be hurt in the economic restructuring
toward sustainability—primarily those in
mining, fossil fuels, and smokestack indus-
tries. At least some and perhaps many of the
displaced individuals will not have the req-
uisite skills for the new jobs without retrain-
ing, or the new jobs may primarily arise in
other locations. Regions and countries that
depend heavily on extractive and polluting
industries will confront a substantial chal-
lenge to diversify their economies.

The process of industry restructuring is
inherently painful. Because a job provides
not only economic security but often also
identity and meaning, job loss—even if
temporary—can be a traumatic experience.
For affected individuals and families, it is lit-
tle consolation that environment-related
job loss is likely to be insignificantly small in
comparison with job loss due to “normal”

change in a market economy. Public policy
must facilitate the transition to a sustainable
economy by assisting individuals and com-
munities; this may involve retraining and
skill-enhancing programs and special
regional development programs.

But most important, policy changes
designed to make the economy more sus-
tainable need to have a clear time horizon so
that companies, communities, and individual
employees know what they are up against.
At the same time, however, the longer that
necessary changes are postponed, the greater
the urgency later on to move speedily—and
the more damaging the social and economic
impacts. Resistance to policies to avert cli-
mate change and to rein in other forms of
environmental degradation will turn out to
be a far greater job killer than embracing
such policies in strategic fashion.

Restructuring Energy,
Creating Jobs

Reducing fossil fuel use is one of the most
central goals in moving toward a sustain-
able economy. The combustion of these
fuels on a massive scale causes serious air
pollution problems and is responsible for
global climate change. Businesses opposed
to serious efforts to avert this have sought
to attract labor union support by arguing
that an alternative energy policy would be a
job killer. The AFL-CIO Executive Coun-
cil, for example, issued a statement in Feb-
ruary 1999 reaffirming its opposition to the
Kyoto Protocol, arguing that it “could have
a devastating impact on the U.S. economy
and American workers.” But even in the
absence of an alternative energy policy, the
number of jobs in many of these industries
is already declining, often even as output
continues to rise. Avoiding or postponing
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an environmentally responsible policy will
do nothing to save these jobs; instead, it
may even hasten their demise.33

Coal mining is a case in point, although
similar stories could be told about oil refin-
ing, utilities, and energy-intensive indus-
tries like primary metals and steel. The coal
industry is increasingly characterized by
bigger and fewer companies, larger equip-
ment, and less and less need for labor.
Worldwide, it is estimated that only about
10 million jobs remain, accounting for just
one third of 1 percent of the global work
force. In the United States, coal production
increased 35 percent between 1980 and
1998, but coal mining employment
declined 63 percent, from 242,000 to
90,000 workers. (See Figure 9–3.)34

In Europe, jobs in this field have
dropped even more, since production is
falling substantially. In Germany, productiv-
ity gains and rising coal imports may cut
employment from 265,000 in 1991 to less
than 80,000 by 2020. British coal produc-
tion has fallen to less than half its 1980
level, and employment fell from 224,000 to
just 10,000 miners. China—the world’s
largest coal producer—has cut some

870,000 jobs in the past five years and will
lay off another 400,000 workers in a bid to
cut subsidies and to reduce output by about
one fifth to bring it more in line with
demand.35

While coal and other polluting industries
are offering declining job opportunities,
renewable energy and energy efficiency are
beginning to make their mark. The Euro-
pean Wind Energy Association projects that
up to 40 gigawatts of wind power capacity
could be installed in Europe by 2010, cre-
ating between 190,000 and 320,000 jobs.
Although no global job figure is available,
some rough estimates can be made. The
Danish wind turbine industry provided
about 16,000 jobs (including 4,000 in
installation) in 1995. Because Danish wind
turbine manufacturers supply about half of
the generating capacity in the world, the
European Commission estimated world-
wide employment in the wind power indus-
try at 30,000–35,000 direct jobs in the
mid-1990s.36

European wind energy companies
accounted for about 90 percent of world-
wide sales in 1997, and presumably will
continue to garner the majority of jobs 

in the near future. But India,
China, and other developing
countries have considerable
wind energy potential and could 
generate substantial employ-
ment by building a strong
indigenous base. India already
has 14 domestic turbine manu-
facturers.37

The European Commission
notes that, as a rough rule of
thumb, 1 megawatt of wind
power generating capacity
installed creates jobs for 15–19
people under present European
market conditions and perhaps
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double that in countries with higher labor
intensity. Since this includes manufacturing,
sales, installation, operations, and mainte-
nance, it encompasses both permanent and
temporary jobs. Applying this formula,
there may have been 92,000–117,000
direct and indirect jobs worldwide in the
mid-1990s; if installed capacity roughly
doubles by 2001, as the European Com-
mission projects, this could rise to
170,000– 216,000 jobs.38

A variety of studies confirm that wind
power compares favorably in its job-creat-
ing capacity with coal- and nuclear-generat-
ed electricity. Wind power generation is
mostly decentralized and small-scale, and
the manufacturing of rotor blades and
other components requires skilled labor
input to ensure quality. Still, as the size of
wind turbines and economies of scale
increase, helping to make wind power a
cheaper source of energy, the number of
jobs per dollar invested will decrease some-
what in coming years.39

Like wind power, solar energy use, par-
ticularly in the form of photovoltaics (PV),
is growing rapidly. U.S. solar industries
directly employ nearly 20,000 people now
and support more than 150,000 indirect
jobs in diverse areas such as glass and steel
manufacturing, electrical and plumbing
contracting, architecture and system
design, and battery and electrical equip-
ment. The Solar Energy Industries Associa-
tion (SEIA) claims that 3,800 jobs are
created for every $100 million in PV cell
sales, translating into 12,160 PV jobs in the
United States in 1995. PV jobs in Europe
are still very limited in number, but the
European Photovoltaic Industry Associa-
tion projects that the production, installa-
tion, and maintenance of PVs could directly
employ up to 294,000 people there by
2010.40

Meanwhile, the European Solar Industry
Federation, a group of about 300 solar
thermal companies, employed more than
10,000 people in 1997 in designing, manu-
facturing, marketing, installing, and main-
taining systems. Just under current market
growth trends, the federation projects the
creation of 70,000 additional jobs in the
next 10 years, and a far larger number, per-
haps up to 250,000, if strong governmental
support for solar energy materializes.41

As a group, renewables have the poten-
tial to become a significant source of jobs.
The U.S. industry association, SEIA, asserts
that more than 350,000 net jobs will be
added by 2010—a number equal to the
employment provided by the largest U.S.
car manufacturer. In a 1997 report, the
European Commission lays out the objec-
tive of doubling the current share of renew-
able energy sources from 6 to 12 percent by
2010. Taking job losses in fossil fuel energy
sectors into account, a half-million net
additional jobs could be created in the
renewable energy sector and in supplier
industries, and another 350,000 jobs
through exports of renewables.42

Like renewables, energy efficiency has
considerable job potential awaiting mobi-
lization. The American Council for an
Energy-Efficient Economy (ACEEE) has
assessed the impact of a “high-efficiency
scenario,” assuming cost-effective improve-
ments throughout the U.S. economy.
These run the gamut from better-insulated
windows to more-efficient lighting to high-
ly fuel-efficient cars. Average annual invest-
ments of $46 billion during 1992–2010
yield a 20-percent reduction in energy con-
sumption below a business-as-usual sce-
nario and a 24-percent reduction in carbon
emissions. The study estimates that almost
1.1 million net jobs could be created by
2010. Just 10 percent of these are direct
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jobs in efficiency and in supplier industries;
the rest are jobs created as consumers and
businesses re-spend the money they save
through avoided fuel costs on other goods
and services that are more labor-intensive
than the fossil fuel industry.43

Since the ACEEE study was published in
1992, other assessments have been under-
taken in different industrial countries,
spurred by the Kyoto Protocol on climate
change and the growing urgency to deal
with this issue. (See Table 9–4.) Although

they rely on different methodologies,
assumptions, and econometric models,
making them difficult to compare directly
with each other, these studies support the
overall conclusion that pursuing energy
alternatives will generate more jobs than
the fossil fuel industries can.44

While this discussion has been focused
on industrial countries, there are implica-
tions for developing countries as well.
Given the substantial potential for wind and
solar in developing countries, these energy
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Table 9–4. Job Impact Findings, Selected Studies on Climate Policy

Carbon Employoment
Country Policy Change Years Reduction Gain

(million tons) (net number
of jobs)

Austria Cogeneration, energy efficiency, 1997–2005 70 + 12,200
renewables, alternative transportation

Austria Biomass, higher taxes on fossil fuels 1997–2005 20 + 30,000

Denmark Greater natural gas use, district 1996–2015 82 + 16,000
heating, cogeneration, energy 
efficiency, renewables; total energy 
consumption stable

Germany Boosting efficiency, phasing out 1990–2020 518 + 208,000
nuclear power, less oil and coal 
use, renewables to account for 
10 percent of primary energy use,
alternative transportation policies

Netherlands Efficiency gains in transport, industry, 1995–2005 440 + 71,000
electric equipment, buildings; greater
use of wind power

United Accelerated uptake of cogeneration, 1990–2010 206 + 537,000
Kingdom efficiency, and renewables technologies

European Installation of high-performance 10-year 940 + 126,000
Union double-pane windows in 60 percent period

of dwellings

United Improved efficiency in transportation, 1990–2010 188 + 870,000
States industry, power generation, buildings

SOURCE: Worldwatch Institute, based on sources cited in endnote 44.
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sources could become important job cre-
ators. But there, too, a key employment
benefit of moving away from energy-inten-
sive, fossil-fuel-focused patterns of develop-
ment lies in spending less of a society’s
financial resources on oil, coal, and natural
gas (much of which must be imported) and
more on labor-intensive sectors of the econ-
omy—the so-called re-spending effect.
Seeking out investment and consumption
choices that promise greater job creation
than the traditional energy industries is of
particular interest in countries that have
surging numbers of job seekers and scarce
economic resources.

Durability and 
Remanufacturing

Energy and materials productivity can be
boosted by moving the economy away from
the throwaway treadmill that churns out
mass-produced items designed to fall apart
easily or be rendered passé by fashion
cycles. Durability, repairability, and
“upgradability” are key to achieving sus-
tainability.

In today’s industrial economies, many
products, even some that are nominally
durable, have become “commodified”:
large quantities can be manufactured with
such ease and at such relatively little mone-
tary cost that there is considerable incentive
to regard them as throwaways rather than
to produce them for true durability. If dura-
bility is not a top consideration, then
human dexterity, skill, and workmanship
are also likely to be given low priority by
management, and labor input will be
regarded more as a cost factor than a way to
ensure quality.45

Many of today’s consumer products are
made in such a way as to discourage repair

and replacement of parts, and sometimes
even to render it impossible. And even
when repair is possible, the cost is often too
high relative to a new item. If repair and
maintenance are not “worth the trouble,”
then jobs in such occupations are con-
demned to all but vanish. Although con-
sumers have an obvious interest in cheap
products, the price must be sufficiently high
to justify ongoing maintenance, repair, or
upgrading, and hence to make jobs in these
occupations viable. In any event, a durable
product with a higher up-front cost of pur-
chase may well turn out, over time, to be
economically more advantageous to con-
sumers than individually cheaper, planned-
obsolescence products that must be
replaced frequently. If a $100 wristwatch
lasts a lifetime, it represents a lower expen-
diture than a series of $10 or $20 watches
that fall apart relatively quickly.

Products can no doubt be made to last
longer, and their useful life can be stretched
by making it easy to maintain and repair
them. Interface, a carpet manufacturer, has
developed a new material called solenium.
This lasts four times as long as traditional
carpets but uses 40 percent less material,
reducing materials intensity by 86 percent.
In addition, the material can be completely
remanufactured—all the material in used
floor covering can go into producing a new
carpet. The company has boosted its
employment by 73 percent between 1993
and 1998.46

For products subject to high wear and
tear, such as carpets, remanufacturing is
crucial; they should be easy to take apart so
as much of the components can be reused
as possible. For “non-consumable” goods
like cars, refrigerators, washing machines,
or computers, on the other hand, it is
important that products be designed for
easy refurbishing and upgrading, so that
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durability does not translate into techno-
logical obsolescence. This calls in particular
for a “modular” approach that permits an
easy replacement of parts and components.
Computers serve as an example here: stan-
dardized slots commonly accept compo-
nents such as modems, sound cards, or
memory chips virtually irrespective of
which company made them.

An economy that embraces durability
will require a transportation system differ-
ent in its structure and mix of modes.
Instead of today’s “making-using-dispos-
ing” system, with its one-way flow of raw
materials, products, and waste, it would
instead be a “making-unmaking-remaking”
system—able to collect and take back prod-
ucts that need to be repaired or upgraded
and then redistributed to consumers, as
well as those disassembled for remanufac-
turing or for salvaging of parts and materi-
als. Such a system would probably be
focused less on long-distance supplies and
deliveries and more on interchanges within
local and regional economies.47

What are the job implications? When
goods do not wear out rapidly, they need
not be replaced as frequently. An obvious
implication is that fewer goods will be 
produced. Would this mean that fewer
employees are needed—compounding the
unemployment challenge? Not necessarily.
Producing longer-lasting, higher-quality
products, using more robust materials, and
processing and assembling them into final
products with greater care than might suf-
fice for “disposable” products implies a
more craft-oriented, smaller-batch produc-
tion process than the current mass-manu-
facturing practices; it takes more labor, and
particularly more skilled labor. Plus, there
will be greater opportunity and incentive to
maintain, repair, upgrade, and remanufac-
ture products, and thus associated job

potential throughout the life of a product.
In the United States, remanufacturing is
already a $53-billion-a-year business,
employing some 480,000 people directly.
Since products and production processes
will need to undergo extensive redesign for
durability and easy upgrading and disassem-
bly, there is additional job creation stimulus
in design, engineering, architecture, and
other fields.48

Today’s retail jobs depend on large-scale
purchases of “stuff”—in principle, anything
that sells, no matter what the quality and
durability. Discount retailers in particular
have led the trend toward a part-time, low-
paid sales force; in such a quantity-focused
environment, fewer consumer purchases
translate into fewer retail jobs. In a sustain-
able economy, there is a need to move
toward “quality retail,” in which the sales-
person knows how to sell intelligent use
rather than mere ownership: advising con-
sumers on the quality and upkeep of prod-
ucts; counseling them on how to extend
usefulness with the least amount of energy
and materials use; explaining the advantages
of leasing versus ownership. Because such a
system would not be geared to increasing
throughput—focusing merely on getting
products out of the showroom or off the
store shelf—but instead to ensuring con-
sumer utility and satisfaction, it entails
higher-skill jobs.49

Truly durable products are likely to be
more expensive than throwaways. For some
items, the upfront cost could be steep, and
this calls for the development of innovative
financing plans. Where consumer credit is
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now geared to maintaining the hyper-
throughput economy, allowing people to
carry high personal debts and to rebound
from insolvency in order to keep consum-
ing, finance in a durable product economy
will need to devise ways to make possible—
and to reward—the purchase of long-life
products. This may involve longer repay-
ment periods, for instance.

A fuller evaluation of the employment
implications of a shift toward durability
would require detailed assessments of the
specific changes, and how they translate
into job losses and opportunities for new
employment. Table 9–5 provides a rough
conceptual exploration. Generally, however,

it seems clear that a durability strategy
would accelerate the shift in employment
from resource extraction and primary
industries to the provision of services.

Shifting Taxes

Ecological tax reform is key to addressing
both the challenge of adequate job creation
and environmental protection. Depending
on their design and scope, eco-taxes—such
as landfill fees, taxes on nonrenewable ener-
gy, and emissions charges—promise several
benefits. They can help reinforce the “pol-
luter pays” principle, provide incentives for
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Table 9–5. Likely Employment Effects of Durable, Repairable, and 
Upgradable Products

Product Life-
Cycle Phase Observation Employment Effect

Design and Engineering • Intense redesign of products (and production Positive
processes) required

Energy and • Fewer products; therefore fewer inputs needed, Negative
Materials Inputs though more robust materials required

Manufacturing/Assembly • Fewer products Negative?
• Production more attentive to durability, and so on

Distribution/Transport • Fewer products Mixed
• More (local) circulation from users to repair 

shops, remanufacturing, and so on, and back

Maintenance • Revitalizing neglected functions; labor-intensive Positive

Re-Manufacturing • Currently limited Positive

Upgrading • Currently limited; labor-intensive Positive

Consulting • Advice on product-life extension and substituting Positive
services for goods

Disposal at End of • Fewer products to be disposed of Positive
Life-Cycle • Greater recycling, plus disassembly of parts

and components for reuse; more labor-intensive
than landfilling and incineration

SOURCE: Worldwatch Institute.
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boosting energy and materials efficiency,
help trigger technological innovation, and
raise revenues to fund environmentally
benign alternatives.

In the context of the environment-
employment nexus, however, another aspect
is key: using eco-tax revenues to reduce the
payroll taxes that fund social security pro-
grams. In effect, some of the tax burden
now falling on labor would thus be shifted,
and levied instead on resource use and pol-
lution. This shift is based on the recognition
that current tax systems are severely out of
balance; they make energy and natural
resources far too cheap (inviting inefficiency
and waste), but render labor too expensive
(discouraging new hiring). The predictable
result is an overuse of natural resources and
underuse of human labor.50

In western industrial countries, payroll
taxes and mandatory social security contri-
butions accounted on average for 25 per-
cent of all tax revenues in 1995, up from 18
percent in 1965. Energy taxes and nonen-
ergy environmental taxes, in contrast,
account for only about 7.5 percent, and
taxes on capital have decreased in most
countries. Given this situation, it is little
wonder that companies have put far greater
emphasis on boosting labor productivity
than on enhancing capital, energy, and
materials productivity—with the result that
unemployment and environmental degra-
dation are both higher than they would
otherwise be. The potential impact of a tax
shift is likely to be greatest in countries
where labor taxation is particularly high, as
it is in most of Europe. The United States,
by contrast, has less leeway to decrease the
tax burden on labor, but it has greater
opportunities to effect a tax shift by raising
its extremely low taxes on resource use.51

During the 1990s, a growing number of
studies, principally in Europe, modeled the

economic and employment impacts of eco-
logical tax reform. Although the underlying
assumptions about the nature and size of
eco-taxes, as well as the precise ways in
which the tax revenue would be used, vary
widely, the key conclusion was that a tax
shift is clearly good news for job creation.
For instance, an array of U.K. energy and
environment taxes to shift 6 percent of the
tax burden from labor to environmentally
damaging operations could generate some
717,000 additional jobs during
1997–2005. An influential German study
undertaken in 1994 modeled the impact of
a tax on all nonrenewable sources of energy
and on electricity that would be imposed
and increased by 7 percent annually over 15
years. Energy consumption and carbon
emissions would decline by 21 percent, and
some 600,000 new jobs be created.52

Discussed theoretically since the late
1970s, eco-tax shifting started to become a
reality in the 1990s, as Denmark, Finland,
Germany, the Netherlands, Norway, Swe-
den, and the United Kingdom linked a vari-
ety of such taxes to reductions in income
taxes or social security contributions. The
tax shifts have amounted to anywhere from
0.2 percent to 2.5 percent of these coun-
tries’ total tax revenues.53

In the countries that have initiated a tax
shift, eco-taxes are still quite modest, and
energy-intensive industries are partially
exempted from the eco-tax (either by pay-
ing a reduced rate or by receiving reim-
bursements). In the German case, all
manufacturing firms are assessed at only 20
percent of the full tax rate, and coal and jet
fuels are not taxed at all. This is because
governments are reluctant to be seen as
weakening energy-intensive industries’ abil-
ity to compete internationally. But unless
this preferential treatment is phased out
over time, and national policies harmonized
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so that competitive fears are eased, the
incentive to cut energy use and carbon
emissions will be diminished considerably.
Less progress toward energy efficiency also
means that money continues to be bound
up in the energy sector that could, if invest-
ed elsewhere, create more jobs.54

Rethinking Work

Ecological tax reform can help shift eco-
nomic priorities from increasing labor pro-
ductivity to boosting energy and materials
productivity, and hence is an important
component of any policy aimed at ensuring
that economic progress is not synonymous
with job destruction and heavy environ-
mental damage.

But there is a danger that gains in ener-
gy and materials efficiency and in other
environmentally beneficial measures may
simply be offset and perhaps even over-
whelmed by the rising tide of consumption.
To illustrate, fuel savings through more effi-
cient car engines and other improvements
in automotive technology since the early
1970s have largely been erased by the trend
toward larger vehicles and the continuing
growth in the amount of driving.

In this context, a key question arises:
should we channel future gains in produc-
tivity principally toward wage increases and
hence growing consumption, or toward
reduced work time? To date, the fruits of
technological progress (in the form of
boosted productivity) have primarily been
translated into material rewards—an
unprecedented quantity and variety of con-
sumer goods affordable for greater num-
bers of people than ever before in human
history. Only to a limited extent has greater
productivity been translated into reduced
working hours and more time spent pursu-

ing hobbies, caring for family members or
friends, or doing volunteer work. Indeed,
for all the mighty leaps in productivity, full-
time employment still seems like an essen-
tial condition: For some, the ability to
acquire a steady stream of material posses-
sions seems to promise status, and perhaps
even a fleeting happiness. But clearly others
have to work full-time to make ends meet
and pay the bills.55

The question then is not only, How can
work and leisure be shaped without wreck-
ing the planet in the process? But how can
existing work be shared more equitably so
that society is not condemned to polariza-
tion between the overworked and the
underemployed, the haves and have-nots,
the highly stressed and the alienated? The
challenge is to develop a new understand-
ing of work in modern societies, one that
would help to break the work-consump-
tion-environmental degradation dynamic.

Determining the “appropriate” length of
the workday and week is an issue as old as
the industrial system, and the answers have
fluctuated with shifting economic struc-
tures and with the changing balance of
power among employers, workers, and the
state. At the last turn of the century, it was
not unusual for a worker’s total life-time
work to tally some 100,000 hours, or well
over 60 hours per week. By the 1950s, the
figure had dropped by roughly one third;
additional reductions have taken place since
in most industrial countries, though the
pace has slowed markedly during the last
two decades. (See Table 9–6.)56

Persistent unemployment in Europe has
reinvigorated the debate there over work
time reductions. A variety of measures can
be taken. These range from taking steps to
chisel away at the hours spent in factories
and offices, to providing for earlier retire-
ment, lengthening vacations, and permit-
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ting sabbaticals or unpaid leave. In France,
a mandatory 35-hour week is now being
phased in. Germany has so far relied on col-
lective bargaining agreements, such as one
concluded at a Volkswagen auto plant in
Wolfsburg. In 1993, the company and the
labor union agreed to reduce weekly work-
ing hours to an average of 28.8, to intro-
duce much greater work time flexibility, and
to guarantee job security during the transi-
tion to shorter working hours. Denmark
offers employees the option of vacating
their job for up to one year to pursue adult
education or to care for a child; during
leave, the government pays them the equiv-
alent of 100 percent or 60 percent (for
child care) of the compensation an unem-
ployed person would receive.57

The growth of part-time jobs in industri-
al nations can, in principle, be part of the
answer, too. In Denmark, Sweden, and the
United Kingdom, roughly one quarter of
all employment is part-time; in Germany,
one fifth. In the Netherlands, it has climbed
to more than 38 percent. Growing num-
bers of people want to work part-time.
Almost one third of German full-time

employees have expressed a desire to work
fewer hours. And in a 1996 U.S. poll, 45
percent of respondents said they would
trade a day’s pay for a day off.58

The problem today is that part-time
work, and other flexible work arrange-
ments, often involve low pay, few benefits,
limited job security, and virtually no career
opportunities. As part-time work becomes a
major component of the labor market, gov-
ernments may decide to adopt rules and
regulations to make it a socially more
acceptable work option.

Another approach is embodied in the
idea of a guaranteed basic income. Fred
Block, professor of sociology at the Univer-
sity of California, has put forward the idea
that “all citizens, whether employed or not,
would receive a monthly grant large enough
to sustain a minimal standard of living,
including housing, food, and other basic
necessities. Such grants could substitute for
the elaborate systems of welfare, unemploy-
ment insurance, and social security that exist
in developed capitalist societies.”59

Clearly, this is a controversial concept
whose full implications need to be given
considerable thought. But the idea entails
benefits for employees as well as employers.
A basic income scheme would allow indi-
viduals to pursue as much paid work as they
desire to supplement their basic income. It
would not force anyone to work less time
than they wanted, but it would permit peo-
ple to volunteer, rear children, care for fam-
ily members, and pursue other, traditionally
unpaid, forms of work with greater ease
than today. But Block also argues that
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Table 9–6. Average Workweek for
Manufacturing Employees, Selected

Industrial Countries, 1950–98

Country 1950 1980 1998
(hours)

Germany1 45 33 30
Sweden 38 28 32
France 39 34 32
Italy 38 34 35
United Kingdom 41 35 36
Japan 462 41 37
United States 38 36 38

1Western Germany only. 21955.
SOURCE: See endnote 56.

In a 1996 U.S. poll, 45 percent of
respondents said they would trade
a day’s pay for a day off.
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greater opportunities would emerge for
individuals to pursue additional education
and training—rendering workplaces more
dynamic because new ideas and skills would
percolate and spread more readily. In a
modern, “knowledge-based” economy that
more and more emphasizes the importance
of continuing education and a frequent
upgrading of skills, this would be of benefit
to most businesses.60

It is true that such a system would in
some ways be a disincentive to work. How-
ever, employers would primarily find it diffi-
cult to fill the more poorly paid, unsatisfying
jobs. That would be all for the better, argues
Block, because “employers would have a
strong incentive either to automate those
jobs out of existence or to make them more
attractive—by raising pay levels, improving
working conditions, raising the problem-
solving component of the work.”61

Creating the right conditions for a 
sustainable economy to emerge presents
one set of challenges for governments. But
policymakers will also need to be attentive
to the transition costs, and work to avoid
the kind of severe social disruptions that
confronted the Luddites and their contem-
poraries some 200 years ago. From a
human well-being perspective, it is not
enough to say that, in the end, economic
transitions often leave societies better off.
“Environmental measures that do not rec-
ognize a worker’s right to a fair chance in
the new economy,” writes Alan Durning,
executive director of Northwest Environ-
ment Watch in Seattle, “are equally menac-
ing to our future” as jobs that depend on

despoiling nature.62

As in the days of the Luddites, it is
Britain that offers an illustration of how not
to proceed. In the mid-1980s, the British
government restructured the coal industry,
closing large numbers of mines and slashing
coal subsidies—though motivated more by
the intent to break the power of labor
unions than the desire to avert climate
change. While this policy did reduce carbon
emissions, it also caused high unemploy-
ment and unleashed an array of associated
social ills in coal mining regions, not least
because the bitterly disputed policy was
forced through in a short stretch of time.63

If individuals and communities have rea-
sonable hope that the transition to a sus-
tainable economy does not translate into
social pain for them, they will be far less
likely to oppose change. Creating opportu-
nities for affected workers to learn new
skills and providing assistance in their shift
to new careers will be key. This may entail
financial support to help pay tuition for
vocational and other training programs,
transition income support, and career coun-
seling and placement services. The more
that the economy moves from resource
extraction and mass production to services
and a “knowledge” economy, in which skill
requirements change more frequently, the
more do training and retraining become
issues for the economy as a whole.

Important as they are, educational and
skill-building programs by themselves are
an inadequate response to the transition
challenge. Measures to spur job creation
and build a sustainable economic base are
equally important. Because the transition
challenge is especially pronounced in areas
where logging, mining, and other heavily
polluting industries play a disproportionate
economic role, governments will need to
design programs to assist regions with
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Creating opportunities for affected
workers to learn new skills will 
be key.
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unsustainable and declining industries. This
means helping to diversify and broaden the
economic base and to build infrastructures
that can support such a shift.

Governments can also adopt measures
that reward job creation by companies, and
particularly well-paying jobs. Favorable tax
treatment for job creation would be part of
a broader re-calibration of fiscal tools to
shift the emphasis from labor productivity
to resource productivity—from promoting
resource extraction to supporting new
employment.

But most important, policies must be
pursued proactively instead of as an after-
thought. The earlier that transition strate-
gies are formulated, the greater the
likelihood of success. As indicated earlier,
employment is already declining in indus-
tries like coal mining, oil refining, utilities,

logging, and primary metals processing,
even as output continues to grow. The time
to act is now. Strengthening labor unions
and building labor-environment coalitions
would seem to be essential for policies to
preserve jobs and the environment.

In the end, the jobs-and-environment
nexus touches on basic questions of how
society goes about generating wealth with-
out destroying the environment, whether it
translates economic prowess into more
material rewards or more “leisure” time,
and whether it can reduce the extremes of
wealth and poverty, and of overemploy-
ment as well as underemployment. The
implications of decoupling job creation
from environmental destruction are in
some ways no less revolutionary than the
changes that confronted the Luddites near-
ly 200 years ago.
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Chapter 10

As the twenty-first century dawns, the plan-
et seems to be steadily shrinking. Goods,
money, people, ideas, and pollution are
traveling around the world at unprecedent-
ed speed and scale, overwhelming financial
managers, political leaders, and ecological
systems. The “global commons,” including
the atmosphere and the oceans, is under
environmental assault. The globalization of
commerce is further internationalizing
environmental issues, with trade in natural
resources such as fish and timber soaring,
and with private capital surges giving inter-
national investors a growing stake in distant
corners of the globe.

Environmental problems are climbing
ever higher on the international political
agenda, at times preoccupying international
diplomats almost as much as arms control
negotiations did during the cold war. Indus-
trial countries are increasingly arguing, with
the European Union (EU) and the United

States now at odds on issues from global 
climate change to genetically modified
organisms (GMOs). Environmental issues
have also become acrimonious in North-
South relations, with rich and poor coun-
tries divided over how to apportion
responsibility for reversing the planet’s 
ecological decline.

“Globalization” has become a common
buzzword. But it means vastly different
things to different people. To some, it is
synonymous with the growth of global 
corporations whose far-flung operations
transcend national borders and allegiances.
To others, the term is closely linked with
the information revolution, and the mobil-
ity of money, ideas, and labor that comput-
ers and other new technologies have been
instrumental in bringing about. In this
chapter, globalization is taken to mean 
a broad process of societal transformation
in which numerous interwoven forces 
are making national borders more perme-
able than ever before, including growth 
in trade, investment, travel, and computer

Hilary French

Coping with Ecological
Globalization

This chapter is based on Vanishing Borders (New York:
W.W. Norton & Company, in press).
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networking. “Ecological globalization” 
is used here to refer to the collective 
impact that these diverse processes have 
on the health of the planet’s natural 
systems.1

Ecological globalization in its many guis-
es poses enormous challenges to traditional
governance structures. National govern-
ments are ill suited for managing environ-
mental problems that transcend borders,
whether via air and water currents or
through global commerce. Yet internation-
al environmental governance is still in its
infancy, with the treaties and institutions
that governments turn to for global man-
agement mostly too weak to put a mean-
ingful dent in the problems. Nations are
granting significant and growing powers to
economic institutions such as the World
Trade Organization (WTO) and the Inter-
national Monetary Fund (IMF), but envi-
ronmental issues remain mostly an
afterthought in these bodies.

Although nation-states are losing
ground in the face of globalization, other
actors are moving to the fore, particularly
international corporations and nongovern-
mental organizations (NGOs). New infor-
mation and communications technologies
are facilitating international networking,
and innovative partnerships are being
forged between NGOs, the business com-
munity, and international institutions.

Despite these hopeful developments, the
world economy and the natural world are
both in precarious states as we enter the
new millennium, provoking fears that an
era of global instability looms on the hori-
zon. Over the course of the twentieth cen-
tury, the global economy stretched the
planet to its limits. The time is now ripe to
build the international governance struc-
tures needed to ensure that the world econ-
omy of the twenty-first century meets

peoples’ aspirations for a better future with-
out destroying the natural fabric that
underpins life itself.2

Trading on Nature

International movements of goods, money,
and people play a major role in today’s
unprecedented biological losses. Yet the
emerging rules of the global economy pay
little heed to the importance of reversing
the biological impoverishment of the plan-
et. This mismatch between ecological
imperatives and prevailing economic prac-
tice will need to be bridged if the world is
to halt an unraveling of critical ecological
systems in the early decades of this century.

The world’s forests are a particularly
important reservoir of biological wealth.
They harbor more than half of all species on
Earth and provide a range of other impor-
tant natural services, including flood con-
trol and climate regulation. But the planet’s
forest cover is steadily shrinking. Nearly half
of the forests that once covered Earth have
already been lost, and almost 14 million
hectares of tropical forest—an area almost
three times the size of Costa Rica—are
being sacrificed each year.3

The role of international trade in global
deforestation has been a subject of contro-
versy over the years. International timber
trade is far from the only culprit in forest
loss: the clearing of land for agriculture and
grazing is also a major cause, as is fuelwood
gathering in some regions and the felling of
trees for commercial timber for domestic
use. Yet the draw of international markets
can be an inducement for countries to cut
down trees far faster than would be required
to meet domestic demand alone. Indonesia
and Malaysia, for example, have both
pushed plywood exports heavily in recent
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years, contributing in no small measure to
rapid deforestation in both countries. Ply-
wood exports from the two countries com-
bined exploded from just 233,000 cubic
meters in 1975 to 12 million cubic meters
in 1998. These two countries now account
for nearly 60 percent of world plywood
exports, up from just 4 percent in 1975.4

The value of global trade in forest prod-
ucts has risen steadily over the last few
decades, climbing from $47 billion in 1970
to $139 billion in 1998. (See Figure 10–1.)
Recent years have seen particularly rapid
growth in trade in more finished types of
forest products such as plywood, pulp, and
paper. (See Chapter 6.) Exports of industri-
al roundwood (raw logs), in contrast, have
remained relatively constant. For all prod-
ucts other than logs, exports as a share of
total world production increased signifi-
cantly over this period—an important indi-
cation of the growing globalization of the
industry.5

Mining and energy extraction also
imperil the health of forests, as well as
mountains, waters, and other sensitive
ecosystems. Vast areas are often disturbed
for the sake of a relatively small quantity of
bounty. For every kilogram of gold pro-

duced in the United States, for example,
some 3 million kilograms of waste rock are
left behind. Prime extraction sites are often
located in previously undisturbed forests or
wilderness areas. According to the Washing-
ton-based World Resources Institute, min-
ing, energy development, and associated
activities represent the second biggest threat
to frontier forests after logging, affecting
nearly 40 percent of threatened forests.
Besides disturbing valuable ecosystems, this
activity also can be devastating for the
indigenous peoples who inhabit them: cur-
rent exploration targets suggest that an esti-
mated 50 percent of the gold produced in
the next 20 years will come from indige-
nous peoples’ lands. Toxic byproducts of
mining poison the rivers that local people
drink from, and the mining operations
themselves destroy the forests and fields
that people rely on for sustenance.6

Industrial countries are large consumers
of minerals, accounting for more than 90
percent of bauxite imports, nearly 100 per-
cent of nickel imports, over 80 percent of
zinc imports, and roughly 70 percent of
copper, iron, lead, and manganese imports.
But developing countries are home to
much of the world’s mineral production,

along with the associated environ-
mental damage. Collectively, devel-
oping countries account for 76
percent of all exports of bauxite and
nickel ore, 67 percent of copper, 
54 percent of tin, and 45 percent 
of iron ore.7

Even something as basic as our
food supply is now deeply integrat-
ed into the global economy. The
value of world agricultural trade
skyrocketed in recent decades, more
than doubling between 1972 and
1997 alone—from $224 billion to
$457 billion. (See Figure 10–2.)
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Agriculture accounts for 11 percent of the
value of all world exports. For some conti-
nents, this share is significantly higher—25
percent of Latin America’s exports are agri-
cultural, as are 18 percent of Africa’s. Trade
in basic food grains such as wheat, rice, and
corn dominates international agricultural
exports in volume terms. Nearly 240 mil-
lion tons of grain were exported in 1998—
some 13 percent of total world production.
Global aggregates mask great variations in
export and import dependence among
countries and regions. Australia, for
instance, exports 63 percent of its grain
production, and Japan imports 75 percent
of its consumption.8

The developing world is a net importer
of basic foodstuffs such as grain and meat,
but it is a major exporter of many cash
crops, such as bananas, coffee, cotton, soy-
beans, sugarcane, and tobacco. As of 1997,
developing countries accounted for 97 per-
cent of cocoa exports, 92 percent of palm
oil, 88 percent of coffee, and 86 percent of
bananas. Although these crops are the main-
stays of many national economies, heavy
reliance on them can entail substantial social
and environmental costs, including the dis-
placement of subsistence farmers from their

land and the promotion of chemical-
intensive agriculture. Recent decades
have seen particularly rapid growth in
so-called nontraditional exports—
principally flowers, fruits, and vegeta-
bles. These crops tend to command
far higher prices than those of tradi-
tional agricultural exports, which
have been in decline in recent
decades. But there are risks associat-
ed with these crops as well, one of
the most serious of which is exposure
to harmful levels of pesticides. A
study of nearly 9,000 workers in
Colombia’s flower plantations indi-

cated exposure to 127 different pesticides,
some 20 percent of which are either banned
or unregistered in the United Kingdom or
the United States.9

The fishing industry is also increasingly
linked into the global marketplace. Global
fish exports have grown nearly fivefold in
value since 1970, reaching $52 billion in
1997. (See Figure 10–3.) By volume, nearly
half of the fish caught today are traded, up
from only 32 percent in 1970. But the
steady expansion of the catch, as well as
habitat destruction and pollution, are taking
a heavy toll on the world’s fish stocks: the
U.N. Food and Agriculture Organization
estimates that 11 of the world’s 15 major
fishing grounds and 70 percent of major fish
species are either fully or overexploited.10

Industrial countries dominate global fish
consumption, accounting for more than 80
percent of all imports by value. Developing
countries, on the other hand, contribute
nearly half of all exports. Their share of the
total has climbed steadily in recent decades
as fleets have turned south in search of fish
in response to the overfishing of northern
waters. In 1970, developing countries
accounted for 37 percent of all fish exports,
measured by value; by 1997, their share had
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risen to 49 percent. Thailand, China, Chile,
and Indonesia are all now among the
world’s top 10 fish exporters. Exports from
these four countries have nearly quadrupled
in value since 1980.11

With many Third World fisheries now
becoming depleted as well, overfishing for
export markets means depriving small-scale
fishers of their bounty. It also drives up the
price of domestically available fish to the
point where it is beyond the means of local
people. In Senegal, for instance, species once
commonly eaten throughout the country
are now either exported or available only to
the elite. This trend has serious implications
for food security, as nearly 1 billion people
worldwide, most of them in Asia, rely on fish
as their primary source of protein.12

Trade in more exotic forms of wildlife is
also a booming business, placing a number
of commercially valuable species at growing
risk of overexploitation and even extinction.
Each year, some 40,000 monkeys and other
primates are shipped across international
borders, along with some 2–5 million live
birds, 3 million live farmed turtles, 2–3 mil-
lion other live reptiles, 10–15 million raw
reptile skins, 500–600 million ornamental
fish, 1,000–2,000 raw tons of corals, 7–8

million cacti, and 9–10 million
orchids. The wildlife trade is valued at
some $10–20 billion annually, at least
a quarter of which is thought to be
illegal.13

The world community is just now
beginning to awaken to a related
though far more pervasive threat—the
international spread of non-native
“exotic” species, which is known as
“bioinvasion.” For most of history,
natural boundaries such as mountains,
deserts, and ocean currents have
served to isolate ecosystems and many
of the species they contain. But over

the centuries these natural barricades have
gradually broken down as people and
organisms have spread around the globe.
This process has accelerated exponentially
in recent decades, as trade and travel have
skyrocketed. Once exotics establish a
beachhead in a given ecosystem, they often
proliferate, suppressing native species.
Taken as a whole, invasive species now pose
the second largest threat to the diversity of
life on Earth, after habitat destruction.14

Besides endangering the health of
ecosystems, the spread of microbes around
the globe also threatens the health of peo-
ple. Airplanes carry people to the other side
of the world in far less time than the incu-
bation period for many ailments, facilitating
the unwitting introduction of foreign
microbes into vulnerable populations.
More than 30 new infectious diseases have
emerged over the past 20 years, including
AIDS, Ebola, Hantavirus, and hepatitis C
and E. According to the World Health
Organization, “environmental changes
have contributed in one way or another to
the appearance of most if not all” of these
diseases. Land use changes such as defor-
estation or the conversion of grasslands to
agriculture that alter long-established equi-
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libria between microbes and their hosts are
sometimes to blame. In other cases,
changes in human behavior are the culprit,
such as careless disposal of food and bever-
age containers or car tires, which can create
new breeding sites for disease-carrying
organisms such as mosquitoes.15

As world trade continues its steady
upward climb, it is placing unprecedented
strains on the health of the planet’s ecosys-
tems. But today’s emerging global gover-
nance structures for the most part give
short shrift to the urgent need to halt glob-
al environmental decline. The World Trade
Organization is a case in point.

The WTO Meets 
the Environment

The WTO came into being in 1994 as an
outgrowth of the “Uruguay Round” of
global trade talks under the General Agree-
ment on Tariffs and Trade (GATT).
Although many people in the business com-
munity, government, and academia hailed its
creation as an enlightened step toward a new
era of global prosperity, critics charged that
the new organization elevated corporate
rights to a new plane while devastating local
communities and the environment. The
intervening years have done little to cool the
passions on either sides of the debate.

In late November 1999, trade ministers
from around the world gathered in Seattle
to launch a millennium round of global
trade talks. Thousands of NGO activists
were also in Seattle, many of them protest-
ing what they see as the WTO’s environ-
mental blindness. Critics particularly decry
the secrecy that shrouds WTO activities.
Many important documents are unavailable
to the public, and most WTO committees,
as well as all dispute resolution proceedings,

are conducted in closed sessions dominated
by trade rather than environmental
experts.16

The text of the agreement that created
the WTO ran to an astounding 26,000
pages and covered a bewildering array of
issues, including agriculture, intellectual
property rights, investment, and services.
The organization was charged with oversee-
ing the implementation of the new rules of
world trade, including settling any disputes
among nations related to their terms. Mem-
ber-countries granted the WTO unprece-
dented powers for an international body,
including a binding dispute resolution
mechanism and provisions for stiff trade
penalties to enforce its rulings.17

In a concession to the concerns of envi-
ronmentalists, the preamble to the WTO
agreement includes environmental protec-
tion and sustainable development among
the organization’s goals. The accord also
included a commitment to create a Com-
mittee on Trade and Environment charged
with analyzing the relationship between
trade liberalization and environmental pro-
tection and with recommending any
changes to WTO rules that might be need-
ed to make the two goals “mutually sup-
portive.” But more than five years later, the
committee has produced much talk but no
concrete action.18

Widespread public concern about the
environmental impact of GATT dates back
to September 1991, when a dispute resolu-
tion panel shocked U.S. environmentalists
by ruling that an embargo against Mexican
tuna imposed under the U.S. Marine Mam-
mal Protection Act violated GATT. The
United States had imposed the embargo
after determining that Mexicans were fish-
ing for tuna with purse-seine nets that often
have the unintended effect of ensnaring
dolphins as well. In concluding that the

State of the World 2000

189



COPING WITH ECOLOGICAL GLOBALIZATION

tuna embargo contravened GATT rules, the
panelists emphasized a key though contro-
versial distinction between import restric-
tions aimed at the characteristic of products
themselves and those keyed to production
processes. The panelists decreed that the
U.S. law was illegal under GATT because
the United States was rejecting the process
by which the tuna was harvested rather than
the tuna itself.19

Although GATT, and later the WTO,
contains a specific provision that ostensibly
protects the right of countries to pursue
environmental protection policies that
might otherwise contradict trade rules, the
panelists ruled that this exception pertains
only to efforts by countries to protect the
environment within their own borders.
Because the Mexican tuna fishing took
place outside of U.S. waters, the panelists
viewed the embargo as tantamount to the
United States foisting its environmental
laws and values on the rest of the world.
This point of view resonated with many
people, particularly in the developing
world, who looked to the rule-based GATT
as a check on the U.S. tendency to wield its
economic power unilaterally.20

But the decision exposed some glaring
inconsistencies between the rules of the
world trading system and emerging interna-
tional environmental principles and prac-
tices. The trading system’s aversion to
process-related trade restrictions struck
many people as particularly arbitrary, as
environmental policy is moving increasing-
ly toward focusing on the environmental
impacts of products throughout their life-
cycle—including production, distribution,
use, and disposal. Products such as gold or
timber may be harmless or beneficial as
products, but enormously costly to human
or environmental health in the ways they
are processed. Reform of extraction and

manufacturing processes is essential to mak-
ing real environmental advances, yet trade
rules put up a sizable hurdle to pursuing
such efforts in a world economy that is
becoming steadily more integrated.21

Also worrisome was the ruling’s failure
to acknowledge the right of countries to
take action to protect the atmosphere, the
oceans, and other parts of the global com-
mons—a failure that raised questions about
the legality under GATT of an array of
other environmental policies besides the
one aimed at protecting dolphins. What
would become of policies aimed at reducing
the use of harmful drift nets in fishing, pro-
tecting primary forests, or staving off ozone
depletion or global warming? By the panel’s
reasoning, it seemed that even provisions of
international environmental agreements
designed to protect global resources could
be ruled GATT-illegal. This clash between
two different spheres of international law
presented the world with a major legal chal-
lenge, as it is not always clear which agree-
ment trumps the other in cases where two
treaties are in conflict.22

Despite the furor over the tuna-dolphin
decision, the WTO struck against another
law in 1998, ruling against a U.S. measure
aimed at reducing unintended sea turtle
mortality as a byproduct of shrimp trawling.
Sea turtles are both extremely endangered
and highly mobile, making international
action to protect them a high priority. The
provisions of the U.S. law in question
closed the lucrative U.S. shrimp market to
countries that do not require their
shrimpers to use turtle excluder devices
(TEDs), simple but highly effective pieces
of equipment that prevent turtles from get-
ting ensnared in shrimp nets, or that do not
have comparable policies in place. Spurred
by the threat of U.S. trade restrictions, 16
nations, including 13 in Latin America plus
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Indonesia, Nigeria, and Thailand, have by
now moved to require the use of TEDs.
India, Malaysia, and Pakistan chose a differ-
ent tack, however, deciding to launch a
WTO challenge rather than meeting the
U.S. requirement. (Thailand joined them in
this effort as a matter of principle, even
though it had adopted TEDs.)23

Although the environmental effectiveness
of the U.S. law was clear, both the initial
WTO dispute resolution panel and a subse-
quent appeals panel concluded in 1998 that
the measure violated WTO rules. The legal
reasoning of the appeals panel was an
improvement over earlier rulings, as it
acknowledged that countries may in some
circumstances be justified in using trade mea-
sures to protect global resources. But the
panel nonetheless took issue with the way in
which the U.S. law had been implemented,
arguing that it was applied in an arbitrary
manner that failed to treat countries even-
handedly. The bottom line was that the U.S.
law would have to be changed in order to
comply with WTO rules. This outcome was
particularly alarming for environmentalists,
as the Uruguay Round had strengthened the
rules of dispute resolution proceedings to
make rulings binding, and to provide for
tougher trade retaliation in cases where
countries are unwilling to change offending
laws in order to adhere to panel findings.24

In response to the ruling, the U.S. gov-
ernment altered the way it was implement-
ing the law without seeking any changes to
the statute itself. The new guidelines pro-
vide for the import of specific shipments of
shrimp that have been approved as turtle-
safe even if the country as a whole has not
met the certification requirements. It
remains to be seen whether this response
will satisfy the WTO, thus precluding the
imposition of trade sanctions against the
United States.25

In any case, many U.S. environmentalists
are unhappy with the government’s
response. Their primary concern is that the
shipment-by-shipment method will be less
effective in safeguarding turtles than the
earlier blanket restriction, as it will not com-
pel countries to mandate the use of TEDs
when fishing for shrimp not destined for the
U.S. market. A turtle might thus survive an
encounter with a TED-equipped boat only
to later fall prey to a TED-free vessel. Envi-
ronmentalists also worry that the new poli-
cy may facilitate the entry of “laundered”
shrimp into the United States. Several envi-
ronmental groups filed suit against the gov-
ernment at the U.S. Court of International
Trade, charging that the revised guidelines
were inconsistent with provisions of the
Endangered Species Act that stipulate ade-
quate protection for sea turtles. In a prelim-
inary ruling in April 1999, the court sided
with the environmental groups, placing
national law and international trade rules on
a possible collision course.26

Besides mandating strengthened enforce-
ment, the package that created the WTO
also included an Agreement on the Applica-
tion of Sanitary and Phytosanitary (SPS)
Measures that imposes new restrictions on
laws designed to protect human, animal,
and plant health. Trade specialists had
argued that legislators were passing disin-
genuous laws that lacked a scientific ratio-
nale, with the primary goal of keeping
foreign products off of their shelves.
Although the ostensible reason for the SPS
agreement was to prevent countries from
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using health and safety standards as dis-
guised trade barriers, the worry is that legit-
imate laws will also run afoul of its rules.27

The European Union argues that this is
what is happening in its ongoing dispute
with the United States over an EU law that
forbids the sale of meat produced using
growth hormones. The European Commu-
nity and the United States have been locking
horns over the EU’s beef-hormone ban for
several years now. Since it went into effect in
the late 1980s, the law has always applied
equally to domestically raised and imported
livestock, and has thus passed the WTO’s
bedrock test of nondiscrimination. The EU
insists the ban is not an intentional trade
barrier at all, but only a prudent response to
public concern that eating hormone-treated
beef might cause cancer and reproductive
health problems. But the hormone-hooked
U.S. livestock industry was threatened by
the law, which blocks hundreds of millions
of dollars worth of U.S. beef exports, and it
prevailed upon the U.S. government to take
up its cause at the WTO.28

This effort culminated in February 1998
when a WTO appeals panel ruling upheld an
earlier dispute panel ruling that the Euro-
pean law violated WTO rules. In July 1999,
the U.S. government imposed WTO-
approved retaliatory sanctions on the EU
for its refusal to accept U.S. hormone-treat-
ed beef, slapping 100-percent tariffs on
$116.8 million worth of European imports,
including fruit juices, mustard, pork, truf-
fles, and Roquefort cheese. The U.S. sanc-
tions were greeted with widespread
consternation in Europe, particularly in
France, where a number of McDonald’s
restaurants were targeted for protests. So
far, the EU has refused to back down.29

The panelists’ primary argument against
the EU law was that it was based on inade-
quate risk assessment. They explicitly reject-

ed the EU’s defense that the import restric-
tion was justified by the precautionary prin-
ciple—a basic tenet of international
environmental law that is steadily gaining
ground. The Rio Declaration on Environ-
ment and Development, for example, which
was agreed to at the June 1992 Earth Sum-
mit, declares that: “Where there are threats
of serious or irreversible damage, lack of full
scientific certainty shall not be used as a rea-
son for postponing cost-effective measures
to prevent environmental degradation.”30

The WTO’s provisions, on the other
hand, require that health and safety laws be
based on scientific principles and not be
maintained with insufficient scientific evi-
dence. Although on the face of it these
requirements sound reasonable enough, in
practice countries often disagree about how
much evidence is “sufficient” to justify pre-
ventative measures. The WTO shifts the
burden of proof to in effect require that
chemicals and other food additives be
proved harmful before their use can be
restricted. The problem with this approach
is that extensive testing, sometimes over a
period of years, is required to know if a sub-
stance has long-term cumulative effects that
might cause cancer, damage to the immune
system, or other serious ailments.31

The beef hormone dispute is widely
viewed as just a warm-up for a more serious
trade controversy now brewing over genet-
ically modified organisms. Once again, the
European Union and the United States are
the primary antagonists. Prompted by pub-
lic concern over the health and ecological
effects of GMOs, the EU passed legislation
in 1998 requiring all food products con-
taining genetically modified soybeans or
corn to be labeled as such. Several other
countries, including Australia, Brazil,
Japan, and South Korea, are now following
suit. A large share of food products made
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by U.S. companies—breads, salad oils, and
ice cream, among them—now contain
GMOs. Many European producers, in con-
trast, are steering clear of GMOs in the face
of public concern. U.S. companies com-
plain that the labeling requirements
amount to trade barriers, and the U.S. and
Canadian governments are now making this
same point at the WTO and in other inter-
national forums.32

In February 1999, a proposed biosafety
protocol to the U.N. Convention on Bio-
logical Diversity became the first major vic-
tim of the growing international trade war
over GMOs. Negotiations under way for a
few years had been aimed at putting in place
a system of prior consent for the transport
of genetically engineered seeds and prod-
ucts. The talks were scheduled to wrap up in
Cartagena, Colombia, in February, but six
major agricultural exporters—Argentina,
Australia, Canada, Chile, the United States,
and Uruguay—put a monkey wrench into
these plans by blocking adoption of the
accord. One of the main U.S. arguments
against the protocol was a claim that its pro-
visions ran counter to the rules of the WTO.
As of November 1999, negotiators were
still hoping to bridge the differences.33

The environmental impact of freeing
trade in forest products is another contro-
versial issue looming on the trade horizon.
Under a proposed agreement now under
consideration, most industrial countries
would eliminate tariffs on pulp and paper
by 2000, and on wood and other forest
products such as furniture by 2002. Devel-
oping countries would be given an addi-
tional two years to meet these terms. The
precise effects of these steps are difficult to
predict, but studies suggest that the higher
prices paid to producers as a result of tariff
reductions will boost production signifi-
cantly in some countries. A recent U.S.

government report concluded that the
agreement would likely increased produc-
tion by nearly 3 percent in Malaysia and
over 4 percent in Indonesia, although the
report also forecasts production declines in
some countries, including Mexico and Rus-
sia. With so little of today’s timber industry
based on sustainable practices, production
increases often translate into increased for-
est destruction.34

Although the proposed accord would
initially take aim at tariffs alone, its scope
might well be expanded in the future to
include nontariff barriers to trade. Over the
longer term, these provisions might pose a
greater threat to the health of the world’s
forests, and to the diversity of species that
inhabit them. What looks to one country or
company to be a “nontariff barrier to trade”
is often viewed elsewhere as a legitimate
environmental law. Even under existing
agreements, concern is rising that measures
designed to minimize the introduction of
harmful exotic species will run afoul of
WTO rules. Forest certification initiatives,
aimed at creating a market for sustainably
harvested timber, could also run head-on
into WTO rules in the years ahead. (See also
Chapter 6.)35

As opposition to the WTO continues to
mount, many governments are beginning
to acknowledge, rhetorically at least, that
reforms are needed to make the world trad-
ing system environmentally sound. One
idea gaining support is to enlist the WTO in
an effort to reduce environmentally harm-
ful subsidies. World trade rules have long
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discouraged subsidies, as they distort the
economic playing field. The United States
and six other nations have suggested build-
ing on this tradition by making the elimina-
tion of fishing subsidies an objective for the
upcoming round of trade talks. These sub-
sidies, which add up to some $14–20 bil-
lion annually, help propel overcapacity in
the world’s fishing fleet, which is itself a
powerful driving force behind today’s
depleted fisheries. Other environmentally
harmful payouts could also be tackled at the
WTO, including multibillion-dollar agricul-
tural, energy, and forestry subsidies.36

Taking on environmentally harmful sub-
sidies would be an important step forward,
but it does not let governments off the
hook for amending existing WTO rules to
buffer environmental laws from trade chal-
lenges. Among the priorities for reform are
clearly incorporating the precautionary
principle into WTO rules, protecting con-
sumers’ right to know about the health and
environmental impact of products they pur-
chase by safeguarding labeling programs,
recognizing the legitimacy of distinguishing
among products based on how they were
produced, providing deference to multina-
tional environmental agreements in cases
where they conflict with WTO rules, ensur-
ing the right of countries to use trade mea-
sures to protect the global commons, and
opening the WTO to meaningful public
participation. These changes are imperative
if the WTO is to gain the public support it
needs to stay in business.37

Greening the International
Financial Architecture

During the 1990s, money became increas-
ingly mobile in response to a range of fac-
tors, including the takeoff in computerized

trading as well as the deregulation of inter-
national capital markets. International
investment surged in response, particularly
into the newly established stock markets of
the developing world.38

Private capital inflows into developing
countries and into the former Eastern bloc
increased from only $53 billion at the
beginning of the 1990s to an all-time high
of $302 billion in 1997. (See Figure 10–4.)
Large parts of Asia and Latin America were
suddenly transformed in the minds of inter-
national investors from poor, “developing
countries” into glistening “emerging mar-
kets.” At the same time, new financial
instruments such as hedge funds and deriv-
atives created an explosion of foreign
exchange trading, with an astounding $1.5
trillion now changing hands every day.39

But in 1997 the bubble burst. Thailand
was the first economic domino to fall, when
it was forced to devalue the country’s cur-
rency sharply after it came under sustained
speculative attack. The crisis soon spread to
Indonesia, Malaysia, the Philippines, and
South Korea. International investors lost
their nerve and raced for the exits. Some
$22 billion in 1997 and $30 billion in 1998
flowed out of the Asian countries in crisis.
Banks failed and stock markets collapsed,
sending the economies of the region into a
tailspin. And the crisis did not stop at the
continent’s edge. Shaken by the Asian expe-
rience, investors began to pull money out of
emerging markets everywhere. Russia’s cur-
rency and stock market went into a free fall
in late August 1998, forcing the country to
default on $40 billion in international
loans. Brazil appeared to be the next domi-
no waiting to fall, prompting the Interna-
tional Monetary Fund to step in with a
$42-billion bailout plan.40

The social and environmental fallout
from the crisis was severe. In battered Asia,
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tens of millions of people fell into poverty
as jobs were slashed, and as many as a mil-
lion children were pulled out of school,
with some of them pushed into prostitution
by their desperate families. Growing pover-
ty tied to the crisis also had environmental
costs, such as a surge in Indonesia in the
poaching of endangered monkeys, tigers,
and other species as destitute people sought
quick cash. And environmental spending
was slashed to the bare bones by govern-
ments and businesses in crisis countries in
order to stave off bankruptcy.41

The global economic crisis now appears
to be in at least temporary remission. Inter-
national capital has begun to return to most
of the countries affected by the crisis, and
economic growth rates are again headed
upwards, although poverty rates have yet to
respond. But many commentators warn
against a false sense of complacency. They
predict that the next jolt is not far off, as the
globalization of international finance has
outpaced the ability of governments and
international institutions to manage the sys-
tem effectively.42

If there was a silver lining to the crisis, it
was the wake-up call it provided about the
risks of rapid globalization, and the subse-

quent launching of a critical interna-
tional dialogue about how to reform
the international financial architec-
ture to meet the demands of the
twenty-first century. As Professor
Dani Rodrik of Harvard University
puts it: “markets are sustainable only
insofar as they are embedded in
social and political institutions. . . . It
is trite but true to say that none of
these institutions exists at the global
level.” As the process of devising
international policies for a globaliz-
ing world proceeds, the need to pro-
tect the natural resource base that

underpins the global economy merits a
prominent place on the agenda.43

The logical place to begin any discussion
of a new financial architecture is with exist-
ing structures, principally the International
Monetary Fund and the World Bank. The
IMF came under particularly close scrutiny
in the wake of the economic crisis. The
Fund’s high-profile role as a conduit for
multibillion-dollar bailout packages for the
crisis-stricken countries was a clear demon-
stration of the organization’s formidable
powers. But it also stirred controversy, as
prominent economists took issue with the
wisdom of the institution’s financial advice
and the secrecy in which its operations are
shrouded.44

Although the World Bank maintained a
lower profile during the crisis, it has also
been active in channeling funds into the cri-
sis-ridden countries, often in close coopera-
tion with the IMF. Over the last few years,
the Bank has substantially boosted both its
total lending and the share of its funds that
are spent on cash infusions for “structural
adjustment.” Total Bank lending reached
$29 billion in 1999, up from just $19 bil-
lion two years earlier. And more than half of
the Bank’s total lending in 1999 was for
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structural adjustment, compared with only
27 percent in 1997. Under conventional
“structural adjustment” loans as well as the
crisis-generated bailout packages, countries
receiving funds agree to implement a long
and specific list of policy changes intended
to restore them to economic health and
thus to creditworthiness. Privatization,
price and exchange rate stability, and trade
liberalization are among the policies com-
monly recommended.45

But the World Bank and the IMF pay
insufficient heed to the profound effects of
these policies on the ecological health and
the social fabric of recipient countries. One
important component of most adjustment
loans is policies aimed at boosting exports 
in order to generate foreign exchange with
which to pay back debts. Yet the pressure 
to export can lead countries to liquidate 
natural assets such as fisheries and forests,
thereby undermining longer-term economic
prospects. Intensive export-oriented agri-
culture is also often promoted, sometimes at
the expense of small-scale farmers and
indigenous peoples. At the same time that
structural adjustment loans promote exports
of environmentally sensitive commodities,
they also often require countries to make
Draconian cuts in government spending,
causing the budgets of already overburdened
environment and natural resource manage-
ment ministries to plummet.46

All these effects are evident in the recent
bailout packages. In Indonesia, the IMF
encouraged more palm oil production as
part of its broader strategy for pulling the
country out of its economic crisis, mandat-
ing that the country remove restrictions on
foreign investment in this sector. Yet rapid
growth in palm oil exports has been a major
contributor to the decimation of Indone-
sia’s biologically rich tropical forests in
recent years, raising profound questions

about the wisdom of pushing such exports
further still. Exports of palm oil climbed
from 1.4 million to nearly 3 million tons
between 1991 and 1997. The devastating
Indonesia wildfires of recent years were
sparked in part by fires deliberately set to
clear land for oil palm and pulpwood plan-
tations.47

Environmental spending has declined
markedly in the crisis-ridden countries,
including Indonesia, the Philippines, South
Korea, and Thailand. In Russia, the budget
for protected areas was recently cut by 40
percent. And Brazil agreed as part of a recent
pact with the IMF to cut its environmental
spending by two thirds. A key international
program aimed at protecting the Amazonian
rainforest from destruction by ranchers, log-
gers, farmers, and miners is one of the pro-
grams to face the chopping block. The
timing of these cuts was particularly poor in
light of the unusually high rates of deforesta-
tion in the Brazilian Amazon over the last
few years.48

Although structural adjustment pro-
grams often lead to environmental harm,
they have also been used in a few cases to
promote environmentally beneficial policy
changes. In 1996 and 1997, the IMF sus-
pended loans to Cambodia after govern-
ment officials awarded logging concessions
to foreign firms that threatened to open up
the country’s entire remaining forest area
to exploitation—while funneling tens of
millions of dollars into the bank accounts of
the corrupt officials. And despite its worri-
some provisions for stepped-up natural
resource exports, the recent Indonesian
bailout plan also included several provisions
intended to benefit forest management in
the country.49

As part of an assault on the country’s tra-
dition of “crony capitalism,” the Indone-
sian bailout plan required a number of
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reforms to the country’s corruption-laden
forestry sector, including tighter control
over a government reforestation fund, the
revenues of which had more often been
used to line the pockets of President Suhar-
to’s political allies than to plant trees. The
bailout package also included several mea-
sures aimed specifically at protecting
forests, such as reducing land conversion
targets to environmentally sustainable lev-
els, instituting an auctioning system for
handing out concessions, and imposing
new “resource rent” taxes on timber sales.
Although these reforms were a step in the
right direction, their ultimate effect on
deforestation rates in the country remains
to be seen.50

Besides using their influence to discour-
age unsustainable levels of natural resource
exploitation, the IMF and the World Bank
are well placed to promote environmentally
beneficial fiscal reforms, such as cuts in
environmentally harmful subsidies or the
imposition of pollution taxes. They could
both also help promote improvements in
environmental accounting, such as incorpo-
rating the depletion of natural resources
into national income figures. As things now
stand, the destruction of natural assets such
as forests, fisheries, and minerals is not typ-
ically included in national income figures,
which means that policymakers are working
from an incomplete set of books. And the
IMF could include environmental issues in
its mandate to conduct “surveillance” of
the economic prospects of its member
countries, in part by tracking environmental
spending levels and structural adjust-
ment–mandated legislative changes that
affect the environment.51

Despite the clear links between econom-
ic and environmental health, the IMF has
long resisted the idea that environmental
issues have much to do with its mission.

When the organization was first created, its
primary role was to help to tide countries
over when they faced short-term liquidity
problems rather than to help them meet
longer-term development goals. But the
abandonment of fixed exchange rates in the
1970s deprived the IMF of much of its
original mandate. Since then it has become
increasingly involved with issues of longer-
term development, such as its prominent
role in brokering debt restructuring deals in
the 1980s. The Fund now accepts that
issues such as fighting corruption and alle-
viating poverty intersect with its mission. It
is difficult to see why environmental pro-
tection should be any different.52

On paper, the development-oriented
World Bank has been far more open than
the IMF to the idea that environmental
concerns should be integrated into its
structural adjustment lending. The Bank’s
policy that governs adjustment lending stip-
ulates that the environmental impact of
these loans should be fully considered as
they are prepared, with a view toward pro-
moting possible synergies and avoiding
environmentally harmful results. But an
internal review of more than 50 recent
loans found few that paid much heed to
environmental and social matters. Whereas
a 1993 Bank report found that some 60
percent of adjustment loans included envi-
ronmental goals, the recent study conclud-
ed that this share has now plummeted to
less than 20 percent. An added problem is
the fact that the Bank’s policy on environ-
mental impact assessment does not cover
broad-based structural adjustment lending,
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although it is supposed to be applicable to
adjustment loans aimed at specific sectors,
such as agriculture or energy. IMF loans are
also not subject to environmental impact
assessment.53

Despite the World Bank’s growing role
in adjustment lending, project lending
remains a mainstay of its activities. The
Bank has traditionally made loans only to
governments, but in the last few years it has
increasingly emphasized supporting the pri-
vate sector. It has done this both by using
its own funds to guarantee private-sector
projects and by stepping up the operations
of two affiliated agencies, the International
Finance Corporation (IFC) and the Multi-
lateral Investment Guarantee Agency
(MIGA). The IFC lends directly to private
enterprises, while MIGA insures against
political risks, such as expropriation, civil
disturbance, and breach of contract. At last
count, in 1995, the World Bank estimated
that some 10 percent of all private-sector
investment in the developing world was
supported at least indirectly by its various
private-sector programs.54

After more than a decade of pressure
from NGOs and determined efforts by
committed insiders, the World Bank now
has an extensive set of environmental and
social policies, which among other things
cover environmental impact assessments of
projects, forestry lending, involuntary
resettlement, protection of wilderness areas,
the rights of indigenous peoples, and pest
management. The IFC and MIGA both
recently issued their own parallel policies,
and the World Bank published an updated
Pollution Prevention and Abatement
Handbook, which provides detailed pollu-
tion reduction guidelines for nearly 40
industries. In theory, Bank agencies are
bound by their own policies, although the
Bank admits that it has a tarnished history

in following its own rules. The importance
of the World Bank’s standards is magnified
by the fact that they are often looked to by
private investors as the prevailing interna-
tional norm.55

As World Bank environmental and social
standards were strengthened over the last
decade, private investors turned increasing-
ly to bilateral export credit agencies to find
support for projects that no longer pass
muster at the Bank. Export credit support
climbed from $24 billion in 1988 to $105
billion in 1996. All told, bilateral export
promotion in the form of loans and invest-
ment insurance now underwrites more than
10 percent of all world trade. Bilateral
export promotion often supports environ-
mentally disruptive projects, including
mines, pipelines, and hydroelectric dams.56

The U.S. government has had environ-
mental policies in place for several years at its
main export promotion agencies, the U.S.
Overseas Private Investment Corporation
and the U.S. Export-Import Bank. But in a
global economy, tough national standards
can easily be undermined by laggards
abroad. The United States learned this les-
son the hard way a few years back when its
Export-Import Bank refused on environ-
mental grounds to extend credits to compa-
nies such as the heavy equipment
manufacturer Caterpillar that wanted to par-
ticipate in China’s controversial Three
Gorges dam project. The Bank’s counter-
parts in Canada, France, Germany, Japan,
and Switzerland stepped into the breach.
Stung by the experience, the United States is
working to persuade other donor countries
to develop environmental guidelines for
their export finance agencies. Several coun-
tries are now in the process of developing
such standards, including Canada, Japan,
Norway, and the United Kingdom. Negoti-
ations are also under way to create common
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environmental standards for the export
finance agencies of the major industrial
countries. Nongovernmental activists are
pushing for these to be set at a high level.57

But even if this initiative succeeds, pri-
vate capital markets can still be tapped for
environmentally problematic projects. In
the Three Gorges case, a number of promi-
nent investment banks—including Lehman
Brothers, Morgan Stanley, and Smith Bar-
ney—have sponsored bond offerings over
the last few years to help the Chinese 
government raise funds for the dam.
Although convincing private financiers to
pay attention to the environment is sub-
stantially more difficult than lobbying pub-
lic institutions such as the World Bank and
export credit agencies, several efforts are
afoot to encourage a heightened environ-
mental consciousness on the Wall Streets of
the world.58

A U.N. Environment Programme
(UNEP) initiative launched in 1992 encour-
ages commercial banks to incorporate envi-
ronmental considerations into their lending
programs. So far, 162 banks from 43 coun-
tries have signed onto the initiative’s State-
ment by Banks on the Environment and
Sustainable Development. The signatories
underscore their expectation that borrowers
must comply with “all applicable local,
national, and international environmental
regulations.” They also pledge to update
their accounting procedures to reflect envi-
ronmental risks, such as the potential for
chemical accidents or hidden hazardous
waste dumps, and to develop banking prod-
ucts and services that promote environmen-
tal protection. Although laudable in its
goals, the UNEP statement is short on spe-
cific commitments. In fact, several signato-
ries were involved with the recent Chinese
bond offerings that activists charge are help-
ing to finance the Three Gorges project. In

order to minimize gaps between rhetoric
and reality, the U.K.-based Green Alliance
suggests strengthening the initiative by
transforming the statement into a document
whose expected standards of performance
are clear enough to be subjected to the
scrutiny of an audit.59

Environmental liabilities could also be
better incorporated into the way stock mar-
kets are regulated. Companies operating in
the United States are required to disclose
large environmental risks on the forms they
file with the Securities and Exchange 
Commission. But the information varies
widely in quality, with many companies
submitting no data at all. Developing coun-
tries are particularly well placed to write
environmental rules into the regulations
governing newly established stock markets.
Thailand, for one, requires companies listed
on the Stock Exchange of Thailand to
undergo an environmental audit that
includes an environmental impact assess-
ment as well as a site visit.60

If financial markets are to reflect envi-
ronmental risks adequately, transparent
information about corporate environmental
performance is essential. The last several
years have seen an explosion of interest in
environmental reporting, but existing
efforts have been poorly coordinated, lead-
ing to a proliferation of “non-standardized
information reported in non-uniform for-
mats,” according to the Boston-based
Coalition for Environmentally Responsible
Economies (CERES). In an effort to
address this deficiency, CERES has
launched a Global Reporting Initiative in
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which corporations, NGOs, professional
accounting firms, and UNEP are working
together to produce a global set of guide-
lines for corporate sustainability reporting.
The goal of the initiative is to elevate envi-
ronmental reporting to the same plane as
financial reporting, making it standard busi-
ness practice worldwide.61

Innovations in Global 
Environmental Governance

The new rules of the global economy are
for the most part being set by institutions
such as the World Trade Organization and
the International Monetary Fund, where
the mindset of traditional economists pre-
vails and where the “rules” are generally
aimed at unshackling global commerce
rather than harnessing it for the common
good. But forging an environmentally sus-
tainable society is about more than eco-
nomics, and farsighted economics is about
more than reducing restrictions on the
movement of goods and money. Creating a
global society fit for the twenty-first centu-
ry will thus require not only reform of eco-
nomic institutions, but also a strengthening
of international environmental institutions
so that they can act as an ecological coun-
terweight to today’s growing economic
powerhouses.62

A good place to start is with the hundreds
of agreements, declarations, action plans,
and international treaties on the environ-
ment that now exist. Environmental treaties
alone number more than 230; agreement on
more than three fourths of them has been
reached since the first U.N. conference on
the environment was held in Stockholm in
1972. (See Figure 10–5.) These accords
cover atmospheric pollution, ocean despoli-
ation, endangered species protection, haz-

ardous waste trade, and the preservation of
Antarctica, among other issues.63

Judging from the number of treaties,
environmental diplomacy over the past few
decades appears to have been a spectacular
success. And many of these accords have in
fact led to important results, such as the
facts that chlorofluorocarbon emissions
dropped 87 percent from their peak in
1988 as a result of the 1987 Montreal Pro-
tocol on ozone depletion, the killing of ele-
phants plummeted in Africa following a
1990 ban on commercial trade in ivory, the
annual whale take declined from more than
66,000 in 1961 to some 1,100 today as a
result of agreements forged by the Interna-
tional Whaling Commission, the volume of
oil spilled into the ocean has declined by 60
percent since 1981 even with a near 
doubling in oil shipments in response to
International Maritime Organization regu-
lations, and mining exploration and devel-
opment have been forbidden in Antarctica
for 50 years under a 1991 accord.64

Yet even as the number of treaties
climbs, the condition of the biosphere con-
tinues to deteriorate. Carbon dioxide levels
in the atmosphere have reached record
highs, scientists are warning that we are in
the midst of a period of mass extinction of
species, the world’s major fisheries are
depleted, and water shortages loom world-
wide. The notoriously slow pace of interna-
tional diplomacy needs to be reconciled
with the growing urgency of protecting the
planet’s life-support systems.

The main reason that environmental
treaties have so far mostly failed to turn
around today’s alarming environmental
trends is because the governments that cre-
ated them have generally permitted only
vague commitments and lax enforcement.
Governments have also for the most part
failed to provide sufficient funds to imple-
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ment treaties, particularly in the developing
world. Ironically, environmentalists need to
take a page from the WTO and push for
international environmental commitments
that are as specific and as enforceable as
trade accords have become.

One idea now gaining political currency
is to upgrade the U.N. Environment Pro-
gramme into a World Environment Organi-
zation (WEO) on a par with the WTO.
Although UNEP has had some important
successes since it was founded in 1972, it
has suffered from meager resources and a
limited mandate. Upgrading the status of
environmental issues within the U.N. sys-
tem is long overdue. Still, it is important
that debates over form not distract from the
ultimately far more important questions of
function. A world environment organiza-
tion could usefully serve as an umbrella
organization for the current scattered col-
lection of treaty bodies, just as domestic
environment agencies oversee the imple-
mentation of national environmental laws.
But in order to do so effectively, the treaties
themselves would need to stipulate strong
enforcement capacities, and the WEO
would need to be endowed with sufficient
financial resources to catalyze innovative

programs.65

Tomorrow’s international envi-
ronmental institutions may turn out
to be vastly different in character than
the bureaucratic bodies that predom-
inate in many quarters today. A
nascent system of international envi-
ronmental governance is now emerg-
ing from diverse quarters, proving
that governance is no longer just for
governments.66

In recent years, the private sector
has itself become increasingly and
often controversially enmeshed in the 
standard-setting business. One

prominent example is the voluntary envi-
ronmental management guidelines forged
by the Geneva-based International Organi-
zation for Standardization, a worldwide fed-
eration of national standards-setting bodies.
Although these guidelines should not to be
confused with actual environmental perfor-
mance standards, they are nonetheless a use-
ful tool. But the credibility of the process
has suffered from the fact that it is widely
perceived to be industry-dominated.67

Another type of international standard
setting is embodied in the numerous eco-
labeling initiatives now beginning to take
hold. One strength of these efforts is the
diverse range of stakeholders they bring to
the table. The organic agriculture commu-
nity was an early pioneer. As far back as the
early 1970s, it came together through the
International Federation of Organic Agri-
culture Movements to stipulate conditions
that farmers must meet in order to claim
organic credentials. More recently, the For-
est Stewardship Council was founded in
1993 to set standards for sustainable forest
production through a cooperative process
involving timber traders and retailers as well
as environmental organizations and forest
dwellers. And a Marine Stewardship Coun-
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cil has now been formed to devise criteria
for sustainable fish harvesting.68

A particularly encouraging development
of recent years has been the steady growth
of the international nongovernmental
movement. Environmental activists are
flourishing at the national and grassroots
level in most corners of the globe. Growth
has been particularly rapid in the develop-
ing world and in Eastern Europe, where
democratization over the last decade has
opened up political space for NGOs. The
number of NGOs working across interna-
tional borders has also soared over this cen-
tury, climbing from just 176 in 1909 to
more than 23,000 in 1998. Environmental
groups have risen steadily as a share of the
total, climbing by one count from just 2
percent of transnational social change
NGOs in 1953 to 14 percent in 1993.69

Empowered by e-mail and the Internet,
environmental activists have gradually orga-
nized themselves into a range of powerful
international networks. To name but a few,
the Climate Action Network links more
than 250 international groups and national
organizations active on climate change; the
Pesticide Action Network includes at least
500 consumer, environment, health, labor,
agriculture, and public interest groups
worldwide; the World Forum of Fish Work-
ers & Fish Harvesters brings together peo-
ple from small-scale fishing communities on
six continents; the International POPs
Elimination Network coordinates hundreds
of NGOs worldwide in their push for an
effective treaty to limit persistent organic

pollutants; and the Women’s Environment
and Development Organization links
activists from around the world who are
committed to increasing female participa-
tion in decisionmaking at the United
Nations and in other international forums
where issues of concern such as population
stabilization are discussed.70

Among their many accomplishments,
NGOs have educated millions of people
about environmental issues, and then effec-
tively harnessed the power of a knowledge-
able citizenry to pierce the veil of secrecy
that all too often surrounds both interna-
tional negotiations and corporate decision-
making. Recent NGO successes include
exposing the environmental deficiencies of
a proposed Multilateral Agreement on
Investment and thereby bringing it to a
halt, and slowing the introduction of genet-
ically modified organisms worldwide until
their effects on both human and ecological
health are better understood.71

Thirty years ago, photographs of Earth
taken from space by the Apollo expeditions
indelibly impressed on all who saw them that
our planet, while divided by political bound-
aries, is united by ecological systems. These
photos helped inspire the first Earth Day,
which in turn motivated numerous countries
to pass environmental laws and create envi-
ronmental ministries. This year, the world
will celebrate Earth Day 2000. The time has
come for a comparable groundswell in sup-
port of the international governance reforms
that are needed to safeguard the health of
the planet in the new millennium.
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