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The Future of Growth

Lester R. Brown

In its spring 1997 semiannual economic
assessment, the International Monetary
Fund (IMF) projected the global econo-
my would grow 4.4 percent in 1997, the
fastest in a decade. Further, it forecast
that the rapid expansion would continue
in 1998. There were few signs of trouble:
inflation was low, budget deficits were
shrinking in the leading economies, and
international trade and capital flows were
expanding. The report was, as the
Financial Times observed, “one of the most
glowing accounts of global economic
prospects in decades.”1

The appraisal came near the end of a
remarkable half-century, one that wit-
nessed unprecedented global economic
growth. The global output of goods and
services grew from just under $5 trillion in
1950 to more than $29 trillion in 1997, an
expansion of nearly sixfold. From 1990 to
1997, it grew by $5 trillion—matching the
growth from the beginning of civilization

to 1950. This brought widespread eco-
nomic and social progress. Worldwide, life
expectancy climbed from 47 years in 1950
to 64 years in 1995. Literacy levels rose on
every continent. Throughout much of
this period, diets were improving.2

Even with the financial turmoil in
Southeast Asia, the IMF’s fall 1997 assess-
ment still estimated that the global econ-
omy would expand 4 percent in 1997.
Occasional disruptions notwithstanding,
the IMF report seemed to imply that such
growth could continue indefinitely. But
can it? Can China, the world’s fastest-
growing economy during the 1990s,
achieve U.S. consumption levels? Can
people everywhere expect to one day live
like Americans?3

As the economy grows, pressures on
the Earth’s natural systems and resources
intensify. From 1950 to 1997, the use of
lumber tripled, that of paper increased
sixfold, the fish catch increased nearly
fivefold, grain consumption nearly
tripled, fossil fuel burning nearly quadru-
pled, and air and water pollutants multi-
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plied severalfold. The unfortunate reality
is that the economy continues to expand,
but the ecosystem on which it depends
does not, creating an increasingly stressed
relationship.4

While economic indicators such as
investment, production, and trade are
consistently positive, the key environmen-
tal indicators are increasingly negative.
Forests are shrinking, water tables are
falling, soils are eroding, wetlands are dis-
appearing, fisheries are collapsing, range-
lands are deteriorating, rivers are run-
ning dry, temperatures are rising, coral
reefs are dying, and plant and animal
species are disappearing. The global
economy as now structured cannot con-
tinue to expand much longer if the
ecosystem on which it depends continues
to deteriorate at the current rate.

“Growth for the sake of growth,” notes
environmental writer Edward Abbey, “is
the ideology of the cancer cell.” Just as a
continuously growing cancer eventually
destroys its life-support systems by destroy-
ing its host, a continuously expanding
global economy is slowly destroying its
host—the Earth’s ecosystem.5

The ideology of growth knows no geo-
graphic boundaries. It has permeated
every corner of the planet. Political lead-
ers in developing countries often
denounce the high levels of consumption
in industrial countries, but none have
talked about eventual limits on their own
consumption as they modernize. No
national political leader of an industrial
country, no matter how affluent, has
announced plans to stabilize demands on
the Earth’s ecosystem once people’s basic
needs for food, shelter, and health care

are satisfied. The challenge facing the
entire world is to design an economy that
can satisfy the basic needs of people
everywhere without self-destructing. (See
Chapter 10.) The enormity of this task is
matched only by its urgency.

ECONOMY OUTGROWING

ECOSYSTEMS

While economists may be oblivious to the
relationship between the global economy
and the Earth’s ecosystem, environmental
scientists are not. For them, evidence of
mounting stresses can be seen on every
hand as more and more sustainable yield
thresholds are crossed and as waste
absorptive capacities are overwhelmed.

Once the sustainable yield threshold of
a natural system is crossed, growth in con-
sumption can continue only by consum-
ing the resource base itself. When the
amount of fish caught surpasses the sus-
tainable yield of a fishery, for instance,
fish stocks begin to shrink. If fishing con-
tinues, the fishery eventually collapses. It
may or may not recover. A similar situa-
tion exists with forests. Once the demand
for forest products exceeds the sustain-
able yield of the forest, it begins to shrink.
As the excess of demand over sustainable
yield widens, deforestation accelerates.
Within scarcely a generation, countries
like Mauritania, Ethiopia, and Haiti have
been almost entirely deforested, largely
by the local demand for firewood.6

When rising consumption crosses
these thresholds, several changes are set
in motion. If, for example, the growing
consumption of water exceeds the sus-
tainable yield of an aquifer, the water
table begins to fall. If the demand for
water continues to grow, the gap between
it and the sustainable yield of the aquifer
widens and the fall of the water table
accelerates. When the aquifer is depleted,
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the rate of pumping automatically falls to
the rate of recharge. If an aquifer is being
pumped at, say, double the recharge rate
when it is finally depleted, then the
pumping rate is cut in half. Wherever
water tables are falling, cutbacks in pump-
ing lie ahead. Exactly when these cuts will
come or how precipitous they will be
depends on the particular situation. But
the story is the same in one ecosystem
after another: fishery collapses, deforesta-
tion, and aquifer depletion are now
beginning to affect global economic
prospects.

Marine biologists at the U.N. Food and
Agriculture Organization who monitor
oceanic fisheries report that nearly all
fisheries are now being fished at or
beyond capacity. After increasing from 18
million tons in 1950 to nearly 90 million
tons in 1990, the oceanic catch has fluc-
tuated around the same level during the
last seven years, showing little sign of
increase or decrease.7

The generation born before mid-cen-
tury enjoyed a doubling of seafood catch
from 8 kilograms per person in 1950 to 17
kilograms in 1990. If the warning advice
of marine biologists some 20 years ago
that the oceans could not likely sustain a
catch of more than 100 million tons had
been heeded, and if world population
had been stabilized, consumption could
remain at 17 kilograms. Unfortunately,
however, while the last generation bene-
fited from a steady growth in the seafood
catch per person, the next can expect a
steady decline and a rise in seafood prices
that will likely last until world population
growth comes to a halt.8

If we have “hit the wall” in oceanic fish-
eries, future growth in fish supplies can
only come from fish farming. But once
fish are put in ponds or cages, they have to
be fed. Fish ponds are, in effect, marine
feedlots, competing with humans and pro-
ducers of poultry, pork, and beef for grain.

As long as there were more fish in the
oceans than we could hope to catch, man-

aging oceanic fisheries was a simple mat-
ter. But with some fisheries already col-
lapsing, such as the Canadian cod fishery
off the coast of Newfoundland, the stur-
geon fishery in the Caspian Sea, and the
U.S. West Coast salmon fishery, and with
other fisheries facing imminent collapse,
the management challenge of allocating
the catch among competing nations and
protein-hungry populations is infinitely
more difficult. (See Chapter 4.)
Sustaining even the 90-million-ton catch
annual average of the 1990s will require
unprecedented levels of cooperation.

Even among countries accustomed to
working together, such as the members of
the European Union (EU), the challenge
of negotiating catch limits at sustainable
levels can be difficult. But in April 1997,
after prolonged negotiations, agreement
was announced in Brussels to reduce the
fishing capacity of EU fleets by 30 percent
for endangered species, such as cod, her-
ring, and sole in the North Sea, and 20
percent for overfished stocks, such as cod
in the Baltic Sea, the bluefin tuna, and
swordfish off the Iberian peninsula. The
good news is that the EU finally reached
agreement on reducing the catch. The
bad news is that these cuts, even if suc-
cessfully implemented, may not be suffi-
cient to arrest the decline of the region’s
fisheries.9

Perhaps one of the most underrated
issues facing the world as it enters the
third millennium is spreading water
scarcity. As water use has tripled since
mid-century, it has led to massive over-
pumping. Water tables are falling on
every continent—in the southern Great
Plains and the southwestern United
States, in southern Europe, in North
Africa, in the Middle East, in Central Asia,
in southern Africa, on the Indian subcon-
tinent, and in central and northern
China. A matter of growing concern for
many governments, water scarcity is often
considered separately from food scarcity.
But 70 percent of all the water pumped
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from underground or drawn from rivers
is used for irrigation, so if we face a future
of water scarcity, we also face a future of
food scarcity.10

Much of the growth in irrigation in the
southern Great Plains of the United States
since mid-century has relied on wells
drilled into the vast Ogallala aquifer,
which stretches from Nebraska south
through the Texas panhandle. Unfor-
tunately, this is essentially a fossil aquifer—
a body of underground water deposited
during a previous geological era, with lim-
ited recharge. The Ogallala is deeper in
the northern end, whereas in the southern
end it is quite shallow. The pumping of the
last few decades has depleted the aquifer
in some of its southern reaches, forcing
cutbacks in irrigation. Even with an
impressive effort to boost irrigation effi-
ciency, Texas lost 11 percent of its irrigat-
ed area between 1982 and 1992. Irrigated
area is also shrinking in Oklahoma,
Kansas, and Colorado. The large green cir-
cles of irrigated crops formed by center-
pivot irrigation systems that are visible
from airplanes over the region are starting
to diminish in number.11

Another country that turned to the
wholesale use of fossil water is Saudi
Arabia, home to nearly 20 million people.
After the oil embargo of the 1970s, the
Saudis realized they would be vulnerable
to a grain embargo and so decided to sub-
sidize grain production in order to
become self-sufficient in the production
of wheat and barley, their leading food
and feedgrains. In 1980, grain production
totaled 260,000 tons. But after increasing
every year for the next 14 years in
response to a government procurement
price for wheat of $24 a bushel—easily six
times the world market price—grain pro-
duction reached nearly 5 million tons in
1994, roughly a 20-fold increase.12

At this point, the aquifer was nearly
depleted, underlining the futility of subsi-
dies. In response, subsidies were cut as
irrigation pumping fell precipitously.

Within two years, production dropped by
more than half, and the country turned
to imports to satisfy the needs of its fast-
growing population. (See Figure 1–1.)
Although few cutbacks in irrigation from
overpumping are likely to be as abrupt as
this one, the Saudi experience does give a
sense of the declines in irrigation and
agricultural production that lie ahead
where aquifers are being depleted.13

Irrigation cutbacks from overpumping
aquifers will have the greatest effect on
food production in China and India,
which rank first and third in world grain
production (the United States is second),
and which rely on irrigation for most of
their food. A water assessment by the
National Environmental Engineering
Research Institute, one of India’s premier
research organizations, reports that “in
every state and in every city, exploitation
of below-surface water has been extensive
and reckless, with no regard for what is
sustainable and without any plans for
replenishment. And it is getting worse at
an increasing rate.” Groundwater levels
are declining in much of the country as
some 6 million pumps lift water for irriga-
tion. Among the states incurring huge
water deficits from overpumping are
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Gujurat, Haryana, Karnataka, Maharash-
tra, the Punjab, and Rajasthan. In the
Punjab, India’s breadbasket, the water
table in much of the state is falling rough-
ly two thirds of a meter per year.14

China’s problems are equally serious. A
1996 study from Beijing indicates that
water tables are falling virtually every-
where that the land is flat as pumps pull
water from underground aquifers for
agricultural, industrial, and residential
uses. They are falling fast in the densely
populated provinces of central and north-
ern China. In much of centrally located
Hebei Province, the water level is drop-
ping by one meter per year. In Shandong
Province, which produces one fifth of
China’s wheat and one seventh of its corn
and which relies on underground sources
for half its irrigation water, a third of the
wells in the province were not pumping
during a severe drought in mid-1997,
apparently because of aquifer depletion.
In an area of north central China inhabit-
ed by roughly 100 million people, the
water table has fallen some 30–35 meters
over the last two or three decades. For a
country that gets most of the food for its
1.2 billion people from irrigated land, the
prospective cutbacks in irrigation are a
matter of deep concern.15

As countries begin to press against the
limits of their water supplies, the compe-
tition between the countryside and cities
intensifies. In this battle, the cities almost
always win, diverting water from irrigation
to higher-priority industrial and residen-
tial uses. As water is taken from agricul-
ture, grain imports typically rise. To
import one ton of grain is to import 1,000
tons of water. Indeed, for countries facing
water deficits, the most efficient way to
import water is to import grain, leaving
the available water to satisfy residential
and industrial needs.16

As a result, water scarcity is beginning
to shape international grain trade pat-
terns, much as land scarcity has historical-
ly. North Africa and the Middle East, the

region stretching from Morocco to Iran, is
now the world’s fastest-growing grain
import market, growing faster even than
East Asia. Egypt and Iran, each importing
more than 7 million tons of wheat in
1997, led the world in imports of this tra-
ditional food staple. The region’s incendi-
ary combination of rapidly growing popu-
lations, incomes boosted by oil wealth,
and irrigation water shortages is driving
grain imports upward at a record pace.
The water required to produce the grain
and other farm commodities imported
into the region each year already equals
the annual flow of the Nile.17

In many countries, water diversion
from rivers has now reached the point
where some of them no longer make it to
the sea. The Colorado, the major river in
southwestern United States, is now
drained dry to irrigate cropland and to
satisfy industrial and residential needs in
Colorado, California, and Arizona, rarely
ever reaching the Gulf of California, the
point at which it used to enter the sea.
And the Huang He (Yellow River) in
China, which flows through eight
provinces, has run dry for part of each of
the last eight years. As the provinces
upstream divert more and more water for
industrial and residential uses, the dry
period grows longer. For several weeks in
1996, the river ran dry before reaching
Shandong Province, the last one it flows
through en route to the sea. In 1997, it
went dry a week earlier than the preced-
ing year. Unfortunately, the farmers in
Shandong Province depend on the
Huang He directly for half of their irriga-
tion water and indirectly for under-
ground water as it helps recharge the
province’s aquifers.18

A somewhat similar situation exists
with the Ganges River in the Indian sub-
continent. Originating in the Himalayas
and providing much of the irrigation
water in northeastern India, it has little
left when it reaches Bangladesh. This has
created serious problems for the
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Bangladeshis, who desperately need irri-
gation water and who are faced with the
incursion of sea water as the river’s fresh-
water flow diminishes. And from the Nile
River, with Sudan and Egypt using nearly
all its water, only a small amount of recy-
cled irrigation water is left to flow into the
Mediterranean. If Ethiopia, which con-
trols part of the head waters of the Nile,
decides to develop irrigation to feed its
swelling population—59 million people
growing at 3 percent a year—Egypt, which
already imports 40 percent of the wheat
for its 65 million people, will face cut-
backs in irrigation.19

Rivers running dry signal not only water
scarcity, but also ecological disruption.
Rivers that no longer reach the sea obvi-
ously cannot be used by freshwater-spawn-
ing oceanic species, such as salmon. In the
grand scheme of the Earth’s ecosystem,
oceans and continents have a symbiotic
relationship, with the oceans watering the
continents and the continents nourishing
the oceans. The water that is carried over-
land by clouds fed with evaporation from
the oceans falls on the land and then car-
ries nutrients with it as it flows back to the
sea. This steady flow of nutrients nourishes
the oceanic food chain that supports fish-
eries. Thus, rivers running dry not only
deprive key species of spawning opportu-
nities, they also rob fisheries of nutrients.

Rangelands, too, are being denuded, by
overgrazing. The vast rangelands that are
used to support herds of cattle and flocks
of sheep and goats are not suitable for
farming. Roughly double the area of world
cropland, this land supports 1.32 billion
cattle and 1.72 billion sheep and goats.
With growth of these herds and flocks
tracking the growth in human popula-
tions, the growing demand for meat, milk,
leather, and other livestock products has
led to extensive overgrazing. As Africa’s
population has grown by leaps and
bounds, so have its livestock numbers.20

Some of the most severe overstocking
of rangelands comes in areas where peo-

ple depend on cattle, sheep, and goats for
their livelihoods, including much of
Africa, the Middle East, Central Asia, the
Indian subcontinent, and much of west-
ern and northern China. For example,
Iran, with more than 8 million cattle and
a staggering 77 million sheep and goats—
the source of the wool for its fabled rug-
making industry and most of its meat—is
faced with a steady deterioration of range-
land because of overstocking. With range-
lands now being pushed to their limits
and beyond, future growth in the supply
of beef and mutton can only come from
feedlots, which in turn puts additional
pressure on the world’s cropland.21

As the consumption of grain and other
agricultural products has tripled since
mid-century, farmers have extended agri-
culture onto marginal lands, some of it in
areas where rainfall is low and soils are
vulnerable to wind erosion. Nowhere is
this more visible than in Kazakhstan.
Originally part of the Soviet virgin lands
expansion in the mid-1950s, much of the
wheatland of semiarid Kazakhstan has
eroded to the point where it can no
longer support cropping. After peaking at
nearly 26 million hectares around 1980,
the area sown to grain, mostly wheat,
dropped to 16 million hectares in 1997.
(See Figure 1–2.) Scientists at the
Institute for Soil Management in Alma
Alta believe that grain cultivation is sus-
tainable on only 13 million hectares,
roughly half the area sown in 1980.22

Once producing and exporting nearly
as much grain as Australia, Kazakhstan
may soon be struggling to feed itself. Just
as Saudi Arabia overextended its grain
production, based on the unsustainable
use of water, so Kazakhstan overextended
its production based on the unsustainable
use of land. These are but two among the
scores of countries with part of their agri-
cultural production based on the unsus-
tainable use of land, water, or both.

The thin mantle of topsoil that sup-
ports plant life accumulated over long
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stretches of geological time as evolving
plant vegetation held soil in place, pro-
tecting it from erosion. Throughout most
of the Earth’s history, soil formation
exceeded soil erosion. Now a combina-
tion of overplowing, overgrazing, and
deforestation has reversed that relation-
ship. In effect, another threshold has
been crossed. With soil erosion exceeding
soil formation in many areas, parts of the
Earth are slowly being drained of their
inherent fertility.

In Africa, a continent where soils are
shallow to begin with, soil losses can dis-
proportionately shrink the grain harvest.
Its rapid population growth and rapid soil
erosion (perhaps the fastest of any conti-
nent) are on a collision course. Rattan Lal,
an internationally noted agronomist at
Ohio State University’s School of Natural
Resources, has made the first estimate of
yield losses due to soil erosion for the con-
tinent. Although the data are incomplete,
he concludes that the excessive erosion of
recent decades reduced Africa’s 1989
grain harvest by 8.2 million tons, or
roughly 8 percent. Further, he expects the
loss to climb to 16.5 million tons by 2020
if soil erosion continues unabated.23

Among the countries in Africa suffer-
ing heavy soil losses are Botswana,
Lesotho, Madagascar, Nigeria, Rwanda,
and Zimbabwe. Nigeria, Africa’s most
populous country, is suffering from
extreme gully erosion. Lal reports gullies
5–10 meters deep and 10–100 meters
wide. Unfortunately, not one of these gov-
ernments is addressing the soil erosion
threat effectively. As a result, the next gen-
eration of farmers in Africa will try to feed
not the 719 million people of today, but
1.45 billion in the year 2025—and with far
less topsoil.24

MORE SYSTEMS STARTING TO

COLLAPSE

The demand for forest products, like that
of many other resources, has increased
several times as the world economy has
expanded. Since mid-century, lumber use
has tripled, paper use has increased six-
fold, and firewood use has soared as
Third World populations have multiplied.
(See also Chapter 2.) In West Africa, the
economy of Côte d’Ivoire flourished in
the 1960s and 1970s in large part because
of timber exports, but since the timber
was not harvested on a sustainable basis,
export earnings from forest products
have now plunged to nearly zero. Nigeria,
once an exporter of tropical hardwoods,
is now a net importer of forest products.
In Southeast Asia, deforestation has con-
verted the Philippines and Thailand into
net importers of forest products. The tim-
ber companies that initially helped defor-
est much of Southeast Asia and West
Africa are now shifting their attention to
Latin America.25

The soaring demand for paper (see
Figure 1–3) is contributing to deforesta-
tion, particularly in the northern temper-
ate zone. Canada is losing some 200,000
hectares of forest a year. Siberia is losing
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far more. At the same time, forests have
receded from cities and towns in many
parts of the Third World in response to the
growing demand for firewood. In India,
the demand for fuelwood is now six times
the sustainable yield of its remaining
forests, forcing the burning of cow dung
and crop residues for cooking, thus depriv-
ing the soil of nutrients and organic mat-
ter. Satellite photographs of India show
forests receding from virtually every city in
the country. A similar phenomenon exists
in many cities in Africa, particularly those
in the Sahelian zone and in eastern and
southern Africa, all semiarid regions.26

Over the last century, the world has lost
close to half of its original forest area. As
forest cover has shrunk, rainfall runoff has
increased, contributing to flooding and
soil erosion and reducing the amount that
percolates downward to recharge aquifers.
In effect, deforestation can exacerbate the
aquifer depletion described earlier.27

As fossil fuel use has increased nearly
fivefold since 1980, carbon emissions have
far exceeded nature’s capacity to fix car-
bon dioxide (CO2). As a result, atmos-
pheric concentrations of CO2 have
climbed to the highest level in 150,000
years. And as the computer models that

simulate the effects of rising concentra-
tions of CO2 and other greenhouse gases
in the atmosphere have projected, tem-
peratures are rising. The 13 warmest years
since recordkeeping began in 1866 have
occurred since 1979. (See Figure 1–4.)
Within these 13, the four warmest years
have occurred since 1990.28

Leaders in the insurance industry, per-
haps the first major sector of the economy
to be severely affected by climate change,
are deeply concerned about the green-
house effect. Hotter surface waters, partic-
ularly in the tropics and subtropics,
release more heat into the atmosphere to
drive storm systems. As a result, storms are
more frequent, more intense, and more
destructive. Worldwide, weather-related
insurance claims have climbed from $17
billion during the 1980s to $66 billion thus
far during the 1990s. One consequence of
greater property damage from storms is
higher insurance rates. In Florida, located
in the heart of the U.S. hurricane belt,
homeowner insurance premiums have
climbed 72 percent since 1992.29

Unfortunately, the higher tempera-
tures that threaten the liquidity of insur-
ance companies may now be starting to
affect food security as well, as record heat
waves reduce harvests in major food-pro-
ducing countries such as China, the
Ukraine, and the United States. In July
1995, one such heat wave not only
reduced the U.S. corn harvest, it claimed
465 lives in Chicago. Three of the last 10
U.S. grain harvests have been reduced by
severe heat. If the trend of rising temper-
atures over the last 15 years continues,
higher temperatures may soon lead to
higher food prices.30

Another consequence of an expanding
economy based on fossil fuels is worsening
air pollution, especially in Third World
cities, such as Bangkok, Beijing, and
Mexico City—where the air literally is
unfit to breathe. In Southeast Asia in the
late summer and early fall of 1997, smoke
from the burning of forests in Indonesia
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Figure 1–3. World Paper Production, 1950–94
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and Malaysia, combined with the on-going
pollution from automobiles and industrial
sources, closed airports because of a lack
of visibility. Schools and businesses were
shut down because of air pollution so
severe that people were left physically sick.
In India, the Tata Energy Research
Institute estimated in 1997 that the com-
bination of indoor and outdoor air pollu-
tion was causing 2.5 million premature
deaths a year in that country. The indus-
trial world is not exempt from this prob-
lem. In Washington, D.C., authorities
issued several red-alert warnings during
the summer of 1997, indicating the air was
unhealthy; they urged even healthy indi-
viduals not to exercise and asked the
elderly and infirm to stay in their homes.31

As our fossil-fuel-based global economy
continues to expand, water pollution is
now spiraling out of control in developing
countries, where industrialization is pro-
ceeding at a record rate but without ade-
quate controls. Nowhere is this more evi-
dent than in China, where water pollution
is rendering part of the nation’s water
supply unfit even for irrigation, much less
for direct human consumption. One sur-
vey showed that water in 11 percent of

China’s 85,000 kilometers of rivers was
classified as unsuitable for irrigation. In
Shanxi Province, rice consumed in the
provincial capital of Taiyuan contains
excessive levels of the heavy metals lead
and chromium. Its cabbage, a staple win-
ter food in northern China, is described
as “loaded with cadmium.” At some point,
the usable water supply is reduced not
only by physical scarcity, but also by pollu-
tion so severe that it cannot be used even
for irrigation or by industry.32

The expanding economy not only
damages our life-support systems, it also
threatens the very existence of other
forms of life with which we share the plan-
et. For example, of the nearly 10,000
species of birds on the planet, more than
1,000 are officially threatened with extinc-
tion. For mammals, where some 1,100
species out of 4,400 are threatened with
extinction, the numbers are even more
alarming. Among mammals, the 232
species of primates—our closest rela-
tives—are most at risk, with the survival of
nearly half of them in question. As our
numbers go up, their numbers go down.33

The threat to fish may be the greatest
of all, with one third of all species—fresh-
water and saltwater—now threatened with
extinction. (See Chapter 3.) In North
America, 37 percent of all freshwater
species are either threatened or already
extinct. In Europe, the figure is 42 per-
cent. In South Africa, two thirds of the 94
fish species are expected to disappear in
the absence of special efforts to protect
them. In semiarid regions of Mexico, 68
percent of native and endemic species
have disappeared. As various life forms
disappear, they affect the entire ecosys-
tem and particularly the basic services
provided by nature, such as pollination,
seed dispersal, insect control, and nutri-
ent cycling. This loss of species is weaken-
ing the web of life, and if it continues, it
could tear huge gaps in its fabric, leading
to irreversible changes in the Earth’s
ecosystem.34
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Although these symptoms of
economies outgrowing ecosystems are
numerous and highly visible, they do not
seem to catch the attention of traditional
economists. In a report released in
September 1997, the World Bank project-
ed that five developing countries—Brazil,
China, India, Indonesia, and Russia—
would become economic superpowers by
2020. In an upbeat economic forecast, the
Bank projected that the Chinese economy
would grow to more than five times its
current size, that of India four times,
Indonesia five times, and Brazil three
times. Income rises of this magnitude
among low-income consumers in these
societies, along with population growth,
could dramatically boost grain consump-
tion and the use of climate-altering fossil
fuels. What is not explained is what this
means in, for example, China and India,
where water tables are already falling in
large areas. The Bank alludes to the pos-
sibility of scarcity-induced grain price
rises, but dismisses that prospect as unre-
alistic. If the global economy is already
overrunning its natural capacities, what
happens as China, India, and other fast-
developing countries strive to emulate the
American lifestyle?35

LEARNING FROM CHINA

China is not only the world’s most popu-
lous country, containing one fifth of
humanity, but during the 1990s it has also
been the fastest-growing economy. Since
1980, it has doubled in size every eight
years. From 1992 through 1995, it regis-
tered double-digit economic growth rates
each year—12 percent, 14 percent, 11
percent, and 10 percent. This streak
ended in 1996 as growth dropped to 9
percent. Using purchasing power parity
to measure output, China’s 1995 gross
national product of more than $3 trillion

exceeded Japan’s $2.8 trillion and trailed
only the U.S. output of $7.1 trillion. If the
Chinese economy continues to double
every eight years, it will likely overtake
that of the United States by 2010.36

Because China is growing at such an
extraordinary rate, it is in effect telescop-
ing history, enabling us to better under-
stand a future in which other developing
countries reach the development levels
likely to be achieved in the not-too-distant
future in China. It provides a window 
on a future where other countries may
also grow rapidly as they learn how to
attract both foreign capital and technolo-
gy. (See Chapter 9.) Like China, they can
draw on an enormous backlog of avail-
able technology.

Many commentators often note that
the United States, with only 5 percent of
the world’s people, consumes 40 percent
or more of the world’s resources. This was
certainly true for a long period after
World War II, but it no longer is. In the
consumption of such basic items as grain,
red meat, fertilizer, steel, and coal, China
has already passed the United States and
become the world leader.37

While it is not particularly surprising
that China’s total consumption of some
basic resources has now overtaken that of
the United States, given its population
size, it is startling that it has surpassed the
United States in consumption per person
of some basic goods such as pork and
eggs. Although China’s grain use per per-
son, both direct and indirect, is still only
some 300 kilograms compared with
roughly 800 kilograms in the United
States, this is up from 200 kilograms in
1978. As a result, consumption of all grain
in China now totals 380 million tons, com-
pared with 245 million tons in the United
States. (See Figure 1–5.) As incomes con-
tinue to rise in China, so too will grain
consumption per person.38

Now that China has closed the pork
gap, what if it closes the beef gap as well?
If per capita consumption there, current-
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ly only 4 kilograms per year, were to
match that in the United States (45 kilo-
grams), the Chinese would eat an addi-
tional 49 million tons of beef each year.
Produced in feedlots, this would take
some 343 million tons of grain, equal to
the entire U.S. grain harvest. While there
is obvious reason to doubt whether China
will ever close this particular gap, its con-
sumption of beef has already more than
doubled during the 1990s. If the economy
continues to expand rapidly, China’s
need for imported grain could quickly
exceed the exportable supplies of the
United States and other countries.39

In Japan, the other densely populated
Asian country that has industrialized, the
growth in the demand for animal protein
that accompanied rising incomes histori-
cally was satisfied by eating fish. As popu-
lation pressure built in Japan, the limited
land available for cropping was used to
produce rice, the food staple, while the
country turned to the oceans for its ani-
mal protein. In 1996 Japan, with a popu-
lation of just over 125 million people,
consumed 10 million tons of seafood. If
China’s 1.2 billion were to consume at the
same rate, they would eat 100 million tons

of seafood, slightly more than the entire
oceanic fish catch.40

Three years ago, the Ministry of Heavy
Industry in China decided that the auto-
mobile industry would be one of the five
“pillar” industries (along with telecom-
munications, petrochemicals, machinery
manufacture, and construction) that
would be the engines of economic growth
over the next few decades. Beijing invited
major automobile manufacturers from
abroad, such as Volkswagen, General
Motors, and Toyota, to invest in automo-
bile manufacturing in China. If China
continues along this automobile-centered
path, patterned after that of the western
industrial economies and Japan, and if
car ownership and oil consumption per
person there reach U.S. levels, the coun-
try would need 80 million barrels of oil
per day. In 1996, the world produced 64
million barrels per day.41

China is teaching us that the western
industrial development model is not
viable for China or for the world as a
whole, simply because there are not
enough resources. Global land and water
resources are not sufficient to satisfy the
growing grain needs in China if it contin-
ues along the current development path.
Nor will the oil resources be available,
simply because world oil production is
not projected to rise much above current
levels in the years ahead as some of the
older fields are depleted, largely offset-
ting output from newly discovered fields.
If carbon emissions per person in China
ever reach the current U.S. level, this
alone would roughly double global emis-
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China is teaching us that the western
industrial model is not viable, simply
because there are not enough
resources.
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sions, accelerating the rise in tempera-
tures that now appears to be under way.42

Although consumption levels in China
are still relatively modest, the country is
already paying a high environmental
price for its booming economy. Its heavy
reliance on coal, for example, has led to
some of the worst air pollution anywhere.
As a result, respiratory disease has
become endemic in China and deadly. In
October 1996, the National Environ-
mental Protection Agency of China
reported a staggering 3 million deaths in
cities during the preceding two years
from “chronic bronchitis…as a result of
urban air pollution.” Visitors to Beijing in
the winter complain about throat irrita-
tion and coughing within hours of arriv-
ing in the capital. Crop yields are suffer-
ing as well.43

Even with pollution controls, China
faces a formidable challenge simply
because of the density of its population.
Although it has a total land area that is
almost exactly the same as the United
States, most of China’s 1.2 billion people
live in a 1,500-kilometer strip on the east-
ern and southern coasts. Most of the vast
northwestern region of the country is
uninhabited, simply because it is largely
desert. For Americans to understand the
density of population in China, it would
be necessary to squeeze the entire U.S.
population into the area east of the
Mississippi and then multiply it by five.
That would be comparable to the density
in the inhabited region of China. Even
the rather stringent U.S. pollution con-
trols would lead to intolerable concentra-
tions of air and water pollution.44

Interestingly, the relevance of the west-
ern industrial development model for
China is being challenged from within. A
group of prominent scientists, including
many in the Chinese Academy of
Sciences, have written a white paper ques-
tioning the government’s decision to
develop an automobile-centered trans-
portation system. They point out that

China does not have enough land both to
feed its people and to provide the roads,
highways, and parking lots needed to
accommodate the automobile. They also
note with concern the heavy dependence
on imported oil that would be required
and the potential air pollution and traffic
congestion that would result if they strive
for a car in every garage.45

If the western development model is
not viable for China, then it is not viable
for India’s 960 million or for the other
developing countries, home to another 2
billion people. And in an integrated,
global economy, it will not be viable for
western industrial countries themselves
over the long term. China is demonstrat-
ing that the world cannot remain for long
on the current economic path. It is
underlining the urgency of restructuring
the global economy, including the
economies of the industrial world.

FOOD SCARCITY: THE WAKE-UP

CALL

We know that the economy cannot con-
tinue to expand if the environmental sup-
port systems on which it depends contin-
ue to deteriorate. But how will these
divergent trends be reconciled? What
exactly will disrupt growth? No one knows
for sure, but the most likely prospect
appears to be food scarcity, since nearly
all the trends of environmental deteriora-
tion cited earlier make it more difficult to
expand the food supply rapidly.

Feeding 80 million more people each
year means expanding the grain harvest
by 26 million tons, or 71,000 tons a day.
Not only is the world now adding 80 mil-
lion people annually, but it is projected to
add nearly this number for the next few
decades, reaching 9.4 billion in 2050.46

Rising affluence is also expanding the
demand for grain as consumers use addi-
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tional income to diversify diets, moving
away from heavy dependence on a starchy
staple, such as rice, for most of their calo-
ries and consuming more meat, milk, and
eggs. In some countries with particularly
rapid economic growth, rising affluence
is generating more additional demand for
food than population growth does. There
is no precedent for the scale on which
incomes are rising today in Asia. The area
from Pakistan through Japan contains 3.1
billion people. Excluding Japan, the
economy in this region has been growing
nearly 8 percent a year over the last five
years. By comparison, when a grain-based
livestock and poultry economy began to
evolve in the United States right after
World War II, there were 160 million
Americans. When Western Europe went
through a similar stage at about the same
time, it had 280 million people.47

Not only does Asia’s population dwarf
that of western industrial societies, but so
do its economic growth rates. While
China’s economy is growing at 10 percent
a year during the 1990s, its income per
person is rising at nearly 9 percent annu-
ally. India is also beginning to pick up the
economic pace, averaging 5–6 percent a
year in the mid-1990s. Pakistan and
Bangladesh are growing at a comparable
rate. Indonesia is expanding at some 7
percent a year. South Korea, Viet Nam,
Malaysia, and Thailand averaged 8–10
percent a year for several years. Assuming
that the Southeast Asian economic crisis
of 1997 is short-lived, rapid growth could
continue for some time.48

As Asia’s billions move up the food
chain, consuming more beef, pork, poul-
try, eggs, milk, beer, and other grain-
intensive products, the demand for grain
is soaring. In China, rising affluence—
generating demand for livestock products
and the grain to produce them (see
Figure 1–6)—has accounted for easily two
thirds of the country’s growth in demand
for grain during the 1990s, overshadow-
ing that from population growth. As the

consumption of grain climbs in China
and other Asian countries, outstripping
the region’s production, grain imports
also climb, intensifying the pressure on
land and water resources in the rest of the
world.49

Even as the global demand for food
grows at a record pace, growth in the sup-
ply of food is slowing. If, as noted earlier,
the oceanic fish catch is no longer
increasing, then all future growth in the
food supply must come from land-based
sources. The 2-million-ton annual addi-
tion to the world’s animal protein supply
that used to come from growth in the fish
catch must now come from fish farming,
poultry production, or some other
source. And it will require at least 4 mil-
lion tons of additional grain for feed each
year. The same is true with rangelands. If
the Earth’s grazing capacity is being
pushed to the limit and often beyond,
future growth in beef and mutton pro-
duction can come only from feedlots.

Meanwhile, on the land, growth in the
grain harvest is slowing. Farmers who
have faced a scarcity of new land to plow
since mid-century are now also facing
water scarcity as scores of countries suffer
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cutbacks in irrigation as aquifers are
depleted. Prominent among the coun-
tries that are likely to offset irrigation
water losses with greater imports of grain
are China, Egypt, India, Iran, Mexico,
Pakistan, and Saudi Arabia.

While many people are aware of the
limits of fisheries and of aquifers, few are
aware of an even more pervasive limit—
the capacity of existing crop varieties to
use fertilizer. After increasing from 14
million tons in 1950 to more than 140 mil-
lion tons in 1989, world fertilizer use is no
longer growing as fast. In several industri-
al countries use has leveled off as crop
yield response to the use of additional
nutrients has diminished. While fertilizer
use has plateaued or declined in North
America, Western Europe, the former
Soviet Union, and Japan, use in develop-
ing countries has continued to climb, sur-
passing that of industrial countries. By
1997, farmers in China were using 29 mil-
lion tons of fertilizer compared with only
21 million tons in the United States, sug-
gesting that fertilizer usage there might
also be approaching the absorptive limits
of crops.50

The old formula of combining increas-
ing amounts of fertilizer with higher-yield-
ing varieties to steadily raise land produc-
tivity and expand the grain harvest is no
longer working very well in many coun-
tries. Unless agricultural scientists can
quickly find a new formula, it may not be
possible to restore rapid growth in the
world grain harvest.

All key indicators of food security show
a decline in recent years. As the world-
wide rise in land productivity has slowed
during the 1990s, all U.S. cropland idled
under commodity programs has been
returned to production. As growth in the
world grain harvest has slowed during the
1990s, carryover stocks of grain have
declined, falling to the equivalent of 52
days of consumption in 1996, the lowest
level on record. (See Figure 1–7.)51

In 1996, the world grain harvest

climbed to a record 1.87 billion tons, well
above the previous record set in 1992. It
was a year of favorable growing weather
almost everywhere, with many regions
and countries achieving record yields
simultaneously. But even with this excep-
tional harvest, world grain stocks were
rebuilt by only 5 days of consumption.
This raises a disturbing question. If
depleted world grain stocks cannot be
rebuilt substantially in a year with a
bumper harvest, when can they? The
1997 world grain harvest was about the
same, but since consumption rose, grain
stocks dropped slightly, falling from 57 to
55 days of consumption. At least 70 days
of carryover stocks are needed to cushion
even one poor harvest.52

Rising world grain prices may be the
first global economic indicator to tell us
that the world is on an economic and
demographic path that is environmental-
ly unsustainable. Over most of the last
half-century, world grain prices have fall-
en, reflecting technological gains that
have increased the overall efficiency of
grain production. Among other things,
this has made it possible for low-income
people to buy more food, thus reducing
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the worldwide incidence of hunger.
Between 1950 and 1993, world prices of
wheat, corn, and rice fell in real terms by
67, 83, and 88 percent, respectively.
Despite fluctuations, the annual price of
wheat fell by more than 2 percent a year,
corn by more than 3 percent a year, and
rice by nearly 4 percent a year.53

Since 1993, however, the trend has
been reversed. The world price of wheat
climbed from a low of $3.97 per bushel in
1993 to $5.54 in 1996, a gain of 39 per-
cent. (See Figure 5–6 in Chapter 5.)
During this same time, rice prices
climbed by 30 percent and corn was up by
58 percent. The price of each of the
grains reached either its all-time low or
close to it in 1993, and all three have risen
since then. While three years do not make
a new long-term trend, this rise is what
would be expected with strong continu-
ing growth in demand and slower growth
in production. And notably, the price
rises of the last three years occurred dur-
ing a period when idled cropland was
being returned to production.54

If grain prices were to double their
1993 levels, as wheat and corn prices did
temporarily in the spring of 1996, and if
they were to remain at this level for an
extended period, the situation could cre-
ate economic and political stresses on an
unprecedented scale. For those living in
industrial countries, it would not be a
major threat since a relatively small share
of income is spent on food. Consumers
are also isolated from commodity prices
by the processing of the products they
buy. If a loaf of bread costs a dollar, it may
contain less than 10¢ of wheat. Thus a
doubling of wheat prices would add only
10¢ to the price of the loaf.55

But for the 1.3 billion people who,
according to the World Bank, live on a
dollar a day or less and who do not grow
their own food, a doubling of grain prices
would be life-threatening. People who
were unable to buy enough food to keep
their families alive would hold their gov-

ernments responsible. They would likely
take to the streets, creating unprecedent-
ed political instability in Third World
cities. At this point, political instability
could begin to affect economic progress.
This, in turn, would affect the earnings of
multinationals, the performance of stock
markets, and the earnings of pension
funds. The stability of the international
monetary system would be at risk. It
would become clear that the world is on a
demographic and economic path that is
environmentally unsustainable.56

The world is now moving into unchart-
ed territory on the food front, facing a set
of problems on a scale that dwarfs those
of the past. But these are simply the more
visible manifestations of the need to
restructure the economy and quickly sta-
bilize population. Without a massive
mobilization by governments to reverse
the trends that are threatening future
food security, future political instability
may well disrupt economic progress.

A LEGACY OF TOUGH CHOICES

As a species, we seem to have an infinite
capacity to postpone difficult decisions.
But since these decisions are inevitable,
we are simply leaving the next generation
with far more difficult ones than any we
now face. Decisions are being postponed
in societies at all levels of industrial devel-
opment and of every political persuasion,
suggesting that this may be an innate
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human trait, one that affects us as a
species. In effect, we are behaving as
though we have no children, as though
there will not be a next generation.

Are we congenitally unable to respond
to long-term threats that accumulate
gradually, such as population growth, 
rising CO2 levels, or soil erosion? If we
cannot fashion a response to some of the
environmental threats to our future when
we have only 5.8 billion people, will our
children in 2020 do any better when 
our numbers will be approaching 8 bil-
lion and the threats will be even more 
difficult to manage?57

If we were both intelligent and capable
of exercising foresight, we would carefully
note when we are approaching sustainable
yield thresholds, adjusting our demands
before setting in motion the decline or
collapse of the natural systems on which
we depend. Governments would calculate
the sustainable yield of aquifers, fisheries,
forests, and rangelands, noting the com-
mitment to future generations not to
exceed these yield levels. We would make
certain not to plow land so erodible that it
would become wasteland. Instead we
would leave the land in grass or in forest,
productive uses that are sustainable. We
would reduce fossil fuel use before carbon
emissions destabilize the Earth’s climate.

Nowhere is this tendency to ignore sus-
tainable yields more obvious than with
aquifer depletion. In a country where the
demand for water is approaching the
recharge rate of aquifers, the only respon-
sible action is to restrict water use before
the sustainable yield threshold of the
aquifer is crossed, thus maintaining the
resource base. For example, when the
demand for water began to exceed the
recharge rate of the aquifer in the
Punjab, India’s breadbasket, it was largely
ignored. India could have adopted more-
efficient irrigation practices or shifted
cropping patterns away from rice to
sorghum, millet, or other less water-inten-
sive crops, in effect buying some time to

accelerate the effort to stabilize popula-
tion before the demand for water irrevo-
cably exceeded the sustainable yield of
the aquifer.

Unfortunately for the coming genera-
tion in India, this did not happen. As a
result, the amount of water used each
year increases, further widening the gap
between consumption and the sustain-
able yield of the aquifer. This leaves the
next generation with an extraordinarily
difficult problem, one that will be far
harder to deal with simply because the
gap between water use and the sustain-
able aquifer yield will be so great. What if
the aquifer under the Punjab is depleted
in 2025, when India has 1,330 million
people, and the rate of pumping is three
times the rate of recharge? When that
point is reached, pumping will be cut
abruptly by two thirds. How will India
feed itself then?58

India is not alone in facing this dilem-
ma: scores of countries face irrigation cut-
backs at some time in the future. As a
result of aquifer depletion, some have
already begun. Irrigated area is now
shrinking in Saudi Arabia, in Texas and
California, and in the Chinese provinces
of Shandong and Hebei, to cite just a few
prominent examples.

Oceanic fisheries have collapsed not
just off the coasts of developing countries,
which may have lacked the capacity to col-
lect biological information on sustainable
yields, but also off those of industrial
countries. Governments find it almost
impossible to come to grips with the sus-
tainable yield thresholds of fisheries. As a
result, Canada’s cod fishery off
Newfoundland collapsed, leading to a
total fishing ban and the loss of some
30,000 jobs among fishers and those work-
ing in the fish-processing industry. The
United States, unable to learn from this
lesson, was in short order faced with the
collapse of its own cod and haddock fish-
eries off the coast of New England. (See
Chapter 4.)59
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A similar situation exists with soil ero-
sion. This natural process does not pose a
serious problem unless the rate of soil
erosion exceeds the rate of new soil for-
mation through natural processes. Once
this threshold is crossed, soil losses from
erosion begin to reduce productivity. If
this excessive loss continues indefinitely,
the productivity of the land drops to the
point where it is no longer economical to
farm, forcing abandonment at some time
in the future, when the demand for food
will be far greater than it is today.
Unfortunately, few national governments
are responding to this threat to the food
security of the next generation.

No one who was around when the
Industrial Revolution began two centuries
ago expressed concern about the rise in
carbon emissions from the explosive
growth in coal burning, which began in
the United Kingdom and quickly spread
to Western Europe and the United States.
A century and a quarter lapsed between
the design of the steam engine by James
Watt and the discovery of the greenhouse
effect by chemist Svante Arrhenius in
1896. Since then, the world has made the
transition from coal-fired steam engines
to the gasoline-powered, internal com-
bustion engine, but the global excess of
carbon emissions over nature’s capacity to
fix CO2 continues to widen.

Since 1959, atmospheric CO2 concen-
trations have been carefully measured.
During each year since then they have
risen, making this one of the world’s most
predictable ecological trends. The green-
house effect, as first outlined at the begin-
ning of the century, is not debated in the
mainstream scientific community. What is
debated is how fast the warming will pro-
ceed, what the precise local effects might
be, and the extent to which sulfate
aerosols (also from fossil-fuel burning)
and more water vapor in the atmosphere
will ameliorate the greenhouse effect.
Even after nearly two decades of rising
temperatures, most governments are still

not responding to the threat of global
warming. (See Chapter 7.) The response
of the United States, the leading source of
carbon emissions and of climate instabili-
ty, has been embarrassingly inadequate.
As a result, the next generation will face
far more disruptive climate change and
far more difficult challenges in trying to
stabilize climate.60

We are changing things faster than we
realize and sometimes without even know-
ing that we are doing so. Ecologist Jane
Lubchenco at Oregon State University
describes it well: “We’re changing the
world in ways that it’s never been changed
before, at faster rates and over larger
scales, and we don’t know the conse-
quences. It’s a massive experiment, and
we don’t know the outcome.”61

Our inability to respond effectively to
the threats outlined in this chapter raises
a series of questions. Are we accumulating
a backlog of problems that will become
unmanageable, undermining confidence
in our political institutions, leading to
their collapse and to social disintegra-
tion? Are we, as a species, unable to evolve
fast enough and develop the discipline
and foresight to respond to gradually
building threats or to develop the intelli-
gence needed to understand the complex
interactions between the Earth’s ecosys-
tem, the global economy, and our politi-
cal systems? Are we not able to control
either our material acquisitiveness or our
reproductive behavior?

Despite the unfettered optimism of
economists assessing the economic
prospect, this analysis suggests that busi-
ness-as-usual will not continue for much
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longer. What is not clear is whether the
trends undermining our future will be
arrested and reversed because we quickly
adjust policies and shift priorities, or
whether the situation will change because

continuing environmental deterioration
raises food prices to the point where polit-
ical instability disrupts economic growth,
thus alleviating the unsustainable pres-
sure on ecosystems.
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Sustaining the World’s
Forests

Janet N. Abramovitz

For millennia, humankind has influenced
forests, although much of the impact was
hard to see. In recent decades, however,
the scale and impact of our footprint on
the world’s forests has changed. Almost
half the forests that once covered the
Earth are gone, and deforestation is
expanding and accelerating. The health
and the quality of remaining forests are
declining.

Mechanization of forestry and agricul-
ture has allowed large areas to be harvest-
ed quickly and converted to other uses, so
old frontiers are being abandoned and
new ones are being exploited. Globali-
zation and free trade allow corporations
to roam the world seeking more prof-
itable forest opportunities. Huge fires—
conflagrations visible from space—are
destroying vast areas and sickening mil-
lions of people. Pollution blows in from
distant autos and industries, and the
buildup of greenhouse gases has ushered
in an era of climate change that further
threatens forests.

A major force driving these trends is
the explosive growth in the global con-
sumption and trade in forest products, in
part due to rising affluence. Since 1950,
the demand for wood has doubled, and
paper use has increased more than five-
fold. In the next 15 years, demand for
paper is expected to almost double again
as industrial countries continue their
already high levels of consumption and as
demand in developing countries grows.1

Our relationship to forests has evolved
in some positive ways as well, however. 
In some places there has been a shift 
from unrestrained boom-and-bust forest
exploitation and conversion to more sus-
tainable forest management for a wider
range of goods and services. People who
have lived in and near the forest for gen-
erations are being recognized as forest
managers in many places, not forest
destroyers. New ways of satisfying the
need for forest products less wastefully
are also being pursued.

Sustaining forests for the next century
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and beyond calls for changes in the way
forestry is practiced on the ground. It also
calls for reforming policies and pricing,
reducing waste and overconsumption,
and strengthening land tenure and equi-
ty. And it will mean recognizing that the
real wealth of the forests lies in healthy
forest ecosystems—and appreciating how
much we depend on them.

TRENDS IN FOREST AREA AND

QUALITY

Today, forests cover more than one quar-
ter of the world’s total land area (exclud-
ing Antarctica and Greenland). Slightly
more than half of the world’s forests are
in the tropics; the rest are in temperate
and boreal (coniferous northern forest)
zones. Seven countries hold more than 60
percent of the world’s forests: in order of
forest area, they are Russia, Brazil,
Canada, the United States, China,
Indonesia, and the Democratic Republic
of Congo (formerly Zaire).2

The world’s forest estate has declined
significantly in both area and quality in
recent decades. As noted earlier, almost
half the forests that once blanketed the
Earth are gone. Each year another 16 mil-
lion hectares of forest disappear as land is
cleared by timber operations or convert-
ed to other uses, such as cattle ranches,
plantations, or small farms.3

The extent of forest loss and fragmen-
tation was made clear in a recent study by
the World Resources Institute that identi-
fied what it calls “frontier forests”—areas
of “large, ecologically intact, and relatively
undisturbed natural forests.” The study
found that only 22 percent of the world’s
original forest cover remains in these large
expanses, about evenly divided between
boreal and tropical forest. More than 75
percent of the frontier forest is in three
large areas: the boreal forest of Canada

and Alaska, the boreal forest of Russia,
and the tropical forest of the northwestern
Amazon Basin and the Guyana shield
(Guyana, Suriname, French Guiana,
northeastern Brazil, Venezuela, and
Colombia). (See Figure 2–1.)4

Until recent decades, most forest loss
occurred in Europe, North Africa, the
Middle East, and temperate North
America. By the early part of the twentieth
century these regions had been largely
stripped of their original cover. Now forest
cover in Europe and the United States is
stabilizing, as secondary forests and plan-
tation forests fill in. In the last 30–40 years,
in contrast, the vast majority of deforesta-
tion has occurred in the tropics, where the
pace has been accelerating. Indeed,
between 1960 and 1990, one fifth of all
tropical forest cover was lost. Asia lost one
third of its cover, and Africa and Latin
America lost about 18 percent each.5

Broad regional overviews such as these
can mask even more severe forest loss that
is taking place in some countries and for-
est types. Half of the tropical deforesta-
tion during the 1980s took place in just
six countries: Brazil, Indonesia, the
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Democratic Republic of Congo, Mexico,
Bolivia, and Venezuela. Tropical dry for-
est types, mangrove forests, and the tem-
perate rainforests of North America have
also experienced very high losses.6

Deforestation is not the only threat.
Serious declines in forest quality are
affecting much of the world’s forests.
Ironically, while many people in northern
countries look at tropical forests with con-
cern, they may be unaware that the tem-
perate forests in their own backyards are
the most fragmented and disturbed of all
forest types. For example, 95–98 percent
of forests in the continental United States
have been logged at least once since set-
tlement by Europeans. And in Europe,
two thirds of the forest cover is gone, while
less than 1 percent of old growth remains.7

The secondary forest and plantations
that are filling in are a very different type
than the original. The mix of tree and
understory species has changed, and the
age is more uniform. The forests are high-
ly manipulated and highly fragmented.
Plantations and even-aged stands occupy
substantial areas of forestland. In the last
15 years, the area covered by forest plan-
tation has doubled globally. And it is
expected to double again in the next 15
years. Worldwide, at least 180 million
hectares of forest have been converted to
forest plantations. These altered ecosys-
tems usually cannot support the full array
of native species and ecological processes
that characterize natural forests. Many
nonnative species—from tree species to
vines to insect and animal pests—have
invaded these woodlands.8

Atmospheric pollution is also taking a
toll on forest quality. Exposure to pollu-
tion weakens trees and makes them more
vulnerable to the effects of pests, diseases,
drought, and nutrient deficiencies. This is
especially evident in Europe, North
America, Asia, and cities throughout the
world. More than a quarter of Europe’s
trees show moderate to severe defoliation
from these stresses, according to regular

surveys by the U.N. Economic Com-
mission for Europe.9

As troubling as the statistics on forest
loss and declining quality are, the true
picture of the global forest situation is
undoubtedly much worse. A major obsta-
cle to assessing forests is the quality of the
data assembled by U.N. Food and
Agriculture Organization (FAO), the
most widely used source. FAO relies on
self-reporting by governments, and many
countries do not have the capacity to
carry out systematic forest assessments.
Nor is there a system of independent
monitoring in place—either by satellite or
by ground-truthing.

FAO also uses inconsistent and confus-
ing definitions, which in turn can result in
some misleading conclusions. “Natural for-
est” is estimated, and forest quality is not
measured at all. Deforestation is defined
by FAO as the conversion of forests to
other uses such as cropland and shifting
cultivation. Forests that have been logged
and left to regenerate are not counted as
deforested, nor are forests converted to
plantations. Thus, some of the land report-
ed by countries as forest actually has no
trees on it at all. According to FAO defini-
tions, 80–90 percent of forest cover can be
removed by logging without “deforesting”
an area. Then when small-scale farmers
reduce the remaining forest cover the next
few percent they have, according to the
official definition, “deforested” the land.
This is why “slash-and-burn” farmers are
often blamed for deforestation for which
they are not responsible.10

RISING PRESSURES ON FORESTS

Widespread reports that poor agricultur-
alists and fuelwood gatherers are respon-
sible for the rapid loss of the world’s
forests are greatly exaggerated. Closer
examination reveals a different—and
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more complex—picture. The rising
appetite for forest products and trade is a
major driving force behind the logging
and conversion of many of the world’s
forests to other uses. Policies and subsi-
dies that encourage conversion (for tim-
ber harvest or agriculture and settle-
ments) also drive the process. This holds
true in the temperate and boreal forests
of Canada, the United States, and north-
ern Siberia as well as in the tropical
forests of the Amazon, Central Africa, and
Southeast Asia.11

Trade in forest products—both legal
and illegal—is a strong economic force.
Although less than 8 percent of timber
and 26 percent of paper production are
traded internationally, the legal and
recorded trade of $114 billion a year in
timber, pulp, and paper makes forest
products one of the most valuable sectors
in the global marketplace. Tropical tim-
ber has received much attention, but
nearly 90 percent of the legal and record-
ed international timber trade comes from
temperate and boreal forests.12

The demand for forest products has
grown rapidly in recent decades. The
global production of roundwood—the
logs cut for industrial lumber and paper
products or used for fuelwood and char-
coal—has more than doubled since 1950.
Population growth, however, is not the
primary cause of rising demand. In fact,
most industrial roundwood use takes
place in wealthier countries, where popu-
lation is relatively stable. Over half of the
world’s timber harvested for industrial
use is consumed by the 20 percent of the
world who live in Western Europe, the
United States, and Japan.13

According to FAO statistics, about half of
the wood cut worldwide is used for fuel-
wood and charcoal, mostly in developing
countries. In some areas, especially in the
dry tropics, the portion is even higher, 
up to 80 percent. But in moist tropical
nations such as Malaysia, the vast majority of
trees cut are for industrial timber. Most of

the live trees that are cut for fuel are used 
to make charcoal or in other industrial
applications, such as brick-making and
tobacco-curing, and in cities. This commer-
cial fuelwood collection, especially when
concentrated near cities, can cause signifi-
cant local deforestation. On the other
hand, the fuelwood collected by rural
households is usually dead wood, which
does not contribute to deforestation.14

Consumption of paper (including
newspaper and paperboard) is increasing
faster than any other forest product. The
world uses more than five times as much
paper today as it did in 1950, and con-
sumption is expected to double again by
2010. About two thirds of the paper pro-
duced worldwide is made from virgin
logs; only 4 percent is made from non-
wood sources such as cotton or rice straw.
The rest comes from wastepaper. Soon
paper production is expected to account
for more than half of the global industri-
al wood harvest.15

Paper consumption is not evenly dis-
tributed around the globe. (See Figure
2–2.) More than 70 percent of the world’s
paper output is used by the 20 percent of
the world living in North America,
Western Europe, and Japan. While global
per capita use of paper stands at about 46
kilograms a year, the U.S. average is 320
kilograms (the world’s highest), Japan’s is
232, and Germany’s is 200, while in Brazil
the figure is 31 kilograms, in China it is
just over 24, and in India the average is
only 3 kilograms.16

Forest management for commercial
exploitation is causing a number of fun-
damental changes in the world’s forests
and adding to the pressures already
described. Clear-cutting and selective har-
vesting, and the activities used to support
them, result in simplification, fragmenta-
tion, and degradation of forests. So, too,
does conversion to forest or agricultural
plantations and pasture. These changes
diminish the ability of forests and lands to
provide the full range of goods and ser-
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vices humankind depends on—from non-
timber forest products to the regulation
of water supplies and climate.17

Many of these fundamental changes
are brought about as harvesting and
roads create a checkerboard of discon-
nected forest fragments. And roads, high-
ways, waterways, and pipelines all open
the forest for exploitation and change
brought by timber and agriculture opera-
tions, mining, hunters, landless settlers,
and invasive species.18

The network of roads built into forests
is extensive. One square kilometer of for-
est can have up to 20 kilometers of roads.
In federally managed U.S. National
Forests, for example, there are more than
600,000 kilometers of roads—enough to
circle the globe nearly 15 times, and 2.4
times the length of the national highway
system. And in one large timber conces-
sion in Indonesia, building 500 kilome-
ters of logging roads cleared 40,000
hectares more than was directly logged.19

Throughout Brazil, as elsewhere, the
rapid and extensive deforestation of

recent decades has been concentrated
near roads. During the 1950s and 1960s
the Brazilian government began building
roads and infrastructure to spread popu-
lation and economic activity into its vast,
untapped interior. The first big project
was the highway to Brasília, the new
national capital. Several million settlers
were encouraged to relocate along the
highway, and soon vast areas were cleared
for cattle. At first, little of the wood was
marketed, and billions of dollars of tim-
ber was simply burned. As settlement and
infrastructure developed, and as trans-
portation costs fell in the 1980s, timber
extraction began to play a major role in
the deforestation process. Since then, tim-
ber production in the Brazilian Amazon
has increased 34 times. Transportation
corridors are also facilitating the conver-
sion of forests to produce agricultural
commodities bound for Europe. As a
result of the ambitious road building and
integration program, the area deforested
in the Amazon increased from 30,000
square kilometers in 1975 to at least
600,000 square kilometers today, with
twice as much area affected biologically.20

As forests are opened up by roads and
logging, they become drier and more
prone to fires. Over the last 20 years a new
phenomenon is occurring in the moist
tropical forests: forest fires, previously
rare in wet forest types, have become com-
mon. Fires that raged in Indonesia and
Brazil in 1997 are part of this new ecolog-
ical pattern.21

In Southeast Asia, the fires ignited
regional and global concern as Indonesia,
Malaysia, Singapore, Brunei, and south-
ern Thailand and the Philippines were
blanketed in smoke and haze for many
months in 1997. The fires were started by
pulp, palm oil, and rubber plantation
owners to clear natural forest in
Indonesia, and then they spread to at least
2 million hectares of forest and under-
ground peat deposits. Tens of millions of
people were sickened, hundreds died,

Sustaining the World’s Forests (5)

China
India

Europe
Afric

a

South America

United States
Japan

5

15

25

35
Percent of World Total

Source: FAO, UN

Consumption

Population

Figure 2–2. Global Distribution of Population
and of Paper and Paperboard Consumption,

Selected Countries and Regions, 1994



and schools, transportation, and business-
es were shut down. Enormous amounts of
carbon dioxide—perhaps as much as
emitted in the United Kingdom in one
year—were added to the atmosphere. The
fire recalled the first great humanmade
conflagration on the island of Borneo in
1983, when Indonesia alone lost more
than $5 billion in standing timber.22

As tree cover is lost, a forest’s water-
shed protection services are impaired.
Year-round water supplies can become
seasonal streams, flooding during some
periods and dry during others. The costs
of lost services can illustrate just how
valuable forests’ free services really are.
Deforestation in India’s Ganges river val-
ley has caused heavier flooding and prop-
erty damage of $1 billion per year. In the
U.S. Pacific Northwest, where many hun-
dreds of landslides now occur each year,
a study found that 94 percent originated
from clear-cuts and logging roads. The
torrents of water and debris from degrad-
ed watersheds caused billions of dollars
in damage in 1996 alone.23

A major force behind the large-scale
forest exploitation and infrastructure
developments just described are large
transnational logging corporations, which
have long been heavily involved in the
timber trade, and which are now expand-
ing their reach. As noted earlier, most
internationally traded timber comes from
temperate and boreal forests, and it is
harvested by companies from those
nations. A new trend, however, is the
increasing role of companies based in
southern countries, especially in Asia.24

As some Asian nations have depleted
their forest resources, they have turned
elsewhere to satisfy their domestic con-
sumption needs and the demands of
their forest industries. Some of the tim-
ber comes from northern temperate and
boreal forests—as in the logging of
Siberian forests by South Korean firms
and of Canadian forests by Japanese com-
panies—but much of it comes from other
southern nations. In 1996 alone, the area
of Amazonian forest under concession to
Asian timber companies quadrupled to
more than 12 million hectares.25

There are several reasons for the ris-
ing influence of roving international
companies. First, in the past decade
international trade restrictions and tar-
iffs have been eased and global and
regional trade agreements have expand-
ed. Domestic policy measures—such as
logging and log export bans, subsidies to
timber processing industries, and even
better law enforcement and tax collec-
tion—have led companies to look
beyond their home countries to find raw
materials and higher profits. By operat-
ing in nations with less restrictive laws,
lower fees, and lax enforcement, timber
companies can reap higher profits from
their legal—and sometimes illegal—tim-
ber harvest.26

The size and power of the timber com-
panies and the often desperate econom-
ic situation of host countries allows the
companies to dictate very favorable
terms. In the Solomon Islands, for exam-
ple, landowners were paid $2.70 per
cubic meter for timber that foreign com-
panies then sold for $350 per cubic
meter. In Suriname, companies from
Indonesia, Malaysia, and China proposed
investments of more than $500 million—
an amount nearly the size of that nation’s
annual economic output. Yet what may
appear to be a short-term boost to the
national economy (and to the few indi-
viduals who benefit legally or illegally)
often turns out to be both an economic
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and an ecological loss long after the log-
ging operations have departed.27

THE IMPACT OF NATIONAL

POLICIES

National laws, policies, and attitudes have
enormous influence on how forests are
managed, and on who benefits from their
use or misuse. Where governments con-
trol a significant portion of the forest
estate—such as in Canada, where 94 per-
cent of forestland is publicly owned, or in
Indonesia, where the state controls 74
percent—the role of government is obvi-
ous. But even without direct ownership,
government trade and economic policies,
management regulations, and agriculture
and land tenure polices exert significant
influence over the fate of forests.28

One common attitude that profoundly
influences the future of this life-support
system is the undervaluing of benefits
provided by intact natural forests. These
are often viewed as vast uninhabited
spaces that are valuable only when con-
verted to agriculture or mined for timber.
Standing forest is seen as wasted and
unproductive. The economic benefits of
forest exploitation or conversion are rou-
tinely overestimated, in large part because
the ecological and economic costs of the
exploitation are ignored. Ironically, while
governments consistently overestimate
the benefits of the extractive timber
industry, at the same time they under-
price timber and other forest resources.
The combined effect is to encourage
rapid forest exploitation, depletion, and
waste, and to sacrifice public revenues
and benefits from intact forest.29

Forests are routinely sold at prices far
below what the timber alone is worth. In
Canada, stumpage rates are half of what
they are in the United States, with large
companies paying even less than small

ones. And in Indonesia, an independent
assessment of timber concessions con-
cluded that in 1990 alone the government
collected less than one fifth of the poten-
tial revenues—a loss of $2.5 billion.30

Just as a small landowner will sell a few
trees for cash during hard times, govern-
ments often look to their forests as a
standing asset that can be liquidated to
solve financial problems. In Russia, some
cash-strapped municipalities are paying
creditors with forestland, and its Far East
has been opened up to resource exploita-
tion by outside companies. The economi-
cally desperate South American nations of
Suriname and Guyana considered bids
that would give away half of their forests to
Asian timber companies for pennies per
hectare. When Indonesia’s military gov-
ernment came to power in the late 1960s,
it took over a country with massive debt
and high inflation. The new leaders put in
place a series of policies—from under-
pricing logs to subsidizing timber process-
ing to give-away concessions—that precip-
itated the deforestation of Indonesia. By
1991, concessions to 41 percent of the
nation’s forestland had been granted to a
small number of companies.31

The extent of underpricing and lost
revenue from timber on public land even
in wealthy countries would astound most
people. The subsidies can be so large that
governments are in effect paying private
interests to take public timber. In the
United States, for example, 117 of 122
National Forests returned less money to
the treasury than the Forest Service spent
preparing the concessions for sale in 1995.
From 1992 to 1994, the timber sales pro-
gram lost $1 billion in direct costs alone.
And this figure does not include the costs
of reforestation, stream erosion, loss of
fisheries and water supply, loss of recre-
ation, and so on. The most heavily subsi-
dized logging is in the coastal rainforests
of Alaska. Even though timber sales from
federal lands have turned a profit in only
3 of the last 100 years, Congress continu-
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ally mandates high harvest levels.32

Governments also underprice their
forests by levying a flat charge for timber
rather than differentiating between more
and less valuable timber species. And they
may base fees on the volume of timber
removed from a site rather than the vol-
ume available. This encourages conces-
sionaires to remove and pay for only the
most valuable species. Meanwhile, more
forest is degraded and less revenue is
returned to the government. Short conces-
sion terms, where the loggers have no
incentive to ensure that forests regenerate
because they will not be there to re-harvest,
also encourage a cut-and-run approach.

One way that governments have
attempted to raise revenues and promote
employment from forest industries has
been to encourage value-added domestic
timber processing. This can also be a way
to reduce the pressure on forests.
Unfortunately, in too many cases, the
effect has actually been to reduce rev-
enues and fuel deforestation.

In Indonesia, for instance, the govern-
ment banned the export of raw logs in
1985 and gave heavy financial incentives
to stimulate the development of proces-
sors such as plywood mills. Without these
inducements and tax concessions, timber
processing in Indonesia would not have
been profitable. The effort to add value to
timber exports backfired as logs were
reduced in value in inefficient mills, and
more forest was needed to meet mills’
demands. Even with illegal logging, some
mills cannot operate at full capacity.
Despite clear timber shortages and a 1993
World Bank assessment that harvests were
50 percent above sustainable levels, the
Indonesian government continues to
encourage domestic processing, plans to
raise harvest levels by 57 percent, and is
pushing its timber companies into
remaining forest frontiers and into look-
ing overseas for additional timber.33

Another manifestation of the failure to
recognize the value of intact forest is laws

that grant ownership and tax and credit
benefits to those who “improve” forest by
clearing it, and even provide subsidies to
do so. A series of policies begun in the
1960s to spur investment in the interior of
Brazil sparked the deforestation that has
affected so much of that nation’s forests.
Roads built deep into the country’s inte-
rior, generous tax holidays, credit with
negative interest rates, and other subsi-
dies encouraged the conversion of mil-
lions of hectares of forest to cattle ranch-
es that would otherwise not have been
profitable. By 1980, 72 percent of the for-
est conversion detected by satellite was
due to cattle pasture. After 1990, four
times as much deforestation came from
subsidized ranches as from nonsubsidized
ranches, and about a quarter of the pas-
ture was already abandoned. Brazil lost
more than valuable forest. By 1988, the
fiscal cost of all 470 subsidized ranches
was $2.5 billion. Despite some tax
reforms, taxes are still higher and less
credit is available on land with forest
cover, and Brazil is pushing even more
ambitious infrastructure and agriculture
expansion plans.34

Governments also use forests as safety
valves, to reduce pressure in heavily pop-
ulated areas by siphoning people off to
new areas. Indonesia’s transmigration
program moved settlers from Java to the
nation’s less populated islands. During
the 1970s and 1980s, 6 million people
were relocated. Nearly all these people
were settled in forested areas, much of it
already occupied by native Dayak tribes.
An estimated 3 million hectares—5 per-
cent of the country’s forest—were con-
verted during this scheme. The cost to the
government was about $10,000 per family,
an enormous amount in a nation where
the per capita gross national product was
only $530. Despite the massive infusion of
funds, the ill-conceived resettlement
scheme fell far short of its objectives.
Many of the settlements have already
been abandoned, and the people have
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moved on or returned to Java. Similar
resettlement programs have also failed in
Malaysia and Brazil.35

Too often, forests are seen as vast unin-
habited spaces. When forest dwellers are
acknowledged at all, they are usually con-
sidered impediments to development and
encroachers in the forest. Rarely is the
distinction made between shifting cultiva-
tors—who have a long history of success-
ful forest management, like the Dayak of
Indonesia—and shifted cultivators, set-
tlers who have been relocated to forest
areas often without knowledge of how the
forests should be managed.36

Few forest communities have been suc-
cessful in gaining recognition for their
customary rights to the very resource they
have often managed sustainably for gen-
erations. Their occupancy has been made
illegal in some cases, and disregarded in
others. Even when laws are passed allow-
ing for the demarcation of tribal lands (as
in Brazil) or community forest manage-
ment (as in India), they are often not
enforced, and encroachment by individu-
als and industry is tacitly allowed. In
Brazil, hard-won indigenous reserves have
been invaded by miners and loggers.
Sometimes loggers, miners, and settlers
will rush to stake a claim on land in antic-
ipation of indigenous claims. In nation
after nation, communities have lost their
ability to control access to their forest-
lands, to the detriment of both.37

In Indonesia, the government declared
in 1967 that it had sole legal jurisdiction
over the nation’s forests—74 percent of
the land area. Customary rights, which
had evolved as a complex and sustainable
management system over many genera-
tions, were not legally recognized. As else-
where, by removing power from local
communities, a real life “tragedy of the
commons” was created—the government,
which has the authority, is unable to
police the nation’s vast forests, and the
communities who are in the forest have
no power to stop exploitation by out-

siders. One analysis concluded that “the
traditional...rights of millions of peo-
ple...have been handed over to a relative-
ly small number of commercial firms and
state enterprises.”38

Little of the economic benefits from
forest exploitation in Indonesia or else-
where return to the communities who lost
access to forest resources. In fact, their
standard of living has declined. Most of the
profits benefit a few powerful industries or
families. The liquidation of 90 percent of
the Philippines’ primary forest during the
Marcos regime, for instance, made a few
hundred families $42 billion richer, but
impoverished 18 million forest dwellers.39

Domestic policies can also have unin-
tended consequences on the forests of
other nations. After the devastating floods
and landslides of 1985 that originated in
its deforested highlands, Thailand enact-
ed a logging ban. Although legal domes-
tic logging ended, domestic consumption
did not, fueling logging (much of it ille-
gal) in neighboring Myanmar and
Cambodia. Some of the activity was aided
by the army. Indonesia’s and Malaysia’s
policies that encouraged rapid and waste-
ful exploitation of domestic timber
spurred the growth of large companies
and overcapacity in the industry. Now the
companies roam the world looking for
timber to feed their mills and coffers.40

All too often, governments do not have
the capacity or the will to enforce their
own forest laws and policies. Logging
beyond the boundaries of concessions
and in sensitive river and stream areas, tax
evasion, and falsification of boundaries,
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log volume, and grades are all common
practices in timber concessions around
the world. So too are the harvesting of
protected species, exceeding quotas, and
not mapping and reforesting as required.
Penalties, such as they are, are too light
and too rarely applied and paid to be a
genuine deterrent. Companies see bribes
and fines as a very minor business cost.41

Many nations lose significant portions
of their forests and potential revenues as
a result of failure to enforce existing laws.
Papua New Guinea’s losses from unmon-
itored log exports alone, for example,
were estimated at $241 million a year in
1994. In Ghana, about one third of tim-
ber is harvested illegally. If the current
situation continues, Ghana will lose $65
million a year and 10,000 jobs. The
Brazilian government reports that 80 per-
cent of timber extraction in the Amazon
is done illegally.42

In Cambodia, the amount lost to the
national treasury as a result of illegal log-
ging alone is equal to the entire national
budget. The co-prime ministers and the
military control the nation’s forests and
timber trade—most of which is illegal.
Profits bypass the official budget, and go
directly to a parallel budget that funds the
factions in the ongoing civil war. The two
prime ministers awarded timber conces-
sions for the nation’s remaining forests in
1995, also in violation of the law. And log-
ging restrictions have been violated by the
Khmer Rouge guerrillas, who were mak-
ing $10–12 million a month selling timber
to Thai logging firms from the areas
under their control. Based on the amount
of timber known to be exported in 1995

and 1996, for example, $400 million
should have been generated, yet only $10
million came to the treasury. The losses to
the people of Cambodia who depend on
the forests and fisheries is far higher. The
forests are expected to be depleted in the
next decade, and the Tonle Sap—the
great lake, which is one of the world’s
richest fishing grounds and the source of
much of the nation’s water and protein—
will be silted up in 25 years if deforesta-
tion continues.43

Nations with weak laws or enforcement
capabilities or prone to corruption are
vulnerable targets for domestic or foreign
companies looking for cheap timber.
Suriname—where the forest service has a
budget of $20,000–30,000, a few staff, and
just one vehicle to monitor nearly 150,000
square kilometers of forest—has little
capacity to enforce even minimal contrac-
tual and environmental standards on the
proposed timber concessions that would
have covered up to 40 percent of the
country had they gone through. Even in
nations with a relatively well staffed, fund-
ed, and monitored forest service, enforce-
ment problems can occur. In the United
States in early 1990s, it was discovered
that timber companies were stealing hun-
dreds of millions of dollars in trees from
federal lands each year, sometimes with
the knowledge of Forest Service agents.
The Forest Service eventually won a mul-
timillion-dollar lawsuit in court, but the
money recovered was a small fraction of
the value of the timber lost.44

In many nations, timber concessions,
subsidies, and contracts are used to ensure
political and familial patronage. They
enrich powerful families, strengthen polit-
ical power, and maintain the support of
the military. Philippine dictator Ferdinand
Marcos granted vast timber concessions to
his allies, who deforested the nation in the
1960s and 1970s. The Philippines went
from being the second largest log exporter
in the world to a net timber importer
today. Strong ties between politicians and
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their families, the military, and extractive
industries thrive in many nations today,
including Malaysia and Indonesia.45

Government policies and enforcement
can be easily influenced or subverted by
powerful interests. Money from
Indonesia’s reforestation fund is routinely
diverted by President Soeharto for non-
forest uses, such as aircraft manufactur-
ing, or for projects that benefit loggers. In
1997, he ordered $115 million trans-
ferred from the fund to build a paper fac-
tory for timber magnate “Bob” Hasan,
who also had a hand in crafting
Indonesia’s forest policy and is a business
partner of the president’s son. In
Cambodia, forest department officials
who have tried to implement legally man-
dated forest reforms have been dismissed,
intimidated, and murdered.46

In Canada, especially in the forest-rich
province of British Columbia, the forest
industry is a powerful force in the eco-
nomic and policy arena. More than $30
billion worth of forest products are
exported each year—making Canada by
far the world’s largest exporter.
Government-owned “crown lands” ac-
count for 94 percent of the forests, and
more than three quarters of all timber
revenues from Canadian crown lands
come from British Columbia. Forests are
leased to timber companies, and high-vol-
ume logging is stipulated.47

In 1995, British Columbia enacted a
Forest Practices Code in response to wide-
spread international concern over the
rapid degradation of the province’s rich
temperate rainforest through industrial
clear-cutting. Cutting has tripled in the
last 30 years and is well above sustainable
levels—earning the province the label of
“Brazil of the North.” Two thirds of
Canada’s coastal rainforest, which is a
rare and threatened ecosystem, has
already been degraded by logging and
development. The province also serves as
an important habitat for salmon—of
which 140 stocks are already extinct and

624 are at high risk. Salmon depend on
intact forested watersheds and streams for
survival and reproduction.48

An audit by Canada’s Sierra Legal
Defense Fund of timber cutting plans for
10,000 forest blocks approved by the
Ministry of Forests after the Forest
Practices Code became law found a vast
difference between the letter of the code
and the plans approved. Contrary to the
code, clear-cutting was the harvest
method on 92 percent of the blocks,
including landslide-prone slopes; 83 per-
cent of streams were clear-cut to the
banks; fish-bearing streams were misclassi-
fied or unidentified by the companies;
and destructive yarding—dragging logs
through streambeds—was approved and
common. The annual cut was not
reduced as promised, and harvest blocks
were more than twice the allowable size.
None of the special areas for wildlife and
biodiversity protection or old-growth
management called for in the code had
been designated. Of the million-dollar
fines promised, only 9 of 120 fines levied
were over $10,000.49

These findings and others led many to
conclude that the Forest Practices Code’s
standards were inadequate and that too
much of the responsibility for identifying
and protecting sensitive areas was left to
the discretion of logging companies, who
abused this obligation. Despite the lax
rules and apparently laxer enforcement,
the industry complained that the code was
too burdensome and was hurting its profits
and market share. In June 1997, the gov-
ernment eased the Forest Practices Code.50

SUSTAINABLE FOREST

MANAGEMENT

Management for timber commodities and
conversion of forests to other uses has
reduced or curtailed the ability of forests
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to provide many other benefits and ser-
vices. These include producing nontim-
ber materials such as food, fodder, fish,
and medicines; purifying and regulating
water supplies; absorbing and decompos-
ing wastes; cycling nutrients; creating and
maintaining soils; providing pollination,
pest control, habitat, and refuge; regulat-
ing disturbances; and regulating local and
global climates. Forests also provide edu-
cational, recreational, aesthetic, and cul-
tural benefits. They provide sustenance
and livelihoods for hundreds of millions
of people, including those who are
excluded from the formal economy.51

Despite this array of benefits and bene-
ficiaries, all too often it is assumed that the
greatest value that can be derived from a
forest is maximizing timber and pulp pro-
duction or converting it to agriculture. In
fact, not only are other uses more valu-
able, they can also be sustained over the
long term and benefit more people. In
one illustration of this truth, alternative
management strategies for the mangrove
forests of Indonesia’s Bintuni Bay were
compared. When fish, locally used prod-
ucts, and erosion control were included in
the calculations of the economics of forest
use, the most profitable strategy was to
keep the forest standing, yielding $4,800
per hectare. In contrast, cutting the tim-
ber yielded only $3,600 per hectare. Not
cutting down the forest would also ensure
continued local uses of the area worth $10
million a year, providing 70 percent of
local income, and would protect fisheries
worth $25 million a year.52

Still, it is clear that the world will con-
tinue to need timber products, and that

much of that need will be satisfied through
commercial forest management. Thus a
major focus of attention by foresters, ecol-
ogists, and economists has been reforming
forest practices. When many foresters use
the term “sustainable forestry” today they
usually mean “sustained yield”—that is, a
continuous supply of timber and fiber.
Even by that weak standard, so far forestry
has been failing to sustain the resource
base. For example, when the last estimate
was made, in the late 1980s, less than one
tenth of 1 percent of tropical forests were
managed for sustained yield. Since then,
some in the industry have accepted princi-
ples of sustainable forestry that incorpo-
rate other goals, yet timber production
remains the bottom line.53

Sustainable forest management (SFM),
on the other hand, recognizes that forests
must be managed as complete ecosystems
to supply a wide array of goods and ser-
vices for current and future generations.
As Kathryn Kohm and Jerry Franklin of
the University of Washington College of
Forest Resources put it: “If 20th century
forestry was about simplifying systems,
producing wood, and managing at the
stand level, 21st century forestry will be
defined by understanding and managing
complexity, providing a wide range of eco-
logical goods and services, and managing
across broad landscapes...managing for
wholeness rather than for the efficiency
of individual components.” In recent
years, progress has been made in under-
standing the complexity of forests, defin-
ing SFM, and describing how it can be
applied in various forest types and
nations. Some of this effort has gone into
developing international criteria and
indicators to assess conditions in tropical,
temperate, boreal, and dry forests, such as
the Helsinki and Montreal Criteria and
Indicators of Sustainable Forest
Management, the Tarapoto Proposal of
the Amazonian Cooperation Treaty, and
the Dry-Zone Africa Initiative.54

While the concept of sustainable forest
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management continues to evolve, some
elements are common to most definitions.
First is that forests should be managed in
ways that meet the social, economic, and
ecological needs of current and future
generations. These needs include nontim-
ber goods and ecological services.
Management should maintain and
enhance forest quality, and look beyond
the stand to encompass the much larger
landscape so that biodiversity and ecolog-
ical processes are maintained. When trees
are cut, the rotation period should follow
the longer natural cycle of a forest rather
than a shorter financial cycle.55

Sustainable forest management seeks to
mirror the conditions in natural forests
that are heterogeneous, with many
species, ages, and sizes. Natural distur-
bances are enabled and mimicked. (While
industry often claims that its management
and harvesting practices mimic natural
disturbances, such claims generally cannot
be supported.) Sensitive areas like streams
and important habitat such as dead tree
“snags” are protected. Since forest species
are interdependent, species that were
once considered “pests,” such as fungi and
insects, are kept because they are impor-
tant to ecosystem functioning. Finally, sus-
taining forests requires the active and
meaningful participation of all stakehold-
ers, especially local communities.56

At the same time that foresters and
ecologists have been redefining the sci-
ence of forestry, many consumers have
indicated they want their buying habits to
be part of the solution to forest decline
rather than its cause. This concern is
shared by a growing number of commer-
cial buyers and retailers. In response,
there has been a proliferation of “ecola-
bels” for forest products and self-certifica-
tion schemes by industry and government,
some of which amount to little more than
“greenwashing.” Many claims have been
made—“five trees planted for each one
harvested,” “made from plantation grown
trees,” “environmentally friendly,” “sus-

tainable”—that create confusion in the
marketplace. Unsupported claims also put
producers using more sustainable meth-
ods at a competitive disadvantage.57

It became clear that for claims to be
meaningful and credible, independent
auditing and verification were necessary.
To accomplish this, environmental
groups, foresters, timber producers and
traders, indigenous peoples’ groups, and
certification institutions established the
Forest Stewardship Council (FSC) in
1993. This group has developed “Princi-
ples and Criteria for Forest Stewardship”
(see Table 2–1) that apply to tropical,
temperate, and boreal forests managed
for forest products. Detailed standards
based on these principles are being devel-
oped by national and local councils. FSC
accredits certifiers who, at the request of
companies wishing to use the FSC logo,
audit forest management practices and
certify products for the entire chain of
custody, from forest to transport to pro-
cessing. By using globally consistent prin-
ciples and an easily recognizable single
label, FSC certification can help ensure
consumer confidence and improve mar-
ket access for timber from well-managed
forests around the world.58

The FSC is a promising initiative that
has had a small but growing impact in its
first few years. In 1996, just under 3 per-
cent of the wood traded internationally
was certified timber, double the amount
in 1994. Since worldwide demand for cer-
tified wood exceeds supply, there is room
for considerable growth.59

Companies that pledge to produce,
market, and purchase wood products cer-
tified to FSC standards have said they do
so because they believe their customers
expect it and because they believe it
makes good business sense. Commitment
by industry can in turn promote better
forest management by their suppliers.
The 75 companies in the “UK-1995 Plus”
buyers group, for example, that have
pledged to phase out wood products that
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do not come from well-managed forests as
defined by FSC principles represent
about 25 percent of the U.K. market.60

So far the greatest impact of certifica-
tion has been in the United States and
Europe—which is significant because
these regions are major producers and
consumers. Consumer demand for certi-
fied forest products has barely surfaced in
the important Asian market. The certifi-
cation concept has recently been intro-
duced in Japan, which is by far the world’s
largest importer of industrial round-
wood—37 percent of all wood traded
internationally ends up there. Raising

awareness and demand for certification in
this region could have a major positive
impact on the world’s forests.61

Certification is not a panacea, of
course. It is not a substitute for reducing
wasteful consumption or for sound legis-
lation and policies. It does provide a vol-
untary market-based approach to foster-
ing sustainable forest management and
trade. It also provides a positive alterna-
tive to bans, which can boomerang and
make alternative land uses, such as ranch-
ing or agriculture, more profitable than
maintaining forests. These voluntary
standards can complement the other
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Table 2–1. Principles and Criteria for Forest Stewardship

Forest management shall respect all applicable laws of the country in which they occur, and
international treaties and agreements to which the country is a signatory, and comply with
all FSC Principles and Criteria.

Long-term tenure and use rights to the land and forest resources shall be clearly defined,
documented and legally established.

The legal and customary rights of indigenous peoples to own, use and manage their lands,
territories, and resources shall be recognized and respected.

Forest management operations shall maintain or enhance the long-term social and economic
well-being of forest workers and local communities.

Forest management operations shall encourage the efficient use of the forest’s multiple
products and services to ensure economic viability and a wide range of environmental
and social benefits.

Forest management shall conserve biological diversity and its associated values, water resources,
soils, and unique and fragile ecosystems and landscapes, and, by so doing, maintain the
ecological functions and the integrity of the forest.

A management plan—appropriate to the scale and intensity of the operations—shall be written,
implemented, and kept up to date. The long-term objectives of management, and the
means of achieving them, shall be clearly stated.

Monitoring shall be conducted—appropriate to the scale and intensity of forest management—
to assess the condition of the forest, yields of forest products, chain of custody, management
activities and their social and environmental impacts.

Primary forests, well-developed secondary forests and sites of major environmental, social or 
cultural significance shall be conserved. Such areas shall not be replaced by tree plantations
or other land uses.

Plantations shall be planned and managed in accordance with [these] Principles and Criteria....
While plantations can provide an array of social and economic benefits, and can contribute
to satisfying the world’s needs for forest products, they should complement the management
of, reduce pressures on, and promote the restoration and conservation of natural forests.

SOURCE: Forest Stewardship Council, in WWF-UK, World Wildlife Fund Guide to Forest Certification 1997, Forests
for Life Campaign (Godalming, Surrey, U.K.: 1997).



national and international initiatives
noted earlier.62

FORGING A NEW RELATIONSHIP

WITH FORESTS

Clearly, people need forest products. But
the majority of the world’s forests are
managed in a way that precludes the
other goods and services that people also
need and value from forests. Govern-
ments, citizens, and nature pay too high a
price for the continued misuse and
undervaluation of forests. With the
demand for forest products expanding
and forests declining in area and quality,
how can we ensure that our needs for for-
est resources and services are met? By
forging a new relationship with forests—
one that ensures conservation, sustain-
able use, and the fair and equitable shar-
ing of benefits from forests.

Elements of this new relationship
include halting forest degradation and
conversion, restoring forest health, im-
proving management, reducing waste and
overconsumption combined with making
consumption more equitable, getting the
market signals right, returning the control
of forests to communities, reforming and
strengthening national policies as well as
international agreements, and improving
research and monitoring.

An overarching goal of the new rela-
tionship is to halt degradation of remain-
ing primary forest and restore forest
cover and health. Mining new frontiers
and clearing natural forests to establish
tree plantations or agricultural land has
no place in the twenty-first century rela-
tionship. Sustainable forest management
is a long-standing practice in some com-
munities, and now in some small com-
mercial forest enterprises. These practices
need to be expanded in scale. A proposal
to raise the area under certifiable sustain-

able management from 4.5 million
hectares today to 200 million hectares by
2005 has recently been endorsed by envi-
ronmental and business groups as well as
by the World Bank.63

One strategy for maintaining and
restoring healthy forests is to expand the
protected areas network to ensure ade-
quate ecological representation of all for-
est types. Protected areas today serve a
much broader array of social and ecologi-
cal functions than the scenic beauty parks
of the past. The World Wide Fund for
Nature and the World Conservation
Union have proposed that a minimum of
10 percent of each forest type be in pro-
tected areas by 2000. Currently only 6 per-
cent of the world’s forests fall in this cate-
gory, and in many cases that protection is
in name only. (See also Chapter 3.)64

Rehabilitating and restoring forests
will become increasingly important as
nations seek to regain the social and envi-
ronmental benefits that forests provide.
To be successful, rehabilitation will need
to be different from current practices of
planting large areas of single (often exot-
ic) species with little consideration to
local needs or environmental services.
The restored forests of tomorrow should
use a mix of native species and provide
multiple benefits. Preventing the acciden-
tal or intentional introduction of exotic
species is also an important part of restor-
ing forest health. Intensive plantations
have a role to play, if they follow these
guidelines and are established on degrad-
ed land. One of the stated rationales for
plantations—that they reduce pressure
on natural forests—does not hold true if
they convert natural forest or push people
who depended on the land further into
remaining forestland.

Improving management techniques
will be of limited success unless the exces-
sive levels of waste during harvesting and
processing are lowered and overcon-
sumption and waste by consumers is
reduced. One source of valuable wood is
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the high percentage of trees that are cur-
rently damaged and left on the ground in
many commercial forest operations
around the world—50 percent collateral
damage is common. Better road place-
ment and mapping of tree location and
felling direction can reduce damage in
the forests.65

Many species that are currently dis-
carded have high potential value. In the
tropics, only a few of the many hardwood
species are currently marketed. One for-
est consultant stated that the “junk” woods
that are used to make rough shipping
crates for forest products in the tropics
are often more valuable than the contents
of the crate and have promise as valuable
specialty woods. In the forests of the U.S.
Pacific Northwest, the yew tree once dis-
carded as trash was found to yield taxol,
an important cancer-fighting drug.66

Reducing the waste in processing also
has enormous potential for diminishing
pressures on the forest and improving
economic returns at the same time. In the
United States, more than half the wood
brought to a sawmill leaves as “waste” such
as chips and sawdust, and about three
fourths of this is used for pulp or fuel.
Globally, there has been some success in
increasing industrial output with less
roundwood input by recycling more mate-
rials and residues, according to FAO. The
organization suggests that if developing
countries used this approach, it could pro-
vide for growth in consumption “without
placing unnecessary stress on the forest
resource.” A study by IMAZON in Brazil
found that only one third of each harvest-
ed log is turned into sawn wood (the

wood used to make finished products);
the rest is discarded. Improving equip-
ment maintenance and training workers
alone could increase processing efficiency
by 50 percent. Combined with better for-
est management practices, companies
could use one third as much forestland to
produce the same amount of lumber.67

Lowering waste and overconsumption
by consumers would yield substantial ben-
efits for forests and economies without
sacrificing quality of life. As noted earlier,
more than half of the world’s industrial
timber and more than 70 percent of the
paper is consumed by the 20 percent of
the world who live in the United States,
Western Europe, and Japan. Reducing
their consumption and waste by even a
small fraction would ease pressures on
forests significantly. In the United
Kingdom, for example, 130 million trees’
worth of paper is discarded each year. A
German survey found that 98 percent of
secondary product packaging is unneces-
sary. Nearly a fifth of all lumber in the
United States is used to make shipping
crates and pallets, most of which are dis-
carded after use. In fact, they account for
40 percent of all wood waste.68

Unless industrial nations reduce waste
and overconsumption as developing
nations expand their use of paper, even
greater pressures will be placed on the
world’s forests. If everyone in the world
consumed as much today as the average
American (who consumes more than any-
one else in the world—320 kilograms a
year), the world would be using nearly
seven times as much paper. And by 2050
it would need more than 11 times as
much. If, on the other hand, paper use
stabilizes at today’s global average—47
kilograms a year per person—and it were
distributed more equitably, paper con-
sumption in 2050 could be held to 1.7
times today’s level.69

Recycling has been expanding and
there is plenty of room for continued
growth. In the United States, 45 percent
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A study in Brazil found that only one
third of each harvested log is turned
into sawn wood; the rest is discarded.



of paper and paperboard is now recov-
ered and recycled, up from 29 percent in
1987 (when industry began to record
these statistics), thanks to high participa-
tion rates by homeowners and municipal-
ities. The U.S. industry has a goal of 50-
percent recovery by 2000, a standard
already met in many countries. The major
obstacles to meeting this target is low par-
ticipation by offices and businesses, who
are the largest source of high-quality
wastepaper, and uneven enforcement of
laws mandating recycled content. Not
recovering and recycling waste paper also
stresses waste disposal systems—in the
United States, for example, paper
accounts for 30–40 percent of the waste
sent to landfills and incinerators.70

Reducing the amount of wood con-
sumed for fuel is also possible. As noted
earlier, most of the live trees cut for fuel
in developing countries are for industrial
and urban fuel users. Shifting these sec-
tors to clean, renewable energy sources
(such as wind and solar) could greatly
reduce the pressures on the forests and
improve air quality.

Much forest mismanagement, waste,
and overconsumption results from the
fact that only a fraction of forest goods are
counted when they enter the market-
place, and that forest services—the life-
support systems—are not counted at all.
The profit from deforesting land is count-
ed as an addition to the national econo-
my, but the depletion of timber, fisheries,
or watershed and climate services is not
subtracted. This sends misleading eco-
nomic signals to decisionmakers at all lev-
els. As environmental consultant Norman
Myers puts it, “our tools of economic
analysis are far from able to apprehend,
let alone comprehend, the entire range
of values implicit in forests.”71

Incorporating the full costs of manage-
ment and production into the cost of for-
est products would encourage more judi-
cious use by producers and consumers.
To do this, many perverse incentives and

subsidies need to be eliminated, such as
below-cost timber sales, give-away forest
concessions, and subsidized forest conver-
sion. These subsidies waste money and
degrade the environment. Other policies,
such as granting land titles to those who
clear the forest, also need serious reform
in order to ensure that they do not con-
tribute to forest degradation.72

In the last few years, a new breed of
economists—ecological economists—has
been trying to find ways to correct mis-
leading economic signals and better esti-
mate the contributions of nature.
Alternative measures of gross domestic
product and methods for calculating the
benefits from forests and nature are being
developed. Capturing the value of a for-
est’s ecological services to support sus-
tainable rural development in places like
the Amazon represents an important step
forward. These new tools can help the
market better reflect the value of nature
and guide decisionmaking.73

A recent landmark study helps illumi-
nate the importance of nature’s services
in supporting human economies. It pro-
vides a first-ever overall estimate of the
current economic value of the world’s
ecosystem services and natural capital.
The findings of more than 100 studies
were synthesized to compute the value of
each of the services that the world’s major
ecosystem types provide. Robert Costanza
of the University of Maryland and col-
leagues from around the world calculated
that the current economic value of the
world’s ecosystem services is at least
$16–54 trillion per year, exceeding the
gross world product of $28 trillion (in
1995 dollars). If every service for each
ecosystem type were measured, the figure
would by much higher. Fixing a more
accurate price for the benefits from
forests is essential, but so too is acknowl-
edging that not everything has a price.
Much of a forest’s value is quite literally
beyond measure.74

Frequently the financial benefits from
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forest exploitation go to private individu-
als or entities, while the economic, social,
and environmental losses are distributed
across society. Economists call this “social-
izing costs.” Simply put, while a small seg-
ment of society profits from unsustainable
forest exploitation, the rest of society
(and future generations) pays the costs.
Thus there is little economic incentive for
those exploiting a resource to use it judi-
ciously or in a manner that maximizes
public good. In addition to the reasons
noted earlier, one explanation for this is
that over time, control over the forests has
shifted from communities who have a
direct stake in the health of forests to the
state and to corporate entities, where
short-term thinking often prevails.75

A proven way to reconnect the costs and
benefits of forest management is by return-
ing—or devolving—control of forests to
communities. Community control can
improve the prospects for the sustainabili-
ty of the forests and the quality of life of
people in and near the forest. In India, for
example, when the state assumed control
over forests from local communities over a
century ago, they removed the only suc-
cessful safeguard from overexploitation,
and the condition of forests declined.
After the policy was modified in the late
1980s, thousands of communities regained
control over state forestlands. Communi-
ties now protect and control—and benefit
from—the forests that they manage and
rehabilitate. In Indonesia, reinstating cus-
tomary rights could help reverse the
degradation and poverty caused by the last
few decades of state and industrial control
over the forests.76

Community forest control can also
improve the quality of forests and com-
munities in industrial countries. In British
Columbia, a shift from the current corpo-
rate control of public forestlands to com-
munity-based control has been proposed.
Current laws and regulations require
high-volume, commodity-export-driven
forestry, which has led to the problems

described earlier. A proposed “Forests in
Trust” act would allow communities and
First Nations in British Columbia to deter-
mine management practices and objec-
tives and allow them to manage forests for
ecosystem health and long-term econom-
ic and community stability.77

There is significant room for improve-
ment in national laws and policies gov-
erning forests, as noted earlier.
Eliminating subsidies that encourage for-
est degradation or conversion, reforming
tenure policies, and improving revenue
collection from public lands are impor-
tant elements. So, too, is better enforce-
ment of existing national laws, including
preventing illegal logging and trade.
These changes make good economic and
ecological sense.

Yet too often, illogical and inequitable
resource use continues in the face of evi-
dence that it is ecologically, economically,
and socially unsustainable. The reason is
that powerful interests are able to shape
or ignore government policy by legal or
illegal means, through corruption and
favoritism. Future progress will be diffi-
cult if the current breakdown in the rule
of law governing forests and forest prod-
ucts is allowed to continue.

Although most of the action on forests
needs to take place at the national level,
there is also a role for international agree-
ments, institutions, and initiatives. Forests
are a global issue. They cross political
boundaries, as do many of the threats and
problems. And many of the services
forests provide—such as storing carbon,
regulating the climate, and sustaining bio-
diversity—are shared globally.

Governments need to renew the com-
mitments made in Rio de Janeiro in 1992
and to accelerate action. In the years lead-
ing up to the 1992 Earth Summit, tropical
forests were a major focus of internation-
al concern. When it came time to negoti-
ate a binding forest convention, southern
nations were concerned that northern
governments would use a convention to
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impose controls on tropical forests that
northerners were unwilling to accept at
home—a tension that persists today. At
the eleventh hour a set of non-legally
binding “Forest Principles” that applies to
all forests was adopted.78

Nations did agree to two legally bind-
ing instruments that provide significant
opportunities for cooperation and mean-
ingful action on forests—the Framework
Convention on Climate Change and the
Convention on Biological Diversity. The
latter treaty, signed by 169 nations in the
five years since the Earth Summit, has the
conservation and sustainable and equi-
table use of biodiversity—including
forests—as its mandate. Forests will be a
major agenda item when the signatories
meet in May 1998.79

Agenda 21—the plan of action that
emerged from the Earth Summit—con-
tains a chapter called “Combating
Deforestation” that also provides guid-
ance for action. Nations agreed to sustain
the multiple roles of all types of forests, to
enhance sustainable management and
conservation, to rehabilitate degraded
forests, to value and use forest goods and
services more fully, and to improve the
quality and availability of information
about forests.80

Given the lack of progress on combat-
ing deforestation since Rio—indeed, the
situation has grown worse—the United
Nations set up an Intergovernmental
Panel on Forests (IPF) in 1995. Its goal
was to facilitate discussion by govern-
ments on a broad—some say too broad—
range of issues and provide concrete rec-
ommendations for moving forward. A
separate World Commission on Forests
and Sustainable Development was also set
up, consisting of scientists, policymakers,
and others.81

At the United Nations’ five-year review
of progress since the Earth Summit, a suc-
cessor to the IPF was designated to imple-
ment its proposals for action and deal
with issues left pending. After its first

meeting in October 1997, the new
Intergovernmental Forest Forum urged
nations to examine the underlying causes
of deforestation and develop strategies to
address them.82

One initiative still under consideration
is a global forest convention. Ironically, a
forest convention could delay action, as
negotiating and ratifying an international
treaty can take a decade, plus further
years for substantive action to begin once
the treaty is “in force.” With few excep-
tions, governments have been unwilling
to accept international agreements that
have “teeth,” so it is likely that a forest
convention would formalize weak, non-
binding standards. Not coincidentally,
many of the nations that now support a
forest convention have powerful timber
industries. Given the political realities
and the urgency of the forest problem,
the most effective course of action is to
use existing mechanisms and legal instru-
ments, such as the biodiversity and cli-
mate change conventions.83

There are also opportunities for inter-
national cooperation in regional environ-
mental and trade agreements and
forums. To date, many of these trade
alliances have been driving forest destruc-
tion. In the future, they could be used to
secure a better future for their economies
and environments. Existing trade treaties
such as the International Tropical Timber
Agreement, for example, could be
reformed to cover the entire timber
trade, not just tropical timber—a step that
the parties failed to take when it was rene-
gotiated in 1994. Likewise, the laudable
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goals of its Guidelines for the Sustainable
Management of Natural Tropical Forests
by the year 2000 could be expanded to
apply to the temperate and boreal forest
products trade, and be made binding.
The Convention on International Trade
in Endangered Species of Wild Flora and
Fauna has had some success in halting the
decline of a few listed species (such as ele-
phants), but the record for tree species
has not been as good.84

International lending and donor agen-
cies also have a role to play by ensuring
that their loans and grants encourage pos-
itive reforms and sustainable practices
rather than deforestation. So, too, do the
private investors who are now responsible
for the majority of financial transfers.
(See Chapter 9.) Loans for dams, road
building, and agriculture and resettle-
ment schemes are examples of projects
that contribute to deforestation. On the
positive side, however, the World Bank
announced that it will help client nations
meet the goals of having 10 percent of
each forest type in protected areas and
expanding the area under certified sus-
tainable forest management by 200 mil-
lion hectares by 2005. Recently, the
United Nations, the International
Monetary Fund, and the World Bank
made their future aid to Cambodia condi-
tional on reforming and adhering to
national forest laws and not violating the
laws of neighboring nations.85

More investment in forest research and

management is also needed. Funding for
forest-related research is a small fraction
of agriculture research, and both are
inadequate to meet the challenges of
tomorrow. There is still much to learn
about forest species, functioning, and
dynamics and about the best manage-
ment practices. Many nations do not have
the budgets or resources to monitor and
manage their forest estates adequately.
More investment and a building up of
these nations’ capacities for forest man-
agement would reap substantial benefits
in ensuring the long-term health of the
world’s forests.86

A key opportunity for international
cooperation is through improving moni-
toring of global forest conditions and
threats. As noted earlier, major weakness-
es exist in the data on forest conditions
and extent gathered by national govern-
ments and FAO. In order to assess the
state of the world’s forests accurately, data
collection procedures and classifications
need to be improved, satellite monitoring
used, in-country capacity strengthened,
and an independent monitoring mecha-
nism put in place.

Ultimately, the effectiveness of policy,
management, and market reforms will be
determined by whether the decline of the
world’s forests is arrested and reversed,
and the quality of life of people who
depend on them is improved. And by
whether future generations inherit
healthy forests.
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Losing Strands in the
Web of Life

John Tuxill
Chris Bright

Ask three doctors with different medical
backgrounds about the health of a patient
and you will probably get three different
opinions—diagnoses that agree in gener-
al but differ considerably in emphasis and
detail. Ask three environmental scientists
about the health of the planet and you
may hear something similar. Some envi-
ronmental assessments will track changes
in biogeochemical cycles—rates of soil
erosion, freshwater depletion, or fluctua-
tions in the composition of Earth’s atmos-
phere. Others might measure the harvest
and regrowth of key biological resources,
such as forests, fisheries, and grasslands.
But arguably the single most direct mea-
sure of the planet’s health is the status of
its biological diversity—usually expressed
as the vast complex of species that make
up the living world. Measuring biodiversi-
ty is an extremely complicated and subtle
task, but four basic questions usually dom-
inate the inquiry: How many species are
there? What are they? Where are they?
And what is happening to them?

The biodiversity around us today is the

result of more than 3 billion years of evo-
lution. Species declines and extinctions
have always been a natural part of that
process, but there is something dis-
turbingly different about the current
extinction patterns. Examinations of the
fossil record of marine invertebrates sug-
gest that the natural or “background” rate
of extinctions—the rate that has prevailed
over millions of years of evolutionary
time—claims something on the order of
one to three species per year. In stark con-
trast, most estimates of the current situa-
tion are that at least 1,000 species are lost
a year—an extinction rate 1,000 times the
background rate even with the most con-
servative assumptions. Like the dinosaurs
65 million years ago, humanity now finds
itself in the midst of a mass extinction: a
global evolutionary convulsion with few
parallels in the entire history of life. But
unlike the dinosaurs, we are not simply
the contemporaries of a mass extinc-
tion—we are the reason for it.1

The loss of species touches everyone,
for no matter where or how we live, bio-
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diversity is the basis for our existence.
Earth’s endowment of species provides
humanity with food, fiber, and many
other products and “natural services” for
which there simply is no substitute.
Biodiversity underpins our health care
systems; some 25 percent of drugs pre-
scribed in the United States include
chemical compounds derived from wild
organisms, and billions of people world-
wide rely on plant- and animal-based tra-
ditional medicine for their primary
health care. Biodiversity provides a wealth
of genes essential for maintaining the
vigor of our crops and livestock. It pro-
vides pollination services, mostly in the
form of insects, without which we could
not feed ourselves. Frogs, fish, and birds
provide natural pest control; mussels and
other aquatic organisms cleanse our
water supplies; plants and microorgan-
isms create our soils.2

But these natural goods and services—
essential though they are—constitute a
minor part of the picture. Most of what we
are losing is still a mystery to us. As the
noted Harvard University biologist
Edward O. Wilson puts it, we live on an
unexplored planet. We have barely begun
to decipher the intricate ecological mech-
anisms that keep natural communities
running smoothly. We do not know—
even to a rough order of magnitude—
how many species there are on Earth. To
date, scientists have catalogued about 1.8
million species of animals, plants, fungi,
bacteria, and other organisms; most esti-
mates of the number yet to be formally
described range from 4 million to 40 mil-

lion. (The single most species-rich group
of organisms appears to be insects; bee-
tles, in particular, currently account for
25 percent of all described species.)3

This situation presents some serious
problems for exploring the dimensions of
the current mass extinction—and the
possible responses to it. If we do not even
know how many species there are, how
can we be sure about the true scale of cur-
rent species losses? If we do not under-
stand most species’ ecological relation-
ships, how can we tell what their disap-
pearance might mean for our planet’s
life-support systems? One way to
approach these hurdles is to focus on the
groups of organisms we already know the
most about—birds, mammals, reptiles,
amphibians, and fish. These are the verte-
brate animals, distinguished from inverte-
brates by an internal skeleton and a spinal
column—a type of anatomy that permits,
among other things, complex neural
development and high metabolic rates.

Vertebrates combined total about
50,000 species, and can be found in virtu-
ally all environments on Earth, from the
frozen expanses of Antarctica to scorch-
ing deserts and deep ocean abysses. By
virtue of the attention they receive from
researchers, vertebrates can serve as eco-
logical bellwethers for the multitude of
small, obscure organisms that remain
undescribed and unknown. Since verte-
brates tend to be relatively large and to
occupy the top rungs in food chains, habi-
tats healthy enough to maintain a full
complement of native vertebrates will
have a good chance of retaining the inver-
tebrates, plants, fungi, and other small or
more obscure organisms found there.
Conversely, ecological degradation can
often be read most clearly in native verte-
brate population trends.4

Perhaps the most celebrated example
of this “bellwether effect” was the intense
research effort set off by the publication
of Rachel Carson’s Silent Spring in 1962,
which described the danger that
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organochlorine pesticides pose to wild
vertebrates, particularly birds. The study
of wildlife toxicology is now routine: ecol-
ogists often monitor vertebrate popula-
tions as a way of checking on the general
health of an ecosystem. In the North
American Great Lakes, for example,
researchers gauge water quality partly by
examining the health of the fish. Some
vertebrate declines may signal trouble
that we cannot clearly see in any other
way, as with the mysterious amphibian
declines discussed later in this chapter.5

Even though vertebrates are a relative-
ly small fraction of total biodiversity, track-
ing their status is a huge task. The institu-
tion leading this effort is the World
Conservation Union (known as IUCN,
from its original name), an international
environmental coalition that since the
1960s has published the Red Data Book, a
listing of all animal species known to be
threatened with extinction around the
world. The Red Data Book is compiled
through extensive consultation with sci-
entists who have in-depth field knowledge
of the animals concerned. When com-
bined with various other ways of diagnos-
ing the planet’s environmental illnesses,
the Red Data Book findings on vertebrates
offer a critical insight into the biodiversity
crisis—and on what we must do to halt it.

BIRDS: THE CLEAREST OF ALL

INDICATORS

With their prominent voices, vivid colors,
and unparalleled mobility, birds have won
a great deal of attention from scientists
and laypeople alike. As a result, we know
more about the ecology, distribution, and
abundance of the nearly 10,000 species of
birds than we do about any other class of
organisms on Earth. Not surprisingly, birds
were the first animals that IUCN compre-
hensively surveyed, in 1992, followed by

full reassessments in 1994 and 1996.6
The latest news is not good. Estimates

are that at least two out of every three
bird species are in decline worldwide,
although only about 11 percent of all
birds are already officially threatened
with extinction. (See Table 3–1.) Four
percent—403 species—are “endangered”
or “critically endangered.” These include
species like the crested ibis, a wading bird
that has been eliminated from its former
range in Japan, the Korean peninsula,
and Russia, and is now down to one small
population in the remote Qinling moun-
tains of China. Another 7 percent of all
birds are in slightly better condition in
terms of numbers or range size, but still
remain highly vulnerable to extinction.7

The red-cockaded woodpecker is one
vulnerable species that scientists hope is
on the road to recovery. This bird is
found only in mature pine forests—espe-
cially longleaf pine—in the southeastern
United States, a habitat leveled by logging
and agricultural clearing over the past two
centuries. The woodpecker’s recovery
depends on the success of efforts to
restore longleaf pine habitat throughout
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Table 3–1. Conservation Status of Birds, 1996

Status Total Share
(number) (percent)

Not Currently 7,633 80
Threatened

Nearing Threatened 875 9
Status

Threatened— 704 7
Vulnerable to 
Extinction

Threatened—In 403 4
Immediate Danger 
of Extinction

SOURCE: Jonathan Baillie and Brian Groombridge,
eds., 1996 IUCN Red List of Threatened Animals
(Gland, Switzerland: World Conservation Union,
1996).



this area by prescribed burning, replicat-
ing the once common low-intensity forest
fires that the pines and the woodpeckers
are exquisitely adapted to.8

Membership in this pool of threatened
species is not spread evenly among differ-
ent taxonomic orders or groups of birds.
The most threatened major groups
include rails and cranes (both specialized
wading birds), parrots, terrestrial game
birds (pheasants, partridges, grouse, and
guans), and pelagic seabirds (albatrosses,
petrels, and shearwaters). About one
quarter of the species in each of these
groups is currently threatened. Only 9
percent of songbirds are threatened, but
they still contribute the single largest
group of threatened species (542)
because they are far and away the most
species-rich bird order.9

The leading culprits in the decline of
birds are a familiar set of interrelated fac-
tors all linked to human activity: habitat
alteration, overhunting, exotic species
invasions, and chemical pollution of the
environment. Habitat loss is by far the
leading factor—at least three quarters of
all threatened bird species are in trouble
because of the transformation and frag-
mentation of forests, wetlands, grasslands,
and other unique habitats by human
activities, including intensive agriculture,
heavy livestock grazing, commercial
forestry, and suburban sprawl. In some
cases, habitat alteration is intensive and
large-scale, as when an internationally
funded development project converts
large areas of native forest to plantation
crops, or a large dam drowns a unique
river basin. In other instances, habitat is
eroded gradually over time, as when a
native grassland is fragmented into small-
er and smaller patches by farming com-
munities expanding under a growing
population.10

Whatever the pattern, any given
instance of habitat loss usually results
from complex interactions between dif-
ferent institutions, organizations, and

social groups. For instance, the conver-
sion of tropical forest in Darién province
in Panama is linked to the actions and
aims of commercial logging companies,
small landowners (both long-time resi-
dents and recent immigrants), large
landowners, government representatives,
international consumers, international
development agencies, and even conser-
vationists. (For other examples of forest
loss, see Chapter 2.)11

The birds hit hardest by habitat loss are
ecological specialists with small ranges.
Such species tend to reside full-time in
specific, often very local habitat types,
and are most abundant in the tropical
and subtropical regions of Latin America,
sub-Saharan Africa, and Asia. More than
70 percent of South America’s rare and
threatened birds do not inhabit lowland
evergreen rainforests or the commonly
cited hotspot of environmental concern,
the Amazon Basin. Instead, they hail from
obscure but gravely disturbed habitats
such as the cloud-shrouded montane
forests and high-altitude wetlands of the
northern and central Andes, deciduous
and semiarid Pacific woodlands from
western Colombia to northern Chile, and
the fast-disappearing grasslands and river-
ine forests of southern and eastern Brazil.
The long list of imperiled birds native to
these little-noticed habitats signals that
what is being lost in South America is not
just rainforests but a far more diverse and
intricate ecological mosaic, vanishing
before most people have even become
aware of its existence.12

High concentrations of gravely endan-
gered birds are also found on oceanic
islands worldwide. Birds endemic to insu-
lar habitats—that is, found nowhere
else—account for almost one third of all
threatened species and an astounding 84
percent of all historically known extinc-
tions. These unfortunate numbers reflect
the fact that island birds tend naturally to
have smaller ranges and numbers, mak-
ing them more susceptible to habitat dis-
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turbance. And since island birds are often
concentrated in just a handful of popula-
tions, if one such group is wiped out by a
temporary catastrophe such as a drought,
the birds often have few population
sources from which they can recolonize
the formerly occupied habitat. Equally
important is that many island birds have
evolved in isolation for thousands or even
millions of years. Such species are partic-
ularly vulnerable to human hunting, as
well as predation and competition from
nonnative, invasive species. (Invasives are
highly adaptable animals and plants that
spread outside their native ecological
ranges—usually with intentional or inad-
vertent human help—and thrive in
human-disturbed habitats.)13

It is likely that island birds have had ele-
vated extinction rates for at least the past
two millennia. Archeologists have used
bird remains from Pacific islands to docu-
ment a wave of extinctions as Melanesian
human populations—and attendant rats,
dogs, and other domestic animals—
expanded across the western and central
Pacific, colonizing new island chains.
Disturbance of island ecosystems also was
severe during the European colonial era,
and advanced again in our modern age of
jet travel and global economic trade. As a
result, island birds continue to dwindle.14

Among countries with more than 200
native bird species, the highest threat-
ened share—15 percent—is found in two
island archipelagos, New Zealand and the
Philippines. The tiny island nation of
Mauritius in the Indian Ocean has record-
ed 21 bird extinctions since the arrival of
humans in the 1600s. Mauritian species
gone forever include several species of
flightless herons and the famed dodo, an
aberrant flightless pigeon nearly the size
of a turkey.15

No island birds have been more deci-
mated than those of Hawaii, however.
Virtually all of Hawaii’s original 90-odd
bird species were found nowhere else in
the world. Barely one third of these

species remain alive today, the rest having
vanished under Polynesian and modern-
day impacts, and two thirds of these con-
tinue to be threatened with extinction.
The degree of ecological disruption in
Hawaii is so great that all lowland
Hawaiian songbirds are now nonnative
species introduced by humans.16

While island species and those specific
to certain habitats dominate the ranks of
the world’s most endangered birds, an
equally disturbing trend is population
declines in more widespread species, par-
ticularly those that migrate seasonally
between breeding and wintering grounds.
In the Americas, more than two thirds of
the migratory bird species that breed in
North America but winter in Latin
America and the Caribbean declined in
abundance between 1980 and 1991.
Some—including yellow-billed cuckoos,
Tennessee warblers, and Cassin’s king-
birds—declined by more than 4 percent a
year. Two decades of bird surveys in Great
Britain and central Europe have also
revealed strong declines in long-distance
migrants that winter in sub-Saharan
Africa.17

Long-term population declines in
migratory birds are tied to a host of con-
tributing hazards. Habitat loss squeezes
species on both breeding and wintering
grounds, as well as at key stopping
points—such as rich tidal estuaries for
shorebirds—along their migratory routes.
In North America, the loss of almost half
of all wetlands has been a major factor
behind a 30-percent drop in the popula-
tions of the continent’s 10 most abundant
duck species. Further south, from Mexico
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All lowland Hawaiian songbirds are
now nonnative species introduced by
humans.



to Colombia, many migratory songbirds
winter in coffee plantations, where coffee
bushes have traditionally been grown
under a shady canopy of native forest
trees. Unfortunately, this habitat is disap-
pearing as plantations intensify and
replant with higher yielding, sun-tolerant
coffee varieties that do not require shade.
The result is that neotropical migrants
must search even harder to find suitable
wintering territory.18

Excessive hunting also remains a haz-
ard for many migratory species. In a num-
ber of Mediterranean nations, there is an
enduring tradition of pursuing all birds
indiscriminately, regardless of size or sta-
tus. Local species are hunted intensively
for food, and migrants that breed in
northern Europe must brave an annual
fusillade of guns and snares as they fly
south to Africa. In Italy alone, as many as
50 million songbirds are harvested every
year as bite-sized delicacies.19

Exposure to chemical pollution is
another problem that many birds face.
The greatest risk of pesticide and pollu-
tion exposure occurs in developing coun-
tries, where many chemicals banned from
use in industrial nations continue to be
applied or discharged indiscriminately. In
late 1995 and early 1996, about 5 percent
of the world’s population of Swainson’s
hawks—some 20,000 birds—died in unin-
tentional mass poisonings on their winter-
ing grounds in Argentina’s pampas. Local
farmers were applying heavy doses of an
internationally manufactured organo-
phosphate pesticide called monocro-
tophos to control grasshopper outbreaks
on their crops. The hawks, which breed in
western North America, were exposed to
the chemical when they fed on the
grasshoppers, one of their main winter
food sources. Argentina has since banned
the use of monocrotophos on grasshop-
pers and alfalfa, and no large hawk kills
were found during the 1996–97 wintering
season, but it is unclear how long it will
take the Swainson’s hawk population to

recover from these large losses.20

Whether reduced by the conversion of
key habitats such as wetlands, by overex-
ploitation in the form of hunters’ guns, or
by chemical contamination of water and
food supplies, the decline of migratory
birds is sobering because it is a loss not
just of individual species but of an entire
ecological phenomenon. Present-day
migrants must negotiate their way across
thousands of kilometers of tattered and
frayed ecological landscapes. The fact that
many birds continue to make this journey,
despite the threats and obstacles, is cause
for hope and inspiration. Yet as long as
bird diversity and numbers continue to
spiral downward, there can be no rest in
the effort to protect and restore breeding
grounds, wintering areas, and key refuel-
ing sites that all birds—migratory and res-
ident—simply cannot live without.

MAMMALS: A DARKER PICTURE

When the conservation status of birds was
first comprehensively assessed by IUCN,
the degree of endangerment—about 11
percent—was taken as the best available
estimate of endangerment for all verte-
brates, invertebrates, and other life on
Earth. Then in 1996, IUCN comprehen-
sively reviewed the status of all mammal
species for the first time, allowing for a
full comparison with birds. Unfortunately,
the news was not good—about 25 percent
of all mammal species are treading a path
that, if followed unchecked, is likely to
end in their disappearance from Earth.
(See Table 3–2.) This suggests that mam-
mals are substantially more threatened
than birds, and raises a larger question
about which of these groups better repre-
sents the level of endangerment faced by
other organisms.21

Out of almost 4,400 mammal species,
about 11 percent are already “endan-
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gered” or “critically endangered.”
Another 14 percent remain vulnerable to
extinction, including the Siberian musk
deer, whose populations in Russia have
fallen 70 percent during this decade due
to increased hunting to feed the booming
trade in musk, used in perfumes and tra-
ditional Asian medicine. An additional 14
percent of mammal species also come
very close to qualifying as threatened
under the criteria used by IUCN to assess
species’ status. These “near-threatened”
species tend to have larger population
sizes or be relatively widespread, but
nonetheless face pressures that have them
on the fast track to threatened status in
the not-too-distant future. One near-
threatened species is the African red
colobus monkey. Its huge range stretches
from Senegal to Kenya, but the red
colobus faces hunting pressure and habi-
tat loss everywhere it occurs, and is declin-
ing in numbers.22

Among major mammalian groups, pri-
mates (lemurs, monkeys, and apes) occu-
py the most unfortunate position, with
nearly half of all primate species threat-

ened with extinction. Also under severe
pressure are hoofed mammals (deer, ante-
lope, horses, rhinos, camels, and pigs),
with 37 percent threatened; insectivores
(shrews, hedgehogs, and moles), with 36
percent; and marsupials (opossums, walla-
bies, and wombats) and cetaceans (whales
and porpoises), at 33 percent each. In
slightly better shape are bats and carni-
vores (dogs, cats, weasels, bears, raccoons,
hyenas, and mongooses), at 26 percent
apiece. Rodents are the least threatened
mammalian group, at 17 percent, but also
the most diverse. As with songbirds,
rodents still contribute the most threat-
ened species—300—of any group.23

The biggest culprit in the loss of mam-
malian diversity in the late twentieth cen-
tury is the same as that for birds—habitat
loss and degradation. As humankind con-
verts forests, grasslands, riverways, wet-
lands, and deserts for intensive agricul-
ture, tree plantations, industrial develop-
ment, and transportation networks, we
relegate many mammals to precarious
existences in fragmented, remnant habi-
tat patches that are but ecological shad-
ows of their former selves.

Habitat loss is a principal factor in the
decline of at least three quarters of all
mammal species, and is the only signifi-
cant factor for many small rodents and
insectivores that are not directly persecut-
ed. The major reason primates are so
threatened is their affinity for tropical
forests, a habitat under siege around the
globe. In regions where forest degrada-
tion and conversion have been most
intense, such as South and East Asia,
Madagascar, and the Atlantic forest of east-
ern Brazil, on average 70 percent of the
endemic primate species face extinction.24

The loss of habitat also afflicts marine
mammals, though it usually proceeds as
gradual, cumulative declines in habitat
quality rather than wholesale conversion
of ecosystems (as when a forest is replaced
by a housing development). Marine mam-
mals, particularly those that inhabit
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Table 3–2. Conservation Status of 
Mammals, 1996

Status Total Share
(number) (percent)

Not Currently 2,661 61
Threatened

Nearing Threatened 598 14
Status

Threatened— 612 14
Vulnerable to 
Extinction

Threatened—In 484 11
Immediate Danger 
of Extinction

SOURCE: Jonathan Baillie and Brian Groombridge,
eds., 1996 IUCN Red List of Threatened Animals
(Gland, Switzerland: World Conservation Union,
1996).



densely populated coastal areas, now have
to contend with polluted water and food,
physical hazards from fishing gear, heavy
competition from humans for the fish
stocks on which they feed, and hazardous,
noisy boat traffic. Along the coastline of
Western Europe, bottlenose dolphins and
harbor porpoises—the only two cetaceans
that regularly use near-shore European
waters—seem to be steadily declining.
Seal populations in the Baltic Sea carry
very high chemical pollutant loads in
their tissues that appear to decrease their
reproductive success.25

In addition to habitat loss, at least one
in five threatened mammals faces direct
overexploitation—excessive hunting for
meat, hides, tusks, and medicinal prod-
ucts, and persecution as predators of and
competitors with fish and livestock.
Overexploitation tends to affect larger
mammals disproportionately over smaller
ones, and when strong market demand
exists for a mammal’s meat, hide, horns,
tusks, or bones, species can decline on
catastrophic scales.26

While the drastic population crashes of
great whales, elephants, and rhinos are
well known, the long shadow of overex-
ploitation actually reaches much further.
For instance, only the most remote or
best-protected forests throughout Latin
America have avoided significant loss of
tapirs, white-lipped peccaries, jaguars,
wooly and spider monkeys, and other
large mammals that face heavy hunting
pressure from rural residents. Much of
this hunting is for home subsistence—
wild game meat is an important source of
protein in the diets of rural residents, par-
ticularly for indigenous people. One esti-
mate pegs the annual mammal take in the

Amazon Basin at more than 14 million
individuals.27

Yet the real problem occurs when hunt-
ing is done to supply markets rather than
just for home consumption. In central
African forests, there is now intensive,
indiscriminate hunting of wildlife for the
regional trade in wild game or bushmeat.
In parts of Cameroon, the Democratic
Republic of Congo (formerly Zaire), and
other countries, the sale of bushmeat to
traders supplying urban areas is the main
income-generating activity available to
rural residents. Rural and urban bushmeat
consumption in Gabon has been estimat-
ed at 3,600 tons annually. The bushmeat
trade is closely linked in many areas with
logging operations, which is the main
activity opening up roads in previously iso-
lated areas, thereby giving hunters access
to new, game-rich territory.28

Throughout South and East Asia, a
major factor fueling excessive wildlife
exploitation is the demand for animal
parts in traditional medicine. Tigers—the
largest of all cats—once ranged from
Turkey to Bali and the Russian Far East,
and have been the subject of organized
conservation projects for more than two
decades. At first these projects appeared
to be having some success—until the mid-
1980s brought a burgeoning demand in
East Asia for tiger parts as aphrodisiacs
and medicinal products. With the body
parts of a single tiger potentially worth as
much as $5 million, illegal hunting sky-
rocketed, particularly in the tiger’s strong-
hold—India. Wild tigers now total barely
3,000–5,000 individuals, many in small,
isolated populations that are doomed
without more intensive protection.29

The loss of a region’s top predators or
dominant herbivores is particularly dam-
aging because it can trigger a cascade of
disruptions in the ecological relationships
among species that maintain an ecosys-
tem’s diversity and function. Large mam-
mals tend to exert inordinate influence
within their ecological communities by
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consuming and dispersing seeds, creating
unique microhabitats, and regulating
populations of prey species. In Côte
d’Ivoire, Ghana, Liberia, and Uganda,
certain trees—including valuable timber
species—have shown reduced regenera-
tion after the crash of elephant popula-
tions, which the trees depend on for seed
dispersal. Similarly, decades of excessive
whaling reduced the number of whales
that die natural deaths in the open
oceans. This may have adversely affected
unique deep-sea communities of worms
and other invertebrates that decompose
the remains of dead whales after they
have sunk to the ocean floor.30

Mammals in most regions have been
less susceptible than birds to invasive
species, but there is one big exception—
the unique marsupial and rodent fauna of
Australia, long isolated from other conti-
nents. The introduction of nonnative rab-
bits, foxes, cats, rats, and other animals
has combined with changing land use pat-
terns during the past two centuries to give
Australia the world’s worst modern
record of mammalian extinction. Nine-
teen mammal species have gone extinct
since European settlement in the eigh-
teenth century, and at least one quarter of
the remaining native mammalian fauna
remains threatened. Most declines and
extinctions have occurred among small to
medium-sized ground-dwelling mammals,
such as bandicoots and mice, from interi-
or Australian drylands. These habitats
have been drastically altered by invasive
species (particularly rabbits) in conjunc-
tion with extensive livestock grazing, land
clearance for wheat cultivation, and
altered fire patterns following the decline
of traditional aboriginal burning of brush
and grasslands.31

Taken together, the problems bedevil-
ing mammals in today’s world—habitat
loss, overhunting, invasive species—are
not all that more intensive than those
faced by birds. So how can we account for
the fact that one in every four mammals is

in danger of extinction, compared with
only one in every 10 birds? The answer, it
seems, may be found in how well mam-
mals and birds cope with the pressures
placed on them by humankind. Since
birds tend to be more mobile and wide-
ranging, they may be able to find food
and shelter more easily in the fragmented
and disjointed landscapes produced by
human disturbance. Birds are also smaller
on average than mammals, so they
require smaller ranges and fewer
resources for survival—advantages when
habitat and food supply become restrict-
ed. But while few other organisms have
the resource demands of most mammals,
few likewise are as mobile as birds, mak-
ing it difficult to predict which group is a
better guide for assessing the level of
endangerment of other organisms.

REPTILES AND AMPHIBIANS:
THE HIDDEN FAUNA

Like their furred and feathered verte-
brate kin, reptiles and amphibians
(known collectively to scientists as her-
petofauna) do not possess huge numbers
of species—about 6,300 documented for
reptiles and 4,000 for amphibians. Both
groups share with the world’s many inver-
tebrates the fate of being less well known
and relatively little studied. As a result,
only a fifth of all reptile species and bare-
ly one eighth of all amphibian species
have been formally assessed by scientists
for their conservation status. Among rep-
tiles, the status of turtles, crocodilians,
and tuataras (an ancient lineage of two
lizard-like species living on scattered
islands off New Zealand) has been com-
prehensively surveyed. But most snakes
and lizards remain unassessed, as do the
two main orders of amphibians, frogs and
salamanders.32

The herpetofauna that have been sur-
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veyed, however, reveal a level of endan-
germent closely in line with that of mam-
mals. (See Tables 3–3 and 3–4.) Twenty
percent of surveyed reptiles currently
rank as endangered or vulnerable, while
25 percent of surveyed amphibians are so
designated. The country with the highest
number of documented threatened her-
petofauna is Australia, at 62 species, fol-
lowed closely by the United States with 52
species. These are not the most species-
rich countries for these creatures—Brazil,
for instance, leads in amphibians and
Mexico has the most reptiles—but are
simply the countries where herpetofauna
have been most thoroughly surveyed and
monitored.33

Among reptiles, species are declining
for reasons similar to those affecting birds
and mammals. Habitat loss is again the
leading factor, contributing to the decline
of 68 percent of all threatened reptile
species. In island regions, habitat degra-
dation has combined with exotic species
to fuel the decline of many unique rep-
tiles. In Ecuador’s famed Galápagos arch-
ipelago, the largest native herbivores are
reptiles—long-isolated giant tortoises and
land and marine iguanas found nowhere
else in the world. Introduced goats are
winning out over the native reptiles, how-
ever, and these interlopers have already
eliminated unique populations of tortois-
es on 3 of 14 islands within the Galápagos
chain. At least two other tortoise popula-
tions are in imminent danger.34

In addition, a surprising 31 percent of
threatened reptiles are affected directly
by hunting and capture by humans. This
figure may be somewhat inflated since the
reptile groups most thoroughly assessed
—turtles and crocodilians—are also
among those most pursued by humans.
Nevertheless, the high percentage is a
clear indication of the heavy exploitation
suffered by these species.35

The plight of sea turtles has been stud-
ied and publicized since at least the
1960s, and all seven species are judged by

IUCN as endangered, with many popula-
tions continuing to dwindle. Although
there has been progress on protecting sea
turtles at some of their best known nest-
ing grounds, illegal poaching of turtles
for meat and eggs remains a widespread
problem. Where beaches are lit at night
with artificial lights, as at tourist resorts,
hatchling turtles become disoriented and
crawl toward the land rather than the sea.
Moreover, sea turtles continue to suffer
inadvertent but significant mortality from
nets set for fish and shrimp. In one survey
of a surface driftnet some two kilometers
in length set for sharks off the coast of
Panama, observers counted one sea turtle
accidentally entangled for every 150
meters of fishing net.36

Although less well known than their
seagoing relatives, tortoise and river turtle
species also are exploited intensively in
certain regions, to the point where many
populations are greatly depleted.
Tortoises and river turtles throughout
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Table 3–3. Conservation Status of 
Reptiles Surveyed, 1996

Status Total1 Share
(number) (percent)

Not Currently 945 74
Threatened

Nearing Threatened 79 6
Status

Threatened— 153 12
Vulnerable to 
Extinction

Threatened—In 100 8
Immediate Danger 
of Extinction
1Numbers reflect only the species surveyed for

conservation status, not the total number of species
known in each group.
SOURCE: Jonathan Baillie and Brian Groombridge,
eds., 1996 IUCN Red List of Threatened Animals
(Gland, Switzerland: World Conservation Union,
1996).



Southeast Asia have long been an impor-
tant source of meat and eggs for local res-
idents. There is now also a burgeoning
international trade in these species to
China, where they are used in traditional
medicine. According to a recent report by
TRAFFIC, a group that monitors the
international wildlife trade, the annual
East Asian trade in tortoises and river tur-
tles involves some 300,000 kilograms of
live animals, with a value of at least $1 mil-
lion. At least five turtle species involved in
this trade are now candidates for the most
stringent listing available under the
Convention on International Trade in
Endangered Species of Wild Flora and
Fauna (CITES), which attempts to regu-
late international wildlife trade.37

Certain species of crocodilians still suf-
fer from overhunting (such as black
caimans in the Amazon Basin) and from
pollution (such as the Indian gharial and
the Chinese alligator), but this is one of
the few taxonomic groups of animals

whose overall fate has actually improved
over the past two decades. Since 1971,
seven alligator and crocodile species have
been taken off IUCN’s Red Data list,
including Africa’s Nile crocodile and
Australia’s huge estuarine crocodile. In
part, these recoveries are due to the devel-
opment of crocodile ranching operations,
which harvest the animals for their meat
and hides; when combined with effective
wildlife protection efforts, this can take
hunting pressure off wild populations. In
Zimbabwe, crocodile ranches have been
so successful that domestic crocodiles
now outnumber the country’s 50,000 wild
crocs by three to one. In 1991, crocodile
farming worldwide generated more than
$1.7 million in international trade.38

For amphibians, direct exploitation is
less of a problem. With the exception of
larger frogs favored for their tasty legs,
few amphibians face any substantial hunt-
ing pressure. Habitat loss remains a seri-
ous problem, however, affecting some 58
percent of threatened amphibians. Much
of this is due to the drainage, conversion,
and contamination of wetland habitats. In
addition, the spread of road networks and
vehicular traffic leads to increased
amphibian mortality that can decimate
local populations.39

In recent years, however, amphibians
have captured worldwide attention due to
the rapid and unexplained decline—and,
in some cases, even extinction—of frog
species in relatively pristine, intact ecosys-
tems where habitat loss is not a factor.
These mysterious decreases have been
particularly well documented among
frogs in little-disturbed mountain habitats
in Central America and the western
United States, as well as in 14 species of
rainforest-dwelling frogs in eastern
Australia.40

Researchers have advanced various
explanations for these declines, including
disease epidemics caused by invasive
pathogens; increases in ultraviolet radia-
tion, which inhibit egg development;
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Table 3–4. Conservation Status of 
Amphibians Surveyed, 1996

Status Total1 Share
(number) (percent)

Not Currently 348 70
Threatened

Nearing Threatened 25 5
Status

Threatened— 75 15
Vulnerable to 
Extinction

Threatened—In 49 10
Immediate Danger 
of Extinction
1Numbers reflect only the species surveyed for

conservation status, not the total number of species
known in each group.
SOURCE: Jonathan Baillie and Brian Groombridge,
eds., 1996 IUCN Red List of Threatened Animals
(Gland, Switzerland: World Conservation Union,
1996).



introduced predators, particularly game
fish like bass and trout; acid rain and
other industrial pollutants; and unusual
climatic fluctuations, such as extended
drought. Most likely, it is not a single fac-
tor but rather synergistic combinations
that best explain the declines. For
instance, the presence of industrial pollu-
tants may stress and weaken frogs, and
make them more susceptible to infectious
diseases. It may be that frogs, with their
highly permeable skins and with lifecycles
dependent on both aquatic and terrestri-
al habitats, are signaling—more clearly
than any other group of organisms—the
gradual but global decline of our planet’s
environmental health.41

FISH: THE DARKEST PICTURE

OF ALL

The world’s fish offer the best measure of
the state of biological diversity in aquatic
ecosystems. Fish occur in nearly all per-
manent water environments, from the
perpetually dark ocean abyss to isolated
alpine lakes and alkaline desert springs.
Fish are also unique in being far and away
the most diverse vertebrate group—near-
ly 24,000 fish species have been formally
described by scientists, about equal to all
other vertebrates combined.42

As with reptiles and amphibians, less
than 10 percent of fish species have been
formally assessed for their conservation
status, with marine fish (some 14,000
species) being particularly understudied.
Yet even this partial assessment brings 
disturbing news, for the numbers suggest
that one third of all fish species are
already threatened with extinction. (See
Table 3–5.) Moreover, the proportion 
of critically endangered species (7 per-
cent) among fish is double that of other 
vertebrates.43

The causes of fish endangerment—

habitat alteration, exotic species, and
direct exploitation—are no different
from those affecting other species, but
they appear to be more pervasive in
aquatic ecosystems. Freshwater hotspots
of fish endangerment tend to be large
rivers heavily disturbed by human activity
(such as the Missouri, Columbia, and
Yangtze rivers), and unique habitats that
hold endemic fish faunas, such as tropical
peat swamps, semiarid stream systems,
and isolated large lakes. Saltwater
hotspots include estuaries, heavily dis-
turbed coral reefs, and other shallow,
near-shore habitats.44

Although degradation of terrestrial
habitats such as forests may be more obvi-
ous and get the most attention, freshwater
aquatic habitats receive an even heavier
blow from humanity. More than 40,000
large dams and hundreds of thousands of
smaller barriers plug up the world’s
rivers—altering water temperatures, sedi-
ment loads, seasonal flow patterns, and
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Table 3–5. Conservation Status of 
Fish Surveyed, 1996

Status Total1 Share
(number) (percent)

Not Currently 1,323 61
Threatened

Nearing Threatened 101 5
Status

Threatened— 443 21
Vulnerable to 
Extinction

Threatened—In 291 13
Immediate Danger 
of Extinction
1Numbers reflect only the species surveyed for

conservation status, not the total number of species
known in each group.
SOURCE: Jonathan Baillie and Brian Groombridge,
eds., 1996 IUCN Red List of Threatened Animals
(Gland, Switzerland: World Conservation Union,
1996).



other river characteristics to which native
fish are adapted. Levees disconnect rivers
from their floodplains, eliminating back-
waters and wetlands that are important
fish spawning grounds. The effects of
river engineering works also surface in
distant lakes and estuaries, whose ecolo-
gies decline when river inflows are
altered. Agricultural and industrial pollu-
tion of waterways further reduces habitat
for fish and other aquatic life.
Agricultural runoff in the Mississippi
River basin is now so extensive that when
the river enters the Gulf of Mexico, the
overfertilized brew of nutrients it carries
sparks huge algal blooms, which deplete
the water of oxygen and create a “dead
zone” of some 17,600 square kilometers—
nearly the size of New Jersey.45

As a result of all these problems, at
least 60 percent of threatened freshwater
fish species are in decline because of habi-
tat alteration. This includes 26 species of
darters—small, often brightly colored fish
that frequented the now heavily dammed
rivers of the southern United States—and
59 threatened species of fish in India
recently identified by a nationwide survey
by the Zoological Survey of India.
Alteration of aquatic habitats has been
particularly catastrophic for native fish in
semiarid and arid regions, where human
competition for water resources is high.46

In the heavily altered Colorado River
system of southwestern North America,
29 of 50 native fish species are either
extinct or endangered. This includes the
totoaba, a marine fish that used to breed
in the Colorado River delta in northwest
Mexico. In most years now, the river runs
dry well before it reaches the ocean.
Elsewhere in semiarid areas of Mexico,
river and spring systems have lost an aver-
age of 68 percent of their native and
endemic fish species because of falling
water tables and altered river hydrologies,
both due to the water needs of a growing
human population.47

Introductions of nonnative, often

predatory fish can unravel diverse native
fish assemblages in just a few years, pre-
cipitating a cascade of local extinctions.
Some 34 percent of threatened fresh-
water fish face pressure from introduced
species, but none have been more devas-
tated than the native cichlids of East
Africa’s Lake Victoria, the world’s second
largest freshwater lake. The cichlid com-
munity was extraordinarily diverse, with
more than 300 specialized species, 99 per-
cent of which occurred only in this lake.
Unfortunately the community began to
collapse during the 1980s following a pop-
ulation explosion of the Nile perch, a
nonnative predatory fish introduced to
boost the lake fisheries. It did its job all
too well, feeding indiscriminately on the
much smaller cichlids and destroying
native food webs. As many as 60 percent
of the Lake Victoria cichlids may now be
extinct, with only a museum specimen
and a scientific name to mark their tenure
on the planet.48

Many fish species also face a high
degree of exploitation from commercial
fisheries, particularly marine fish and
species like salmon that migrate between
salt and fresh water. About 68 percent of
all threatened marine species suffer from
overexploitation. (See also Chapter 4.)
The days when experts thought it impos-
sible to deplete marine fish populations
are long gone, and scientists now realize
that overexploitation is a serious extinc-
tion threat for many ecologically sensitive
species.49

Take seahorses, for example, which are
captured for use in aquariums, as curios,
and in traditional Chinese medicine. The
global seahorse trade is very lucrative—
top-quality dried seahorses have sold for
up to $1,200 per kilogram in Hong Kong.
Current worldwide seahorse harvests may
top 20 million animals annually, and in
China alone, demand is rising at almost
10 percent a year. Seahorses are unlikely
to support such intensive harvesting for
long because of their low reproductive
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rates, complex social behavior (they are
monogamous, with males rearing the
young), accessible habitat (shallow,
inshore waters), and low mobility. Already,
some 36 seahorse species are threatened
by this growing, unregulated harvest.50

Sharks are a second group of marine
fish headed for trouble. Being top ocean
predators, sharks tend to be sparsely dis-
tributed, and grow and reproduce quite
slowly. They are valued for their skin,
meat, cartilage (reputed to have anti-can-
cer properties), liver oil, and especially
fins, which are one of the highest-valued
seafood commodities due to their popu-
larity in East Asian cuisine. Reported
worldwide shark catches have been
increasing steadily since the 1940s, and
topped 730,000 tons by 1994. Unreported
and incidental shark catches likely push
that figure much higher, and most har-
vested shark species are probably already
declining.51

Other fish have supported commercial
fisheries for centuries, but now appear
unable to continue doing so in the face of
additional threats from habitat alteration
and pollution. Sturgeon, one of the most
ancient fish lineages, occur in Europe,
northern Asia, and North America, and
have long been harvested for their eggs,
famous as the world’s premier caviar.
Russia and Central Asia are home to 14
sturgeon species—tops in the world—and
produce 90 percent of the world’s caviar,
mostly from the Black and Caspian Sea
regions. The sturgeon fishery was relative-
ly well regulated during the Soviet era,
but massive water projects and wide-
spread water pollution led to sturgeon
population crashes, so that all 14 species
are now highly endangered. To com-
pound the problem, sturgeon poaching
is now rampant due to minimal enforce-
ment of fishing regulations in the 
post-Soviet central Asian nations. Un-
controlled exploitation of the few stocks
that remain may be the final nail in the
coffin for these magnificent fish.52

With the collapse of native fish faunas
in many river basins and lake systems, and
with growing awareness that many marine
fish are in decline, the evidence suggests
that biological diversity is faring no better
underwater than on land. As noted, one
out of every three fish species now looks
to be on the path to extinction. If this per-
centage holds up as the conservation sta-
tus of more fish species is reviewed, it por-
tends a grim future for other aquatic life
on Earth.

HALTING THE DECLINES

Together, the various vertebrate groups
provide an unmistakable view of the types
of injuries being inflicted upon the
Earth’s biological systems. Habitat alter-
ation is the single biggest problem for
most vertebrates. While we are accus-
tomed to thinking about forests being
converted to suburbs or savannas being
ploughed into cropland, the extreme
freshwater fish declines indicate that
freshwater ecosystems may be the most
pervasively altered habitat of all.
Overexploitation threatens fewer species
directly, but it is a major pressure on
many of the larger animals, particularly
marine vertebrates. And given the impor-
tant ecological roles typical of large ani-
mals, it is reasonable to assume that
excessive hunting and fishing are now a
significant ingredient in the disruption of
many ecosystems. The spread of invasive
exotic species is a third major problem,
particularly in island ecosystems.
Pollution and chemical contamination
have been responsible for some spectacu-
lar vertebrate die-offs, but do not yet
appear to affect as many species as these
other problems do.

If the trends evident in vertebrates
hold for other organisms, then extinction
would appear to be a near-term possibility
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for about a quarter of the world’s entire
complement of species. And this could
well be an underestimate, since beyond
the IUCN numbers looms the specter of
global climate change. (See Chapter 7.) If
the current scientific consensus on the
rate and scale of climate change proves
accurate, then over the next century nat-
ural communities will face a set of
unprecedented pressures. A warmer cli-
mate will probably mean changes in sea-
sonal timing, rainfall patterns, ocean cur-
rents, and various other parts of the
Earth’s life-support systems. In the evolu-
tionary past, the ecological effects of
abrupt climate shifts were somewhat cush-
ioned by the possibility of movement.
One part of a plant’s or animal’s range
might dry out, for example, and become
uninhabitable, but another area might
grow more moist and become available
for colonization. Today, with more and
more species confined only to fragment-
ed remnants of their former range, this
kind of compensatory migration is less
and less likely.53

In the face of current and expected
declines, the world’s governments have
clear moral and practical reasons to act.
One course of action should involve pur-
suit of the processes begun at the 1992
Earth Summit in Rio, which resulted in
the Convention on Biological Diversity
(CBD), now signed by 169 countries. This
and other environmental treaties provide
important forums for coordinating inter-
national responses to biodiversity issues.
And to some degree, they can function as
a sort of international mechanism for self-
policing.54

In the struggle to preserve biodiversity,
international agreements have probably
made their biggest contribution in reduc-
ing the overexploitation of species, partic-
ularly those that are traded globally. But
even here the record is mixed. CITES, for
instance, was the mechanism through
which countries agreed in 1989 to ban
international trade in African elephant

ivory, which for two decades had fueled
heavy poaching that reduced elephant
numbers from several million to 500,000
at most. Immediately following the ban,
African elephant poaching appeared to
drop substantially in many areas. But
international demand for ivory, particu-
larly in East Asia, has remained strong
since then, while a number of elephant
range countries, such as the Democratic
Republic of Congo (formerly Zaire), have
experienced political instability and
declines in government antipoaching
efforts. As a result, poaching intensity has
crept gradually back upward, and illegal
elephant kills are again being reported
regularly.55

Obviously, treaties are only as effective
as the will and competence of signatory
countries permit. The CBD requires all
participant countries to prepare national
strategies for conserving their biodiversi-
ty; because of its comprehensiveness, it
represents the most thorough test to date
of the international community’s will to
face up to the biodiversity crisis. But the
primary cause of that crisis—habitat
loss—is likely to escape the CBD in large
measure, as it has most other treaties.
Habitat loss is an issue that must be solved
mainly on a national and local level.

The main approach that countries
have taken to safeguard habitat has been
to establish systems of national parks,
wildlife refuges, forest reserves, marine
sanctuaries, and other formally protected
areas. Nations have steadily increased the
number and extent of their protected
areas during this century. At present,
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about 1 billion hectares of the Earth’s sur-
face is officially designated as protected,
an area nearly equal in size to Canada.56

Protected lands safeguard some of the
Earth’s greatest natural treasures, and
have made a big difference for some “con-
servation-dependent” vertebrates that
would otherwise almost certainly be slid-
ing into extinction. These include about
40 species of the famed “megafauna” of
East and Southern Africa, such as giraffes,
hyenas, wildebeest, and impala. The pop-
ulations of these animals are presently out
of danger, in large part because of an
extensive reserve system in their home
countries. Yet despite these notable suc-
cesses, current networks of protected
areas are nowhere near capable of saving
most biodiversity.57

One reason for this failing is that pro-
tected areas do not always target sites of
high biological diversity. Icy mountain
peaks, for instance, are obvious and easy
places for national parks due to their
spectacular scenery and lack of develop-
ment pressure, but they are usually not
hotspots of species diversity. Although the
world added more protected areas—
1,431 new reserves, totalling 224 million
hectares—between 1990 and 1995 than
during any previous five-year period, most
of the increase was due to a few huge des-
ignations in lightly populated desert and
high mountain areas, such as the empty
quarter of Saudi Arabia and the Qiang
Tang plateau in western China. Despite
these impressive numbers, many highly
diverse ecosystems—from tropical dry for-
est to temperate river basins—continue to
receive little formal protection.58

To help ensure that future reserve des-
ignations do the most to preserve biodi-
versity, conservation organizations such as
the World Wide Fund for Nature and the
World Conservation Union have begun
mapping “ecoregions”—geographic areas
defined by the unique biodiversity they
contain—as a priority for deciding where
to locate future protected areas.
Ecoregions have recently been mapped
on a continent-wide scale for North
America, Latin America, and the
Caribbean. Conservationists are also map-
ping the distribution of ecological com-
munities against existing protected area
networks in what is called a “gap analysis,”
looking for communities not represented
in existing reserves.59

Another shortcoming of the reserve
system is a lack of implementation. Many
parks exist on paper but are completely
unprotected on the ground. These
“paper parks” are most common in devel-
oping countries, which hold the bulk of
the world’s biodiversity yet have the least
in the way of money or expertise to devote
to managing protected areas. As a result,
many officially designated reserves are
subject to agricultural development, min-
ing, extensive poaching, and other forms
of degradation.

Such scant commitment to protected
areas also makes it easy to decommission
them with a stroke of a pen—an all-too-
frequent consequence of the rush toward
some short-term bonanza in natural
resource exploitation, even at the risk of
appalling and permanent loss. In India,
for example, politicians reduced the size
of the Melghat Tiger Reserve by one third
in 1992 to accommodate timber harvest-
ing and dam construction, while more
than 40 percent of the Narayan Sarovar
Sanctuary was turned over by the Gujarat
State Assembly in 1995 to mining compa-
nies eager to harvest the coal, bauxite,
and limestone deposits found there.
Narayan Sarovar was home to a rich
assembly of wildlife, including wolves,
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desert cats, and the largest known popu-
lation of the Indian gazelle.60

The “paper park” syndrome has deep
roots; it cannot be cured simply by
increased funding for protected areas
management. It reflects the lack of a
wider social commitment to protect bio-
diversity and wildlands. Without such a
commitment—or a viable plan for gener-
ating it—more funding alone is unlikely
to improve matters significantly. The tac-
tics for building that commitment will
vary from one society to another, but vir-
tually everywhere the effort will require
two basic strategies. Environmental edu-
cation programs must be built into school
curricula (preferably beginning at an
early age) to help people understand the
complexity and intrinsic value of natural
communities. And practical, culturally
sensitive development initiatives are need-
ed that can help local people make a liv-
ing from nature without permanently
damaging it. Well-planned ecotourism
projects can play such a role, for example,
as can “biodiversity prospecting”—the
search for species that might yield new
chemicals, drug precursors, genes, or
other beneficial products.61

The biggest opportunities from this
dual strategy can perhaps be seen where
biological diversity meets social diversity.
A great deal of the natural wealth that
conservationists seek to protect is actually
on land and under waters long managed
by local people. Long-established commu-
nities throughout Asia and Africa, as well
as the indigenous cultures of the
Americas, have traditionally protected
many forests, mountains, and rivers as
sacred sites and ceremonial centers. In
some areas of Sierra Leone, for example,
the best remaining native forest patches
are found within sacred groves main-
tained by local villages. Such peoples
often have a great fund of pragmatic
knowledge too: they know how the local
weather works; they know which organ-
isms produce powerful chemicals; they

know what grows where.62

Environmental education in such
places must work both ways: conserva-
tionists can often learn a great deal about
biodiversity from those who have lived
within it for generations. Cutting such
people out of the loop is not a good idea:
some of the biggest mistakes in natural
areas conservation have involved the
forcible removal of long-term residents
from newly designated parks. Relocating
such individuals or denying them access
to traditional plant and animal resources
has generated a great deal of ill will
toward protected areas worldwide. In
some cases, local people have reacted by
purposefully neglecting plants and ani-
mals that they had previously managed
wisely for generations. Even in cases
where communities have expressed a will-
ingness to move out of a protected area
voluntarily—say, to obtain better school-
ing for their children or improved med-
ical care—governments have often not
kept their promises to provide land and
housing equal to what the relocated resi-
dents left behind.

In most of the world, therefore, con-
serving threatened species is as much a
cultural as a biological endeavor. The var-
ious approaches developed—integrated
conservation and development projects,
for example, or “biosphere reserves” that
use zoning schemes to integrate settle-
ments and wildlands—are all complex
undertakings. Their success will require a
long-term commitment from conserva-
tionists and local residents, as well as
national and international institutions.63

Yet even under the most optimistic sce-
narios, a large chunk of biodiversity will
probably never receive official protection
within reserves. Instead, its fate rests with
how well we can create sustainable
approaches to forestry, agriculture, live-
stock husbandry, river management, and
other land uses. Developing such
approaches will require a deeper under-
standing of how species, communities,
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and ecosystems interact, and how human
communities traditionally and currently
influence biodiversity-rich regions. It will
also entail fundamental government poli-
cy reform in many areas—for instance, in
eliminating subsidies for cattle ranching
that clears forests (as Brazil did in the late
1980s), and strengthening land and
marine tenure laws to recognize the
claims of traditional communities with
strong ties to land and resources.64

While increased funding for projects to
generate sustainable natural resource use
is certainly needed, this is more likely to
make a difference when coupled with
reductions in existing subsidies to activi-
ties that damage biodiversity. During its
first three years of implementation, for
example, the CBD provided $335 million
in new funding for conservation through
the Global Environment Facility. Yet dur-
ing that same time period, global subsi-
dies to such exploitative activities as over-
fishing, road building, and excessive fossil
fuel burning totalled an appalling $1.8
trillion—5,373 times as much.65

In today’s increasingly crowded and
interconnected world, the most impor-
tant steps we can all take to conserve bio-

diversity may be the least direct ones. The
fate of birds, mammals, frogs, fish, and all
the rest of biodiversity depends not so
much on what happens in parks but what
happens where we live, work, and obtain
the wherewithal for our daily lives. To 
give biodiversity and wildlands breathing
space, we must find ways to reduce the
size of our own imprint on the planet.
That means stabilizing and ultimately
reducing the human population. It means
far greater efficiency in our materials and
energy use. It means intelligently planned
communities. And it means educational
standards that build an awareness of 
our responsibility in managing 3.2 billion
years’ worth of biological wealth.
Ultimately, it means replacing our 
consumer culture with a less materialist
and far more environmentally literate way
of life.66

Humans, after all, are not dinosaurs.
We can change. Even in the midst of this
mass extinction, we still largely control
our destiny, but only if we act now. The
fate of untold numbers of species
depends on it. And so does the fate of our
children, in ways we can barely begin to
conceive.
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Promoting Sustainable
Fisheries

Anne Platt McGinn

In late July 1997, in Prince Rupert, British
Columbia—a port nearly 400 kilometers
north of Vancouver—more than 100 com-
mercial fishers blockaded a U.S. ferry
bound for Alaska. For three days, some
300 innocent bystanders onboard the
ferry witnessed firsthand the increasingly
common symptoms of global overfishing:
mounting social disruption, economic
pressures, and the threat of violence.1

The crisis began in spring 1997, when
U.S. and Canadian representatives of the
Pacific Salmon Commission, following
allocation disputes, broke off annual
negotiations about the permitted catch.
In the absence of limits, Alaskan fishers
took matters into their own hands and
harvested more than three times as much
sockeye salmon as ever allowed under the
Pacific Salmon treaty. Canadian fishers
were furious. Desperate to hold onto their
share of the beleaguered salmon—which
migrates south toward Vancouver Island
and Seattle during the summer—the
Canadians responded by resorting to pub-

lic protests and threats of violence.2
Far from an isolated incident, this

recent flare-up in British Columbia sym-
bolizes rising tensions worldwide. Fishers
across the globe are suffering from both
resource depletion and an excess capacity
to catch available fish, as measured in
terms of boats, nets, and fishers. With
fishing jobs at a premium and coastal
communities bearing the brunt of social
and economic stress, the world’s fishers
and fisheries are crying out for help.
Meanwhile, government agencies and
fisheries managers respond with too little,
too late. And most of the time, they leave
those who do the fishing out of the dis-
cussion entirely. 

One reason for this is that for centuries
freedom of the seas reigned and fisheries
were open to all comers, at least in theo-
ry. The oceans seemed limitless in their
bounty and resilience. But for just as long,
fishers have had their own laws of the sea.
From ancient maritime codes to tradi-
tional systems of cooperative manage-
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ment and communal codes of conduct,
fishers have operated within systems of
rules that often served as effective deter-
rents to overfishing. Modern fishing
agreements and the Convention on the
Law of the Sea, which were established to
ensure that the industry was well man-
aged, have failed to reconcile the historic
and ongoing conflicts between open
access and exclusive rights over fishing.
And in the face of declining resources,
they have actually aggravated competing
claims for catches, as seen in British
Columbia.

Conflicts between large- and small-
scale fishers and the need for restraint of
the impulse to catch all the fish possible
have been replicated thousands of times
across the globe. But today the stakes are
higher, and the profits and risks much
greater. Many populations of fish are in
exceptional peril. More than ever, there is
an urgent need to change the way fish-
eries are managed. Without reforming
the underlying causes of overfishing—
namely, overcapacity and open access—
fisheries and fishers are doomed to a des-
perate future.

EXTENT OF THE MARINE

BIOLOGICAL CRISIS

From a base of 21 million tons in 1950,
the world fish harvest—captured and
farmed fish combined—grew steadily to
reach 116 million tons in 1996, an all-time
record. (See Figure 4–1.) Farmed fish
(known as aquaculture), which accounted
for most of the growth in the past decade,
increased to 23 million tons in 1996, up
from 7 million tons in 1984. Worldwide,
one out of every five fish eaten today was
raised on a farm.3

Despite warnings of a crash, fish
caught in marine and inland waters have
maintained a steady plateau at about

90–91 million tons in the early 1990s. The
growth in world fish catch has slowed
since the 1970s, but is not declining—at
least not yet. On the surface, this seems to
be a healthy picture. But lurking beneath
is a completely different story.4

Most marine fisheries around the
world are in danger of severe depletion.
(The word fishery has several different
meanings: it can refer to a particular fish-
ing area, such as the South China Sea; to
a group of fish species, such as cod or
orange roughy; or, more broadly, to the
area where fishing occurs and the mix of
species captured there. In this chapter,
the latter definition is meant unless oth-
erwise specified.) The warning signs are
all too clear: 11 of the world’s 15 major
fishing areas and 69 percent of the
world’s major fish species are in decline
and in need of urgent management,
according to the U.N. Food and
Agriculture Organization (FAO). Many
individual fish populations are on their
last gasp. Catches of Atlantic cod, for
example, declined by 69 percent between
the peak in 1968 and 1992. West Atlantic
bluefin tuna stocks dropped by more than
80 percent between 1970 and 1993.
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Similarly, shark populations off the south-
eastern U.S. coast have been cut to 25–50
percent of their original population size
in just the past 10–20 years.5

Looking at particular fishing grounds
reveals a similar picture. Fishers in the
Northwest Atlantic have seen their boun-
ty fall by 40 percent since the early 1970s,
while Southeast Atlantic fishers off the
coast of Namibia and South Africa have
experienced more than a 50-percent
decline since then. In just the past 10
years, the remote waters of the North
Pacific—with seemingly limitless boun-
ty—reached their peak exploitation and
the catch since then has fallen by an aver-
age of 9 percent throughout the region.
Fisheries in the Mediterranean and Black
Seas have suffered a similar fate, hitting
an all-time peak in 1988, but registering
16-percent fewer returns since then, with
catches in the Black Sea falling by more
than 80 percent.6

In the heavily fished Baltic and North
Sea waters, the situation is particularly
troubling. The International Council for
the Exploration of the Seas, a Denmark-
based scientific organization founded in
1902, has warned for years of overfishing
in the region. But management efforts
have largely failed. Since the 1960s, the
North Sea mackerel fishery has declined
dramatically, while the herring fishery,
which was shut down entirely between
1977 and 1982, has never fully recovered.
In March 1997, scientists and environ-
mental ministers from 10 European
Union (EU) nations and Norway issued
an urgent warning—another in a series of
such notices—that the herring-depen-
dent cod fisheries in the North Sea were
in danger of collapsing.7

In the early 1970s, one of the world’s
largest fisheries by volume, the Peruvian
anchovy, took a dramatic plunge that
altered the picture of marine fishing.
Increasing from near zero in the 1950s to
13.1 million tons in 1970, the catch of this
one species accounted for one fifth of the

world’s total at the time. A combination
of overfishing and natural environmental
changes caused the harvest to collapse to
less than 2 million tons in 1974, and then
to 800,000 tons in 1984, before recovering
in 1995 to two thirds of its previous total.8

As the most valuable species are over-
fished, they are quickly replaced by catch-
es of less desirable ones. Fishers are now
so efficient that they can wipe out an
entire fish species, and then move on
either to a replacement that fills the niche
once dominated by the depleted species
or to another species in some other part
of the world. Following the decline of
groundfish stocks in the late 1980s and
early 1990s, for instance, fishers still work-
ing in the Grand Banks region off the
Atlantic coast of Canada started catching
dogfish (a type of shark), skate, monkfish,
and other species once considered trash.
Similarly, mid-Atlantic U.S. fishers who
targeted bluefin tuna in the 1960s
switched to swordfish a decade later, and
by the mid-1980s had shifted their efforts
to yellowfin tuna as stocks of the more
valuable species dwindled.9

Indeed, a large share of today’s global
catch consists of previously underused,
less valuable species. The volume of
pelagic fish (those that live in the open
seas and travel in schools) has increased
from an estimated 6 million tons in 1950
to 44 million tons in 1994, from approxi-
mately one third to one half of world fish
catch. During the 1980s, five low-value
pelagic species—the Peruvian anchoveta,
South American pilchard, Japanese
pilchard, Chilean jack mackerel, and
Alaskan pollock (a semi-pelagic fish)—
accounted for 73 percent of the increase
in total capture production, contributing
13 million tons to world fish output.
Between 1970 and 1992, catches of four
valuable demersal (bottom-dwelling)
species—silver hake, haddock, Cape
hake, and Atlantic cod—decreased by 67
percent. (Increases in some high-value
species, such as skipjack and yellowfin
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tuna, have been recorded, however, in the
Western Pacific and Indian Oceans.)10

Another biological indicator of over-
fishing is the size of the captured fish. If a
fishery is under stress, fishers tend to haul
in smaller fish because the larger ones
have already been captured. Catching fish
at younger age and smaller size guaran-
tees a declining biological return in the
coming years by undermining future
breeding populations. The average size of
swordfish caught on longlines—those up
to several kilometers long, with baited
hooks—for example, has decreased from
120 kilograms to 30 kilograms during the
past 20 years. As a result, breeding popu-
lations of swordfish have declined by half
since 1978 and the catch now consists of
primarily small, immature fish. Con-
sumers are essentially “eating the babies,”
according to one marine biologist.11

At the same time that fish are being
overexploited by fishers, marine ecosys-
tems are also under siege from human
activities. Threats to the marine environ-
ment include land- and air-based pollu-
tion; habitat conversion, degradation,
and destruction; and even climate
change. Underlying these threats is an
ever growing human population that
increasingly lives in and migrates to
coastal areas. Some 3.8 billion people—
more than 60 percent of the world—cur-
rently live within 100 kilometers of a
coastline. Two thirds of the world’s largest
cities are coastal, including Bangkok,
Caracas, Jakarta, Lagos, São Paulo, and
Seoul. In the next 30 years, more than 6.3
billion people will make their home in
densely populated coastal corridors

worldwide, further stressing the seams
between land and sea.12

Because coastal and estuarine ecosys-
tems are downstream from farms and
cities, they serve as collecting ponds for
wastes and runoff. Eutrophication, caused
by excessive levels of nutrients, is a grow-
ing threat to fish in many urban coastal
areas. Seasonal algal blooms grow off the
coasts of China, Japan, and South Korea
and in the Black and Baltic Seas, some-
times harboring toxic phytoplankton that
kill fish and poison shellfish. Nontoxic
blooms block sunlight, absorb dissolved
oxygen, and disrupt food-web dynamics
by literally starving marine organisms of
needed nutrients. Due to agricultural
runoff in the Mississippi River delta, the
Gulf of Mexico has a biological “dead
zone” nearly the size of New Jersey that
has virtually killed the bottom-dwelling
marine organisms and forced fishers fur-
ther offshore in search of catches.13

For many tropical and nearshore fish
species, land-based and coastal threats are
especially harmful, as these fish depend
on coastal areas for spawning, growth, and
stock replenishment. An estimated 90 per-
cent of commercial fish in the Bay of
Bengal depend on healthy mangroves for
survival, while in East Africa and Sri
Lanka, 95 percent of shrimp and marine
fisheries live in coastal areas. Changes that
alter the larvae and juveniles here can
greatly affect populations and distribution
of adult fish elsewhere. Once abundant
along the U.S. Atlantic coast, stocks of
menhaden, a fish closely related to
pilchard and herring that depends on
wetlands for nursery habitat and for food,
have declined by 26 percent in 10 years, in
part due to the loss of coastal wetlands.14

In a 1995 study, researchers from the
Manila-based International Center for
Living Aquatic Resources Management
estimated that humans extract an estimat-
ed 8 percent of global marine primary
productivity—the sum of energy pro-
duced by living organisms in oceans,
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streams, rivers, and lakes—a share much
higher than previously thought. In the
vast open ocean, where nutrients are dis-
persed, the share of human removal is
only 2 percent. But for more fertile
upwelling areas, continental shelves, and
freshwater areas, the proportion is
between 25 and 34 percent, on a par with
terrestrial ecosystems. This is not surpris-
ing, as an estimated 80–90 percent of
commercial fish are caught within 320
kilometers of shore.15

Humans extract 35 percent of primary
productivity from nontropical continen-
tal shelves, where a large portion of the
catch is from species such as groundfish
and tuna. These represent a larger share
of biomass, as one predatory fish eats
many smaller fish and a large share of
marine biological productivity, and so on
down the aquatic food chain. Not only
are humans eating higher on the food
chain of fish, but overfishing these top
predators greatly affects the composition
of remaining species and redistributes
nutrients.16

Declines in one species can trigger a
cascade of effects throughout the marine
ecosystem by altering predator-prey rela-
tions, changing the community structure,
function, and productivity, and rendering
a system vulnerable to invasive species.
On the coral reefs of the Caribbean and
the northern reaches of the Red Sea, for
example, the overharvesting of triggerfish
and pufferfish for souvenirs has affected
the health of the reef ecology. As these
fish declined, populations of their prey—
sea urchins—exploded and damaged
coral polyps by grazing on the protective
layers of algae. Not only were fish being
overexploited, but the health of coral
reefs suffered and diving businesses for
tourists declined.17

Adding to the existing pressures on
fisheries is climate change, which is likely
to exacerbate the effects of pollution,
habitat degradation, and ultraviolet radia-
tion. Fish are especially vulnerable to

temperature change as they cannot regu-
late their internal temperature. Some fish
stocks may migrate toward the cooler
polar areas in response to rising sea tem-
peratures at lower latitudes, while others
will grow faster in warmer water. Expected
rises in sea level may inundate habitat
areas for fish and their prey.18

In March 1995, scientists from Scripps
Institute of Oceanography reported that
the ocean temperature off the coast of
San Diego, California, had increased by
0.8 degrees Celsius during the past 40
years. As a result, concentrations of zoo-
plankton, a microscopic animal that
forms the base of the marine food chain,
declined by 70 percent over the past 20
years. This has severely affected the food
supply of several commercial stocks of
migratory fish, including sardines,
anchovy, hake, jack mackerel, and Pacific
mackerel. Indeed, commercial anchovy
fishing in the area has completely col-
lapsed and other commercial fish have
declined by as much as 40 percent since
the early 1970s, in part due to changes in
ocean temperature. Similarly, the popula-
tion of sooty shearwaters, a seabird native
to the California Current System,
declined by 90 percent between 1987 and
1994 because of its dependence on zoo-
plankton for food. If current predictions
by the Intergovernmental Panel on
Climate Change prove true, in the next
50–100 years climate change will have a
greater impact on the health of world
fisheries than overfishing itself.19

THE IMPACT OF FISHING GEAR

The type of gear used and the size of fish-
ing vessels both play an important role in
the health of fisheries and the marine
ecosystem. In the process of fishing,
unwanted species are brought onboard
and then thrown back to sea dead or
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dying. Known as discards, these unwanted
species are wasted either because they are
undersized or a nonmarketable sex or
species, or because a fisher does not have
a permit to catch them. FAO estimates that
discards total 27 million tons, equivalent
to one third of annual marine catch—and
this figure excludes discards of marine
mammals, seabirds, and turtles. Global
bycatch, the sum of discards and uninten-
tionally caught species that are retained, is
estimated at 28.7 million tons.20

To a large extent, bycatch is associated
with more industrialized fisheries and is a
reflection of current management sys-
tems. A concentrated, time-limited win-
dow of opportunity forces fishers to rush
and catch as much fish as possible, select-
ing the valuable high-quality ones before
the fishery shuts down or the fisher reach-
es quota, and discarding the unwanted
ones. Because fish processors and com-
mercial markets accept only certain types
of fish, the nontarget species are less valu-
able to industrial fishers. Although mar-
ket incentives encourage fishers to be
more selective in what they keep, their
gear is by no means selective.21

The trawl fishery of the Northwest
Pacific—which targets pollock, yellowfin
sole, Pacific cod, crab, and mackerel—
produces the largest quantity of bycatch
in the world. A standard commercial trawl
net designed for groundfish can catch
high quantities of shrimp, crabs, and even
seals. Discards of crabs and their prey
from the groundfish fishery caused losses
of more than $50 million in the Bering
Sea crab fishery in 1991 alone. Losses for
all species in the Bering Sea and Gulf of
Alaska combined are estimated at more
than $250 million annually. Of the 27.2
million tons harvested from the
Northwest Pacific region in 1995, some
9.1 million tons of fish were discarded.22

Because of small mesh nets and the
high species diversity in tropical waters,
shrimp trawling also produces high quan-
tities of bycatch. In the Gulf of Mexico

shrimp fishery, for example, an estimated
12 million juvenile red snappers and
2,800 tons of sharks are discarded annual-
ly. Off the Brazilian coast, discards in the
shrimp fishery are comparable to the size
of the total landed catch. Worldwide, for
every 1 kilogram of shrimp caught, at least
5 kilograms of other species are discard-
ed; in some regions, the ratio is 15 to 1.23

In tropical reef fisheries, a growing
threat to fisheries and their habitat is the
use of cyanide poison. Fishers dive down
and squirt enough sodium cyanide on the
reef to stun fish (but too little to harm
people who eat them). This practice can
kill most reef organisms and convert a
productive reef community into an
“aquatic graveyard.” Divers use an esti-
mated 400 kilograms of cyanide a year
capturing valuable grouper, humphead
wrasse, rock cod, coral trout, and other
tropical species to feed a growing demand
for live food-fish. Based in Hong Kong,
this trade is valued at $1 billion a year,
while ornamental fish species for aquari-
ums are worth more than $200 million
annually. Live fish can earn fishers
400–800 percent more than the same
species dead. Fueled by high profits,
cyanide fishing is expected to drive
numerous species to collapse in the
Philippines, Indonesia, and Maldives
within a few years, after which fishers will
likely turn to Papua New Guinea and the
Pacific Islands. Indeed, cyanide fishing is
now reported from Fiji and the Solomon
Islands to Tanzania and Eritrea.24

Fishing gear and methods can also
cause direct harm to the marine environ-
ment by reducing cover from predators,
harming food supplies, and lowering
local biodiversity.

Some areas of the world’s oceans are
fished more than others, and therefore
take a harder hit from gear. A third of the
North Sea is intensively harvested each
year, for instance, while an 800-square-
kilometer bay in northern France is
dredged seven times a year for scallops.
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The 40,800-square-kilometer area of grav-
el and marine sediments in the Georges
Bank off New England was trawled three
to four times a year between 1984 and
1990, making it resemble a “parking lot,”
according to one researcher. All the
ocean’s continental shelves are trawled at
least once every two years, with some
areas scraped several times a season.
Trawling has been compared with strip
mining on land and clear-cutting in
forests. One important difference, howev-
er, is that trawling is conducted on a scale
about 50 times greater.25

HOW OVERCAPACITY DRIVES

OVERFISHING

With more than twice the capacity it
needs to harvest available fisheries,
today’s fishing industry is massively over-
capitalized. Simply put, too many fishers
on too many boats with too many hooks
and nets are taking too many fish from
the sea. How we got to this point is widely
debated, but the contributing factors
include the open access nature of fishing,
widespread technological change, expan-
sion of national claims to fishing grounds,
economic development policies, and
growing demand. Together, these power-
ful forces are driving fishers down the
path of self-destruction.26

In an open access fishery, resources are
owned by no one and the fishery is open
to all comers. If one person does not
catch the available fish, someone else will.
As a result, fishers have little incentive to
conserve resources. Without limits in
place, they tend to catch as many fish as
they possibly can. For large fish popula-
tions harvested with relatively low tech-
nology and by few fishers, this usually
does not cause serious problems. Indeed,
in a developing fishery, fishers initially
experience high catches. But then strong

earnings usually attract more people to
the fishery, which in turn prompts those
already there to invest in bigger boats and
more effort to sustain or increase their
share of the catch.27

When fishing effort increases too
much or too fast, or the resource itself is
declining due to natural causes, the risks
of overfishing are higher. These condi-
tions can lead to the classic scenario
described by Garrett Hardin in his 1968
Science article, “The Tragedy of the
Commons,” in which natural resources
are severely depleted by a growing num-
ber of users who harvest a rapidly dwin-
dling share of a resource.28

Generally, the harder fishers try, the
more fish they will catch—but only up to
a certain point, known as maximum sus-
tainable yield. This is the equilibrium
between a fish population’s biological
productivity and the level of fishing
effort. Theoretically, it represents the
largest amount of fish that can be har-
vested while still ensuring a productive
fishery the following year. Anything
beyond this is overfishing. How quickly
this happens depends on the health of
the fish populations, the quality of data
and methods used to determine maxi-
mum sustainable yield, and how fishers
respond to declining biological returns by
reducing their efforts.29

The conditions of open access tend to
hasten the day of overshooting maximum
sustainable yield. By the time multiple
users reach this point, it is often too late:
most fishers are already too heavily over-
capitalized for their average catch rates.
Only the most efficient outfits can break
even. Some fishers go out of business, and
coastal communities suffer economic loss-
es. But with the help of government aid
or subsidies, some fishers will remain in
an overcapitalized, economically ineffi-
cient fishery instead of leaving when it
becomes too crowded. And that is just
what the world faces today: a heavily sub-
sidized, overcapitalized, economically
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inefficient industry.30

During the past 50 years, uninhibited
growth and rapid modernization in the
industry have contributed to massive over-
capacity. Following technological develop-
ments during World War II, fishing under-
went dramatic changes. Many nations
converted their navy vessels, sonar and
electronic navigation systems, and ship-
based surveillance technology to benefit
commercial fishing. European nations,
Japan, and Russia built large fishing ves-
sels that could travel to distant waters,
while the World Bank and multilateral aid
agencies focused on developing fisheries
to reduce poverty, encourage overall eco-
nomic development, and improve the
efficiency of traditional fishers.31

In the early 1950s, workers in
European shipyards built huge, mecha-
nized vessels that could catch up to 500
tons of fish a day. Known as factory
trawlers for the enormous trawl nets that
are hauled up the ship’s stern and direct-
ly to onboard processing and freezing
facilities, these floating factories allowed
fishers to catch and fully process large
quantities of fish in a short period of time.
Previously, ships had to return to port
before the catch spoiled, thus limiting
how long and how far a ship could ven-
ture away from home. But once the crew
could take care of the processing, freez-
ing, and packaging of fish at sea, these
massive industrial trawlers were free to
roam the globe in search of profits.32

Factory trawlers concentrated on tem-
perate and cold-water offshore fisheries,
which typically have high concentrations
of single or similar species. With
improved reconnaissance and communi-
cations systems, fleets of factory trawlers
were able to zero in on large schools of
fish, harvest the entire concentration,
and then locate and converge on the next
large congregation of fish, a practice
known as pulse fishing. By the mid-1970s,
factory trawlers from northern Europe,
Russia, and Japan caught a large share of

the world’s tuna, squid, and pelagic fish
from the high seas, as well as a significant
portion of bottom-dwelling species in the
North Atlantic and Northwest Pacific
Oceans. The trawlers are quite efficient at
doing their job: In 1989, factory trawlers
represented 1 percent of the world’s fish-
ing fleet by number of vessels, but were
responsible for 10 percent of the world
catch. In the United States, they account-
ed for only 0.14 percent of the fishing
fleet in 1992, yet landed 21 percent of the
total catch.33

From their first use, factory trawlers
changed the picture of world fishing by
raising the stakes and the potential for
profits and failure. In the highly produc-
tive Georges Bank waters off the coast of
New England, for example, more than
1,000 factory trawlers from foreign coun-
tries captured 2.2 million tons of ground-
fish in 1974—10 times the amount caught
by U.S. fishers that year.34

Many coastal states reacted to these
developments by unilaterally extending
their coastal jurisdiction further offshore
in an effort to keep foreign fishers out. 
In 1945, the United States was the first
country to extend its jurisdiction to con-
tiguous high seas areas. Under the
Truman Proclamation, U.S. officials justi-
fied the move as a way to protect fisheries
better, establish conservation zones, and
exploit seabed minerals of the continen-
tal shelf. Many fishing-dependent coun-
tries soon followed suit, triggering a glob-
al “sea grab.” Within a decade, several
Latin American countries, including
Argentina, Peru, Chile, and Honduras,
extended their jurisdiction to 200 nauti-
cal miles to protect their fisheries from
outside intrusions.35

What began as an isolated trend in the
1950s and 1960s quickly grew into a glob-
al phenomenon. By 1973, nearly 35 per-
cent of the ocean’s area—an area equal to
the Earth’s entire land mass—was claimed
by coastal states, many of which were
developing countries. These claims led to
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the 1982 U.N. Convention on the Law of
the Sea (UNCLOS), which was finally for-
mally ratified in November 1994. Under
UNCLOS, coastal nations were granted
rights to use and develop fisheries within
a 200-nautical-mile exclusive economic
zone (EEZ). With the privilege of harvest-
ing the marine resources came an obliga-
tion to protect and conserve fish stocks. If
all fish were not used, countries could
decide to grant harvesting rights to other
countries on a case-by-case basis.36

At about the same time that nations
were extending their claims to fishing
grounds, international development
agencies were contributing to the prob-
lem of overcapacity by increasing lending
for fisheries development. The World
Bank, the Asian Development Bank, FAO,
and the aid agencies of Canada, Japan,
Norway, and the United States provided
millions of dollars in financial and techni-
cal assistance to fishers in coastal develop-
ing countries. In the 1980s, lending to
this sector emphasized the need for devel-
oping countries to improve their own fish-
ing capacity. Specifically, programs were
aimed at modernizing fishing technology
and vessels, building shore-based support
facilities and related infrastructure, and
developing market-oriented aquaculture
projects. Fishers from Asia to West Africa
were encouraged to harvest as much as
possible, and then to export a portion of
the harvests to industrial countries.37

As a result of EEZ claims and outside
financial assistance, by the 1980s most of
the growth in the world’s fishing fleet was
occurring in developing countries.
Between 1970 and 1989, these countries’
share of the world fleet increased from 27
to 58 percent, while vessel tonnage grew
in parallel fashion. (See Table 4–1.) With
an estimated 43 percent of the world’s
fishing capacity concentrated in Asia, sev-
eral newly developed Asian countries now
use modern deep-sea fishing fleets of
their own, replacing the European and
Russian ships of the 1960s.38

For the first time, developing countries
became major harvesters—and were
shouldering a growing responsibility for
global overfishing. Claiming EEZs under
the Law of the Sea in effect redistributed
fishery resources away from distant fish-
ing states to coastal states. Indeed, this
reallocation is one of the lasting legacies
of UNCLOS. In the early 1950s, about 80
percent of the world’s fish catch was taken
by industrial countries. Forty years later,
64 percent of the catch was in the hands
of developing countries. In 1994, 7 of the
top 10 fish producers were developing
countries. Unfortunately, these nations
have had no better luck managing these
resources sustainably than industrial
countries did.39

Worldwide, gross registered tonnage of
the world’s fishing fleet—a measure of
fishing capacity—grew by 4.6 percent a
year between 1970 and 1989. With more
boats and fishers on the sea, fish landings
increased as well, although at a rate about
half as fast, 2.4 percent annually. Even
though fleets and catches were both ris-
ing during this time, FAO concluded in
1992 that the world’s fishing fleet had at
least 30 percent more capacity than it
needed to catch all the world’s commer-
cial stocks. 40

This growth in marine harvests masks a
25-percent decline in yield of high-value
species worldwide. Behind the complicat-
ed story of fish prices are the scarcity of
some species, growing imports by indus-
trial countries, the increasing share of
low-value species in world catch, readily
available farmed species, and the substi-
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tutability of fish. As a whole, world sea-
food prices are rising, while in some
industrial countries, the trends are
mixed. Worldwide, the cost and effort of
catching those fish are increasing.41

Price data from the United States illus-
trate this phenomenon clearly. Although
U.S. catches have increased by 60 percent
in tonnage since 1982, the total value of
that catch has remained stagnant when
adjusted for inflation. Between 1982 and
1995, the average of all U.S. seafood prices
dropped 15 percent in real terms. Broadly
speaking, the average price earned at the
dock of individual fish fell from an esti-
mated 41¢ in 1986 to 25¢ in 1995—almost
exclusively because cheaper, low-value fish
accounted for a much larger share of the
total catch. If U.S. fishers had captured
the same quantity of fish of each species in
1995 as they did in 1982, they would have
earned only two thirds as much (in con-
stant dollars) as 13 years earlier. The bot-
tom line is that U.S. fishers are catching
more fish but also losing money.42

One key reason that fisheries remain
afloat is that governments foot a growing
share of the bill. These payments come in
the form of tax incentives, low-interest
loans, and direct subsidies. Besides being

a poor use of public finances, subsidies
that encourage fishers to either remain in
or enter an overcapitalized fishery mask
the true costs of overcapacity and post-
pone the day of reckoning.43

The world’s fishers currently operate
under a huge deficit. Francis Christy, a
fisheries economist, joined forces with
FAO statisticians to calculate that eco-
nomic losses from overfishing amounted
to roughly $54 billion in 1989, of which
about half was covered by government
subsidies. (The figure for total losses in
1989 is based on estimated global fishing
costs of $124 billion and fishing revenues
of $70 billion.) In other words, for every
$1 earned from fishing in the late 1980s,
governments, taxpayers, and fishers spent
$1.77, a debt that quickly translated into
shrinking profits and job layoffs.44

Despite the evidence of massive overca-
pacity and significant economic losses,
several governments continue to subsi-
dize fisheries. Matteo Milazzo, a
researcher with the U.S. National Marine
Fisheries Service, estimated that global
fishing subsidies in 1995 totalled $11–16
billion. Data from China, the EU, Japan,
Norway, Russia, and the United States
show that $3.5–4 billion were budgeted
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Table 4–1. Size of World’s Fishing Fleet, by Region, 1970 and 1992

Gross Register Tonnage Growth,
Region 1970 1992 1970–92

(thousand tons) (percent)

Asia 4,802 11,013 129
Former Soviet Union 3,997 7,766 94
Europe 3,097 3,018 –3
North America 1,077 2,560 138
South America 362 817 126
Africa 244 699 187
Oceania 37 122 230

World 13,616 25,994 91

SOURCE: U.N. Food and Agriculture Organization, The State of World Fisheries and Aquaculture (Rome: 1995);
“Water and Fisheries,” in World Resources Institute et al., World Resources 1996–97 (New York: Oxford
University Press, 1996).



specifically for fishing subsidies, while an
additional $3 billion in tax breaks and
lending acted as subsidies for fleet capi-
talization. The remaining money came in
the form of low-interest loans and tax
preferences for shipbuilding, harbor
development and related infrastructure
projects, and unbudgeted subsidies.
Milazzo concluded that between one
fourth and one third of global fishing rev-
enues comes from subsidies.45

Primarily bestowed by industrial coun-
tries on their failing fleets, subsidies
encourage the tragic phenomenon of fish-
ers participating in the downfall of their
own industry. While they may help to cush-
ion the economic impact of declining fish-
eries in the short term, over the long run
subsidies encourage fishers to remain in a
dying industry and to continue to overex-
tend themselves and the marine resources.
Because of this, fisheries subsidies “may be
the most environmentally destructive nat-
ural resource subsidies of all,” according
to Gareth Porter, author of a paper on the
subject and now a consultant with the
Global Environment Facility.46

One of the most obvious policies that
acts as a subsidy is providing access to
national fishing areas at little or no cost.
Most governments do not charge their
own nation’s fleets to harvest from their
EEZs, and many charge foreign fleets as
little as 5 percent of the value of the
catch. Matteo Milazzo estimates that gov-
ernments forgo $3–7 billion in uncollect-
ed user fees from domestic and foreign
fishers—in addition to the estimated
$11–16 billion they formally budget for
subsidies. In contrast, subsidies that
encourage fleets to reduce their capacity
total only about $500 million. In fact,
only 5 percent of government subsidies
are targeted at solving the problem of
overcapacity.47

The lesson from all this is that overex-
pansion of the world’s fishing fleet and
production levels comes at a price.
Although supported by global fishing sub-

sidies, cheap loans, and economic devel-
opment programs, global deficits in the
fishing sector are a massive debt that will
soon come due.

SOCIAL AND ECONOMIC RIPPLE

EFFECTS

The dilemma of conserving and protect-
ing the marine and coastal commons con-
tributes to a second, less appreciated
tragedy: that of the commoners.
Overfishing has contributed to a vicious
cycle of economic hardship and social
disruption.48

In strictly economic terms, local con-
sumers, small-scale fishers, and house-
holds dependent on fishing for their food
and livelihoods cannot compete with big
factory trawlers, foreign-owned compa-
nies, and distant export markets. About
40,000 of the world’s largest fishing ves-
sels can catch the same amount of fish as
the more than 3.4 million smaller vessels
that ply coastal waters worldwide. Yet
more than half the fish eaten in the world
today come from inshore and coastal
areas that are dominated by small- and
medium-scale fishers. As biological limits
are hit, frequently it has come down to
who can afford to buy fish—and who can
afford to go fishing.49

Severe overfishing in northern waters
has forced fishers to transfer their capacity
south, in essence exporting the overcapac-
ity problem. Through joint agreements
and other tools of legal exploitation, the
North’s redundant fleets are making a
beeline for southern waters. Waters in the
South are for the most part already fished
at or near their limits by these nations’
increasingly mechanized fleets and by
local small-scale inshore fishers.

Since the 1970s, European fleet own-
ers—with the help of the EU—have
signed access agreements with individual
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West African nations to fish in their EEZ
waters. In 1982, distant-water fleets from
Europe as well as Russia, South Korea,
Japan, and Taiwan claimed about half of
African marine fisheries through joint
access agreements. Since then, nearly
1,000 European vessels have been rede-
ployed in African waters. In 1996, the EU
paid $229 million—or 43 percent of the
annual fisheries restructuring budget—
for access agreements with Africa. And
the vessel owners themselves pay only a
small fraction of the cost.50

The terms of these agreements are
questionable. With few enforceable limits
in place and minimal reduction in capac-
ity, this transfer represents an interna-
tional environmental justice issue. Local
fishers are rarely consulted, those using
seine nets to catch tuna regularly under-
report catches (which are the basis for
future agreements), and enforcement of
the few environmental provisions is alto-
gether lacking. For the 16 African coun-
tries that do benefit financially from these
agreements, the rent they receive aver-
ages less than 10 percent of the value of
the catch.51

From the point of view of African
nations, generating foreign exchange for
debt service and other purposes is the key
motivation for annual renewal for these
agreements. But the results have been
profoundly negative, according to a study
by the U.S. Agency for International
Development. African pelagic fish are
harvested at minimal prices by European
fishing companies, and Africans are left
with nothing but “overfishing, under-
nourishment, and undercompensation.”52

While boats head south, the catch and
production of both foreign fleets and
local economies increasingly flow north.
(See Table 4–2.) The value of fish traded
has increased more than 12-fold, from
$2.5 billion in 1970 to $35.8 billion in
1990. During that time, fish trade grew
from about 5 percent to 11 percent of
global trade in agricultural products. By

1994, world fish trade totalled $47 billion.
Nearly half the fish caught today are now
traded between nations, compared with
an estimated 32 percent in 1980. With
diverse markets and varied demand
worldwide, “fish trade has virtually no
boundaries and few rules,” according to
environmental reporter John McQuaid.53

Consumers in industrial countries
account for 85 percent of world fish
imports by value. Japan’s share of world
imports more than tripled, from 8 to 28
percent, between 1969 and 1990. In 1995,
Japan imported $18 billion worth of fresh
fish, shrimp, surimi, and other fish prod-
ucts from across the globe in order to
maintain its per capita intake of 70 kilo-
grams—the highest in the world. By com-
parison, per capita fish supplies stood at
14.4 kilograms worldwide in 1995, and
only at 10.1 kilograms on average in
developing countries.54

To feed industrial countries’ growing
appetite for seafood, developing coun-
tries are now solid net exporters. Chile,
China, and Thailand are responsible for
the lion’s share of the net trade balance.
And their profits come from a fairly nar-
row product range. Thailand’s rapid
growth in the past decade, for example,
has been achieved through the develop-
ment of a canned tuna industry and a
1,000-fold increase in giant tiger prawn
culture. In Bangladesh, China, India,
Indonesia, and Thailand, farmed shrimp
are one of the leading food exports.
Developing countries trade more than 65
percent of the world’s fresh and frozen
tuna, 85 percent of the canned tuna, and
84 percent of the world’s frozen shrimp
and prawns.55

In many ways, growth in fish trade is a
double-edged sword for developing coun-
tries. Exporting high-end fish brings in
foreign exchange for countries that des-
perately need cash. And increased
income can certainly contribute to better
nutrition, if combined with education,
family planning, and a whole range of

(12) State of the World 1998



social development programs. But trade
also poses a conflict with the growing
need for food security. As a larger share of
fish is exported for foreign exchange and
profits, inevitably the net supply for
domestic consumption declines. Nearly 1
billion people, predominantly in Asia and
coastal developing countries, rely on fish
for a majority of their protein needs. Over
the long term, exporting a growing share
of fish may result in decreasing per capita
supplies of food. To satisfy growing
human demand, fish supplies for food
will rely to an increasing degree on aqua-
culture output.56

Currently, about a third of the world
fish harvest is dedicated to nonfood uses,
primarily animal feed, fish meal, and oils.
This leaves about 82 million tons for
direct human consumption. If per capita
food supplies are to remain the same in
the years ahead, at least 91 million tons
will be needed for direct human con-
sumption by 2010. Sustaining this level
will require substituting other sources of
protein, such as soymeal, for fish in ani-
mal feed, as well as better management of
marine stocks.57

These trends certainly have profound
social implications for fishing communi-

ties worldwide. In many areas fishers are
out of work and families are on the edge
of survival. In Newfoundland, for exam-
ple, more than 30,000 fishers and fish
plant workers are unemployed, and many
are plagued with gambling problems and
with alcohol and drug abuse. As local
businesses fail, an average 7,500 people
have moved out of the province each year
since 1992, leaving a region with more
than $700 million in annual economic
losses. As Dr. Jon Lien, professor at St.
John’s Memorial University in
Newfoundland, says, “We gave ourselves
this crisis.”58

MANAGING THE FISHERS

The theory of limited access argues that if
the oceans and coastal areas were under
some degree of local control, and not
open to all comers, then fishers would
have more incentive to preserve their
share of the resource. They would act as
stewards of the resource, rather than as
plunderers. But perhaps having control of
one’s future is not the key ingredient
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Table 4–2. Value of Imports and Exports, Top 10 Countries, 1995

Imports Exports
Country Value1 Country Value1

(billion dollars) (billion dollars)

Japan 17.85 Thailand 4.45
United States 7.14 United States 3.38
France 3.22 Norway 3.12
Spain 3.11 China 2.85
Germany 2.48 Denmark 2.46
Italy 2.28 Taiwan 2.33
United Kingdom 1.91 Canada 2.31
Hong Kong 1.83 Chile 1.70
Denmark 1.57 Indonesia 1.67
Netherlands 1.19 Russia 1.63

1Value includes all types of fish, crustaceans, mollusks, oils, and meals.
SOURCE: U.N. Food and Agriculture Organization, Yearbook of Fisheries Statistics: Commodities (Rome: 1997).



here, but rather a feeling of being lis-
tened to, a feeling that expertise—
whether gained from years at a university
or on a particular fishing vessel—is
respected and trusted by those in author-
ity. And often it is both.

In response to current policy failures,
fishers and policymakers are stitching
together a growing patchwork of systems
designed to fill the management gap. The
pieces of this quilt range from local fish-
ing cooperatives and community-based
management schemes to quotas and limit-
ed access regimes. Each has certain attrib-
utes that can help protect fisheries and
fishers and promote sustainable fishing.

Traditional sea tenure systems have
sustained island peoples in the Pacific for
thousands of years, while marine tenure
systems have evolved over centuries in
inshore fisheries. Many of these systems
have detailed, site-specific boundaries
that define fishing grounds and strict lim-
itations on how fishing is conducted. Most
are community-based; some are exclusive
to a particular group of fishers by gear or
family, designed not just to restrict access
and effort, but also to manage people.
They serve as effective deterrents to over-
fishing, for they often encompass a broad-
er belief system that values the sea for its
role in social history and cultural identity,
as well as food and sustenance.59

Many of the principles of community-
based management are still used success-
fully today. A self-governing common-
property arrangement exists in Alanya,
Turkey, for example. Created in the 1970s
after years of trial and error, the system is

based on rotating fishing sites from east to
west during different seasons. Fishers
have an incentive to follow this system of
access as it equalizes the opportunities for
fishing, and they monitor and enforce
their own rules. The Turkish government
has given cooperatives such as this one
jurisdiction over local arrangements,
lending credibility to the participants and
helping to legitimize traditional manage-
ment systems.60

Similarly, in 1991 the government of
the Philippines devolved management of
nearshore fisheries to municipalities and
local fishing communities. Although
problems of financing, jurisdiction, and
enforcement still persist, transferring
authority to fishers and fishers’ associa-
tions has helped keep fisheries manage-
ment within the context of local develop-
ment needs. Cooperatives have focused
on providing fishers with supplemental
income projects and with credit, lending,
and marketing services in an effort to
diversify income sources.61

At the other end of the management
spectrum is the movement toward mar-
ket-based solutions, which essentially pri-
vatize the right to fish. Among these
schemes, the most publicized has been
individual transferable quotas (ITQs). An
ITQ confers the right to harvest a certain
fixed volume or share of fish in a particu-
lar area and time. Quotas can be bought
and sold on the market, which in theory
will encourage inefficient fishers to leave
by selling their right to fish to someone
else. Traditionally, ITQs have tended to
concentrate quotas (and therefore access
rights) in the hands of the few who can
afford them and those who extracted a
large share of the resource before the sys-
tem was introduced. Although ITQs do
address the issues of overcapacity and eco-
nomic efficiency, often the results have
been devastating for small-scale fishers.62

ITQs have been implemented in
Australia, Canada, Iceland, the
Netherlands, New Zealand, and the
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Inevitably, the issue of overcapacity
comes down to what happens to 
people who rely on fishing for their
livelihoods.



United States. The first national program
was implemented in 1986 in 32 commer-
cial fisheries in New Zealand. Just one
year later, the three largest fishing com-
panies held title to 43 percent of the
ITQs. Within five years, these three com-
panies held half of all ITQs in the system.
Many small vessel owners and fishers
either subcontracted to larger companies
or went out of business completely.63

This same scenario is being played out
to varying degrees in fisheries across the
globe—from the mid-Atlantic surf clam
and ocean quahog fishery in the United
States to the Icelandic herring and
capelin fisheries, among others. ITQs
have helped solve economic inefficiencies
in fisheries, thanks to compensation for
removal and withdrawal of vessels from
industry.64

But biologically, the verdict is still out
on whether the quotas help or hurt the
resource. Of 31 ITQ fisheries reviewed by
the Committee for Fisheries of the
Organisation for Economic Co-operation
and Development, 24 have maintained
catches below the total allowable level.
But for several of these, what was allowed
was deemed too high for sustainable 
production. Most fisheries studied used
other regulations as well, including catch
size limits, gear restrictions, and closed
seasons, which helped mitigate problems
of declining productivity but tended 
to increase discards and monitoring costs.
Ultimately, the success of ITQs and other
management tools relies to a large extent
on accurate fish population data and 
conservative catch limits, which allow for
ecological complexity and interactions, 
as well as consistent enforcement and
management.65

Inevitably, the issue of overcapacity
comes down to what happens to people
who rely on fishing for their livelihoods. In
overcapitalized industrial fisheries, a com-
bination of a short-term economic ban-
dage, long-term economic restructuring,
and overall downsizing in the industry is

necessary. Governments can provide eco-
nomic aid to fishers who are struggling to
make a living. Retraining programs, edu-
cation, and incentives for people to shift
to other sectors and to supplement declin-
ing income from fisheries are important
to avoid massive social disruption.66

When this issue has been confronted
in industrial countries, governments have
paid to retrain fishers for other jobs or to
buy back vessels, often with little success.
A nearly $2-billion five-year social adjust-
ment program in Atlantic Canada known
as the Atlantic Groundfish Strategy is
helping fishers stay out of debt for the
time being, but critics argue that it
amounts to nothing more than a massive
social welfare program. And in 1996, the
U.S. government pledged $25 million to
buy out part of the commercial ground-
fish fleet in New England. But without
efforts to manage resources for the long
term, this reduction in capacity could be
overwhelmed in just nine years, based on
historical catches. Similarly, the European
Union set aside $2.2 billion to fund
restructuring and economic transition
programs for fishers. But intense pressure
from industry officials, politicians, and
fishers prompted EU ministers to back-
slide on fleet reductions and to postpone
needed reforms.67

In developing countries, alternatives to
fishing are more limited and jobs are des-
perately needed. Seaweed culture is being
advanced as a secondary activity for fish-
ers in Lombak and Bali, Indonesia. The
growing enterprise involves the labor- and
time-intensive process of tying seaweed in
clusters on ropes, attaching them to bam-
boo frames, and harvesting and trading
the seaweed. Likewise, low-input aquacul-
ture systems with noncarnivorous species
such as tilapia, milkfish, and mullet have
proved economically and ecologically
beneficial in Bangladesh, China, India,
and several Southeast Asian countries. In
the long run, societies may decide that it
is worth sacrificing economic efficiency in
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order to reap the social benefits of small-
er-scale fishing and preserve fish for food
and jobs.68

Another issue needing attention is the
lack of enforcement and monitoring.
Without these, any management plan is
almost certain to fail. One innovative
solution comes from the South Pacific
Forum Fisheries Agency, a regional body
with jurisdiction over island nations of the
South Pacific. The group recently adopt-
ed a plan to develop and implement a
satellite-based regional vessel monitoring
system. Based on experience in Australia
and New Zealand, initially the system will
monitor the position of up to 1,000 vessels
in South Pacific waters. With technical
improvements, it can also provide a
means of transmitting catch reports to
authorities. The first plan of its kind, this
effort has received support from some
industrial fishers who feel that monitor-
ing will prove they are in compliance with
fishing agreements. Several distant-water
fishing nations, however, including Japan,
have objections about data security, cost,
and the implementation time frame.69

Reducing high levels of bycatch and
waste is critical to improving fisheries.
This can be accomplished with more
selective gear, broader markets for fish
products, and a market orientation away
from an intensive focus on one particular
species to a more balanced approach of
using the entire catch for human con-
sumption as well as substituting other
sources of protein, meal, and oil for non-
food uses of fish. Turtle excluder devices
required on shrimp trawl nets by the U.S.
Endangered Species Act, for example,
have helped preserve the last Kemp’s rid-
ley turtles in the Gulf of Mexico, as well as
numerous finfish. Worldwide, invest-
ments in more selective gear types could
pay off with reductions in discards of
nearly 60 percent, according to FAO.70

One critical area for immediate gov-
ernment action is a marine equivalent of
the “polluter pays principle,” to hold ves-

sel owners accountable for the destruc-
tion they cause to fisheries and the
marine environment. Governments
would do well to set up a full-cost account-
ing system of industrial fishing practices
to prevent further ruin of the resource
and to pay for the damages, as well as to
guarantee that foreign access agreements
restrain fishing effort and get a fairer
compensation price. Until such destruc-
tive practices as cyanide poisoning and
dynamite blasting can be phased out,
consumers who enjoy shark fin soup, live
fish prepared before their eyes, and other
aquatic delicacies should be charged the
full ecological price for their meals.71

Another key ingredient is protecting
fisheries habitat areas and juvenile popu-
lations through the use of marine
reserves. (See Table 4–3.) On the Yucatan
Peninsula in Mexico, the Sian Ka’an
Biosphere reserve is home to the spiny
lobster fishery, which is closely controlled
by “an intricate and judicious limited
entry system,” according to geographer
David Miller of the State University of
New York in Cortland, that is similar to
government leasing out tracts of offshore
areas for oil and gas exploration.
Through a cooperative, fishers are grant-
ed a tract to fish any way they want. If they
overfish or damage their tract, they can-
not receive an additional one. Fishers can
trade, but the entire area has been allo-
cated to one fisher or another, so there is
little danger of overfishing. For conserva-
tion purposes, fishers have constructed
artificial reefs to shelter lobsters. These
fishers are among Mexico’s most outspo-
ken advocates for conservation and sus-
tainable development.72

“No-take” fishing areas, seasonal fish-
eries closures, and limited-use agree-
ments can help depleted stocks
rebound—and profits return. A 1982
study of the offshore shrimp fishery in
Texas waters documented an increase of
$9.4 million in shrimp harvest value fol-
lowing closure of the fishery, which
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allowed juvenile shrimp to grow to more
marketable sizes. A group of internation-
al marine biologists, oceanographers, and
scientists recently called for governments
to increase protected marine reserves
from the current 0.25 percent of the
ocean’s surface area to 20 percent by
2020. Such a move would provide needed
respite for commercially depleted fish-
eries and, combined with effective man-
agement, could allow stocks to regain an
estimated 10 million tons in production.73

Recently, a number of promising inter-
national fisheries and marine biodiversity
agreements have emerged to fill the void
in international fisheries policy. Chapter
17 of Agenda 21, the plan of action
endorsed by most of the world’s govern-
ments at the 1992 Earth Summit, address-
es the sustainable use and conservation of
marine living resources and highlights
the importance of integrated manage-
ment and sustainable development of
coastal and marine areas, including EEZs.
Although the language of Chapter 17 is
weak at best, there is an opportunity to
formalize tougher agreements in 1999,
when the U.N. Commission on
Sustainable Development is scheduled to
address oceans and seas.74

In 1991, the United Nations passed a
moratorium on high-seas driftnets. One
year later, more than 60 fishing countries
agreed to a voluntary international Code
of Conduct for Responsible Fishing pro-
posed by FAO, which calls for nations to
adopt selective and environmentally safe
fishing methods to protect subsistence
fishers, maintain biodiversity, and safe-
guard aquatic ecosystems. And in 1995,
governments signed onto the Convention
on Highly Migratory and Straddling
Stocks. This addresses fish stocks that trav-
el across EEZ boundaries, especially high-
ly valued tuna, swordfish, and shark; it
marked the first time that an internation-
al fisheries treaty or agreement accepted
the precautionary principle—the idea
that even without firm scientific proof,

society should take action when there is
the potential of irreversible consequences
or severe limits on the options for the next
generation. The Convention on Biological
Diversity also addresses marine biodiversi-
ty and extends a broader framework to the
protection of marine fisheries.75

SETTING A NEW COURSE

With 1998 designated by the United
Nations as “Year of the Ocean,” media
attention on the condition of the world’s
oceans and on marine conservation issues
offers a chance to build political momen-
tum and public support for rehauling fish-
eries management worldwide. Some lead-
ing scientists advocate establishing an
intergovernmental panel focused on
oceans and fisheries, formed along the
lines of the influential panel on climate
change, with input from nongovernmental
organizations, FAO, and national govern-
ments could help forge new coalitions to
reform fisheries management, build sup-
port for marine conservation research and
outreach, and further protect marine life.76

Rather than trying to resolve the ten-
sions between open and closed access,
between conservation and growth, sus-
tainable fisheries management can best be
achieved when it embraces the inherent
balancing act between these approaches.
What is needed is management based on
the precautionary principle.77

Truly sustainable fisheries manage-
ment requires conservative limits on fish-
eries to be set well below the biological
level of maximum sustainable yield.
Decisions are based on local conditions
and needs, with stakeholders involved
and represented. Some form of property
rights is also needed to guarantee sustain-
able fisheries. But the means of dividing
up the waters should be based on equity,
fairness, and need as determined by
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Table 4–3. Selected Marine Protected Areas and National Legislation

Problem Management Program Results

Apo Island Reef Sanctuary, Philippines

Island in danger of Marine Conservation and By 1988, edible fish and
losing corals because Development Program, initiated shellfish populations
of destructive fishing in 1985, included livelihood recovered; fishers could
methods used; fishing projects, environmental education, fish in surrounding 
economy devastated by community development training, and waters
overfishing and ecosystem programs in agroforestry and water
degradation. Fishers development. After 10 years, reefs are
travel 30 kilometers intact, fish are bounti-
to find fish. In 1986, 8 percent of the reefs were ful, and rare species

set aside as marine reserve; use such as the giant clam
restricted to scuba diving and (which have great eco-
snorkeling. nomic value) thrive.

Saba Island Marine Park, Lesser Antilles

Islanders want to control Established in 1987, marine Increase in marine
ecological impacts of the park includes entire coastal zone, park supports industries
thriving tourist trade, and is locally designed, self-managed, such as patrols, buoy
including coral reef and internally financed. maintenance, and
damage from boat visitor services,
anchors and high The park divides the reefs into providing jobs and
extraction of marine four zones: multiple use, allowing income to local
organisms. Lack of fishing and diving; anchor zones, residents.
funds for enforcement where free anchoring and mooring
and monitoring. are permitted; recreational diving Increase in tourism reve-

only; and recreational zones, which nue without having to
accommodate swimming, boating, pay for a new manage-
snorkeling, diving, and fishing. ment scheme. Divers

charged user fee.
Island residents raise funds to enforce

conservation measures and manage Sustainable use of the
the marine ecosystem. island’s marine 

resources.

Mafia Island Marine Park, Tanzania

Fear by islanders that In 1988, islanders, government Residents trained and
overfished and degraded representatives, and members of engaged in enforce-
coastal regions north of conservation organizations decide ment patrols, resource
the island would attract to create a multiple use marine park. monitoring, informa-
increased exploitation tion collection, conser-
of their waters. Islanders and technical experts vation programs, and

develop a plan with large non- evaluation.
extractive zone, area of limited fishing,
and general-use area with minimal Marine habitat gains
control. legal protection.
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Passage of Marine Parks & Reserves Sustainable socio-
Act in 1994 and land legislation economic benefits,
creating the park in July 1995 including fishing and
establish national law and policy tourism, are preserved.
in support of the park.

Destructive fishing practices banned
throughout the park.

National Legislation, Sri Lanka

Coral reef destruction Coral mining and related activities 48 percent decrease in
by coral mining; under- banned. coral illegally mined
mining of coral reef between 1984 and 1993.
ecosystem and functions Existing legal mandates strengthened.
contributing to severe Special Area Manage-
erosion along beach areas. Funding for alternative livelihood ment Plan enacted in

schemes made available for Rekawa to incorporate
High level of illegal coral coral miners. sustainable use strate-
mining due to lack of jobs gies for shrimp
and alternatives. Public education programs for fisheries, agricultural

miners, police officers, and members land use, and beach
of the community to raise awareness habitat for sea turtles.
of the damages from mining and to
improve enforcement and compliance.

Integrated Coastal Zone Management Program, Belize

Uncontrolled tourism Institutional support created through Seven areas of protected
damaging fragile reef Technical and Steering Committees; reef throughout the
areas. High boat traffic, monitoring, research, education, and country are declared
sport fishing, and diving. training centers. UNESCO World Heri-

tage Sites.
Declining catches for Legislative support embodied in the
several fish; frequent Coastal Zone Management Act; Belize’s fishing and
illegal fishing of under- no-fishing zones established. tourism industries are
sized conch and lobster; becoming self-sufficient
overfishing a threat. Community support; fishers, dive through user fees.

operators, and tour guides trained
Land-based activities in conservation; land use planning Mooring buoys set up to
causing severe runoff, emphasized. prevent damage to reefs;
erosion, and pollution. fishers help with stock

monitoring and assess-
ment.

SOURCE: See endnote 72.
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dependence on the resource and the best
available scientific knowledge, not simply
economic might and political pressure. At
a minimum, local control, a high degree
of enforcement and accountability,
resource users involved in management,
and a precautionary approach can form
the basis of a broad revolution in global
fisheries management. The way this is
implemented can take many forms, none
of which will be easy.78

Whatever course is followed, the cur-
rent state of reacting to crises rather than
preventing biological declines cannot
continue indefinitely. With fewer and
fewer commercially viable species avail-
able, fishers will soon face catastrophic
losses. Following the same patterns of
repeated mistakes will guarantee that fish-
ing is no longer an employer of millions
and a source of bounty. In many ways, the
form that fishing will take in the future
begins at home—in supermarkets and
high-end restaurants, in corporate head-
quarters and parliaments, and on shrimp
trawlers and the ferries blockaded from
leaving port—far from the high seas and
underwater habitats that are desperately
under siege. Unfortunately, indifference
has been the response to date.

Market forces that support environ-
mentally safe production practices need to
be harnessed on behalf of fisheries. A U.S.
consumer boycott of canned tuna in the
late 1980s successfully forced changes in
the way fishers caught tuna and helped
protect dolphins from being ensnared in
the nets. In April 1996, the World Wide
Fund for Nature teamed up with one of
the world’s largest manufacturers of
seafood products, Anglo-Dutch Unilever,
to create economic incentives for sustain-
able fishing. Implemented through an
independent Marine Stewardship Council,
fisheries products that are harvested in a

sustainable manner will qualify for an eco-
label. More efforts like this are needed to
convince manufacturers to replace fish
oils and meals with other products and to
stop wasteful fishing practices.79

Indeed, what is needed now is the same
scale of public outcry that helped save the
whales and ban trade in elephant ivory.
Ultimately, the future of global fisheries
may rest with consumers who buy fish
products that have been produced sus-
tainably, ask where a fish came from and
how it was raised, and demand that poli-
cymakers support the recommendations
of scientists to close fisheries and reduce
fishing effort. Tough choices are required
of fishery managers, who are often swayed
by politicians and industry leaders. Public
input into the process and agency
accountability for decisions will help
make fisheries management more true to
its purpose.80

Promoting sustainable fisheries will
also depend, to a large extent, on a
renewed commitment to the protection
of marine biological diversity and a long-
term, ecologically based perspective in
fisheries management. To this end, inte-
grated coastal management programs
that promote sustainable fishing and the
health of marine ecosystems are useful
tools that can be incorporated into fish-
eries management. Finally, there is a great
need for direct political action to support
new management schemes based on equi-
ty and need and to encourage greater par-
ticipation by fishers in management, deci-
sionmaking, and enforcement.

With timely action, fisheries can con-
tinue to provide food, jobs, and enjoy-
ment for millions of people worldwide.
But ultimately this means changing our
focus from what is done to a fish to what
can be done for the fish. And the time for
that change is now.
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Struggling to Raise
Cropland Productivity

Lester R. Brown

The world’s population is fast approach-
ing 6 billion and, despite a slowdown in
the rate of growth, it continues to expand
by 80 million a year. Feeding this addition
to our ranks requires 26 million tons of
additional grain annually. Two hundred
years after the famous piece by Thomas
Malthus, An Essay on the Principle of
Population, the race between food and
people is still a matter of concern in many
national capitals.1

While Malthus focused on the effect of
population growth on the demand for
food, he did not anticipate the effect of
rising affluence, of people eating higher
on the food chain as incomes rise. In Asia,
where more than half the world’s people
live, incomes are rising at a record rate. As
they do, so does the consumption of pork,
poultry, beef, eggs, and milk—all grain-
intensive products. In China, the world’s
fastest growing economy during the

1990s, easily two thirds of the growth in
demand for grain is for feeding livestock
and poultry.2

This extraordinarily robust world
growth in demand comes at a time when
the growth in grain production is losing
momentum. As a result, during the late
1990s carryover stocks of grain have
dropped to the lowest levels on record.
And grain prices, after declining for half a
century, have been rising since 1993. If
this trend cannot be checked, it could
lead to unprecedented political unrest in
Third World cities.3

ONLY TWO OPTIONS

Farmers expand food production either
by expanding cultivated area or by raising
land productivity. From the beginning of
agriculture until the middle of this centu-
ry, they relied primarily on the former;
rises in land productivity were so slow as
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to be scarcely perceptible within a given
generation. But by 1950 the frontiers 
of agricultural settlement had largely dis-
appeared.

Almost overnight, farmers made the
transition to raising yields. For four
decades, they lifted land productivity at a
rate that easily kept up with the record
growth in demand. In fact, they were so
successful that the United States was
forced to idle a share of its cropland to
prevent a precipitous decline in prices.
Since 1990, however, the rise in land pro-
ductivity has slowed rather dramatically,
raising questions as to whether farmers
will be able to keep up with future growth
in demand.

As this rise has slowed, the United
States returned to use the cropland that
was idled under commodity programs for
much of the last half-century. The only
remaining land held out now is that in the
Conservation Reserve Program (CRP),
which is designed to convert highly erodi-
ble cropland to grassland or some other
sustainable use. Perhaps half of the 14
million hectares in the CRP in 1997 could
be farmed sustainably if properly man-
aged. This would expand world grain out-
put enough to cover nine months of
world population growth. Similarly,
Europe also temporarily idled some crop-
land during the mid-1990s, but most of
that land is also now back in use.4

In this chapter, we use grainland as a
surrogate for total cropland, simply
because total cropland data are neither
consistent nor reliable. Most of the
world’s cropland is used to produce grain,
which when consumed directly supplies
roughly half of human caloric intake and
when consumed indirectly, in the form of
livestock products, accounts for a large
share of the remainder.5

As the world makes the transition into
the next century, some countries will be
losing cropland while other areas will be
gaining it. On balance, the cropland area
is not likely to change much. The losses

include those to residential, industrial,
and recreational uses and those to soil
erosion. Whether it is housing develop-
ments invading California’s vast fruit- and
vegetable-growing Central Valley, housing
construction in India, or the building of
factories in China, farmers are losing
cropland.

In India, for example, assuming a den-
sity of 8 people per dwelling, the project-
ed growth from 936 million people in
1995 to 1,403 million people in 2030
means building another 58 million resi-
dential units, either in single-family units
in villages and cities or in urban high
rises. Since India’s villages and cities are
located in the heart of fertile agricultural
regions, this projected growth will lead to
heavy cropland losses.6

China also is facing a heavy loss of
cropland from both residential and indus-
trial construction as it adds some 247 mil-
lion people by 2030 and as it tries to 
provide jobs for the more than 100 mil-
lion or so workers who have left rural vil-
lages, migrating to cities and construction
sites in search of work. The plan is even-
tually to employ these workers in the
industrial sector. Assuming roughly 100
workers per factory, the average in the
private sector, China will need to build a
staggering 1 million factories. With most
of China’s population and industry con-
centrated in a 1,500-kilometer strip on
the eastern and southern coast of the
country, where most of the cropland is
found, this too will inevitably lead to
heavy losses of cropland.7

Recreational land uses are also begin-
ning to compete with food production.
One of the most land-intensive leisure-
time activities is golfing. As incomes rise
in Asia, the number of golfers is rising at
an extraordinary rate. This has led to the
construction of thousands of golf courses
in Japan, the Philippines, Indonesia, Viet
Nam, Malaysia, and China.  Sensing the
threat this poses, Viet Nam has banned
the construction of golf courses on rice-
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land. Similarly, Guangdong Province, the
southern coastal province of China, which
has been the fastest-growing province in
China, also had to ban golf course con-
struction to protect its cropland.8

Losses to soil erosion are common,
especially in developing countries.
Kazakhstan, the largest wheat producer in
Central Asia, has lost one third of its crop-
land to erosion since 1980. On balance,
the world’s cropland area is not likely to
expand much at all over the next few
decades. If this happens, the grainland
area per person, which has shrunk from
0.23 hectares per person in 1950 to 0.12
hectares in 1997, will decline further,
dropping to 0.08 hectares in the year
2030. (See Figure 5–1.) Given this likely
development, can scientists restore a
rapid rise in grainland productivity, one
that will more than offset the shrinkage in
cropland area per person?9

Assessments of the potential for doing
this vary widely. In a recent World Bank
report, researchers indicated that they
expect grain yields to increase at 1.5 to 
1.7 percent per year, or “at rates compa-
rable to those in recent years.” With this
rosy outlook, the Bank projects surplus

capacity in world agriculture as a whole,
accompanied by declining food prices.
Our analysis comes to a very different
conclusion.10

World Bank economists base their pro-
jections on simple extrapolation, arguing
that “historically, yields have grown along
a linear path from 1960 to 1990, and they
are projected to continue along the path
of past growth.” Although extrapolating
past yield trends worked well enough in
previous decades, it will not work in a
world where biological and hydrological
constraints are emerging. In contrast to
the robust rise of 2.1 percent a year
between 1950 and 1990, yields rose only 1
percent a year between 1990 and 1995.
Although this period is too short to estab-
lish a clear trend, it does suggest that rais-
ing land productivity fast enough to offset
the future shrinkage in cropland area per
person may now be one of humanity’s
greatest challenges.11

SOURCES OF HIGHER

PRODUCTIVITY

The first recorded case in which farmers
achieved a steady, sustained increase in
output per unit of land—a “yield take-
off”—began more than a century ago in
Japan. In 1878, Japanese rice farmers got
an average of 1.4 tons per hectare. By
1984, the average yield had more than
tripled, to 4.7 tons. Since then, it has
plateaued—typically fluctuating between
4.3 and 4.6 tons. (See Figure 5–2.) Japan
has been unable to improve average rice
yields for more than a decade, even
though the government supports the price
paid to its farmers for rice at six times the
world level, thereby offering a powerful
financial incentive to raise yields higher,
and despite the government’s ability to
provide the best technology available.12

In the United States, the first yield
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takeoff came more than a half-century
later, with wheat. During the nearly 80
years between the Civil War and World
War II, U.S. wheat yields had fluctuated
around 0.9 tons per hectare. As the war
got under way and demand for U.S. grain
rose when production was disrupted
abroad, farmers began investing in high-
er-yielding seeds and in fertilizer. By 1983,
wheat yields had climbed to 2.65 tons per
hectare, nearly tripling the traditional
level. Since then, however, there has been
no further rise.13

Although the wheat yield takeoff in the
United States began decades after that of
rice in Japan, farmers in the two countries
appear to have “hit the wall” at about the
same time. Is this plateauing in two of the
most agriculturally advanced countries
temporary? Or does it signal a future lev-
eling off in other countries, as farmers
exhaust the known means of profitably
increasing yields?

The 2.5-fold increase in world grain-
land productivity since mid-century has
come from three sources: genetic
advances, agronomic improvements, and
synergies between the two. On the genet-
ic front, the principal growth has come

from redistributing the share of the
plant’s photosynthetic product (photo-
synthate) going to each of the various
plant parts (leaves, stems, roots, and
seeds), so that a much larger share goes
to the seed—the part used for food.
Scientists estimate that the originally
domesticated wheats devoted roughly 20
percent of their photosynthate to the
development of seeds; they were stalk-
heavy and harvest-light. Through plant
breeding, scientists have raised the share
of photosynthate going into seed—the
“harvest index”—in today’s wheat, rice,
and corn to more than 50 percent. Given
the plant’s basic requirements of an ade-
quate root system, a strong stem, and suf-
ficient leaves for photosynthesis, scientists
believe the physiological limit is around
60 percent.14

One of the earliest gains in this area
came when Japanese scientists incorporat-
ed a dwarf gene into wheat plants during
the late nineteenth century. Traditional
varieties of these grasses were tall and thin
because their ancestors growing in the
wild needed to compete with other plants
for sunlight. But once farmers began con-
trolling weeds among the domesticated
plants, there was no longer a need for tall
varieties. As plant breeders shortened
both wheat and rice plants, reducing the
length of their straw, they also lowered
the share of photosynthate going into the
straw and increased that going into seed.
L.T. Evans, a prominent Australian soil
scientist and plant physiologist who has
long studied cereal yield gains and poten-
tials, notes that in the high-yielding dwarf
wheats, “the gain in grain yield approxi-
mately equals the loss in straw weight.”15

With corn, varieties grown in the trop-
ics were reduced in height from an aver-
age of nearly three meters to less than two.
But Don Duvick, for many years the direc-
tor of research at the Pioneer Hybrid seed
company, observes that with the hybrids
used in the U.S. Corn Belt, the key to
higher yields is the ability of varieties to
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“withstand the stress of higher plant den-
sities while still making the same amount
of grain per plant.” One of the keys to
growing more plants per hectare is to
reorient the horizontally inclined leaves of
traditional strains that droop somewhat,
making them more upright and thereby
reducing the amount of self-shading.16

Although plant breeders have greatly
increased the share of the photosynthate
going to the seed of various grains, they
have not been able to fundamentally alter
the basic process of photosynthesis itself.
The amount produced by a given leaf
area remains unchanged from that of the
plant’s wild ancestors.

On the agronomic front, the principal
means of increasing land productivity
have been to use more fertilizer, expand
irrigation, and control diseases, insects,
and weeds. All these inputs and practices
help ensure that plants can reach more of
their full genetic yield potential.

Fertilizer helps to ensure that plant
growth will not be inhibited by any lack of
nutrients. The tenfold rise in fertilizer
use, from 14 million tons in 1950 to some
140 million in 1990, has been the engine
driving the worldwide rise in land pro-
ductivity. But in the 1990s, usage of fertil-
izer—like that of irrigation water—has
leveled off in many countries. U.S. farm-
ers, after discovering that there are opti-
mal levels beyond which further applica-
tions are not cost-effective, are using less
fertilizer in the mid-1990s than they were
in the early 1980s. This trend has been
followed by similar developments in
Western Europe and Japan.17

In the former Soviet Union, fertilizer
use fell precipitously after subsidies were
removed in 1988 and prices climbed to
world market levels. After 1990, a combi-
nation of the breakup of the Soviet Union
and the effort to convert from a planned
to a market economy led to a severe eco-
nomic depression, one that reduced fer-
tilizer use even more. After dropping dur-
ing the early 1990s as a result of the pro-

nounced drop in the former Soviet
Union, the recently restored trend of ris-
ing world fertilizer use is likely to contin-
ue for some time, with increases concen-
trated in countries such as India and
Argentina that have adequate soil mois-
ture but are using rather modest amounts
of fertilizer.18

Other agronomic contributions to
higher cropland productivity include the
more timely planting of crops made pos-
sible by mechanization and higher plant
populations per hectare, the latter apply-
ing particularly to corn. In temperate
zones, there is typically a brief window of
opportunity for seeding, usually mea-
sured in days, when optimum yields can
be obtained. After that, yields decline
with each day of delay.

Advances in plant breeding and agron-
omy often reinforce each other. The
dwarfing of wheat and rice plants not only
reduced the amount of photosynthate
needed for straw, it increased the benefit
of adding more fertilizer. For example,
the traditional tall, thin-strawed wheat
varieties grown in India could effectively
use only about 40 kilograms of nitrogen
per hectare. More than that made the
plants grow heavier heads of grain, but
these would often “lodge,” or fall over
(especially in storms), leading to crop
losses. With the dwarf varieties, farmers
could boost nitrogen applications to 120
kilograms per hectare or more, thus
greatly increasing the yield but with little
fear of lodging. This synergy between
genetics and agronomics helps explain
the doubling or tripling of yields achieved
with the first generation of high-yielding
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wheats and rices—the heart of the Green
Revolution.19

With corn, a greater tolerance for
crowding enabled growers to increase sig-
nificantly the plant population—and
hence the number of ears harvested—per
hectare. At the same time, herbicides
were being developed that would control
weeds, eliminating the traditional need to
plant corn rows far enough apart to per-
mit mechanical cultivators to pass
through the field early in the growing sea-
son. As a result of these two advances,
plant populations have climbed. In Iowa,
for example, corn plant densities have
nearly tripled since 1930.20

For each of the three major grains—
wheat, rice, and corn—the major world-
wide gains in productivity took place
between 1950 and 1990. Since 1990, gains
have been much smaller, and the ques-
tion now facing planners is just how much
more can be expected.21

RAISING GRAIN YIELDS

Yields of wheat, now humanity’s principal
food staple, vary enormously from one
country to another. Kazakhstan, the
largest producer among the central Asian
republics, produced only 0.6 tons per
hectare in 1995, for example; France, the
largest producer in Europe, produced
more than 10 times as much that year—
6.8 tons per hectare. It may be tempting
to cite such disparities as evidence of
potential for improvement in the lower-
yielding countries, but this would be high-
ly misleading. In fact, the prospect for
raising yields further may actually be bet-
ter in France than in Kazakhstan. Rainfall
is marginal for agriculture in Kazakhstan,
and with wind erosion of soil now wide-
spread, Kazakh soil scientists report that
cropland fertility is falling.22

A look at the historical trends in such

key wheat-producing countries as France,
China, and the United States helps
explain the potential for raising wheat
yields throughout the world. In France,
wheat yields have quadrupled since mid-
century, climbing from 1.8 tons per
hectare in 1950 to 7.2 tons in 1996. (See
Figure 5–3.) The United States, with a
yield of just over 1 ton per hectare,
ranked second after France in 1950. By
1983, farmers had pushed this above 2.6
tons per hectare. But, as noted earlier,
since then yields have been flat.23

The fallacy of thinking that low yields
are a measure of the potential for
improvement is further illustrated by a
comparison of India and Australia. In
1950, both countries were getting the
same yields from their wheat: about 0.9
tons per hectare. By 1995, India had near-
ly tripled its take, to 2.5 tons. Australia
had increased to only 1.7 tons. But the
difference is not a reflection of the supe-
rior capabilities of Indian farmers. In fact,
the Australians had to use great ingenuity
and effort to achieve even these modest
gains. The difference is that farmers in
India, who irrigate much of their wheat,
have good soil moisture, whereas those
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in Australia, who have to rely on sparse
rainfall, do not. This also explains why
Africa, a largely arid and semiarid conti-
nent, has not matched the yield gains of
Asia. Lacking either abundant rainfall or
irrigation to provide sufficient soil mois-
ture, farmers cannot effectively use much
fertilizer—and therefore cannot fully
exploit the genetic potential of their
crops.24

Grainland productivity is directly
affected by soil moisture levels, latitude or
day length, and solar intensity. The two
countries with the highest wheat yields
are in Western Europe. (See Table 5–1.)
Both have good soil moisture and suffi-
ciently mild climates that they can grow
the higher-yielding winter wheats that
benefit so much from the long summer
days. The next two on the list—Egypt and
Mexico—rely heavily on irrigation to
achieve relatively high wheat yields.
Indeed in Egypt, where it rarely ever
rains, wheat would not grow without irri-
gation. China, next on the list, relies on
supplemental irrigation for much of its
wheat crop.

Now that developing countries are col-
lectively using more fertilizer than indus-
trial countries and, with few exceptions,
are using high-yielding varieties and other
advanced technologies, ranking on the
yield chart is determined largely by the
environmental factors just mentioned—
rainfall, day length, and solar intensity.
When a country’s wheat-growing prac-
tices do fall short of their potential, the
yield can be improved rapidly until envi-
ronmental limits are reached—and then
no amount of money, ingenuity, or fertil-
izer can take it much further. The United
States nearly tripled its wheat yield by
1983, for example, but even with all its
access to technology, fertilizer, and agro-
nomic knowledge, it has not been able to
raise yields since then.25

Raising wheat yields in China is becom-
ing more difficult as aquifers are deplet-
ed, as the response to additional fertilizer

diminishes, and as the country’s fast-
growing cities pull irrigation water away
from agriculture. With the Huang He
(Yellow River) now running dry for sever-
al weeks each spring, and for progressive-
ly longer periods each year, some wheat
farmers downstream will face shrinking
irrigation water supplies.

In France and other major wheat-pro-
ducing countries such as Germany and
the United Kingdom, it took less than five
years for yields to go from 5 to 6 tons per
hectare, but more than a decade to go
from 6 to 7 tons per hectare. Almost
everywhere that wheat is produced, in
developing countries as well as highly
mechanized ones, the historic rise in
yields is slowing. Mexico, the site of the
breeding program that produced the
high-yielding dwarf wheats that came to
be widely used in the Third World, has
become the first developing country to
“hit the wall” in efforts to raise wheat land
productivity. Like the United States,
Mexico has not seen any improvement in
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Table 5–1. Annual Wheat Yield Per Hectare
in Key Producing Countries, 1994–96

Country Yield
(tons)

United Kingdom 7.7
France 6.8
Egypt 5.6
Mexico 4.1
China 3.6
Poland 3.4
Ukraine 2.7
India 2.5
United States 2.5
Canada 2.3
Argentina 2.1
Pakistan 2.0
Australia 1.6
Russia 1.4
Kazakhstan 0.6

SOURCE: U.S. Department of Agriculture, Foreign
Agricultural Service, World Agricultural Production
(Washington, DC: April 1997).



the past 13 years.26

Rice, to achieve its full yield potential,
requires large quantities of water, either
from the natural flooding that occurs in
monsoonal climates or from irrigation.
When farmers are forced to rely on mon-
soon flooding, they lack the water control
needed to use fertilizer and pesticides
effectively. Japan, which has the highest
yield among the major rice producers
(see Table 5–2), irrigates 99 percent of its
riceland—as does South Korea, which
ranks a close second. In Bangladesh,
where farmers harvest less than half as
much rice per hectare as the Japanese or
Koreans do, the irrigated share falls to 24
percent. Three fourths of the riceland in
Bangladesh is subject to the whims of the
monsoon.27

Rice is also affected by latitude, with
yields rising as distance from the equator
increases. In Japan, the northernmost of
the major rice-producing countries, days
during the summer growing season can be
several hours longer than in a country like
Indonesia, which lies astride the equator.28

A third factor affecting rice yields is
solar intensity. Asia, which produces 90
percent of the world’s rice, is actually
handicapped because the bulk of this

crop is grown during the summer mon-
soon season, when extensive cloud cover
reduces the amount of sunlight reaching
fields. Although Japan’s latitudinal advan-
tage and full use of irrigation give it the
highest yield per hectare in Asia, yields
are still one third below those in
California, where there is an abundance
of sunshine.29

The historical trends in rice yields in
Japan, China, and India (see Figure 5–4)
provide some insight into the longer-term
potential for raising world rice yields. 
As noted earlier, Japan tripled its per-
hectare output over a century of genetic
and agronomic improvements, plateau-
ing in 1984.30

China made its improvements later,
but it too appears to have tripled its 
rice yields. If the area planted to rice in
China is underestimated by up to 30 per-
cent, as Chinese officials now believe is
likely, then the yield per hectare of rice 
is overstated and the actual yield may be
closer to 3 tons per hectare rather than
the official 4.4. Nonetheless, if China’s
rice yield is adjusted for the latitudinal
handicap it suffers relative to Japan, then
its farmers may be approaching the 
same constraints as those in Japan. That 
conclusion is consistent with the observa-
tion that China is already using most of
the yield-enhancing techniques: high-
yielding varieties, nearly full irrigation,
and heavy doses of fertilizer.31

In India, rice yields have doubled since
mid-century, from roughly 1 ton per
hectare to 2 tons. Production in India suf-
fers from a lack of irrigation, and because
days are shorter during the summer than
in Japan, India cannot realistically be
expected to raise yields to anywhere near
the same level. Along with whatever
potential for higher yields that may
remain in India, the greatest promise
appears to lie in Bangladesh, Viet Nam,
and Myanmar (formerly Burma). But for
the world as a whole, the unrealized
opportunity to raise rice yields is shrink-
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Table 5–2. Annual Rice Yield Per Hectare in
Key Producing Countries, 1994–96

Country Yield
(tons)

Japan 4.8
South Korea 4.7
China 4.2
Taiwan 4.1
Indonesia 2.9
Viet Nam 2.4
Philippines 1.9
India 1.9
Pakistan 1.8
Bangladesh 1.8

SOURCE: U.S. Department of Agriculture, Foreign
Agricultural Service, World Agricultural Production
(Washington, DC: April 1997).



ing, suggesting that future gains will be
much slower.32

Perhaps the most promising source of
higher rice yields is the new rice proto-
type being developed in the Philippines,
which is expected to be available for com-
mercial use sometime after the turn of
the century. Dr. Gurdev Khush, the
Indian scientist who heads the rice breed-
ing project, believes it could raise rice
yields in the tropical and subtropical
regions, for which it is designed, by up to
20 percent. If it were to succeed in raising
yields on two thirds of the world’s rice-
land, this would boost the current world
rice harvest of 350 million tons by 50 mil-
lion tons, enough to cover world popula-
tion growth for two years. Vitally impor-
tant though this would be, it is a far cry
from the doubling or tripling of yields
that came with the first generation of
high-yielding varieties.33

Corn yield, at just over 4 tons per
hectare in 1995, is the highest of all the
cereals—well above the 2.5 tons for wheat
and rice. The prospect for raising that 
any further rests largely with the United
States and China, the countries that
account for two fifths and one fifth,
respectively, of the world corn harvest.

Both have been remarkably successful to
date (see Table 5–3), more than quadru-
pling traditional levels.34

The U.S. corn yield of 7.9 tons per
hectare in 1995 is the highest of any cere-
al in a major producing country. The rise
in yields started there around 1940, the
same time as for wheat and for essentially
the same reasons: as grain prices rose,
improved varieties became available and
more fertilizer was applied. After fluctuat-
ing between 1.5 and 2 tons per hectare
from the Civil War until the early 1940s,
corn yields crossed the 2-ton threshold in
1942 for the first time. In 1957, just 15
years later, they passed 3 tons per hectare.
Then things really happened quickly. Five
years later another ton was added.
Another five years and another ton. And
again. So from 1957 to 1972, U.S. farmers
doubled corn yields from 3 tons per
hectare to 6 tons. (See Figure 5–5.)35

Then the rate of growth began to slow
substantially. Going from 6 tons to 7 tons
took 10 years. More recently, rising from 7
to 8 tons between 1982 and 1992, the rate
of gain was only 1.6 percent a year.
Despite these enormous gains, corn yields
do not yet appear to be leveling off as
wheat yields have.36

China, as a relative newcomer to mod-
ern corn production, has seen its yields
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Table 5–3. Annual Corn Yield Per Hectare in
Key Producing Countries, 1994–96

Country Yield
(tons)

United States 7.9
China 4.9
Argentina 4.3
Brazil 2.5
South Africa 2.4
Mexico 2.2
Nigeria 1.8

SOURCE: U.S. Department of Agriculture, Foreign
Agricultural Service, World Agricultural Production
(Washington, DC: April 1997).



rise rapidly. But they are not likely to
reach U.S. levels because, unlike the
United States, China does not reserve its
best cropland for corn.

Argentina, where the 1995 corn yield
was 4.3 tons per hectare, may have the
largest unrealized potential for raising
yields. Despite the high inherent fertility
of the pampas, the country’s policy of tax-
ing farm exports discouraged investment
in agriculture, and little fertilizer was
used. The recent elimination of these
taxes has set the stage for heavy invest-
ment in this sector. That, along with high
world corn prices, has already helped
double fertilizer use in Argentina
between 1994 and 1996.37

In Brazil, where the corn yield per
hectare is only one third that of the
United States, farmers are handicapped
by a lack of the highly fertile, deep, well-
drained soils on which corn thrives. A
similar situation prevails in Mexico,
where corn is grown largely by smallhold-
ers on marginal land in mountainous
regions. These are typically hillside plots
where low rainfall and thin soils—often
heavily eroded—severely limit the yield
potential.

FACING BIOLOGICAL REALITY

For individual grains in individual coun-
tries, these historic trends show a sober-
ing pattern. In every farming environ-
ment where yields have risen dramatically,
there comes a time when the increase
slows and either levels off or shows signs
of doing so. It is equally revealing to look
at the global trends. (Three-year averages
are used here in order to minimize the
effects of weather variations; for example,
the yield shown for 1990 is an average of
the yield from 1989–91.)

From 1950 to 1990, the world’s grain
farmers raised the productivity of their
land by an unprecedented 2.1 percent a
year, but since 1990 the rise has slowed
markedly. (See Table 5–4.) Even if the for-
mer Soviet Union is excluded from the
global data for 1990 to 1995 because of
the uncharacteristic drop in yields associ-
ated with economic reforms and the
breakup of the country, the rate of yield
gain rises from 0.7 percent a year to just
1.1 percent—roughly half that of the pre-
ceding 40 years. While the first half of the
1990s is too short a period to determine a
new trend, the much slower rise in yield is
roughly in line with what this analysis
would predict. In addition to the plateau-
ing of wheat yields in the United States
and Mexico cited earlier, yields in Canada
and Egypt have shown no improvement
so far in the 1990s.38

Global trends for the three major indi-
vidual grains follow the pattern seen for
grain as a whole. Rice production, which
was modernized later than that of wheat
and corn, achieved an annual increase in
productivity of 2.1 percent between 1960
and 1990 but has dropped to 1.0 percent
since 1990. Wheat yields grew between
1960 and 1990 at an average of 2.6 per-
cent a year, then slowed to 0.1 percent
during the 1990s. (If the former Soviet
Union, a major wheat producer, is exclud-
ed from the global trend after 1990, the
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figure is 1.0 percent.) Corn productivity
rose on average 2.6 percent from 1950 to
1980, then fell to 1.3 percent in the 1980s.
The rise in corn yields accelerated slight-
ly during the first half of the 1990s, reach-
ing 1.7 percent a year, largely because of a
belated surge in yields in China and
Brazil.39

With the slower rise in grainland pro-
ductivity thus far during the 1990s, the
obvious next question is whether the
momentum can be regained through
biotechnology. Yet progress is not promis-
ing there either. After 20 years of
research, biotechnologists have not yet
produced a single high-yielding variety of
wheat, rice, or corn. Why haven’t some of
the leading seed companies put biotech-
nologists to work developing a second
generation of varieties that would again
double or triple yields?

The answer is that plant breeders using
traditional techniques have largely
exploited the genetic potential for
increasing the share of photosynthate
that goes into seed. Once this is pushed
close to its limit, the remaining options
tend to be relatively small, clustering
around efforts to raise the plant’s toler-
ance of various stresses, such as drought
or soil salinity. The one major option left
to scientists is to increase the efficiency of
the process of photosynthesis itself—

something that has thus far remained
beyond their reach.

When genetic yield potential is close to
the physiological limit, further advances
rely on the expanded use of basic inputs
such as the fertilizer and irrigation need-
ed to realize the plant’s full genetic poten-
tial, or on the fine-tuning of other agro-
nomic practices, such as the use of opti-
mum planting densities or more effective
pest controls. Beyond this, there will even-
tually come a point in each country, with
each grain, when farmers will not be able
to sustain the rise in yields.

U.S. Department of Agriculture plant
scientist Thomas R. Sinclair observes that
advances in plant physiology now let sci-
entists quantify crop yield potentials quite
precisely. He notes that “except for a few
options, which allow small increases in
the yield ceiling, the physiological limit to
crop yields may well have been reached
under experimental conditions.” This
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Table 5–4. Annual Change in World Grain Yields by Decade, 1950–95 

Year1 Total Grain Rice Wheat Corn Other Grains
(percent)

1950–60 2.0 1.4 1.7 2.6
1960–70 2.5 2.1 2.9 2.4 2.3
1970–80 1.9 1.7 2.1 2.7 0.4
1980–90 2.2 2.4 2.9 1.3 1.7
1990–95 0.7 1.0 0.1 1.7 –0.8

1Each decennial or mid-decennial year is a three-year average centered on that year so as to reduce the
effects of weather variability.
SOURCE: U.S. Department of Agriculture (USDA), “World Grain Database,” unpublished printout,
Washington, DC, 1996; USDA, Production, Supply, and Distribution, electronic database, updated February
1997; USDA, Foreign Agricultural Service, World Agricultural Production (Washington, DC: April 1997).

There will eventually come a point in
each country, with each grain, when
farmers will not be able to sustain the
rise in yields.



means that for farmers who are using the
highest yielding varieties that plant breed-
ers can provide, along with the agronom-
ic inputs and practices needed to realize
their genetic potential, there may be few
options left to raise land productivity.40

Viewed broadly, an S-shaped growth
curve begins to emerge for the historical
rise in world grainland productivity.
Throughout most of human history, land
productivity was essentially static. Then
beginning around 1880, Japan began to
raise its rice yield per hectare in a steady,
sustained fashion. By the mid-1950s, near-
ly all the industrial countries were expand-
ing their grain harvest by raising grain-
land productivity. And by 1970, they had
been joined by nearly all the leading grain
producers in the developing world.41

From 1970 to 1985, yields rose steadily
in virtually all the grain-producing coun-
tries of any size. Then this unique period
came to an end, as wheat yields in the
United States and Mexico and rice yields
in Japan leveled off. Eventually the rise in
grain yields will level off everywhere, but
exactly when this will occur in each coun-
try is difficult to anticipate. If more coun-
tries “hit the wall” in the years immediate-
ly ahead, as now seems likely, it probably
will further slow the rise in world grain-
land productivity, dropping it well below
growth in the world demand for grain.42

Except for the general warning by biol-
ogists that grain yields would eventually
plateau, no specific warnings were heard
in the early 1980s that the long rise of rice
yields in Japan or of wheat yields in the
United States or Mexico were about to
level off. Nor is anyone likely to anticipate
precisely when, for example, wheat yields
will level off in China, though this could
occur at any time. A review of the last half-
century’s experience in raising yields does,
however, offer certain generalizations.

One, the slower rise in grain yields
since 1990 is not the result of something
peculiar to individual grains or individual
countries. It reflects a systemic difficulty

in sustaining the gains that characterized
the preceding four decades.

Two, every country that initiated a
yield takeoff was able to sustain it for at
least a few decades.

Three, most countries that have
achieved a yield takeoff have managed at
least to double if not triple or even
quadruple traditional grain yields. Among
those that have quadrupled such levels are
the United States and China with corn;
France, the United Kingdom, and Mexico
with wheat; and China with rice.

Four, once plant breeders have essen-
tially exhausted the possibilities for rais-
ing the genetic yield potential and once
farmers are using the most advanced
agronomic practices, including irrigation,
the yield potential for any particular grain
in a given country is determined largely
by the physical environment of the coun-
try—by soil moisture, temperature, day
length, and solar intensity—factors that
are not easily altered.

Five, all countries are drawing on a
common backlog of unused agricultural
technology that is gradually diminishing
and, for some crops in some countries—
such as wheat in the United States and
rice in Japan—that has largely disap-
peared, at least for the time being.

Six, as a general matter, the more
recently a country launched a yield take-
off, the faster its yields rise and the short-
er the interval between yield takeoff and
leveling off.

Seven, despite the slower rise in yields
worldwide in recent years and the
plateauing of yields in a few countries,
many opportunities still exist for raising
grainland productivity in most countries.
These are most promising in countries
where there is room for improvement in
economic policies affecting agriculture.
Although most governments subsidize
agriculture, some still have economic
policies that discourage investment in this
sector. In these cases, the key to realizing
the full genetic yield potential of crops is
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the restructuring of economic policies, as
is happening now in Argentina.

Even with a concerted worldwide effort
to increase grain yields, the rise during
the last half of this decade could slow still
further, dropping below 1 percent a
year—far below the 2.1 percent that sus-
tained the world from 1950 to 1990.43

THE EMERGING POLITICS OF

SCARCITY

The slower rise in world grainland pro-
ductivity during the 1990s may mark the
transition from a half-century dominated
by food surpluses to a future that will be
dominated by food scarcity, a time when
growth in supply will lag behind the
growth in market demand. In addition to
the constraints on food consumption
imposed by low incomes, rising prices
could further restrict food intake among
the poor, expanding the number of those
who are hungry.

If the politics of surpluses is replaced
by a politics of scarcity, the issue will not
be access to markets by a small handful of
exporting countries but access to supplies
by the more than 100 countries that
import grain. Will exporting countries be
willing to guarantee access to their sup-
plies even in times of soaring grain prices?

With this loss of momentum in the
growth in the world grain harvest, it
comes as no surprise that world grain
stocks during the 1990s have dropped to
their lowest level ever. The bumper har-
vests of the mid-1980s boosted carryover
stocks for 1987 to more than 100 days of
consumption. But since then they have
dropped below 60 days of consumption.44

In response, the United States disman-
tled the commodity programs designed to
support prices by holding land out of pro-
duction, returning all the set-aside land to
use in 1996. Yet even with this additional

land and with unusually favorable weath-
er worldwide, there was little rebuilding
of stocks from the 1996 harvest. Nor are
stocks likely to be rebuilt from the 1997
harvest, adding still more evidence that
the era of surpluses may be over.45

Stocks that will provide at least 70 days
of world consumption are needed for
even a minimal level of food security.
Without this, one poor harvest can lead to
a sharp rise in grain prices. Whenever
stocks fall below 60 days’ worth, prices
become highly volatile. With the margin
of security so thin, grain prices fluctuate
with each weather report. When carry-
over stocks of grain dropped to 56 days of
consumption in 1973, for example, world
grain prices doubled. When they reached
the new low of 52 days of consumption in
1996, the world price of wheat and corn—
the two leading grains in terms of quanti-
ty produced—again more than doubled.46

With the world consuming 5 million
tons of grain daily, rebuilding stocks from
the 57 days of carryover for 1997 to 70
days would require an excess in produc-
tion over that of consumption of 65 mil-
lion tons—a gain that would have been
easy to achieve during the 1980s, when
large parts of U.S. cropland were held out
of production, but one that is now much
more difficult.47

The long-term decline in the real price
of wheat, the world’s leading food staple,
that has been under way since mid-centu-
ry may have bottomed out during the
1990s. (See Figure 5–6.) After dropping
to a recent low of $3.97 per bushel in
1993, the price increased in each of the
next three years, reaching $5.54 per
bushel in 1996, a rise of 39 percent. While
future year-to-year price changes will
sometimes be down, as may be the case in
1997, this analysis indicates that the long-
term trend is likely to be up. In some
countries that are not completely inte-
grated into the global food economy,
prices have risen even faster. For example,
the price of wheat at the beginning of

Struggling to Raise Cropland Productivity (13)



1997 within China was 49 percent above
the world market price. In the National
Conditions Report No. 5, published by the
Chinese Academy of Sciences, this higher
price for wheat and, to a lesser extent, for
other grains, was acknowledged with obvi-
ous concern.48

As the demand for grain outruns sup-
ply, importing countries are more vulner-
able than ever because they depend for
nearly half their imports on one suppli-
er—the United States—which controls a
larger share of grain exports than Saudi
Arabia does of oil. This is inherently risky
because the U.S. grain harvest, largely
rainfed, varies widely from year to year,
highly vulnerable to drought and crop-
withering heat waves.49

Farmers in exporting and importing
countries alike who have always had to
cope with the vagaries of weather may
now have to deal with climate change.
The 13 warmest years since recordkeep-
ing began in 1866 have all occurred since
1979. The four warmest years have come
during the 1990s, with 1995 topping the
list. Unfortunately for farmers and con-
sumers, heat waves like those that shrank
harvests in 1995 across the United States,
Canada, several European countries, the

Ukraine, and Russia could become even
more frequent if atmospheric carbon
dioxide levels continue to build.50

Three times in the last nine years, the
U.S. grain harvest has been reduced by
roughly one fifth from the preceding year
by weather. When the grain yield per
hectare was lowered in 1988 by 22 percent
from the year before (see Figure 5–7),
grain production dropped below con-
sumption. Fortunately, the United States
had vast grain stocks at the time and
could satisfy the needs of importing coun-
tries by drawing them down. In the event
of a similar shortfall in the late 1990s,
when grain stocks are at near-record lows,
this would not be possible. Knowledge
that the U.S. grain harvest can drop
below consumption should be of concern
to food-importing countries everywhere.51

In 1994, grain prices started to rise in
China, climbing by nearly 60 percent as
demand expanded faster than produc-
tion. Fearing political unrest, China
turned to the outside world for massive
imports of grain, which in turn triggered
an increase in world grain prices. As this
happened, exporting countries were
tempted to impose restrictions or even
outright embargoes in order to control
food prices at home.52

In the spring of 1995, for example, Viet
Nam embargoed rice exports for some
months simply because so much of this
staple had moved across its northern bor-
der into China, where rice prices were
much higher, that it created potentially
unmanageable inflationary pressures. In
December 1995, the European Union
(EU), which ranks third as a grain
exporter after the United States and
Canada, imposed an export tax on wheat
of $32 a ton in order to discourage
exports and dampen the rise in bread
prices within Europe. In January 1996 it
did the same thing for barley, its principal
feedgrain, because barley prices had near-
ly doubled, driving up the prices of live-
stock products.53
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Only when an exceptional 1997 world
grain harvest was in prospect and grain
prices dropped did the EU remove the
export tax. But in April 1997, when wheat
prices were again on the rise, officials in
Brussels once more levied an export tax.
Whenever this happens, the EU in effect
creates a two-price system for grain in the
world: one within Europe and another,
much higher, outside it, where the world’s
low-income populations live. This is an
early example of how rising grain prices
can lead governments to restrict exports,
putting importing countries at risk.54

Over much of the last half-century,
food aid provided a safety net for needy
countries, whether it was the war-torn
nations of Europe in the late 1940s or
Africa in the mid-1990s. But from fiscal
year 1993 to fiscal year 1996, the interna-
tional budget for food aid was cut in
half—dropping the amount of grain avail-
able from roughly 15.2 million tons to 7.6
million. With donor countries facing fis-
cal stringencies, political support for food
aid is weakening. In a world of surpluses,
the opportunity to simultaneously reduce
excessive supplies and provide food assis-
tance had a strong political appeal in

donor countries. But in a world of scarci-
ty, where providing food aid could raise
domestic food prices, it will become more
difficult to garner political support for
such assistance. And this is occurring at a
time when the U.S. Department of
Agriculture estimates that food aid needs
in 2005 will rise to 27 million tons—four
times the amount available in 1996.55

In this new world of scarcity, countries
that depend on imports for a large share
of grain, mostly for food, are at risk. The
countries of East Asia, such as Japan,
South Korea, and Taiwan, that import at
least 70 percent of their grain supplies are
particularly vulnerable, though each is
essentially self-sufficient in rice, the prin-
cipal food staple. Also at risk are countries
such as Algeria, Egypt, Iran, and Saudi
Arabia, which import one third to two
thirds of their grain.56

The assumptions underlying popula-
tion, agricultural, and trade policies dur-
ing an age of surpluses need to be
reassessed as the world moves into an age
of scarcity. National security in this new
era dictates that governments devise agri-
cultural and population policies that
enable them to avoid excessive depen-
dence on imported food. Despite the
fashionable trend toward globalization,
there are no global institutions that will
assure adequate food supplies for individ-
ual countries. Only the government of a
country can assume responsibility for the
food security of its people.

At the root of these difficult problems
is population growth. Many grain-deficit
countries are expected to have far larger
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deficits in the future. In the Middle East,
for example, the 1995 population of 215
million is projected to reach 443 million
by 2030, forcing this water-limited region
to import most of its grain. The popula-
tion of the northern tier of countries in
Africa from Morocco through Egypt—an
area already facing acute water scarcity—
is projected to grow from 137 million in
1995 to 234 million by 2030. Countries
within these two regions that already
import half or more of their grain include
Algeria, Israel, Jordan, Kuwait, Lebanon,
Libya, Saudi Arabia, and Tunisia.57

The projected growth in population in
sub-Saharan Africa is even more stagger-
ing, going from 588 million in 1995 to
1.37 billion in 2030. With thin soils and a
limited potential for irrigation develop-
ment, Africa seems destined to become a
massive importer of grain—assuming that
countries in the region can compete for
what are likely to be scarce supplies.58

To the east, Asia’s imports, growing by
leaps and bounds, will continue to
increase. China, already turning to the
outside world for massive quantities of
grain, may need to import some 200 mil-
lion tons by 2030, an amount equal to cur-
rent world exports.59

India’s population, likely to pass 1 bil-
lion in late 1999, is projected to hit 1.4 bil-
lion in 2030. Already facing widespread
groundwater depletion, it will likely be
importing heavily. Pakistan, also now
pushing against the limits of its water
resources, is projected to increase its pop-
ulation from 126 million in 1995 to 224
million in 2030.60

As Mexico, with a 1995 population of
94 million, moves to 150 million in the
year 2030, its current grain deficit is pro-
jected to be much larger—again because
it is running into the limits of water sup-
plies. Brazil, a country with one of the
poorest agricultural land endowments
and already the largest grain importer in
the western hemisphere, is facing an
increase from 161 million people in 1995
to 202 million in 2030.61

Many countries sense that they will
need to import more grain, and all seem
to assume that the United States will be
able to cover their needs. But with little
new land left to plow, with aquifer deple-
tion continuing in key farm states, and
with the rise in land productivity slowing,
possibly dropping below population
growth, any major expansion of exports
will be difficult. At the same time, the
export potential of both Canada and
Australia is severely limited by rainfall.
Argentina might be able to double its
annual exports of 12 million tons of grain
if it plows enough of its grassland, but
cropping has already expanded onto
highly erodible land. Even a doubling of
Argentinean exports would add only 6
percent to world grain exports.62

With the global demand for grain
beginning to outrun supplies, this analysis
indicates that real grain prices (after
adjusting for inflation) will rise in the
years ahead—reversing the historical
trend of declining real prices that was so
strong through the early 1990s. This chal-
lenges projections done by the World
Bank and the U.N. Food and Agriculture
Organization of continuing surpluses and
declining real grain prices through the
year 2010. The government of Japan, on
the other hand, has done a set of global
projections indicating that wheat and rice
prices could double by 2010—an assess-
ment much more consistent with the
prospect outlined here.63

A doubling of grain prices, were it to
occur, would impoverish more people in a
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shorter period of time than any event in
history. Instead of reducing the number
of malnourished people from 800 million
to 400 million by 2010, the goal adopted
at the World Food Summit in Rome in
late 1996, the ranks of the hungry would
mushroom, dashing confidence in the
capacity of governments to deal with this
most pressing issue.64

As the world moves into an era of food
scarcity, the international safety net that
has existed during the half-century since
World War II is disappearing. As noted
earlier, there is no longer any U.S. crop-
land idled under commodity programs.
World grain carryover stocks, meanwhile,
have dropped below 60 days of consump-
tion—little more than pipeline supplies.
At this level, they are well below the 70-
day minimum needed to cushion even
one poor harvest.65

If prices rise in the future, how will
they affect production? Historically, when
grain prices climbed, production re-
sponded strongly. Farmers could bring
more land under the plow. But now there
is little land left to plow. In the past, farm-
ers responded by investing more in devel-
oping water resources. When grain prices
doubled in the 1970s, investment in irri-
gation wells climbed, helping to expand
production. But in the late 1990s, invest-
ment in more irrigation wells in most
food-producing regions will simply accel-
erate the depletion of aquifers. In this sit-
uation, it is not the investment in irriga-
tion wells but the sustainable yield of
aquifers that determines the availability of
irrigation water. Simply stated, the tradi-
tional economic determinant of irriga-

tion water supplies is being replaced by an
environmental determinant.

Similarly, in the 1970s farmers could
substantially expand fertilizer use as grain
prices rose. But in much of the world,
applying additional fertilizer during the
1990s will have little effect on yields.
Again, an environmental constraint—the
physiological capacity of existing crop
varieties to absorb fertilizer—is replacing
an economic constraint, the availability of
credit with which farmers could buy fer-
tilizer.

This is not to say there will be no pro-
duction response to higher grain prices in
the 1990s. There will be. But it will be
muted compared with earlier responses
simply because some key economic deter-
minants of production levels are being
eclipsed by environmental determinants. 

One of the obvious conclusions of this
analysis is that there is a pressing need for
a much greater investment in the agricul-
tural sector—in agricultural research,
agricultural extension, soil conservation,
and irrigation efficiency. But the princi-
pal conclusion is that securing food sup-
plies for the next generation goes far
beyond agriculture. Achieving an accept-
able balance between food and people
may now depend at least as much on pop-
ulation policy and family planners as on
agricultural policy and farmers. Energy
policies that affect climate stability may
have a greater effect on future food secu-
rity than agricultural policy. And in a
world of land and water scarcity, policies
that govern the allocation of land and
water between agriculture and other uses
will directly affect future food security.
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Recycling Organic
Wastes

Gary Gardner

In 1876, a German chemist studying the
agricultural history of North Africa was
troubled about the fate of that region and
its implications for his day. In the first cen-
tury AD, North Africa’s fertile fields had
supplied two thirds of the grain con-
sumed in Rome. But the nutrients and
organic matter in that food were not
returned to North Africa; instead, they
were flushed into the Mediterranean. By
the middle of the third century, the one-
way flow of nutrients out of North Africa’s
grainland soils, along with declining lev-
els of organic matter, had contributed to
the region’s tumble into environmental
and economic decline.1

The chemist, Justus von Liebig, wor-
ried that Europe’s rapidly expanding
cities also depended too heavily on one-
way nutrient flows, with consequences
that would eventually undermine both
urban and agricultural areas. His solution
was chemical fertilizer, a package of con-

densed and easily transportable nutrients
that made it possible to escape depen-
dence on recycling organic matter. This
new technology revived the fertility of
nutrient-depleted farmland. And because
a ton of this plant food could pack as
many nutrients as dozens of tons of
organic matter, it could be shipped
cheaply over great distances. Cities could
now expand, and food could be imported
from far away, without concern for return-
ing urban garbage and sewage to farm-
lands. As a result, garbage and sewage
became waste products to be discarded
rather than soil builders to be reused.

Today, 2.5 billion of us—nearly half of
the human family—live in cities, more
dependent than ever on long, one-way
flows of nutrients and organic matter. But
reliance on linear flows instead of the tra-
ditional organic “loop” comes at a price.
To start with, many regions of the globe
are now overfertilized, a trend with conse-
quences well beyond the farm. Drinking
water in several European countries is con-
taminated with fertilizer runoff. Species
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diversity is reduced in terrestrial and
aquatic ecosystems by excess applications
of nitrogen and phosphorus. And plant
diseases become more prevalent in soils
dependent on manufactured fertilizer.2

At the back end of organic flows, dis-
posal of garbage and human excreta 
is increasingly difficult. Landfills are near-
ly full in many countries, and they leak
toxic chemicals into groundwater and
methane into the atmosphere. Sewage sys-
tems are expensive and water-intensive,
and often mix industrial chemicals with
human waste, making safe reuse of that
waste more difficult. And on farms, the
trend toward concentrated livestock-rais-
ing has led to surpluses of manure, which
quickly becomes a pollutant rather than
the natural resource it has been on farms
for millennia.

Returning nutrients in organic matter
to farm soils—“closing the organic
loop”—can help alleviate all these prob-
lems. Composting and reusing food
scraps and yard clippings would improve
soil structure, supply nutrients, and sup-
press disease, in addition to easing the
pressure on waste facilities. Opting for a
“dry” system of human waste manage-
ment—through the use of composting
toilets, for example—would free up clean
water for more vital uses, and would
avoid costly construction of sewer lines
and treatment plants. And limiting live-
stock facilities to a size that does not gen-
erate unusable surpluses of manure
would help ensure that the material is
recycled rather than dumped or washed
into rivers and streams. As policymakers
grapple with the problems of today’s bur-
geoning cities, they would do well to con-

sider these multiple advantages of re-
using organic matter.

ORGANIC MATERIAL FLOWS

A map of nutrient flows from farm soils
would resemble a tree, with a major trunk
line branching out to smaller flows as
nutrients travel farther from the farm.
Nutrients might, for example, be taken
up by corn, which is harvested and mar-
keted as food or livestock feed. These
products, in turn, branch out to one or
more waste flows—sewage, garbage, or
manure. The nutrient-laden wastes then
make their way to hundreds of landfills,
incinerators, rivers, or bays, which may be
hundreds or even thousands of kilome-
ters from the original soils. As nutrient
flows multiply and extend, so do the chal-
lenges of recycling them.3

Nutrients that leave farm soils must be
replaced if crop production is to remain
abundant. (Nutrients assist photosynthe-
sis—the plant’s use of light energy to
transform carbon dioxide and water into
organic compounds that give the plant its
energy.) Organic wastes, many of which
are rich in nutrients and organic matter,
can be used to replenish soils. But the
common practice in conventional agricul-
ture is to rely primarily on manufactured
fertilizer—a package of one or more
major nutrients (nitrogen, phosphorus,
and potassium), each of which is extract-
ed from its host environment. Nitrogen,
for example, is taken from the atmos-
phere and “fixed,” or converted to a form
that plants can use. Phosphorus and
potassium are mined, then processed for
use with crops.4

In most countries, nutrients flow pre-
dominantly from farms to the nation’s
own people, rather than to animals or
other countries. This is especially true for
grain, the source of more than half the
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calories consumed in most areas. In devel-
oping countries, more than three quar-
ters of the grain produced is consumed
domestically as food, and the share is even
higher in the least complex economies.
(See Table 6–1.) Sub-Saharan Africa, for
example, uses 97 percent of its grain for
food, compared with 28 percent in the
United States. The poorest nations pro-
duce little exportable surplus, and their
animals are largely pasture-fed, leaving
nearly all the grain harvest for domestic
human consumption. Thus, in most
developing countries the recycling chal-
lenge is to return human and municipal
wastes from cities to agricultural lands.5

With greater prosperity, meat con-
sumption tends to rise, and nutrient flows
become more complex as grain is divert-
ed to animals. Sub-Saharan Africa, for
example, feeds only 2 percent of its grain
to animals, but in the United States, 41
percent of grain nutrients are consumed
this way. Indeed, more U.S. grain nutri-
ents are fed to animals than are con-
sumed by Americans, by people in other
countries, or by industry. Thus in wealthy
nations nutrient recycling involves not
only human and industrial wastes, but
large volumes of animal wastes as well.6

Finally, some countries export a con-
siderable share of their nutrient outflow,

which complicates recycling possibilities
still further. The world’s top seven grain
exporters, which includes nations as dif-
ferent as Canada and Viet Nam, sell from
12 percent to 67 percent of their domes-
tic grain production to other countries.
(See Table 6–2.) Unlike flows to the
domestic populace or to animals, export-
ed nutrients can rarely be recovered by
the exporting nation, although reuse in
the recipient country is possible.7

Overall, 10 percent of the world’s grain
nutrients flow across borders in grain; the
figure would be somewhat higher if the
grain content of exported meat were
included in the analysis. As economies
become increasingly integrated and
import dependence grows, the volume of
crop nutrients crossing national borders
will rise. For net food exporters, the nutri-
ent deficit is covered by using fertilizer.
But even importers—although they are
accumulating nutrients from natural
sources—often resort to heavier than nec-
essary fertilizer use because they do not
recycle organic wastes, or because getting
organics back to farms is too expensive or
difficult. Africa takes in six times more
nutrients in food than it sends out, but
the soils of many African farms are steadi-
ly losing nutrients, thus exacerbating
their need for imported fertilizer.8
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Table 6–2. Grain Exports from Seven Largest
Exporters, 1995

Share of
Country Grain Exported

(percent)

Australia 67
Argentina 46
Canada 45
France 44
United States 37
Thailand 31
Viet Nam 12

SOURCE: U.S. Department of Agriculture, Production,
Supply, and Distribution, electronic database,
Washington, DC, updated October 1996.

Table 6–1. Domestic Consumption of
Domestically Grown Grain Nutrients by

Humans and Animals, by Continent, 
Mid-1990s

Share of Nutrients Consumed
Region By Humans By Animals

(percent)

Africa 83 15
Asia 80 16
Latin America 49 39
Eur. Union 28 41
North America 22 48

SOURCE: U.S. Department of Agriculture, Production,
Supply, and Distribution, electronic database,
Washington, DC, updated October 1996.



Research from the mid-1980s that
focused on a larger set of commodities
gives an idea of the net regional flows of
nutrients. Tracking nutrients in 15 sets of
foods, including grains, researcher G.W.
Cooke found a large net shift out of the
Americas and Oceania toward Africa,
Europe, Asia, and the former Soviet
Union. Perhaps more remarkable was the
imbalance (inflows compared to out-
flows) for each region. The smallest
imbalance was found in Asia, which nev-
ertheless imported four times as many
nutrients in food as it exported. North
and Central America, by contrast, export-
ed 76 tons of nutrients for every ton
imported. Cooke’s data demonstrate that
nutrients in food flow across regions in
highly skewed quantities.9

The use of manufactured fertilizer is
what allows these large imbalances in food
nutrient flows to be ignored. But fertilizer
is often applied more liberally than neces-
sary for plant growth (sub-Saharan Africa
is a notable exception), usually to ensure
that crops are not underfed. Indeed, in
the United States 56 percent more fertil-
izer was applied to grainland soils
between 1991 and 1995 than left those
soils in crops. In China, overapplication
appears to be even higher, with nearly
three quarters of the fertilizer applied
unaccounted for in harvested grain.
Although some of the excess is building
up in farmland in the short run, a large
share is leached or eroded away, polluting
waterways and degrading ecosystems.10

Overuse of manufactured fertilizer
could be reduced and soil quality raised if
nutrient outflows were reused on farm-
land. The “waste” flows from food, feed,
or exports are all potentially circular. 
And these reused nutrients can be aug-
mented using other wastes that did not
originate on the farm, such as leaves and
grass clippings.

Reuse of organic matter would supply
only a fraction of the nutrients needed in
agriculture. Nutrient losses are inevit-

able—as much as 50 percent of the nitro-
gen content of manure or sewage, for
example, returns to the atmosphere
through volatilization (a process akin to
evaporation), although proper manage-
ment can reduce these losses. And today’s
high-yielding crop varieties require more
nutrients than native varieties do. Still,
reuse of organic matter can reduce the
need for manufactured fertilizer while
building soil fertility and health—and
reducing the waste disposal needs of
urban areas.11

THE COST OF BREAKING THE

LOOP

When the circular flow of organic materi-
al is broken, two challenges immediately
arise: the new, linear flow must be fed at
one end, and emptied at the other. The
pump at the front end of the organic
pipeline is fertilizer, whose overuse has
spawned a panoply of problems. Fertilizer
production and other human activities
have doubled the global rate of nitrogen
fixing, essentially boosting our planet’s
fertility. (See Figure 6–1.) Indeed, fertiliz-
er production has grown more than nine-
fold since 1950. And because half of the
manufactured fertilizer ever used has
been applied only since 1982, the greatest
surge in nitrogen, phosphorus, and potas-
sium levels is quite recent, with its full
effects yet to be understood.12

Many of the consequences of the plan-
et’s overfertilization are more pernicious
than might be expected. Excessive levels
of nutrients, for example, can reduce
species diversity in both aquatic and ter-
restrial ecosystems. Eroded or leached
phosphorus and nitrogen promote over-
growth of algae in rivers, lakes, and bays at
the expense of other species, including
various fish. In fact, leached and eroded
nutrients help make agriculture the
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largest diffuse source of water pollution
in the United States. So extensive is the
agricultural pollution of the Mississippi
River—the main drainage conduit for the
U.S. Corn Belt—that a “dead zone” the
size of New Jersey forms each summer in
the Gulf of Mexico, the river’s terminus.
Rich in fertilizer nutrients that feed algae,
the once productive area now has far
fewer fish and shrimp, which cannot com-
pete with the decomposing algae for oxy-
gen. The phenomenon is repeated on a
smaller scale around the world in count-
less rivers and lakes that receive agricul-
tural pollutants.13

Similarly, excessive levels of nitrogen
have been shown to reduce plant diversity
in prairie ecosystems. In a recent 12-year
study, scientists found that nitrogen
applied to Minnesota grasslands spurred
the growth of some grasses—but at the
expense of others that were less well
adapted, leading to a 50-percent reduc-

tion in species diversity. This is consistent
with the experience in parts of northern
Europe, where high levels of nitrogen
deposition have converted species-rich
heathlands into species-poor grasslands.14

The loss of diversity, lamentable in
itself, also made the ecosystem “leakier,”
and therefore more polluting. Because
the invasive species were less able to store
nitrogen than the native grasses they
replaced, nitrogen leaching—an impor-
tant source of water pollution—increased
over the study period as the ecosystem
became biologically impoverished.15

This leakiness can be especially high
on a farm, particularly when manufac-
tured fertilizer is used. A 15-year study by
the Rodale Institute found that conven-
tionally fertilized fields leached 270 kilo-
grams of nitrogen per hectare, compared
with 180 kilos on manure-fed plots, and
only 110 kilos on legume-cropped land.
Indeed, the conventional fields saw soil
nitrogen decrease by 11 percent over 15
years, while manure-fed fields gained
nitrogen (which the soils retained for
future use by crops), and the legume-fed
soils kept it roughly in balance.16

Overuse of nitrogen and phosphorus
can also be harmful to human health.
Nitrates in drinking water can become
carcinogens when digested by humans,
and can cause brain damage or even
death in infants by affecting the oxygen-
carrying capacity of the blood. The
Organisation for Economic Co-operation
and Development (OECD) lists nitrate
pollution as one of the most serious water
quality problems in Europe and North
America. Indeed, every member of the
European Union has areas that regularly
exceed maximum allowable levels of
nitrates in drinking water. The problem is
expected to worsen in developing coun-
tries where fertilizer use is accelerating,
such as India and Brazil.17

In some regions, however, a shortage
rather than a surplus of nutrients is the
problem. Many African farmers, unable
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Figure 6–1. Natural and Human Sources
of Nitrogen Fixing
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to afford enough fertilizer, essentially
mine their soils of nutrients. In the worst
cases, nutrients leave agricultural soils
three to four times faster than they are
replaced. In sub-Saharan Africa overall,
fertilizer replaces only 28 percent of the
nitrogen, 36 percent of the phosphate,
and 15 percent of the potash absorbed by
crops. Recycling organic material could
help replenish these soils, and, in the
long run, keep fertilizer use from reach-
ing the excessive levels found in many
industrial countries.18

At the back end of the organic pipeline
is a different set of problems, mainly relat-
ed to waste disposal. Landfills in many
industrial countries, for example, are clos-
ing at a record clip. In the United States,
the 8,000 landfills in operation in 1988
had dwindled to 3,091 by 1996, as many
sites could not comply with federal envi-
ronmental regulations, and others simply
filled up. While total capacity has
increased in this decade (because landfills
are now bigger), some areas are feeling a
waste capacity squeeze. For example, New
York City’s Fresh Kills dump—the city’s
last remaining landfill, and the largest in
the world, covering 1,200 hectares—is set
to close in 2001. City officials are drawing
up plans to export some 13,000 tons of
garbage per day to other states, perhaps
hundreds of kilometers away.19

Organic material forms the bulk of the
growing mountains of municipal waste: 36
percent of the waste flow in OECD mem-
ber states is food or garden wastes. And in
developing countries, organic matter typi-
cally accounts for more than half, and
often more than two thirds, of the total
waste stream. In addition to taking up
space, rotting organic material emits
methane, a greenhouse gas that traps
atmospheric heat at 20 times the rate of
carbon dioxide. Indeed, the U.S.
Environmental Protection Agency (EPA)
estimates that decomposing organic mate-
rial in landfills releases some 10 percent of
the world’s human-caused methane emis-

sions. New York’s Fresh Kills dump alone
emits more than 5 tons of methane—near-
ly 2 percent of the global total from
human activities. Landfills also pollute
land and water as they leach acidic liquids
produced by rotting organic matter.20

The environmental costs and space
needs of organic waste have raised official
interest in reducing the tidal wave of
garbage. Several states in the United
States have ordered inflows to dumps cut
in half by 2000. In the United Kingdom,
authorities are working to reach a 25-per-
cent recycling level for household refuse
by then. And packed landfills in the Tokyo
area have led the city to ponder a garbage
collection fee to discourage waste genera-
tion. California sees composting as the
natural solution to these burgeoning
dumps. But the state would have to com-
post some 70 percent of its urban organic
wastes by the end of the decade to meet its
waste reduction goals—a hefty boost from
the current rate of 40 percent (which
already represents an enormous increase
from recycling levels of a decade ago).21

Human excrement is another
resource-turned-waste-product whose dis-
posal is increasingly problematic as
urban-rural organic loops are broken. For
millennia, many cultures returned
human waste to soils, and a few still do
today. But increasingly the material is
buried, incinerated, or flushed into rivers,
bays, or oceans. The human toll from
improper disposal (and from an unclean
water supply, often a related problem) is
intolerably high: some 2 million children
die each year and billions of people
become sick because of inadequate water
and sanitation facilities.22

The financial and environmental toll
can also be high, especially where sewers
are used. Sewers and treatment plants can
cost several times as much as a system 
of on-site sanitation. And sewers are
water-intensive, a distinct disadvantage in
regions of water scarcity. The United
Nations Comprehensive Freshwater
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Assessment, released in April 1997, notes
that a third of the world’s people live in
countries with moderate to high water
stress; that share could reach two thirds by
2025. As levels of stress increase, the water
needs of farmers, businesses, and house-
holds are unlikely to be met fully. Dry
methods of human waste disposal, such as
composting toilets, could save a meaning-
ful share of domestic water. And local
containment of human waste would
increase the prospects for returning
nutrients and organic matter to farm
soils, not to mention improving the
health of the rivers and bays where they
formerly ended up.23

COMPOSTING URBAN GARBAGE

The world’s cities dump tons of natural
wealth daily into landfills, incinerators,
bays, and oceans. Rich in organic matter,
and with a modest supply of nutrients, the
organic share of municipal waste flows—
more than a third in industrial countries
and well over half in many developing
nations—is typically treated as valueless.
Indeed, industrial countries reuse only 11
percent of their organic garbage. But
increasingly cities recognize the value of
this material, and are turning to the
ancient practice of composting as a natur-
al way to prepare it for reuse.24

Composting is a several-months-long
process in which bacteria, worms, or
other organisms feast on piles of carbon-
rich matter and digest it, leaving behind
humus—a rich, stable medium in which
roots thrive. Because it is riddled with
pores, humus shelters nutrients and pro-
vides extensive surface area to which
nutrients can bond; indeed, humus traps
three to five times more nutrients, water,
and air than other soil matter does. These
characteristics also help soils retain nutri-
ents that would otherwise be leached or

eroded away. Thus, adding organic matter
to soils further reduces the need for addi-
tional nutrient applications.25

Compost also helps suppress plant dis-
eases. Since the 1970s, horticulturalists
have found that compost limits the spread
of root rot as effectively as many fungi-
cides. Harry Hoitink, a plant pathologist
at Ohio State University and a pioneer in
disease suppression research, asserts that
compost use by nurseries in Ohio has
eliminated the use of methyl bromide—a
potent fungicide highly poisonous to
humans, and an ozone-depleting sub-
stance whose use is soon to be banned.
Because chemical alternatives to methyl
bromide are less effective or unsafe, the
disease-suppression capacity of compost is
welcome news.26

Compared with its advantages for soil
building, water retention, and disease sup-
pression, the nutrient contribution of
composted urban organic material is
modest, but nonetheless significant.
Nutrients in municipal solid waste (not
including paper) in OECD countries
totaled the equivalent of an average 7 per-
cent of the commercial fertilizer used in
those countries in the early 1990s. (See
Table 6–3.) Because fertilizer is common-
ly overapplied, however, the potential con-
tribution of urban nutrients is actually
larger than the figure of 7 percent indi-
cates. Coupled with nutrients from recy-
cled human waste, composted organic
garbage has the potential to cut the pollu-
tion of water caused by fertilizer overuse.27

Compost can reduce fertilizer use
because of its own nutrient content, but
also because it reduces leaching, which
allows a greater share of applied fertilizer
to be used by plants. At the same time,
compost releases its nutrient supply very
gradually (unlike fertilizer, whose nutri-
ents are immediately available to plants),
so the full nutrient contribution of com-
post is realized over time. The extent of
fertilizer reductions made possible by
using compost depends on the makeup of
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the compost, the amount applied, soil
and climate conditions, and the crops
being cultivated. Still, compost use has
already led to reductions in fertilizer
applications in some areas. According to a
World Bank official who has studied com-
posting in India, farmers there who use a
commercial compost called Celrich cut
chemical fertilizer consumption by some
25 percent.28

Finally, composting is accessible to peo-
ple who are poor. Because it is a decen-
tralized and natural source of wealth—
every household produces the needed
ingredients—composting can promote
better nutrition among the urban poor
who cultivate their own food. An estimat-
ed 200 million city dwellers worldwide
now practice urban agriculture, supplying

part of the food needs of some 800 mil-
lion people. In Kampala, Uganda, for
example, 35 percent of households pro-
duce their own food. And in Accra,
Ghana, urban residents supply the city
with 90 percent of the vegetables con-
sumed there. For the urban poor, com-
post is a virtually free fertilizer and soil
builder, whose production requires little
space, virtually no equipment, and a mod-
est amount of labor. Such a valuable and
affordable resource, available without
reliance on outside suppliers, can make
an economic and nutritional difference to
people living on the economic margins.29

For all its wonders, compost presents
some important managerial challenges.
Composts vary from place to place—and
even from batch to batch—because the
combination of inputs can vary so widely.
Yard clippings are more available in sum-
mer than in winter, for instance, and their
nutrient makeup changes with the sea-
sons. Paper availability may depend on
the ups and downs of the economy. This
complexity requires that compost makers
know their customers and respond to
their diverse needs, and that users under-
stand how the product works in soils.
Creating the right compost for a particu-
lar job and using it optimally will require
more research and outreach than is typi-
cally available today.30

As the many advantages of composting
become apparent, its use is taking off. In
the United States, composting facilities
multiplied more than fourfold between
1989 and 1996, from some 700 to more
than 3,200. Many cities and counties now
make organic matter available to the pub-
lic for use as mulch, or as the feedstock
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Table 6–3. Nutrients in Organic Municipal
Solid Waste1 Compared with Nutrients in
Fertilizer, Selected Countries, Early 1990s

Country/ Nutrient Equivalent in
Region Commercial Fertilizer Applied

(percent)

Mexico 17
Turkey 15
Japan 14
Netherlands 12
Belgium-Luxembourg 11
Italy 9
Portugal 9
Switzerland 9
Australia 8
Spain 7
Austria 6
Canada 6
Sweden 6
Finland 5
Greece 5
United States 5
Norway 4
Denmark 3
France 3
Average 7

1Excluding paper.
SOURCE: Worldwatch calculation based on data from
OECD, EPA, and FAO.

Industrial countries reuse only 11 
percent of their organic garbage.



for making compost. In San Jose,
California, a recently completed three-
year pilot program to promote the use of
compost led to a 54-percent increase in its
production by local processors, and
demand for the product was brisk.
Meanwhile, the Flanders region of
Belgium saw the level of organics recy-
cling double between 1995 and 1996.31

Composting is surging in part because
it is good business. Evidence of this is the
experience of Community Recycling of
Southern California, which saw gold in
the spoiled fruits and vegetables of area
supermarkets. In 1994, the company
began to compost the perishables of 28
stores. Three years later, the program had
expanded to include more than 750
supermarkets. The practice benefits all
parties. The supermarkets credit recy-
cling for reducing their waste flows by 85
percent. Community Recycling profits by
composting the waste and selling it—
125,000 tons worth a year so far—to area
farmers. And farmers, who apply the com-
post to some 12,000 hectares of farmland,
save on fertilizer purchases and build
their soils back up.32

Such mutual advantages, however, are
not automatic or guaranteed. The Indian
government has promoted composting of
municipal wastes in recent decades, but
the schemes have largely failed. Inclusion
of nonorganic material lowered the qual-
ity of the resulting compost. Poor equip-
ment maintenance led to breakdowns
and inconsistent production. City govern-
ments were seldom committed to the fed-
eral government’s vision of widespread
composting. And subsidies on fertilizer
made compost economically uncompeti-

tive. While the potential benefits of com-
posting are manifold, the Indian experi-
ence demonstrates that attention to fun-
damentals is essential for success.33

REROUTING HUMAN WASTE

Most of the world’s cultivated food passes
through human beings, so it is no surprise
that human waste is a trove of nutrients
and organic matter. Harvesting this mate-
rial for agriculture is a natural way to close
an important organic loop. Indeed,
Chinese farming thrived on recycled exc-
reta for thousands of years. But as more
cities process these wastes using technolo-
gies designed to dispose of them rather
than reuse them, safe recycling of human
waste becomes much more difficult. Safe
reuse is best ensured by shifting away
from disposal technologies—such as con-
ventional treatment plants, or sewers that
mix industrial and domestic waste—and
toward technologies engineered to pro-
duce a clean fertilizer. For countries not
yet committed to expensive disposal sys-
tems, this shift can occur more quickly.
Until it takes place, the reuse of human
excreta can be safely practiced only by
observing the strictest standards.34

Most excreta is not reused, although
reuse—often unsafely practiced—is grow-
ing. In developing countries, sewers, sep-
tic systems, and pit latrines are the domi-
nant disposal systems. Sewers and septic
tanks predominate in Latin America and
the Middle East, while Africans and
Asians rely at least as heavily on pit
latrines. Most sewers flow to the nearest
river, bay, or ocean; only 10 percent of this
sewage receives treatment. Where pit
latrines are used, waste material typically
remains buried. Except for parts of Asia,
which has a long history of excreta reuse,
and some arid regions, where sewage
water (often untreated) is commonly
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used for irrigation, human waste is widely
regarded as unwanted debris.35

Industrial countries have long had the
same perspective, but this is changing.
Many now encourage reuse of sewage
sludge on farmland, and the practice is
growing. Europe as a whole applied
roughly one third of its sewage to agricul-
tural land in the early 1990s, while the
United States applied 28 percent. But the
growing interest in reuse may reflect dwin-
dling options for cheap disposal rather
than a strong interest in building farm
soils. Traditional dumping sites—landfills,
incinerators, and oceans—are less avail-
able, more costly to use, or legally off-lim-
its today, while farmland is often an inex-
pensive alternative disposal site. But just
as sewers and treatment facilities are not
designed for recycling, farmland is not
suited to absorb the chemicals and heavy
metals often contained in a sewage stream
that mixes human and industrial wastes.36

If human wastes are made safe for use
on farmland, however, their reuse can
help reduce applications of chemical fer-
tilizer. In many developing countries, the
nutrient content of human waste is the
equivalent of a substantial share of the
nutrients applied from fertilizer, even
after losses of nitrogen to volatilization
are taken into account. (See Table 6–4.)
In OECD countries, nutrients in human
waste that is not already spread on land
are the equivalent of roughly 8 percent of
the nutrients applied as fertilizer. As with
municipal organic waste, this figure
understates the potential contribution of
nutrients in human waste. If fertilizer use
in OECD countries were reduced by a
third, nutrients in human waste could
amount to 12 percent of nutrients applied
as fertilizer.37

Recycling human waste safely and
effectively will require different tech-
nologies, or different ways of using exist-
ing ones. Sewers, for example, often con-
taminate human waste with heavy metals
or toxic chemicals from industry or

households. Conventional treatment
plants remove nutrients (and other mat-
ter) from wastewater, which lowers the
enrichment level of effluent used for irri-
gation. And conventional treatment
methods (with the exception of disinfec-
tion, which is rarely practiced in develop-
ing countries) reduce pathogens by too
little for safe reuse in agriculture. Thus,
many of today’s disposal technologies are
not well suited to producing fertilizing
products.38

Where sewers and treatment plants are
used to recycle waste, the results are
mixed, at best. Even in countries consid-
ered successful with reuse—Israel, for
example, which diverts treated wastewater
to irrigation—caution is warranted. The
country began large-scale reuse of sewage
effluent in 1972, and today recycles 65
percent of its wastewater to crops. No
excessive rates of illness have been linked
to its use. Nevertheless, cadmium levels
have been shown to increase by 5–10 per-
cent annually in Israeli effluent-fed soils,
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Table 6–4. Nutrients in Human Waste
Compared with Nutrients in Fertilizer,

Selected Countries, Mid-1990s

Country Nutrient Equivalent in
Commercial Fertilizer Applied1

(percent)

Kenya 136
Tunisia 52
Indonesia 49
Zimbabwe 38
Colombia 31
Mexico 31
South Africa 29
Egypt 28
India 26

1Assumes loss of 50 percent of nitrogen content
to volatilization.
SOURCE: Worldwatch calculation based on data from
FAO, USAID, and U.S. Department of Commerce,
and on E. Witter and J.M. Lopez-Real, “The
Potential of Sewage Sludge and Composting in a
Nitrogen Recycling Strategy for Agriculture,”
Biological Agriculture and Horticulture, vol. 5 (1987).



and heavy metals were found to have
accumulated in an aquifer below land
that was irrigated with effluent for 30
years. If industrial wastes were not
dumped in sewers, the country could
more safely apply sewage effluent to
crops. Better yet, if human wastes were
managed using dry (nonsewered) meth-
ods such as composting toilets, the water
currently used to carry sewage would be
available to agriculture as clean water.39

Sometimes sewers are little more than
feeder lines to irrigation canals; in these
cases, risks to human health are much
greater. Raw sewage used to irrigate veg-
etables and salad crops is blamed for the
spread of worm-related diseases in Berlin
in 1949, typhoid fever in Santiago in the
early 1980s, and cholera in Jerusalem in
1970 and in western South America in
1991. Even so, the risky use of wastewater
continues in many developing countries.
In the Mexican state of Hidalgo, waste-
water from Mexico City is used in the
world’s largest wastewater irrigation
scheme, covering some 80,000 hectares.
The effluent, which is 55–80 percent raw
sewage (the balance is storm water), is
barred from use on some salad crops, but
other foods—including corn, wheat,
beans, and some vegetables—are irrigat-
ed with sewage water.40

In contrast to effluent reuse, applica-
tion of sludge (the concentrate that
results from sewage treatment) to farm-
land carries a different set of risks, espe-
cially where industrial wastes or house-
hold chemicals are part of the sewage
flow. Tens of thousands of toxic sub-
stances and chemical compounds used in
industrial economies, including PCBs,
pesticides, dioxins, heavy metals, asbestos,
petroleum products, and industrial sol-
vents, are potentially part of sewage flows.
Many of these have been linked in the
larger environment to ailments ranging
from cancer to reproductive abnormali-
ties. They are also a threat to soils: once
introduced to cropland, for example,

heavy metals persist for decades (in the
case of cadmium) or even centuries (in
the case of lead). While the quantities of
these substances are typically low on aver-
age, the contents of a given load of sewage
sludge are unpredictable and their effects
on human and environmental health are
understudied.41

Although industrial nations maintain
standards for sludge reuse, these may be
lax. U.S. standards are the least stringent
of any in the industrial world, with allow-
able levels of heavy metals on average
eight times higher than in Canada and
most of Europe (although actual metals
levels in U.S. sludge are much lower than
allowable levels). Indeed, Cornell Univer-
sity researchers have recommended that
U.S. farmers apply sludge at no more
than one tenth the levels permitted by
EPA. Moreover, testing in the United
States is required infrequently—as sel-
dom as once a year for the smallest
applied amounts—even though the con-
tents of sludge can vary greatly from load
to load.42

One simple and ancient alternative to
sewage treatment plants is waste stabiliza-
tion ponds, a series of holding areas in
which sewage is retained for 10 days to a
few weeks. Bacteria and algae convert the
effluent to a stable form as it passes from
pond to pond. Stabilization ponds
require more land than conventional
treatment plants do, but they are much
cheaper, simpler to build and maintain,
and, best of all from a recycling perspec-
tive, more effective at producing safe irri-
gation water. A conventional treatment
plant can reduce the number of fecal col-
iforms in a milliliter of water from 100
million to 1 million—a 99-percent reduc-
tion, but not enough for safe use on
crops. For unrestricted irrigation use, the
World Health Organization recommends
a fecal coliform level a thousand times
lower—no greater than 1,000 per milli-
liter—and waste stabilization ponds can
achieve this.43

(12) State of the World 1998



One variant of the waste stabilization
pond is a wetland modified to process
wastes, the showcase example being one
in Calcutta. For more than half a century,
sewage has been channeled to a wetland
east of the city, where multiple ponds are
used not only to process waste, but also to
raise fish and provide nutrient-rich irriga-
tion water for farmers. Nutrients in the
waste feed fish, plants, and organisms in
the ponds. The fish, in turn, greatly
reduce or eliminate algal blooms, making
the final wastewater product more useful
for agriculture. Water hyacinth cultivated
at the ponds’ edges further purify the
water and protect the banks from erosion.
And the hyacinth are either harvested for
animal feed or composted. These multi-
ple benefits, combined with a cost less
than a quarter that of a conventional
sewage treatment plant, have made the
area a valuable municipal resource.44

A constructed micro-version of the
Calcutta wetlands system could provide
waste-processing capacity for some indus-
tries, thereby preventing their wastes
from entering the sewer system. Com-
plete with plants, microorganisms, and
even fish, these facilities consist of a series
of pools and constructed wetlands, often
built in a garden-like setting, which pro-
gressively treat industrial wastes. One U.S.
firm has found a robust market for these
facilities, with 20 projects built or under
construction since 1992 at businesses and
institutions as diverse as the M&M/Mars
Company in Brazil and Oberlin College
in Ohio.45

For all their advantages, these natural
filtering systems are land-intensive.
Stabilization ponds, for example, require
some 30 hectares for every 100,000 people
served. Where land is tight, other choices
are available, some of which can avoid the
expense of sewage infrastructure.46

One promising alternative is a series of
simple technologies from Mexico known
collectively by their Spanish acronym,
SIRDO. These systems build on the “dou-

ble-vault” waste treatment concept devel-
oped in Viet Nam, in which one chamber
collects current deposits of waste while
the other is closed for several months as
previously deposited material composts.
Solar heating and bacteria transform
wastes and other carbonaceous matter
into a safe and odorless “biofertilizer” that
is sold to nearby farms.47

Some SIRDO designs are “dry,” requir-
ing no water—and no sewage infrastruc-
ture—for their operation. Dry units serve
one or two families, and compost house-
hold organic garbage together with
human waste, reducing the need for land-
fills and sewage treatment plants. “Wet”
SIRDO units are neighborhood-level
mini-plants that biologically process the
wastes of up to 1,000 people, operating in
conjunction with existing flush toilets and
local sewer lines. Even these “wet” systems
save water, because they purify it—by per-
colation through a bed of sand and grav-
el—enough for reuse on gardens, or for
irrigating nonfood crops.48

As an effective sanitation technology,
SIRDO reduces illnesses caused by
pathogen-tainted water supplies.  In the
warm climates where SIRDOs are cur-
rently used, the units’ solar-heated waste
chambers generate higher temperatures,
over longer periods, than are needed to
ensure that pathogens are killed. In the
town of Tres Marias, Mexico, introduc-
tion of SIRDO technology and a new
potable water system are credited with
cutting the rate of gastrointestinal illness
from 25 cases per person in 1986 to less
than one case per person in 1990. Since
contaminated water is a major cause of
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sickness and death among children in
developing countries, the technology’s
success in sterilizing wastes is a welcome
advance.49

Moreover, the SIRDO systems are
affordable, and even generate modest
flows of revenue. A cost-benefit analysis
done by the U.S.-based National Wildlife
Federation found that all five SIRDO
models studied—three wet and two dry—
offered net financial gains under
Mexican market conditions for water,
labor, and biofertilizer. The simplest dry
design, for example, costs $607 over 15
years—but earns the owner $2,088 in fer-
tilizer revenues in the same period. The
net income for user families is modest—
on the order of $30–60 a year—but
nonetheless meaningful for people living
on the economic margin. Add to this the
social benefits of the technology—the
reduced need for sewage treatment,
boosted levels of public health, and
improved soil structure and fertility on
farms that use the biofertilizer—and
SIRDO’s potential is apparent. Indeed,
the technology is now used in Guatemala,
Chile, and nine states in Mexico.50

Another nonsewer approach to waste
processing doubles as a source of energy.
Since the 1970s, China has installed more
than 5 million anaerobic digesters—large
chambers, sitting mostly underground,
that break down a rural family’s organic
waste, including manure, human excreta,
and crop residues, producing gas in the
process. The units yield enough biogas to
meet 60 percent of a family’s energy
needs, mostly for cooking and for fueling
gas lamps. The digesters also produce an
odorless dark slurry, used primarily for
fertilizer, but also viable as feed for live-
stock or fish. The digesters are inexpen-
sive—$80 covers the cost of materials and
the help of a technician in construction.51

In cities with sewers, and where people
are accustomed to flush toilets, separa-
tion of human and industrial wastes will
be more challenging, and may need to be

viewed as a medium to long-term goal.
Nevertheless, current technologies sug-
gest several possible approaches. Dry
composting toilets, for example, can be
installed in the bathrooms of many sub-
urban homes. They look like standard
flush models—without the water tank—
and can hold up to several years’ worth of
excreta. They require some maintenance,
including periodic inspection of the
equipment and the compost itself.
Service contracts, however, can minimize
the burden on homeowners. Other non-
sewer technologies include micro-flush
toilets, which use as little as one pint of
water per flush, and vacuum-powered toi-
lets similar to those in aircraft lavatories.
All these systems create a fertilizing prod-
uct that can be applied to home gardens
or, where economically feasible, collected
and sold to farmers. And because the exc-
reta are segregated from the flow of
detergents, cleaning products, solvents,
and other chemicals used in many house-
holds, the composted material is clean.
The systems are not cheap, however,
ranging in price from $1,000 to $6,000
per unit.52

Large buildings, such as multistory
apartment complexes, would require dif-
ferent technologies. (Composting toilets
usually require that the holding chamber
be located directly below the toilet, which
makes their use in multistory buildings
impractical.) Constructed wetlands are
one possibility for buildings that have
plenty of land. Another option is the use
of biogas digesters, similar in concept to
those used by some Chinese peasants, but
on a larger scale. Located in a building’s
basement, the digester would collect
wastes from standard low-flush toilets and
produce two products: methane, which
could provide part of the building’s
power, and uncontaminated sludge,
which could be collected and applied to
farmland. Digesters offer a glimpse of the
multiple benefits possible from full
exploitation of human “waste.”53
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RESCALING MANURE

PRODUCTION

Fertilizer and cheap transportation were
the original scissors that snipped open
organic loops, thereby unleashing the
pollution and waste problems described
earlier. Today, the globalization of agri-
culture compounds these problems by
further stretching nutrient flows. And the
concentration of agriculture fattens these
flows, especially where livestock raising is
concerned, with nutrients and organic
matter accumulating to such an extent
that they cannot be safely absorbed. The
emerging lesson is that scale matters, and
that too large a scale can lead to distor-
tion and mishandling of nutrient flows.
Prospects for restoring circularity to
organic flows may require shortening and
unplugging today’s linear nutrient flows.

International trade in grain, which
tripled between 1960 and 1995, generates
nutrient losses in some areas and gains in
others. In Europe, for example, an exten-
sive livestock industry purchases feed
from as far away as Brazil, Thailand, and
the United States. But the industry has
outgrown the capacity of nearby lands to
absorb its wastes, so manure has steadily
accumulated. Indeed, earlier this decade
the Netherlands could boast the world’s
largest “manure mountain”—some 40
million tons’ worth.  Coupled with heavy
fertilizer use, these accumulations are
responsible for serious pollution prob-
lems in the Netherlands. Nitrate levels in
the country’s groundwater were more
than double the recommended maxi-
mum level in the early 1990s. So saturated
was the country in nitrogen and phos-
phorus at mid-decade that farmers could
have met their crops’ nutrient require-
ments from manure alone—without a sin-
gle application of nitrogen or phospho-
rus fertilizer—and still ended up with a
nutrient surplus in their soils.54

Taiwan has similar problems, after

building a substantial but import-depen-
dent hog-raising industry. The country
buys more than 90 percent of its corn
feed from farmers in the midwestern
United States, half a world away. But the
oversized hog-raising industry produces
more manure than the country can
absorb. As in the Netherlands, the result
is serious pollution: officials estimate that
two thirds of Taiwan’s water pollution
comes from manure discharges from hog
farms. As a result, the government has
been struggling since 1991 to reduce the
number of hogs by one third.55

Lengthened nutrient supply lines are
also found within the United States,
where feed is shipped ever greater dis-
tances as cattle-, hog-, and chicken-raising
facilities move away from feed production
regions. Cattle feedlots, for example,
were once located in the Corn Belt states
that supplied them with feed, but they
began to move hundreds of kilometers
west to the Great Plains in the 1950s and
1960s. More recently, hog production has
shifted hundreds of kilometers east, from
the Midwest to Virginia and North and
South Carolina. The nutrient supply line
for livestock, which once extended a few
hundred meters from field to barnyard,
has now been stretched across state lines,
essentially precluding the return of nutri-
ents to feedcrop fields.56

Extended feed lines in the United
States often end in excessive accumula-
tions of nutrients because of the growing
size of livestock-raising operations. (See
Table 6–5.) As these operations central-
ize, manure piles up, creating a waste dis-
posal dilemma where farmers once saw
only a resource. Indeed, facilities with
tens of thousands of animals generate
hundreds of tons of manure or thousands
of cubic meters of slurry, much of which
is dumped or runs off into nearby water-
ways. EPA estimates that effluent from
centralized livestock facilities accounts for
more than a quarter of the water pollu-
tion caused by agriculture in the United
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States. In North Carolina alone, over half
a dozen major lagoon spills were reported
in 1995, including one involving some
95,000 cubic meters of lagoon effluent—
enough to fill more than 60 Olympic-size
swimming pools.57

The buildup of nutrients from large
animal-raising facilities has been docu-
mented in several states. In Delaware, for
example, farmers were applying 72 per-
cent more nitrogen and phosphorus than
their crops needed in the early 1990s,
thanks in large part to heavy use of
manure from the state’s extensive poul-
try-producing operations. Without
enough cropland to absorb the moun-
tains of manure generated each year, the
material is applied wherever possible, at a
rate of overapplication that averages some
50 kilograms per hectare. The manure
generated by poultry could meet well
over half of the state’s crop nutrient
needs if it could be easily and economi-
cally distributed, but large, centralized
operations make this difficult.58

The question of scale is often treated
solely as an economic issue. From this lim-
ited perspective, bigger is better, because

economies of scale typically make large
operations more competitive than small
ones. But equally relevant are “ecologies
of scale,” under which larger operations
may be more environmentally damaging
because they reduce the possibilities for
successful recycling. A complete picture of
the costs and benefits of large, centralized
operations requires careful evaluation of
their environmental consequences.

RETURNING TO OUR

ORGANIC ROOTS

As the drawbacks of today’s linear organic
flows become evident, interest in recy-
cling organic material is growing.
Commitment to a series of principles of
organic matter management can help
make this recycling as ordinary as that of
aluminum or newspaper.

The baseline precept is this: in a fully
sustainable world, all organic flows must
cycle. By this principle, any instance of
organic dumping—whether of garbage
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Table 6–5. United States: Concentration of Livestock Production, Mid-1990s

Livestock Degree of Concentration

Beef More than a third of marketed cattle come from just 70 of the nation’s 45,000 feed-
lots. The number of feedlots in the top beef-producing states has fallen by 75 per-
cent over the past two decades. The largest facilities are found in Kansas, Nebraska,
and Texas.

Poultry 97 percent of U.S. sales are now controlled by operations that each produce more
than 100,000 broilers a year.

Pork U.S. hog and pig inventory has climbed some 18 percent in the past decade, while
the number of operations has decreased by 72 percent. In North and South
Carolina and Virginia, where the industry is increasingly located, nearly 80 percent
of hogs come from facilities with 5,000 or more head. In traditional hog-raising
states, only 6 percent of hogs come from facilities of this size.

Dairy The number of dairies has fallen from 250,000 a decade ago to 150,000 today, and
average herd size has increased by more than 50 percent.

SOURCE: Teresa Glover, “Livestock Manure: Foe or Fertilizer?” Agricultural Outlook, June 1996.



sent to a landfill or incinerator, sewage
flowing to a bay, or manure overapplied to
farmland—represents unacceptable waste
of a natural resource. Taxes or legal
restrictions can be used to prevent organ-
ic material from entering traditional dis-
posal sites. The United Kingdom, for
example, has instituted a landfill tax to
discourage landfill use, while several states
in the United States have mandated cuts
in organic inflows to landfills, or bans on
particular kinds of organic matter, such as
grass clippings. The United States has also
banned ocean dumping of sewage, and
Europe is set to do so as well. Just as most
countries today do not deliberately trash
their forests, fisheries, or other natural
resources, neither should their organic
matter be wantonly discarded.59

Outlawing dumping, however, is only
half the battle. Viable recycling options
are necessary to ensure that material is
actually reused. Such options are best gov-
erned by a second principle—that organ-
ic wastes should be segregated from other
wastes. It is generally simpler and cheaper
to prevent contamination of organic
material than to try to clean up dirty
material, and segregation of wastes is the
best way to achieve this.

Segregating organic matter from
garbage can be handled in several ways.
Separate collection of organic and nonor-
ganic garbage is one option for city gov-
ernments, with the city assuming responsi-
bility for composting the organic waste.  A
more innovative and decentralized
approach is city sponsorship of education-
al programs that equip residents to com-
post their own food and garden wastes.
Sonoma County in California sponsors a
citizen training program for composting
that has reduced participants’ landfilled
wastes by an average of 18 percent. Best of
all, the program is economical, costing
$12 for every ton of waste diverted—60
percent less than a landfill would charge
to take the material. Institutions such as
hospitals, schools, or prisons can also be

educated regarding the environmental
and financial incentives for composting
rather than dumping food wastes.60

Separation of human wastes from the
chemicals and heavy metals in industrial
and some household waste flows may be a
long-term process, especially where cities
are already committed to disposal tech-
nologies. In the meantime, “pretreat-
ment” of wastes by industry to reduce the
levels of heavy metals and toxic chemicals
in sewage is a good first step for cities that
rely on sewers and sewage treatment. To
wean these cities of this dependence,
however, plumbing codes that prohibit or
discriminate against alternative systems
such as composting toilets will have to be
revised. Then the use of composting toi-
lets or other on-site waste management
systems can be promoted through regula-
tions on new housing construction or
through tax breaks to residents who
replace flush systems with dry ones.

In developing countries—many of
which need to invest in construction or
maintenance of sanitation systems any-
way—a reassessment of sanitation repre-
sents an opportunity to leapfrog past the
costly problems of systems used in indus-
trial countries. Funding limitations are
cited as the chief obstacle to construction
of sanitation infrastructure in low-income
countries. Yet a system of composting toi-
lets—an option that most cities do not
consider—costs less than one seventh as
much as sewage systems.61

Converting organic wastes to a clean
and useful product, however, does not
ensure that organic matter will be recy-
cled; farmers have to want to use it.
Synthetic fertilizer is easy to use, with the
amount of nitrogen, phosphorus, and
potassium marked on the package label.
But compost, sludge, and manure are
highly variable products made from equal-
ly variable inputs. Farmers are often
unsure about how much to apply and at
what rate nutrients will become available
to plants. Markets for organic matter will
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not mature until farmers can be confident
about the product they are buying and
suppliers can respond to the diverse needs
of different soils and different crops.

This level of sophistication will require
greater research into the nature and
properties of organic matter, especially
compost, and how these function in dif-
ferent soils and climates and with differ-
ent crops. Unfortunately, research in
organic agriculture receives little official
support. The California-based Organic
Farming Research Foundation deter-
mined in 1997 that just 34 of the 30,000
research projects—one tenth of 1 per-
cent—funded by the U.S. Department of
Agriculture between 1991 and 1996
focused on organic agriculture. More-
over, no provision was made for dissemi-
nation to farmers of the results of these
few projects. Such institutional indiffer-
ence will need to be reversed if organic
recycling is to make the maximum possi-
ble contribution to agriculture.62

Even if organic dumping were pro-
scribed and farmers were eager to apply
organic matter, nutrients might still accu-
mulate in one area and be unnecessarily
depleted in another. Here, a third princi-
ple emerges: nutrient budgets should be
established to keep nutrient flows in
rough balance. Nutrient budgets are most
meaningful at the farm level, and can be
as useful to farmers as they are helpful to
the environment. A simple tool known as
the Nutrient Management Yardstick has
been developed by the Center for Agri-
culture and the Environment in the

Netherlands to track farm-level nutrient
flows. The tool is a workbook that helps
farmers account for all nutrients brought
onto the farm—whether in fertilizer,
feed, manure, or other materials—and all
nutrients that leave the farm in crops, live-
stock products, or other materials. Dutch
farmers using the yardstick have regis-
tered reductions in nutrient surpluses in
each of its six years of use, and its adop-
tion is likely to be widespread as farmers
develop mandated nutrient management
plans starting in 1998. Dissemination of
this simple tool through agricultural
extension programs could be an inexpen-
sive way to get a handle on nutrient flows
at the source.63

Because nutrient flows can be mea-
sured, agricultural operations can be held
accountable for safely maintaining nutri-
ent balances. Indeed, any operation likely
to have large on-site nutrient imbal-
ances—like the massive nutrient inflows
common to centralized livestock facili-
ties—should have a plan for disposing of
nutrient surpluses in a way that is envi-
ronmentally healthy. Until a facility can
demonstrate, for example, that nearby
landowners are willing to receive its
excess manure and that the manure will
be applied at rates that can be safely
absorbed by those soils, it should not be
allowed to expand.

Once they internalize these principles,
citizens and policymakers essentially
achieve a major shift in thinking and in
worldview. Organic matter is no longer
seen as disposable garbage, but as a soil-
building natural resource. And nutrients
are no longer viewed as wholly benign, to
be scattered wantonly throughout the
environment, but are understood to serve
economies and ecosystems best when
kept in balance. This acceptance of the
ancient appreciation of organic material
will be an important step toward building
sustainable cities and farms.
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Markets for organic matter will not
mature until farmers can be confident
about the product they are buying.
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Responding to 
the Threat of 

Climate Change
Christopher Flavin

Seth Dunn

In December 1997, representatives of
more than 160 nations assembled in
Kyoto, Japan, to sign a historic protocol to
the 1992 Framework Convention on
Climate Change. Like the Buddhist
monks trying to attain harmony with the
cosmos in the temples of this ancient city,
environment ministers hoped to help
reestablish harmony between humanity
and the Earth’s atmosphere. Over the last
10 millennia, the relative stability of the
climate has nurtured the evolution of
human society and the natural environ-
ment. Today, however, human activities
are rapidly disrupting this stability, plac-
ing both in peril.1

The challenge laid down at the Kyoto
summit was to spur a steady, gradual
descent from this last century’s precipi-
tous climb up a greenhouse-gas moun-
tain. Global emissions of carbon—which
in the atmosphere form carbon dioxide
(CO2), the most important greenhouse

gas released by human activities—from
the burning of fossil fuels reached a
record 6.2 billion tons in 1996, having
increased nearly fourfold since 1950. (See
Figure 7–1.) The postwar emissions binge
is a planetary experiment unlike anything
we have ever tried, overwhelming the nat-
ural cycling of carbon by oceans and
forests and bringing the atmospheric CO2

concentration to 29 percent above its
preindustrial level—higher than at any
time in the last 160,000 years. The
Intergovernmental Panel on Climate
Change (IPCC), which in 1995 confirmed
a “discernible human influence on global
climate,” estimates that a doubling of CO2

concentrations—likely to occur late next
century if we stay on the current path—
will increase global temperature by 1–3.5
degrees Celsius.2

This rate of change, the fastest in the
last 10,000 years, poses substantial risks to
the natural world and human society in
coming decades. While the complexity of
the Earth’s climate system makes it impos-
sible to know precisely the effects of rapid
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changes in the composition of the atmos-
phere, scientists around the world have
concluded that flooded cities, diminished
food production, and increased storm
damage all seem likely—and could well
produce catastrophic economic conse-
quences. Whatever the outcomes are, they
could take centuries to reverse, and could
affect the lives of billions of people.3

Just as homeowners buy insurance to
cope with uncertain but real dangers, gov-
ernments face the challenge of minimiz-
ing the risks of climate change by invest-
ing in affordable means of limiting
greenhouse gas emissions. Luckily, the
premium for climate protection has
dropped dramatically during the 1990s, as
many promising new technologies have
moved quietly but decisively from experi-
mental curiosity to commercial reality.
These new inventions allow rapid
improvement in the efficiency of energy
use, and can economically turn sunlight,
wind, and plant matter into electricity and
other useful forms of energy. The cost of
solar cells, for example, has fallen 95 per-
cent since the 1970s and is expected to
drop another 75 percent in the next

decade. Advances like this open up an
intriguing possibility: just as the econom-
ic miracles of the twentieth century were
powered by fossil fuels, the twenty-first
century may be marked by an equally dra-
matic move away from fossil fuels, and
from the global environmental threats
they carry.4

Such a sweeping change in the world’s
energy system will unfold rapidly enough
only if government policies—many of
which support the status quo and retard
the development of alternatives—are
transformed. In the past few years, a num-
ber of governments have demonstrated
that bold, innovative policies can spur
rapid adoption of new technologies, lead-
ing to sharp declines in the combustion of
fossil fuels. Efforts to cut fuel subsidies,
improve energy efficiency standards, and
support the accelerated use of renewable
energy are among the initiatives that have
proved effective in reducing emissions.
This experience shows clearly that green-
house gas trends can be turned around
with surprisingly modest shifts in policy—
and that these new policies can actually
spur economic development. Indeed, if
all nations had by now adopted the most
effective policies already taken up piece-
meal by one or more countries, global
greenhouse gas emissions might now be
headed down.

UP THE EMISSIONS

MOUNTAIN—AND DOWN

AGAIN?

Industrial countries are responsible for 76
percent of the world’s cumulative carbon
emissions since 1950. Recognizing this
disproportionate burden, signatories to
the 1992 climate change treaty agreed
that these countries should take the lead
by voluntarily holding emissions to 1990
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Figure 7–1. World Carbon Emissions 
from Fossil Fuel Burning, by Economic
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levels by the year 2000. But this goal has
disappeared in the cloud of greenhouse
gases belching from the automobiles and
smokestacks of industrial countries.
Farthest off track among leading emitters
are the United States, Australia, and
Japan, whose carbon emissions in 1996
were 8.8, 9.6, and 12.5 percent above
1990 levels. (See Figure 7–2.)5

A chief culprit in recent emissions
growth is the transportation sector, the
fastest-growing source during the past two
decades. Much of this is due to the auto-
mobile fleet, which has surged from 50
million to 500 million since 1950 and is
projected to double over the next quarter-
century as millions of people in develop-
ing countries purchase cars for the first
time. In industrial countries, meanwhile,
cars are also being sold in larger sizes and
being driven greater distances with each
passing year. At the same time, the popu-
larity of larger homes with ever more elec-
trical appliances is also increasing energy
use and carbon emissions. These trends,
supported by low fuel prices, have over-
whelmed the energy efficiency improve-
ments of the last decade.6

The record in industrial countries is
not universally bleak, however. The col-
lapse of energy-intensive industries in
Eastern Europe and the former Soviet
Union lowered Russia’s carbon emissions
33 percent between 1990 and 1996.
Emissions have dropped 7.6 percent in
Germany as a result of energy policy
reforms and the forced shutdown of inef-
ficient, coal-based industries and power
plants in its new eastern states. The
United Kingdom and France also kept
their carbon emissions below their 1990
levels through 1996.7

The fastest growth in greenhouse gas
emissions in recent years has been in the
developing world, where industrialization
is still gathering speed. (See Figure 7–3.)
By 1996, carbon emissions in developing
countries were 44 percent over 1990 lev-
els, and 71 percent over 1986 levels.
Rapid economic growth, particularly in
East Asia and Latin America, is driving
emissions up as growing numbers of peo-
ple are able to afford home appliances,
motorcycles, cars, and other energy-inten-
sive amenities of a “modern” lifestyle. The
International Energy Agency projects that
without additional policy initiatives, glob-
al carbon emissions from fossil fuels will
exceed 1990 levels by 17 percent in 2000
and by 40 percent in 2010, reaching 9 bil-
lion tons per year.8

The lead-up to Kyoto saw angry finger-
pointing between industrial and develop-
ing countries over the division of responsi-
bilities agreed to under the climate
convention. But such conflicts pale in com-
parison to the common interests—and
benefits—of cooperating to slow global
warming. John Holdren of Harvard
University likens the energy economy to a
supertanker headed at full speed for a reef,
asserting that: “We all need to steer coop-
eratively, not argue who’s at the wheel.”9

Indeed, industrial countries are well
positioned to pioneer a new generation of
energy and transportation technologies
that can be used to slow emissions growth.
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Figure 7–2. Carbon Emissions Trends,
Selected Industrial and Former Eastern 

Bloc Countries, 1990–96

70

80

90

100

110

120

1990 1992 1994 1996 1998 2000

Japan

Carbon Emissions
as Percent of 1990 Levels

Source: ORNL, BP

Germany

United Kingdom

Russia

United States



But developing countries need not lag far
behind; with the right policies, they could
end up with cleaner, more economical
energy systems, stay at the cutting edge of
innovation, and avoid having to make two
energy transitions in just a few decades.10

Thanks to a powerful combination of
government incentives and private invest-
ment, technologies such as synthetic
materials, advanced electronics, and
biotechnology are now trickling into the
energy industry. These technical advances
allow quantum leaps in automobile,
building, and appliance efficiency, and
have made it possible to convert wind and
solar energy into electricity at prices that
are competitive with fossil fuels.11

If combined with improved public
transportation, more compact cities, and
new industrial processes, these technolo-
gies can reduce carbon emissions signifi-
cantly while strengthening the global
economy and creating millions of jobs.
Just as automobiles followed horses and
computers supplanted typewriters and
slide rules, so can the advance of technol-
ogy make today’s energy systems look
primitive, inefficient, and uneconomical.
The first automobiles and computers

were difficult to use and expensive, but
they soon became practical and afford-
able; the new energy technologies are
now moving rapidly down the same engi-
neering cost curves. Although their cur-
rent role in world energy supply is small
(less than 1 percent), their potential con-
tribution is enormous.12

Among the recent studies confirming
the plausibility of profound change in the
energy system, one of the most striking
was carried out by the Group Planning
Unit of the Royal Dutch Shell oil compa-
ny. In a 1996 report, it envisioned a
“Sustained Growth” scenario in which fos-
sil fuels dominate energy markets in the
short run but renewable energy technolo-
gies “steadily progress along their learn-
ing curves, first capturing niche markets
and by 2020 becoming fully competitive
with conventional energy sources.”13

Most studies of the economics of
addressing climate change ignore the vast
potential for new policies to induce tech-
nological change, however, and conse-
quently estimate a high cost of reducing
emissions. The reality is different, as
demonstrated by the phaseout of ozone-
depleting substances in the early 1990s,
when low-cost alternatives were found far
more quickly and easily than economic
projections had predicted. These models
also overestimate climate protection costs
by assuming a simple, solitary policy
tool—putting a price tag on emissions in
the form of a tax on fossil fuels. This
approach overstates costs by neglecting
the potential to lower market barriers,
and often assuming the revenue will not
be recycled to reduce other taxes.14

According to economist Robert
Repetto, adjusting models to account for
such assumptions suggests that a well-
designed effort to deal with the climate
problem could actually increase econom-
ic output. The challenge for policymakers
is to devise and carry out such a strategy—
one that simultaneously helps stabilize cli-
mate and strengthens economies. In mov-
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ing forward to implement the Kyoto
Protocol, there is much to be learned by
looking back at government experiences
over the last decade in three key areas:
reforming fossil fuel prices, boosting
energy efficiency standards, and support-
ing the use of renewable energy.15

FINDING THE RIGHT PRICE

FOR CARBON

In building a fossil-fuel-based energy sys-
tem over the past century, most nations
have developed a complex web of policies
aimed at accelerating the extraction and
use of coal, oil, and natural gas. Special
subsidies and tax breaks for fossil fuels
encourage heavier use than otherwise
would occur; at a time when the goal
should be to reduce fossil fuel use, not
increase it, these are badly in need of
change. Direct supports for conventional
energy sources are estimated at $200 bil-
lion worldwide—more than half the value
of all the crude oil produced each year.
According to the IPCC, by phasing out
these supports industrial countries could
cut their projected carbon emissions for
2050 by 18 percent while increasing over-
all incomes in the long run.16

The most dramatic fossil fuel price
reforms so far have taken place in former
Eastern bloc countries, which under com-
munist rule had the highest subsidies and
which began to phase them out after their
revolutions. Poland cut energy subsidies
by $3 billion annually, and coal use
declined more than 30 percent between
1987 and 1994. Russia has slashed fossil
fuel subsidies by more than half since
1990, contributing to the drop in carbon
emissions of more than 30 percent. But
further reductions are possible.17

Energy price reform has been uneven
in Western Europe, where fossil fuel sub-
sidies stand at more than $10 billion

annually. The United Kingdom has wit-
nessed dramatic cuts, reducing coal sup-
ports from more than $7 billion in 1989
to virtually nil in 1995; the resulting dash
to natural gas lowered U.K. carbon emis-
sions steadily between 1990 and 1995. But
German coal subsidies have increased by
more than half during the last 15 years,
and despite a planned phaseout are pro-
jected to reach a record high in 1998.
Other industrial countries have done less
to get rid of subsidies. Australia, the
world’s leading coal exporter, has left
untouched its elaborate system of price
supports. The United States is gradually
reducing its own, but the subsidies remain
as high as $18 billion a year and include
tax breaks for the oil and gas industry.
Canada also gives large handouts to oil
and gas producers: $6 billion in tax incen-
tives each year.18

At the same time, fossil fuel subsidy
reform is accelerating in developing
countries. (See Table 7–1.) China’s sup-
ports have been reduced from $24 billion
annually to $10 billion just in the last five
years, slowing carbon emissions growth by
20 percent, according to World Bank esti-
mates. India has also made steep cuts, and
Brazil has eliminated subsidies for fossil
fuels completely.19

Removing subsidies for road building
and use can also reduce carbon emis-
sions. Since the 1950s, numerous indus-
trial countries have to varying degrees
shifted their transportation emphasis
from moving people—through rail, bus,
and other mass transit—to moving cars—
through the building and expansion of
roads and road-related services. While
these supports have yet to be fully tabulat-
ed, there is little doubt as to their large
role in encouraging private car use. The
United States is “king of the road,” spend-
ing as much as $121 billion annually to
support road use. In Japan, total road sub-
sidies are estimated at $66 billion. In
Europe, the supports are far lower and in
some cases negative, ranging from a net
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yearly road use subsidy of some $13 bil-
lion in Germany to a net road tax of about
$5 billion annually in France.20

Countries with the largest car popula-
tions—and problems—generally have
made meager efforts to redirect road sub-
sidies to rail and public transportation,
where they could go a long way toward
reducing oil dependence, smog, and con-
gestion. Germany, the United Kingdom,
and the United States, for example, main-
tain a heavy bias toward road building—
in the United States, the car receives $7 
of federal funds for every dollar given 
to public transport. But even countries
with reputations for supporting public
transport, such as Denmark, France, and
the Netherlands, are also yielding to 
road building pressure and failing to 
fend off rising car use. Japan includes
road building in its climate change plan,
even though such efforts are known to
increase driving.21

One key to reining in transport emis-
sions is more integrated decisionmaking
in transportation and land-use planning,
an approach France, the United
Kingdom, and the United States now
mandate. Another key is combining pub-
lic transit improvements with charges for

road use. Several governments have
begun to explore “road pricing” and
other restrictions on car use: examples of
local initiatives to actively restrain road
use can be seen in a variety of cities in
Germany, Sweden, and the United States,
as well as in Brazil, Poland, and
Singapore.22

Going a step further, taxes on fossil
fuels or on carbon emissions can make
their prices better reflect their effect on
climate. By internalizing the environmen-
tal costs of these fuels, such taxes actively
discourage their use. According to the
Organisation for Economic Co-operation
and Development, adjusting existing
energy taxes in proportion to the carbon
content of the fuels used could cut emis-
sions by 12 percent. The IPCC estimates
that higher gas taxes could cut carbon
emissions by up to 25 percent by 2020 in
most countries, and by as much as 60 per-
cent where prices are currently very low.
The levies can be returned to taxpayers
through cuts in other taxes, thereby
increasing national income levels.23

Five industrial countries have adopted
carbon and energy taxes that, though
weakened by exemptions and deductions,
are showing some results. (See Table
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Table 7–1. Fossil Fuel Subsidies in Selected Developing Countries and 
Countries in Transition, 1990–96

Country Subsidy Rate Total Subsidies,
or Region 1990–91 1995–96 1995–96

(percent of market price) (percent of gross domestic product)

Egypt 49 40 3.4
Eastern Europe 42 23 3.2
China 42 20 2.4
Russia 48 25 1.5
India 25 19 1.1
Indonesia 26 21 0.9
Mexico 28 16 0.7
Thailand 9 9 0.4
South Africa 11 4 0.3
Brazil 23 0 0.0

SOURCE: World Bank, Expanding the Measure of Wealth (Washington, DC: World Bank, June 1997).



7–2.) The Dutch tax, which exempts
renewable energy, is cutting carbon emis-
sions 2 percent annually. Sweden’s levy
has increased biomass use, mainly for
cogeneration (the combined production
of heat and electricity in factories and
buildings), by 71 percent. The Danish tax
revenue supports industrial energy effi-
ciency, and is also reportedly reducing
carbon emissions. All three revenues are
recycled to reduce income and wage
taxes. In other industrial countries, car-
bon taxes have been stalled by industry
opposition, although in 1997 the
European Commission tabled a new pro-
posal. Poland and Costa Rica have in the
meantime enacted small carbon taxes,
with Poland devoting part of the revenues
to energy efficiency and reforestation and
Costa Rica setting aside a portion for
reforestation as well.24

The lion’s share of energy taxes are
levied on gasoline. Taxes as high as 60¢
per liter ($2.50 per gallon)—more than
$1,000 per ton of carbon—are found in a
number of European countries. Some,
including Germany, Italy, and the
Netherlands, have recently increased fuel
taxes. Others have had less success: the
United Kingdom’s annual fuel levy was

removed in August 1997 by the new
British government, and the United
States—with one of the world’s lowest fig-
ures, averaging 36¢ per gallon—has been
unable to increase fuel taxes.25

Just as carbon tax funds can be chan-
neled to clean energy, gas tax revenues
can be steered to public transportation
rather than road-related services, as they
currently are. One nation doing this is
Austria, where the fuel tax is partly ear-
marked for local rail systems and has halt-
ed the country’s trend to larger cars. If
used more widely, this policy could help
industrial countries tackle their most
problematic—and least addressed—
source of emissions.26

BOOSTING EFFICIENCY

Another major “market failure” slowing
the revolution needed to stabilize climate
is the tendency of purchasers of energy-
using equipment to focus on the initial
price of the devices and ignore the life-
time fuel bills, which are often substantial.
One widely accepted and time-tested way

Responding to the Threat of Climate Change (7)

Table 7–2. Carbon/Energy Taxes, Industrial Countries, 1997

Country Date Introduced Current Rate Exemptions
(price per ton of carbon)

Denmark 1996 $2.10–24.30 Electricity use
$1–3.70 for industry

Finland 1990 $1.90 Industrial raw materials and
overseas transport fuels

Netherlands 1992 $1.20–1.60 Large-scale natural gas use and
renewable energy

Norway 1991 $4.60–15.30 Onshore natural gas use and
fuels for fishing, air and 
freight transport

Sweden 1991 $13.10 Electricity and some biomass
$6.50 for industry use

SOURCE: Richard Baron, Economic Fiscal Instruments: Taxation, Working Paper 3, Annex 1, Expert Group on the
UN Framework Convention on Climate Change (Paris: July 1996).



to overcome this barrier is to set mini-
mum efficiency standards that manufac-
turers must follow. If supported by higher
energy prices and combined with incen-
tives that motivate manufacturers and
inform consumers, standards can be
steadily ratcheted up, leading to continu-
ous efficiency improvements and emis-
sions cuts. The sooner they are strength-
ened, the greater their impact on the
large number of cars, buildings, and
appliances due to be manufactured and
installed in the next decade.27

Automobiles, which dominate the
transportation sector’s 21-percent share
of energy-related carbon emissions,
demonstrate the potential of and need
for efficiency standards. Standards estab-
lished in the 1970s improved efficiency
markedly during the 1980s but have lev-
eled off, leading to a decline in fuel econ-
omy. In the absence of standards, emis-
sions from road transport are projected to
double by 2020, with much of the
increase in developing countries. With
higher car fuel economy, however, the
emissions forecast could be cut by as
much as a quarter. This potential is
demonstrated by Toyota’s new Prius, a
hybrid-electric model with twice the effi-
ciency and half the carbon emissions of
other cars on the road. The Prius went on
the market at the end of 1997.28

Little progress has been made in
strengthening automobile efficiency stan-
dards so far in the 1990s, and the only
legally binding rules in place, in the
United States, have become nearly mean-
ingless. Enacted in 1978 and gradually
raised to 27.5 miles per gallon (8.6 liters
per 100 kilometers) for cars in 1985, the
standards nearly doubled the fuel econo-
my of new U.S. cars between 1974 and
1988. But they have remained essentially
flat since. Overall, U.S. new-car fuel econ-
omy is now declining, due partly to
greater use of sport utility vehicles.29

In other efforts to increase auto fuel
economy, 12 countries have enacted weak

voluntary goals that, averaging a 10-per-
cent efficiency improvement over 10
years, are little more than what will occur
anyway. To encourage consumers to buy
efficient cars, Austria and the Canadian
province of Ontario have enacted “fee-
bates,” which either offer carbuyers a
rebate or require them to pay a fee
according to the car’s fuel economy. But
these will have a limited impact without
tougher standards. The European
Commission has proposed an ambitious
target for 2005 of 47 miles per gallon (5
liters per 100 kilometers) for gasoline-dri-
ven cars and 52 miles per gallon (4.5 liters
per 100 kilometers) for diesel-powered
cars, compared with the current average
of 29 miles per gallon (8 liters per 100
kilometers) for gasoline-driven cars—
which would require an annual efficiency
improvement of 2–3 percent. The status
of this proposal is unclear, however. In the
developing world, only South Korea has
mandatory auto efficiency standards.30

Buildings and appliances, responsible
for 29 percent of global carbon emissions
from energy use, present another large
opportunity for cuts. Without further
measures, global emissions from these sec-
tors are projected to as much as triple by
2050, mainly due to increases in floor
space and in the use of appliances and
office equipment—particularly in former
Eastern bloc and developing countries,
where current buildings are highly ineffi-
cient and where most new ones will be
built. The IPCC estimates efficiency stan-
dards for buildings and equipment could
hold 2050 emissions to double the cur-
rent level while paying consumers back
for the higher upfront costs within five
years, with the largest opportunities in
tightened requirements for thermal insu-
lation, refrigerators, and office equip-
ment. Further reductions are possible if
these “sticks” are reinforced with “car-
rots,” such as tax incentives for retrofitting
old buildings and purchasing more-effi-
cient equipment. The largest potential
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savings are in developing countries, where
many consumers will soon purchase their
first refrigerators and televisions.31

Although most industrial countries
have building codes in place that they
have recently strengthened, in some cases
supplementing them with incentives, the
toughest are a fraction of what is eco-
nomically justifiable. Sweden’s codes,
enacted in 1983, remain the most strin-
gent and have served as an international
model, but even they could be significant-
ly tightened to keep up with the latest
building technologies. New Dutch codes
tap only a quarter of the possible savings.
Germany and Japan are offering subsidies
for buildings that meet or exceed the
standards, but their new codes are rela-
tively weak.32

Other industrial countries have strug-
gled to implement weaker systems: a new
code in Canada, which if widely used
would cut building energy use by one
fifth, has been adopted by just one
province. Most U.S. building codes at the
state level are out-of-date, and the nation-
al model code has been adopted by only
half the states. This has lessened the
impact of complementary efforts, such as
an incentive program to build buildings
that are 30 percent more efficient than
the code and a program to help home-
owners handle the high upfront costs of
retrofitting buildings by allowing them to
finance efficiency improvements through
mortgage payments.33

Other countries have made limited
headway in setting building efficiency
rules. Russia has enacted, but is failing to
implement, building codes. A handful of
mandatory building codes are found in
the Third World, most modeled on the
U.S. one: Thailand; Singapore, which
reports high compliance; and China,
which has also introduced tax incentives
for the construction of energy-efficient
buildings.34

While implementation is the greatest
challenge for building codes, adopting

new standards and updating existing ones
is the key for appliances—the fastest-
growing emissions source within build-
ings, which only a small number of indus-
trial countries have established rules on.
The United States has since 1978 estab-
lished criteria for more than 20 appli-
ances, which have brought significant
gains—including a tripling of refrigerator
efficiency—and are projected to yield
some $56 billion in energy cost savings
between 1990 and 2015. Ambitious new
U.S. refrigerator and air conditioner stan-
dards were enacted in 1997.35

Recent European Union refrigerator
standards, however, have been diluted 
by industry opposition to below half the
proposed levels. Appliance standards in
Russia have been set but are not being
enforced, while several developing coun-
tries have set appliance rules, including
China, South Korea, Mexico, and the
Philippines—the latter two of which report
modest successes in energy savings.36

Office equipment—the fastest-growing
source of emissions from commercial
buildings—lacks standards entirely,
though a U.S. computer labeling pro-
gram has encouraged some efficiency
gains, and now covers 60 percent of all
personal computers. Voluntary office
equipment targets have been set in
Switzerland and Japan—where electricity
consumption in offices is believed to be
one of the largest sources of carbon emis-
sions. The Tokyo-based Global Envi-
ronment Information Center of the
United Nations University recommended
in 1997 that Japan take the lead in calling
for the establishment of international
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Little progress has been made in
strengthening automobile efficiency
standards in the 1990s.



standards for office equipment and other
appliances.37

Industry—which accounts for 45 per-
cent of energy-related carbon emissions—
incorporates thousands of distinct
processes, and demands a more flexible
approach to reducing emissions than
standards can provide. More effective in
this case are targets that companies them-
selves decide how to meet. If stringent
and supported by price reforms and
incentives, voluntary covenants between
government and industry can tap a car-
bon savings potential that, despite two
decades of efficiency improvements,
remains great. The IPCC estimates that
industrial countries could bring emissions
from industry 25 percent below 1990 lev-
els in the short run, and considerably
more in the long run, just by upgrading
manufacturing facilities with the most
energy-efficient technologies available. If
done in step with the normal turnover of
equipment, the costs would be negligible.
The potential is even greater in develop-
ing countries and those in transition,

whose industries are 25–50 percent as effi-
cient as those in industrial countries.38

Over the past five years, governments
and industries have signed some 200 vol-
untary agreements aimed at reducing
greenhouse emissions. (See Table 7–3.)
These vary widely in scope, ambitious-
ness, reporting requirements, and
enforceability. The more successful ones
resemble formal contracts between gov-
ernment and industry, with specific goals,
required reporting, and penalties for
noncompliance. Those purely voluntary
in nature have been much less effective.39

The most ambitious industry cove-
nants to date are found in the
Netherlands, whose government has a
long tradition of voluntary agreements
and has since 1989 established 28 individ-
ual “Long-Term Agreements” covering 90
percent of the country’s industrial energy
use. Calling for 20-percent efficiency
improvements between 1989 and 2000,
and allowing for mandatory regulations if
the targets are not met, they have engen-
dered energy savings greater than origi-
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Table 7–3. Industry Covenants, Selected Industrial Countries, 1997

Share of Industrial
Country Energy Use Covered Targets Reporting Requirements

(percent) (average)
Netherlands 90 20 percent efficiency Govt. agency; required

improvement from 1989
level by 2000

Germany 80 20 percent emissions reduction Independent institute;
from 1990 level by 2005 required

Japan 60 10–20 percent emissions Govt. agency; required for
reduction from 1990 level noncompliance
by 2010

United States 7 None Industry self-monitoring; 
not required

Canada 70 None Industry self-monitoring; 
not required

Australia 30 None Industry self-monitoring;
not required 

SOURCE: International Energy Agency, Voluntary Actions for Energy-Related CO2 Abatement (Paris: Organisation for
Economic Co-operation and Development, 1997).



nally expected—with government moni-
toring and complementary tax incentives
reportedly playing a crucial role. The
energy savings achieved were even greater
than expected, and the government is
now considering even tougher goals.40

Germany’s industry covenants, which
include 19 sectors (80 percent of industri-
al energy use), also have specific targets
and are independently monitored.
Several outside evaluations, however, crit-
icize its lack of regulatory backup and
question whether the programs will stim-
ulate improvements beyond “business-as-
usual.” Tighter targets are being dis-
cussed, and the government now claims it
will introduce mandatory measures if the
current goals are missed.41

Japan’s voluntary agreements cover
about 60 percent of manufacturing and
aim for a 10-percent improvement by
2000. Keidanren, Japan’s industry associa-
tion, has further committed its 137 mem-
bers to reducing emissions 10–20 percent
below 1990 levels by 2010. These efforts
are supported by a two-decade tradition
of tax credits and low-interest loans for
industries installing energy-efficient
equipment. The country’s history of
industrial efficiency improvements and
the seriousness with which industry has
taken previous agreements with govern-
ment suggest this approach may yield pos-
itive results in Japan.42

Less likely to succeed are voluntary
programs in the United States, which con-
sist of general commitments, optional
reporting, and no government authority
to decree mandatory measures. A pro-
gram with industry has attracted a mere 7
percent of the sector’s energy use, with
few companies having developed action
plans. Voluntary agreements with electric
utilities include several interesting renew-
able energy and tree planting programs
but suffer from declining participation
and are achieving a fraction of the carbon
savings originally projected. Funding cut-
backs for a modestly effective lighting effi-

ciency program have limited its ability to
generate wider interest (though the pro-
gram’s structure is being replicated in
Poland and China).43

The industry covenants of other car-
bon-intensive economies suffer as well
from vague commitments, optional moni-
toring and enforcement, and limited pub-
lic access to information. The majority of
companies taking part in Canada’s pro-
gram have submitted only letters of
intent, with just a few companies detailing
extensive action plans. The Australian
program with industry, meanwhile,
assumes that the companies will achieve
no business-as-usual efficiency improve-
ments—thereby inflating the projected
results. Neither are currently expected to
have a demonstrable effect on emissions.44

Voluntary programs for industry, as
well as buildings and appliances, are
meanwhile under way in at least eight
developing and transitional countries.
The most innovative in encouraging
industrial efficiency has been China,
which bases worker bonuses on achieving
standards in several sectors, monitors
energy use through a network of energy
conservation centers, and sets quotas on
energy use. This has stimulated $6 billion
in energy efficiency investments.45

SUPPORTING NEW ENERGY

SUPPLIES

Avoiding dangerous climate change will
depend in large part on our ability to
develop new energy supply systems quick-
ly. New technologies are now becoming
available to combine the use of heat and
power, providing energy services far more
efficiently and cutting carbon emissions
by 60–80 percent. Converting sunlight,
wind, and other renewable resources into
energy, meanwhile, could in the next cen-
tury meet most of the world’s needs. The
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IPCC estimates that the aggressive devel-
opment of economically competitive
alternatives to fossil fuels could reduce by
two thirds the cost of cutting carbon emis-
sions 20 percent below 1990 levels. While
appropriately pricing fossil fuels will help
pull these technologies into the market, a
push is also needed to overcome the
many barriers currently impeding the
adoption of new energy systems.46

One of these barriers is the relatively
high initial cost of the new technologies.
The costs of solar photovoltaic (PV), wind,
geothermal, and biomass energy tech-
nologies have begun to fall as a result of
two decades of public research and devel-
opment, although this still stands at less
than 9 percent of energy R&D budgets in
industrial countries. Even more important
than raising R&D, however, is to surmount
the obstacles to deploying these technolo-
gies: the “uneven playing field” of low
electricity purchase prices and utility
monopolies that has kept them on the
sidelines of today’s energy market.
Fortunately, the 1990s has given birth to a
new generation of renewable energy poli-
cies that appear to be overcoming these
problems—with the initiative shifting
from the United States to Europe and
Asia. (See Table 7–4.)47

Two policies in particular are proving
their worth at quickly bringing renewable
energy and cogeneration to market. Tax
incentives—subsidies for installing equip-
ment and generating electricity—prime
the pump for these technologies, and can
be phased out once they gain a foothold.
Access to power markets at fixed or spe-
cial prices is the second mechanism that
has helped new technologies get off the

ground in several countries. These two
tools—alone or, more dynamically, in tan-
dem—can have a demonstrable effect on
carbon emissions while creating consider-
ably more jobs and exports than the con-
ventional technologies they replace.48

The effective use of tax incentives to
stimulate the use of new generating tech-
nologies dates back to the 1970s, and is
perhaps best seen in Denmark, which in
1979 began to offer wind generators a 30-
percent tax deduction for installing new
turbines. These incentives, which covered
only turbines certified by the Riso
National Laboratory, allowed Denmark to
become the world’s leading manufacturer
and exporter of this technology. Over the
last decade, the incentives have been shift-
ed from investment to production, and
small-scale wind generators now receive a
subsidy of 4.2¢ per kilowatt-hour, as well as
rebates on the national energy tax, value-
added tax, and CO2 tax. Wind power now
accounts for 6 percent of the nation’s
electricity supply. Since 1992, the Danish
government has also subsidized up to half
the cost of new cogeneration equipment.
Partly as a result, cogeneration supplies 40
percent of the electricity used, and the
government is aiming for a 65-percent
share by 2005. An independent review of
the Danish climate plan projects that by
2010, all of the country’s power not pro-
vided by wind energy may come from
cogeneration.49

In the United States, renewable energy
tax credits have had a more erratic histo-
ry. In California in the early 1980s, renew-
able power generators received generous
credits that stimulated some 12,000
megawatts in renewable energy use before
being abruptly cut back beginning in
1986. New incentives were introduced in
the early 1990s, but their effect has been
weakened by low fuel prices, overcapacity
in power markets, and the uncertainties of
electric industry restructuring. As a result,
wind power capacity has actually declined
in California during the 1990s.50
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In Denmark, cogeneration supplies
40 percent of the electricity used.



Tax incentives in the Netherlands have
helped boost the use of cogeneration to
30 percent of the total power supply, and
are also being used in a recent push to
promote renewables. From 1986 to 1995,
the Dutch government provided capital
subsidies of up to 35 percent for new pro-
jects. The grant was replaced in 1996 by a
generation subsidy of 8¢ per kilowatt-

hour for wind projects of 2 megawatts or
less. It provides an environmental tax
credit of 2.6¢ per kilowatt-hour and a fos-
sil fuel tax refund of 1.5¢ to the market
price of 3.9¢, effectively doubling the
price paid to wind generators. Developers
are also given an accelerated depreciation
allowance for the wind turbines and other
tax incentives.51
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Table 7–4. Policies to Promote Renewable Energy,
Selected Industrial Countries, 1997

Country Tax Incentives Purchase Prices

Australia None 10 percent premium from
some utilities

Austria Production tax credit for PV Premiums in some regions
Canada Accelerated capital tax depreciation Premiums in some provinces
Denmark 15 percent capital credit for wind 85 percent of retail price

4.2¢ per kilowatt-hour production for wind
credit for wind

Energy, CO2, value-added tax rebates
France Tax credits for PV, wind 4.8¢ per kilowatt-hour premium

for wind
Germany 50–67 percent capital credit for PV 65–90 percent of retail price

for PV, wind (at 10¢ per 
kilowatt-hour)

Japan 50–67 percent capital credit for PV 100 percent of retail price for
PV, wind (at 18¢ per kilo-
watt hour)

Netherlands 8¢ per kilowatt-hour production credit None
for wind

11.5 percent energy tax deduction
CO2 tax exemption
Tax exemption for green fund investors

Sweden 35 percent capital credit for wind None
1.2¢ per kilowatt-hour production credit

United Kingdom None 6.3–8.4¢ per kilowatt-hour
premium

United States 1.5¢ per kilowatt-hour production credit None
for wind, biomass

1.4¢ per kilowatt-hour for state and 
municipal wind, “closed-loop” biomass

10 percent investment credit for PV,
geothermal

Federal and state accelerated tax 
depreciation

SOURCE: International Energy Agency, Renewable Energy Policy in IEA Countries (Paris: Organisation for
Economic Co-operation and Development, 1997).



Many countries are shifting their tax
incentives for renewables from invest-
ment to generation, though some—such
as Sweden—offer both. The former sup-
ports 35 percent of the capital cost of tur-
bines above 60 kilowatts, and the latter
pays 1.2¢ per kilowatt-hour. Italian law
provides capital subsidies for renewable
systems, but the government has yet to
disburse any funds owing to budget short-
falls. Canada allows the accelerated
depreciation of capital for renewables
equipment, and is considering additional
tax deductions. Spain has a purchase
price of more than 7¢ per kilowatt-hour,
and has committed $105 million to a
third-party financing scheme. A number
of countries are using tax incentives to
promote building-integrated solar elec-
tric systems. Switzerland subsidizes the
installation of such systems on school
buildings as part of its strategy to have at
least one solar electric system in each of
its 3,000 villages by 2000.52

One of the most effective policies sup-
porting new generating technologies in
the 1990s is the so-called electricity feed
law, which sets a fixed price at which small
renewable energy generators are provid-
ed access to the electricity grid—the sec-
ond key tool for bringing renewables to
market. The most successful example of
this so far is Germany’s law, which in 1991
obligated utilities to buy renewable elec-
tricity at up to 90 percent of the average
purchase price for end users. Guaran-
teeing a premium of 17 pfennigs (10¢)
per kilowatt-hour for wind generators, the
act spurred the addition of nearly 1,500
megawatts of wind power capacity

between 1991 and 1996. Germany sur-
passed the United States as the leading
wind power generator in 1997, and
reports the industry has created at least
10,000 new jobs.53

Similar laws have taken hold in a half-
dozen other European countries and,
according to German energy analyst
Andreas Wagner, “have become the deci-
sive criteria for renewable energy devel-
opment in Europe.” They vary widely in
the technologies covered and the prices
paid—and therefore in effectiveness—
but they have a proven ability to over-
come the biggest single obstacle to new
technologies: the tendency of monopoly
electric companies to block them from
the power market. They have worked best
when combined with tax incentives in the
early years, as in Spain, which provides
more than 7¢ per kilowatt-hour for wind,
solar, biomass, and small-hydro electricity,
helping make Spain register the fourth
largest increase in wind power in 1996.54

In another type of market access policy,
the United Kingdom’s Non-Fossil Fuel
Obligation requires distribution utility
companies to purchase small but steadily
growing portions of renewable power for
their electricity portfolios. Independent
power suppliers compete for contracts to
supply power from wind turbines and
other renewable energy sources, support-
ed by a 10-percent levy on fossil-fuel-based
electricity. These contracts guarantee a
price above that paid to fossil-fuel genera-
tors and last for a period of eight or more
years while the price support steadily
drops. The program, initially designed to
prop up the nuclear industry, encouraged
a modest rise in wind power installations
of some 87 megawatts between 1992 and
1996, and the prices that had to be paid
for the new energy sources fell during the
course of the first four orders. But an
additional 323 megawatts under contract
have been held up because of local oppo-
sition to the siting of wind farms and
financial constraints resulting from a
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The ambitious solar rooftop program
in Japan subsidizes half the installa-
tion cost to consumers.



highly competitive bidding process. 55

Another powerful combination of mar-
ket guarantees and tax incentives can be
seen in the ambitious solar rooftop pro-
gram launched by the government of
Japan in 1993. Aiming to install 70,000
solar power systems on the rooftops and
facades of buildings by 2000, the program
subsidizes half the installation cost to con-
sumers and two thirds of the cost to com-
mercial building owners. It also requires
electric utilities to buy electricity generat-
ed by these systems at the full retail price
of power.56

An estimated 9,400 solar-powered
homes were installed in Japan by 1997,
most of them with silicon solar tiles inte-
grated directly into their rooftops. This
allowed Japan to claim 30 percent of the
world PV market in 1997, and the govern-
ment has made continued PV market
dominance a national goal. Japan recent-
ly announced a quintupling of its subsi-
dies for renewable energy, although it is
unclear what form these will take.57

The Japanese rooftop program has a
number of rivals, including Germany’s
“1,000 roofs and façade program,” which
provides a capital subsidy of 65 percent
and a guaranteed power purchase price,
spawning 5,000 systems since 1990. The
United States is the world’s leading man-
ufacturer of solar cells, but so far it has
had limited success in boosting domestic
use, although this may change in light of
the “Million Roofs Program” announced
by President Bill Clinton at the United
Nations in June 1997. The plan is to offer
tax incentives and loans for solar installa-
tions, but it remains to be seen whether
they will be large enough to be effective.
States in both Germany and the United
States are also experimenting with net
metering laws, which allow consumers to
sell surplus solar electricity back to local
utility companies.58

Some developing countries have
moved aggressively to increase their use
of renewables and cogeneration. Brazil’s

20-year-old price support program for
sugarcane-derived ethanol has allowed it
to displace half the gasoline used in the
country’s cars. While lowering carbon
emissions 20 percent, the program also
helps support its sugarcane industry. In
India, a package of new policies, domi-
nated by generous tax breaks and guaran-
teed purchase prices, has led to explosive
growth in the domestic wind industry:
wind generating capacity leapt from 39
megawatts in 1992 to 820 megawatts in
1996, making India the fourth-leading
user of wind power.59

China’s government has successfully
promoted biogas and small hydropower
for decades, but has just begun serious
efforts to promote solar and wind energy.
It is also stepping up use of cogeneration,
which supplied 12 percent of the nation’s
electricity in 1994; in 1997 the govern-
ment announced that all large industrial
boilers must be converted to cogenera-
tion—a policy that could serve as a model
for the rest of the world.60

THE CHALLENGE OF KYOTO

The climate protocol agreed to in Kyoto
at the end of 1997 may mark an impor-
tant turning point in the long-term effort
to protect the world from the most over-
arching environmental threat it faces. But
the agreement provides only the broadest
framework—the targets, timetables,
reporting requirements, and trading
mechanisms needed to deal with climate
change—and leaves to national govern-
ments the responsibility for enacting new
policies that will enable them to meet the
goals. The success of this endeavor will
therefore hinge largely on the measures
undertaken by individual countries to
reduce their emissions of greenhouse
gases.

Many valuable policy lessons have been
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learned over the past few years, and may
pave the way for more solid progress in
the post-Kyoto era. Only by learning from
those who have gone before can we hope
to stabilize the climate in the years ahead.
Indeed, the climate itself may serve as a
guide on how best to respond to the chal-
lenge. Just as the climate is determined by
the collective interaction of major com-
ponents—the atmosphere, oceans, and
biosphere—only the interplay of mutually
reinforcing policy measures is up to the
task of stabilizing it.61

Among the policies adopted so far, it is
clear that the removal of energy subsidies
has had the greatest short-term impact, in
some cases contributing to sharp emis-
sions reductions. This is largely a one-
time effort, however, and some countries
no longer have sizable energy subsidies
that can be eliminated. Still, in many
nations further subsidy reductions could
have a great effect. Experience shows that
energy and emissions taxes can have a big
impact as well, but so far—with the partial
exception of gasoline taxes—few coun-
tries have shown the political courage to
introduce new energy taxes that really
bite. International coordination could
make this more politically feasible, over-
coming the arguments on competitive-
ness that have stalled unilateral efforts.
Fiscal reform will not by itself solve the
climate problem, but it does set the stage
for a range of other climate policies to do
their work.62

Energy efficiency standards have also
proved their effectiveness, though the
slow turnover of devices such as automo-
biles and home appliances means that it
will take time for standards to have their
full impact. Governments have so far
been most aggressive in pushing stan-
dards for buildings and appliances, but
reluctant to adopt auto fuel economy
standards in the face of strident industry
opposition. Meanwhile, the Netherlands
has demonstrated the effectiveness of
“voluntary” industry covenants, but only if

they are backed by a direct or implied
enforcement mechanism. It is unclear
whether this approach can work in differ-
ent cultures and legal systems, however.63

Some of the most innovative experi-
ence in climate change mitigation has
come in the form of new incentive mech-
anisms used to encourage reliance on
renewable energy and cogeneration.
Countries such as Denmark, Germany,
and India have shown that the right com-
bination of incentives—tax breaks and
generous purchase prices—can spur
industry to invest large sums, even when
the country has limited experience with
those technologies. These new systems
are not yet in use on a sufficiently large
scale to cause major reductions in carbon
emissions. But the rapid growth now
under way in cogeneration and renewable
energy may allow them to make a major
contribution in the next few years.64

One of the most important lessons of
efforts taken so far to slow climate change
is that no magic bullet policy will by itself
solve the problem. Adjusting energy
prices to reflect the environmental conse-
quences of fossil fuel use accurately is
arguably the most important policy, but
that alone will not suffice. Many market
barriers—from lack of information to the
anti-competitive practices of some indus-
tries—impede the implementation of new
technologies and practices.

Only a diverse portfolio of policies can
ultimately reverse the growth of emis-
sions. What should this portfolio look
like? Based on experience to date, it
should probably include fiscal, regulatory,
voluntary, and market-based approach-
es—components that interact synergisti-
cally. Government policies that tradition-
ally exist in isolated chambers must
instead be combined into complex and
harmonious orchestras.65

For 10 of the industrial countries vol-
untarily trying to stabilize greenhouse
emissions at their 1990 levels, a clear hier-
archy of the relative strengths and weak-
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nesses of their climate policies emerges—
allowing a ranking of their performance.
At the head of the list are Denmark, the
Netherlands, and Germany, each of which
has developed a strong policy portfolio,
though all have some gaps remaining. In
this group, only Germany has actually cut
its emissions, but the increases in
Denmark and the Netherlands appear to
be temporary anomalies. All three coun-
tries are likely to reduce their emissions
during the next decade.66

France, Japan, Sweden, and the United
Kingdom form a middle group of coun-
tries that are making some progress but
still have major holes in their policy mix.
Japan, for example, now has a strong solar
incentive program, but weak efficiency
standards. The United Kingdom has
made good progress in reducing subsi-
dies, but has a weak renewables policy. But
with further advances, these four nations
have a good chance of reducing their
already modest per capita emissions.67

On the next rung of the climate policy
ladder is the United States. The low U.S.
energy taxes have not yet been raised, and
auto efficiency standards have in effect
been permitted to lapse. Renewables
incentives are too weak to overcome the
negative effects of electric utility restruc-
turing, and voluntary industry programs
have been largely weak and ineffectual.
The United States does stand out for its
strong appliance efficiency standards, how-
ever, and a number of state and local gov-
ernments are experimenting with promis-
ing policies in support of renewable
energy and public transit. But overall, U.S.
policy is weaker today than it was a decade
ago—before the need to limit greenhouse
gases was officially acknowledged.68

The weakest climate policies in this
group of industrial nations are found in
Australia and Canada, countries built on
extractive industries with low fossil fuel
prices. Neither has done much to reduce
its substantial producer subsidies for fossil
fuels, and both continue to have low fuel

taxes. Despite having huge renewable
resources, both countries have allowed
their monopoly power companies to
almost completely block renewables from
the power grids. Some states and
provinces have taken creative steps to pro-
mote energy-efficient cars and renewable
energy, but these have so far worked at
cross-purposes with signals from the capi-
tals. Without major policy changes, car-
bon emissions from Australia and Canada
are likely to continue upward for the
indefinite future.69

Given some politicians’ criticism of the
climate treaty for excluding developing
countries from commitments to reduce
emissions, it is interesting to assess the
actual record of such large nations as
China, India, and Brazil. By comparison
with the industrial countries examined
here, these nations are not doing so badly.
Each has implemented meaningful policy
reforms in the past decade, with notice-
able results in increased renewables use in
Brazil and India, and improved efficiency
in China.70

This short history of climate policy,
with its small but instructive success sto-
ries, makes it clear that it is far too early to
despair. So, too, does experience with
past international environmental agree-
ments, which shows that governments are
often slow to implement new treaties, but
also that they can then move into high
gear and make rapid progress. The
Vienna Convention to protect the ozone
layer was originally passed in 1985, but it
took two years to achieve a legally binding
protocol, and several more years before
steep declines in production of damaging

Among the policies adopted so far,
the removal of energy subsidies has
had the greatest short-term impact.
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chlorofluorocarbons occurred as the pro-
tocol was strengthened by subsequent
amendments. The climate convention is
on a slower track, but that is hardly sur-
prising, given the central role that fossil
fuels play in today’s economies and the
power of the industries that supply and
use them.71

The next test in the long struggle
toward a more stable climate is how
national governments will respond to the
challenge laid down in Kyoto. They have
much to learn from the successes and fail-
ures of the past five years, but the most
difficult hurdle remains overcoming
short-term economic and political barri-
ers in order to cope with a long-term
problem. Action at all levels—state and
local governments, private businesses,

and concerned citizens—will be needed
to make the protocol meaningful.
Indeed, some of the most promising cli-
mate policy initiatives have been taken
not by national governments but by state
and local decisionmakers.72

These hopeful opportunities are sym-
bolized by Kyoto itself, which was spared
from nuclear annihilation in 1945 when
U.S. military planners were alerted to its
unique cultural heritage as the capital of
the ancient Japanese empire. In today’s
warming world, as former empires come
to terms with perhaps the most serious
environmental side effect of the Indus-
trial Revolution, Kyoto has the potential
to earn another, more peaceful place in
history as the city that helped spare the
world from devastating climate change.
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Curbing the
Proliferation of 

Small Arms
Michael Renner

A March 1997 news photograph showed a
group of five casually dressed young men
gathered for a game of pool in the south-
ern Albanian town of Memaliaj.
Engrossed in choosing the best angle for
shooting the next ball, they seemed obliv-
ious to a detail that would have captured
any outsider’s attention: one of them was
using an assault rifle as a pool cue. Assault
rifles and other so-called small arms and
light weapons are now easily available not
only in Albania, in the grip of widespread
anarchy. As arms that can be carried by an
individual have spread, a habitual
recourse to violence has been encouraged
that threatens the cohesion and well-
being of many societies.1

Less than a decade ago, newspaper
articles and television programs dealing
with conflict and security were dominated
by images of gleaming nuclear-tipped mis-
siles that the two superpowers deployed in
their deadly confrontation, or by the daz-

zling high-tech jet fighters and “smart”
bombs used by the United States against
Iraq. Although the firepower, reach, and
precision-targeting of such major
weapons systems dwarf the capacities of
assault rifles and other small arms, hun-
dreds of millions of low-tech, inexpensive,
sturdy, easy-to-use weapons are the tools
for most of the killing in contemporary
conflicts—causing as much as 90 percent
of the deaths. These weapons may be
small in caliber, but they are big—indeed
devastating—in their impact.2

Fed by essentially unrestrained produc-
tion of millions or perhaps tens of mil-
lions of small arms annually, arsenals con-
tinue to swell. Although governments
may profess concern about private arms
smugglers and “rogue” suppliers such as
insurgent groups or drug traffickers, they
themselves are by far the most important
source of those weapons.

Because small arms are long-lived, they
may stay in circulation for decades.
Indeed, trade in secondhand arms flour-
ishes. Now that the cold war is over,
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armies in North America, Europe, and
the former Soviet Union are shrinking;
much of their excess equipment is given
away or sold cheaply to other countries.
In addition, weapons left over at the end
of civil wars often enter the black market
and frequently resurface in new hotspots
as large parts of government armies and
insurgent forces are demobilized.

Possession of a variety of small arms is
widespread in many countries, filtering
far beyond armies and police forces to
opposition groups, criminal organiza-
tions, private security forces, vigilante
squads, and individual citizens. Although
the armaments per se do not necessarily
trigger violence, their easy availability has
made recourse to violence more likely.
And where violence breaks out, a surfeit
of arms helps intensify and prolong the
fighting.

The spread of small arms within society
poses a particular challenge for countries
emerging from long years of debilitating
warfare, including several in Central
America and southern Africa. They are
striving to escape a culture of violence
and consolidate a hard-won peace that
still rests on shaky foundations.

Small arms have long been considered
insignificant, and arms control efforts
have focused instead on major weapons.
Now, thanks largely to the efforts of grass-
roots groups, the full costs of small arms
proliferation are beginning to attract the
attention of policymakers: the loss of life
and property, the climate of fear and per-
vasive instability, the disruption of eco-
nomic development, and the threat to
democratic governance that result from

the violence made possible by wide avail-
ability of small arms.

WARS AND PRIVATIZED

VIOLENCE

Small arms are the weapons of choice in
today’s typical conflict—fighting that
rages within rather than between coun-
tries. The wide availability of these easily
carried and concealed weapons con-
tributes to both the intensity and the
duration of conflicts. Indeed, the protag-
onists in these conflicts are usually able to
procure and stockpile enough weapons to
sustain the fighting even when the inter-
national community adopts an embargo
on arms deliveries, as it did in Bosnia and
Rwanda, for example.3

“Small arms and light weapons” are not
easily defined, but the term usually
includes weapons that can be carried by
an individual. This encompasses such
items as pistols and revolvers, rifles and
assault rifles, hand grenades, machine
guns, light mortars, and light antitank
weapons such as grenade launchers and
recoilless rifles. Shoulder-fired surface-to-
air missiles are also included because they
are portable, even though they are far
more high-tech and complex than most
other small arms. (Another category
often included is anti-personnel land-
mines, but space constraints preclude dis-
cussion here of these long-lasting threats
to civilians and to development.) The
term therefore covers a broad spectrum—
from weapons with exclusive military
application, to firearms used by police
forces, to handguns or hunting rifles in
the legitimate possession of civilians.4

For a variety of reasons, small weapons
are both much harder to track and con-
trol and more worrying than the major
weapons systems that so far have received
the bulk of policymakers’ attention. First,
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small weapons do not carry nearly as large
a price tag as big-ticket military items, so
their importance is all too easily underes-
timated. Worldwide, a rough estimate sug-
gests that perhaps $3 billion worth of
small arms and light weapons are being
shipped across international borders each
year; that would be equivalent to about
one eighth of all international arms sales.5

Second, the relatively low cost of most
small arms also means that many substate
groups can afford them. For just $50 mil-
lion—roughly the cost of a single modern
jet fighter—a small army can be equipped
with some 200,000 assault rifles at today’s
“fire sale” prices.6

Third, unlike major weapons, main-
taining and operating small arms does not
require any complex organizational, logis-
tical, or training capacities. Hence these
are the preferred equipment of the armed
forces of many poor countries and of guer-
rilla and other armed substate groups.7

Fourth, many small weapons are so
lightweight and can be assembled and
reassembled with such ease that children
as young as 10 years old can use them.
Although the phenomenon of child sol-
diers is not a new one, the easy availability
of lightweight small arms in the contem-
porary era has boosted the ability of chil-
dren to participate in armed conflicts.8

Fifth, their light weight and small 
size make small arms easy to conceal 
and smuggle. Unlike major military
equipment, small arms are readily avail-
able on a burgeoning black market, and
therefore easy for guerrilla groups, crimi-
nal organizations, and other interested
buyers to obtain.9

Finally, major weapons become obso-
lete relatively quickly and are in constant
need of new spare parts and mainte-
nance. By contrast, small arms are sturdy
enough to have a long “life,” allowing
them to be circulated from one conflict to
another. For example, an F-5 jet fighter
requires an inventory of about 60,000
spare parts, but an AK-47 assault rifle has

only 16 moving parts. Small arms of
World War II vintage and—amazingly—
some even of World War I vintage are still
used in today’s conflicts.10

As the primary tools of warfare, small
weapons have been put to increasing use:
the number of conflicts active in any
given year worldwide rose steadily from
1946 to 1992. (See Figure 8–1.)
According to the Wars, Armaments, and
Development Research Unit at the
University of Hamburg, the number
peaked at 51 in 1992. Only with the reso-
lution of several long-standing wars in
Central America and southern Africa was
the trend reversed: the number of armed
conflicts declined to 37 in 1995.11

According to a detailed analysis by
researchers at the University of Uppsala
in Sweden, only 6 out of 101 conflicts in
the period 1989–96 were international,
involving the forces or territory of more
than one state. Overall, combatants typi-
cally are not only uniformed soldiers but
also guerrilla groups of various stripes,
paramilitary forces, drug and organized
crime bands, warlords, and vigilante hit
squads. An estimated quarter of a million
children are soldiers, and children under
18 years of age were among the combat-
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ants in 33 current or recent conflicts.
Child combatants younger than 15 fought
in 26 of these conflicts.12

While the number of armed conflicts is
still high, few of them are high-intensity
wars. Rather, most are what the Uppsala
researchers call “minor” and “intermedi-
ate” armed conflicts—those that kill fewer
than 1,000 persons in a single year and
that involve the use of mostly small arma-
ments. But such violence disrupts soci-
eties in many ways. Both low- and high-
intensity warfare continue to kill large
numbers of people. During the first half
of the 1990s, at least 3.2 million people
died of war-related causes, bringing the
cumulative toll since 1945 to at least 
25 million. (See Figure 8–2.) This is prob-
ably a conservative figure. Civilians have
accounted for a large share of the victims:
perhaps 70 percent of all war victims since
World War II, but more than 90 percent
in the 1990s.13

Many other countries experience near-
war—what Dan Smith, director of the
International Peace Research Institute in
Oslo, describes as “widespread and even
endemic” political violence “without quite
meriting the name war.” And societies
that have emerged from long years of war
often still experience considerable levels
of violence. Though formally at peace
now, South Africa and El Salvador, for
instance, have in recent years endured
slayings that rival in number the people
killed in earlier fighting.14

Such near-war violence may stem from a
broad variety of causal factors, but it is sus-
tained primarily by one: the easy availabili-
ty of large amounts of weapons, especially
small weapons. Michael Klare, director of
the Five College Program in Peace and
World Security Studies in Amherst,
Massachusetts, argues that “the abundance
of arms at every level of society means that
any increase in inter-communal tensions
and hostility will entail an increased likeli-
hood of armed violence and bloodshed.”15

The dispersal of arms to private armies

and militias, insurgent groups, criminal
organizations, and other nonstate actors
feeds a cycle of violence in many societies
that in turn causes even greater demand
for guns. A variety of motivations spawn
different kinds of violence: political vio-
lence, which pits governments against
insurgent forces fighting to overthrow the
government or to achieve a separate state;
communal violence involving different
ethnic, religious, or other identity-based
groups; and criminal violence involving
drug traffickers, organized crime groups,
or petty individual crime. And ordinary
citizens in many countries are increasing-
ly arming themselves in self-defense.

Southern Africa and several Central
American countries, among others, have ex-
perienced a seamless transition from politi-
cally motivated to criminal violence in the
early 1990s. They have only begun to recov-
er from years of fighting and must contend
with conditions highly conducive to crime:
warfare has destroyed a large portion of the
infrastructure and crippled the economy;
national treasuries are depleted.16

Recently demobilized soldiers and for-
mer guerrilla fighters in particular find
themselves often poorly equipped to
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make a living as civilians; not surprisingly,
many tend to fall back on the tools and
skills they acquired during years of con-
flict, leading to rising banditry in several
countries. And weak or corrupt judiciary
systems and ineffective police forces have
given rise to vigilante squads intent on
what they call “social cleansing”—killing
individuals suspected of crimes or other-
wise perceived as unwanted. The perva-
sive reliance on violence threatens the
consolidation of still-weak democracies in
several countries and compromises the
reconstruction and social and economic
development that war-torn societies need
to get back on their feet.

These are among the factors that feed
what Michael Klare calls the privatization
of security and violence—“a growing ten-
dency of individuals, groups, and organi-
zations to rely on private security forces
rather than on the state’s police and para-
military formations.”17

Indeed, private security formations are
on the rise just as national armies are

shrinking in size. After climbing to a peak
of 28.7 million persons in the world’s reg-
ular, uniformed armed forces in 1988, the
number declined to 23 million in 1995, or
by about 20 percent. A range of factors
contributed to this decline, including the
end of the cold war and the termination
of several long-lasting conflicts in the
Third World, as well as the budgetary dif-
ficulties of many governments. Without
cold war–motivated sponsorship prop-
ping them up, many Third World armies
and some insurgent forces could no
longer be maintained at their previous
size. Tales of soldiers going unpaid or
underpaid for months on end abound.
Large numbers of them turn to commer-
cial ventures to supplement their incomes
or resort to looting and extortion, to petty
crime, or even to mercenary activity.18

In several countries, private security
forces rival or outstrip the size of the pub-
lic police, and in some—among them
Australia, South Africa, and the United
Kingdom—they outnumber even the
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Table 8–1. Private Security and Public Police, Late 1980s, 
and Military Armed Forces, 1995, Selected Countries

Private Security Public Police Military Armed All Forces, Relative
Country Forces1 Forces2 Forces3 to Citizenry

(thousand) (thousand) (thousand) (per thousand 
population)

United States 1,500 600 1,620 14
United Kingdom 2504 190 233 11
South Africa 180 146 100 10
Colombia 100 n.a. 146 7
France 96 110 504 12
Australia 904 47 58 11

Israel 40 15 185 41
Spain 255 119 210 9
Netherlands 136 38 67 8
Belgium 7 15 47 7
New Zealand 5 n.a. 10 4
Finland 3 12 32 9

1Data for late 1980s.  2Data for late 1980s and 1990.  3Data for 1995.  4High end of range of estimates.
5Includes personnel of registered companies only.  6Could reach 30,000, according to government estimates.
SOURCE: See endnote 19.



national army. (See Table 8–1.) In the
United States, there are now almost three
times as many private security guards as
there are police officers. Although the
number of private security personnel that
are armed (legally or illegally) is uncer-
tain, one report contends that gun-toting
private guards in the United States today
“have more firepower than the combined
police forces of the nation’s 30 largest
urban centers.”19

LIKE BUY ING FISH IN THE

MARKET

Small arms are so ubiquitous that many
regions of the world find themselves
awash in them. A recent remark by a local
political leader in the Philippines cap-
tures the essence of the situation in many
nations: firearms are so easily available,
he said, that acquiring them is “as easy as
buying fish in the market.”20

Reliable data are very hard to obtain.
Nevertheless, the numbers that are avail-
able are staggering. The most notorious
assault rifle is the AK-47, also known by its
inventor’s name, Kalashnikov. Manu-
factured in the former Soviet Union and
in nine other countries, more than 70 mil-
lion Kalashnikovs have been produced in
some 100 different versions since 1947;
most of these are still in service in the
armies of 78 countries and in countless
guerrilla groups the world over. In
Mozambique, one of the countries with
the largest number of these rifles, an AK-
47 is emblazoned on the national flag.21

Still, this symbol of massive if low-tech
violence shares its claim to fame with
some other assault rifles that are in use by
a large number of national armed forces.
Among them are the Israeli Uzi machine
pistol (10 million produced), the U.S.-
made M-16 (8 million), the German G-3
(7 million), and the Belgian-designed FN-

FAL (5–7 million). In addition to licensed
production of these and other small
weapons, several countries are apparently
flooding the world market with counter-
feit versions. All in all, more than 100 mil-
lion military-style assault rifles are
thought to exist worldwide.22

Beyond the small arms found in mili-
tary arsenals—which some estimates put
at 500 million in all—there are, of course,
many “civilian” firearms. These are gener-
ally weapons with less firepower or less-
rapid firing capacity. But the military-civil-
ian dividing line is not always clear-cut.
First, some civilian firearms can be con-
verted to automatic or semiautomatic
weapons, hence more closely resembling
military-style arms. Second, an unknown
number of assault rifles and other mili-
tary-style weapons are in the possession of
civilians, albeit often illegally.23

No one really knows how many
weapons are in circulation among the
general population of most countries.
The first international effort to gain some
insight into the problem was a recent
study by the U.N. Commission on Crime
Prevention and Criminal Justice. It sur-
veyed member states to collect and com-
pare data on the manufacturing, trade,
and private possession of firearms, on
national regulations of firearms, and on
homicides, suicides, and accidents involv-
ing firearms. Forty-six nations responded,
covering 68 percent of the world’s popu-
lation, although some provided only part
of the information requested.24

The survey shows just how far the
world community is from having even a
rough idea of the order of magnitude of
private firearm ownership. The combined
official figure of 34 million firearms in
private possession for 35 countries that
provided data probably represents little
more than the tip of the arsenal iceberg.
Russia, for instance, reported a figure of
3.6 million, but is generally thought to
have a huge number of illegal guns in cir-
culation, with the black market being fed
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by profuse leaks from the military’s arse-
nal. And in Canada, compared with the
figure of 7 million legitimate owners sub-
mitted to the United Nations, some think
there may be as many as 21–25 million
firearms in private possession.25

The United States is without doubt one
of the countries with the largest private
firearms arsenals, and very likely the lead-
ing one worldwide. There are a quarter of
a million federally licensed firearms deal-
ers in the country—20 times the number
of McDonald’s restaurants. Estimates of
private firearms there run from 192 mil-
lion in a recent Justice Department study,
to 230 million according to the U.S.
National Rifle Association, to a figure of
250 million put forward by the Federal
Bureau of Investigation. At the high end
of this range, this would mean one
firearm for every American, from infant
to senior citizen.26

Aside from illegal transactions, legiti-
mate domestic production adds some 3–6
million firearms annually to the stockpile,
and imports, another 1 million. (See
Figure 8–3.) About half a million firearms
are reported stolen in noncommercial
thefts alone each year. The United States
is now the only industrial country that
allows its citizens to own military-style
assault rifles—weapons that account for
an estimated 1 percent of all U.S. firearms
but, according to the Urban Institute, for
at least 8 percent of gun-related crimes.27

High levels of gun ownership and a
laissez-faire attitude toward guns translate
into broad-scale violence. More people
are killed with guns in the United States
in a typical week than in all of Western
Europe in a year. And there are more U.S.
firearm homicides in a single day than in
a year in Japan. A recent study by the U.S.
Centers for Disease Control and Preven-
tion found that American adolescents are
12 times more likely than youngsters in all
other industrial countries to be killed by
gunfire.28

Although high levels of gun ownership

do not automatically translate into ram-
pant violence, the easy availability of guns
does make a difference, particularly in
societies where significant economic
inequality holds forth, where poverty and
unemployment lead people to commit
crimes as a survival tactic, where the social
fabric is under severe strain, where strong
ethnic or class animosities persist, or
where the legitimacy of political institu-
tions is being questioned.

According to the U.N. survey, Brazil
has by far the highest number of firearm
homicides—41,000 per year—and is a
close second to South Africa in the rate of
killings per total population. The murder
rate in São Paulo has reached one per
hour, and 90 percent of all killings are
committed with firearms. Of an estimated
18.5 million firearms in Brazil, only one
third are registered.29

The difficult economic and political
transition in Russia has spawned rising
crime there and Mafia-like organizations
that stage spectacular gangland-style
killings to eliminate business rivals. There
were almost 1,000 contract murders there
in 1996 alone. The resulting sense of inse-
curity has in turn encouraged ordinary
citizens to arm themselves; 14 percent of
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Russians carry weapons daily for self-
defense. Ownership of mostly illegal arms
in Russia is exploding. The burgeoning
black market is apparently being fed by a
constant stream of assault rifles, subma-
chine guns, pistols, grenades, and explo-
sives from military depots even though
the private ownership of military-style
weapons is illegal.30

As indicated earlier, the danger that
easy weapons availability may translate
into impulsive recourse to violence is
probably greatest in societies struggling
to rebuild themselves after long years of
warfare and to shake off the legacy of a
culture of violence. Among the regions of
particular concern are Central America
and southern Africa. Emerging from a
devastating civil war during the 1980s, El
Salvador has formally been at peace since
1992. Yet the number of violent deaths
there since then—some 20,000—comes
close, on an annual basis, to rivaling the
number of people killed during the war.31

The postwar violence stems from sever-
al factors. With unemployment running
at an estimated 50 percent and roughly
two thirds of the Salvadoran population
living in extreme poverty, crime is ram-
pant. “Military weapons and poverty are
proving to be a deadly combination,”
comments Edward Laurance of the
Monterey Institute of International
Studies in California.32

Most of the 40,000 demobilized soldiers
and guerrillas have been unable to estab-
lish themselves in civilian society. Some
have taken up arms left over from the war.
Heavily armed Salvadoran criminal

groups formed by former soldiers and by
disoriented youth are responsible for mur-
ders, kidnappings, and robberies through-
out the country. Gang members are buy-
ing and smuggling leftover weapons into
neighboring countries and the United
States, and there is evidence that some of
them have formed alliances with Mexican
and Colombian drug traffickers.33

Southern Africa confronts similar chal-
lenges. Some 9 million small arms are
thought to be in the arsenals of the
armies of Angola, Mozambique, South
Africa, and Zimbabwe, but substantial
additional numbers of weapons are in pri-
vate hands, in hidden caches, or flowing
in secret arms-trading channels that cross
borders with impunity. Although no one
knows for sure just how many firearms are
in circulation, the region is clearly flood-
ed with weapons. Decades of warfare and
violent political struggle have given rise to
a pervasive gun culture. “Light weapons
have become a form of currency through-
out the region,” writes Jacklyn Cock of the
University of Witwatersrand.34

In South Africa, the political violence
of the years of transition from apartheid
(1990–93), during which some 10,000
people were killed, has declined dramati-
cally. But according to Cock, there has
been a parallel, equally dramatic increase
in criminal violence fueled by high unem-
ployment and economic hardship.
Military-style weapons such as the AK-47
and the G-3 are increasingly used in rob-
beries and in “taxi wars”—clashes
between competing taxi owners who
employ professional assassins to kill their
rivals’ passengers and drivers.35

A top official of the Mozambique
Defense Force, Lazaro Mathe, has said
that Mozambique, with a population of 15
million, has more weapons than people.
Others have estimated the number at 10
million. There are at least 1.5 million AK-
47s, and perhaps as many as 6 million.
During that country’s civil war, both the
government and the rebels were supplied
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with large amounts of small weapons by
South Africa and the Soviet Union. The
protagonists, in turn, “passed out
weapons almost indiscriminately, arming
not just soldiers but everyone they could
find,” as Suzanne Daley, a New York Times
reporter, put it. Today poorly paid sol-
diers, police officers, and others are sell-
ing weapons—the one commodity that
seems boundless—to what appears to be
an insatiable market in South Africa.36

The Mozambican experience seems
bound to repeat itself in Angola, another
country that apartheid-era South Africa
sought to destabilize, which was at war
from 1975 to 1994. Perhaps as many as 90
percent of Angolans possess firearms. The
government’s campaign to recover arms
from civilians—as required under the
country’s peace accord—has so far made
little more than a dent.37

The picture that emerges globally is
one of individual countries and entire
regions inundated with both military-style
small weapons and civilian firearms.
Current controls—to the extent they exist
at all—appear hopelessly inadequate for
dealing with the unencumbered flow of
arms. Many countries are just beginning
to recognize the potential for large-scale
violence and instability that this massive
availability of firepower implies.

FEEDING THE HABIT

That small weapons are so ubiquitous
should come as no surprise: a multitude of
seemingly inexhaustible sources feed the
market. Some of the weapons produced
each year never cross any borders. But
international transfers also play a crucial
role. These run the gamut from direct
government-to-government sales and gov-
ernment-approved exports by private
arms manufacturers to covert deliveries by
government agencies, a variety of black

market deals involving private arms mer-
chants, the capture of arms by insurgent
forces, theft from government arsenals,
and the often illicit passing of weapons
from one area of conflict to another. But
government sales are by far the most
important source of arms proliferation.

Whereas the ability to manufacture
major weapons is limited to a fairly small
number of advanced industrial countries,
the capacity to produce small arms is far
more widespread. Russia, China, and the
United States, along with several
European nations, are major producers of
small arms, but the United Nations
Institute for Disarmament Research (UNI-
DIR) in Geneva has identified close to 300
companies in 52 countries that were man-
ufacturing small arms and related equip-
ment in 1994. This represents a 25-percent
increase in the number of countries since
the mid-1980s. In addition, insurgent and
opposition groups in several nations are
able to produce simple small-caliber
weapons. Among them are the Irish
Republican Army, the Palestine Liberation
Organization, and groups in Mexico,
India, Pakistan, and some African coun-
tries. Although no statistics are available, it
would appear that worldwide production
of small arms easily runs to several million,
if not tens of million, units each year.38

Most international transfers take place
either as direct government-to-govern-
ment transfers (vast quantities were pro-
vided by the two superpowers during the
cold war, either at heavily discounted
prices or for free) or as commercial sales
involving private companies, which is the
most important source of transfers since
the cold war. Unfortunately, available sta-
tistics for such transactions do not distin-
guish between major and small arms.
Michael Klare of the Five College Program
in Peace and World Security Studies esti-
mates that of $25.9 billion worth of arms
that U.S. firms were authorized to sell
abroad in 1989–93, small arms accounted
for perhaps one third—$8.6 billion. He
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further maintains that anywhere from 10
to 20 percent of U.S. grant transfers of
arms and ammunition (worth $55.2 bil-
lion in 1950–94) involved small arms.39

Beyond these sales authorized and
acknowledged by governments, there are
a multitude of secret and illegal deals by
governments and others about which,
due to their very nature, next to nothing
is known. According to Klare, black mar-
ket sales have greatly expanded in recent
years. Illicit transactions appear to be
much more significant with regard to
light weapons than major ones.40

Among such transfers are covert arms
deliveries by governments to insurgent
and separatist groups in other countries.
During the cold war, this was a frequent
tool of the United States and the Soviet
Union, and it helped spread a massive
amount of weaponry that continues to
fuel violent conflict and bedevil peace-
making efforts in many locales around
the globe. Although less important to
Washington and Moscow now, covert sup-
plies are a practice that other govern-
ments have resorted to as well. For
instance, Pakistan is delivering arms to
Kashmiri insurgents, and Iran is supply-
ing Kurdish rebels in Turkey.41

In addition to clandestine supplies by
government agencies, the international
black market is being fed by legions of pri-
vate arms merchants and criminal organi-
zations. Often, black market deals involve
the barter of weapons for natural
resources, animal products, drugs, and
other commodities, or at least an arrange-
ment to buy arms through the sale of such
commodities. (See Table 8–2.) R.T. Naylor,
an economics professor at McGill
University in Montreal, observes that
“much of the world’s contraband traffic in
diamonds, precious gems, jade, ivory, teak-
wood, and ‘recreational drugs,’ along with
part of the traffic in looted antiquities, is
either controlled at the source by an insur-
gent group or at least taxed by them.”42

Other important sources of weapons

flows are the capture of arms by insurgent
forces, the looting of military depots, and
leaks from government arsenals (that is,
the theft and sell-off of weapons by sol-
diers). The seizure of weapons from gov-
ernment armies has long been essential
to Latin American guerrilla forces’ acqui-
sition of arms. But in recent years, it has
also proved important for the embryonic
armies of Bosnia, Croatia, Georgia, and
Slovenia, for example, and for armed
opposition groups in places as different as
Algeria, Cambodia, and Sierra Leone. In
South Africa, large quantities of small
arms stolen from military bases and
armories by white right-wing organiza-
tions or supplied to them by sympathetic
police forces, along with leaks of weapons
from guerrilla armies’ depots, fueled the
severe political violence that gripped the
country in the first half of the 1990s.43

One of the most spectacular recent
examples is found in Albania. Triggered
by the collapse of fraudulent investment
schemes that cost many citizens their
entire savings, large numbers of
Albanians revolted against the economic
and political conditions in their country;
within a few weeks, most police and mili-
tary depots were ransacked. The number
of weapons seized has variously been esti-
mated at 500,000 to 800,000, and the
Defense Ministry reported that a stagger-
ing 10.5 billion bullets had been stolen.
Within a few weeks, virtually everyone in
this country of 3.5 million was armed,
including women and children. Though
the situation in Albania is calmer now, it
remains unstable. Armed gangs still ter-
rorize large areas of the country. And
some of the seized weapons may have
been sold to Albanians in neighboring
Macedonia and in the Kosovo area of
Serbia—territories in which tensions run
high—and to Greece.44

A different leakage problem is found
in Russia. Researchers Ksenia Gonchar
and Peter Lock cite a long list of factors
that facilitate the rise of illicit arms pro-
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duction and trade. Among them are inef-
fective governmental oversight of the
arms industry and the armed forces, weak
law enforcement, porous borders, and
general social disorder. In addition, the
desperate state of affairs in the armed
forces virtually invites soldiers to sell off
portions of the immense arsenal accumu-
lated during Soviet times. During the
Chechen war, for instance, poorly
equipped and starving Russian soldiers
were trading their Kalashnikovs for food.
“The Chechens bought all their supplies
and weapons from us; otherwise,” one
conscript explained, “we wouldn’t have

had money to eat.”45

Unstable countries are not the only
places where thefts from military arsenals
occur. In China, where the central gov-
ernment retains far more authority than
its Russian counterpart, criminal gangs
apparently have little trouble gaining
access to weaponry, due to inadequate
controls in the arms industry, the army,
and the police force. Even in the United
States, a General Accounting Office
report found in 1993 that small arms
parts (including parts for the M-16 mili-
tary rifle) are systematically stolen from
the Pentagon’s repair shops and ware-
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Table 8–2. Selected Examples of Commodities-for-Arms Transactions, 1980s and 1990s

Country or Region Observation

Liberia/ Charles Taylor and other Liberian warlords trading timber, iron ore, and 
Sierra Leone agricultural products for small arms and military training since 1990;

Taylor earned up to $100 million a year.1 In early 1990s, government and
rebel soldiers in neighboring Sierra Leone plundered diamond mines.
Rebels exchanged diamonds for rocket launchers and Kalashnikovs from
Taylor’s forces.

Rwanda In 1992, Egypt accepted future Rwandan tea harvests as collateral for $6
million worth of artillery, mortars, landmines, and assault rifles sent to
the government; Egypt took delivery of $1 million in Rwandan tea before
fighting in Rwanda’s civil war damaged the tea bushes.

Southern Africa Many ivory and rhino horn poachers in Zimbabwe and Mozambique are
ex-soldiers involved in both buying and selling small arms on the black
market. UNITA rebel forces in Angola earn $450–500 million a year in
diamond sales. Also, UNITA paid for South African military support with
ivory, slaughtering tens of thousands of elephants. RENAMO rebels in
Mozambique bartered game (meat, hides, ivory) for guns.

Cambodia Khmer Rouge financing their military effort by trading timber and gems
to “renegades” in the Thai military who control the Cambodian-Thai bor-
der, earning $100–250 million a year. Other Cambodian factions also
finance their armies with timber sales.

China Pingyuan in Yunnan province is a major drug and arms trafficking cen-
ter. Most of the weapons used in criminal activities in 24 of China’s 31
provinces come from Myanmar and Viet Nam via Pingyuan.

Mexico/ Black market arms sales are linked to the illicit drug trade. Traffickers of
Central America guns and drugs often combine their operations and use the same routes

and transportation systems.
1For comparative purposes, $100 million might purchase up to 400,000 assault rifles at typical discounted

prices.
SOURCE: See endnote 42.



houses, and then sold to gun dealers.46

One source of growing importance for
both legal and illegal arms sales is surplus
stocks. Casting off excess weapons is not a
new phenomenon: since the 1950s, the
U.S. government has given away or sold
cheaply almost 3 million military-style
firearms. And this practice is of particular
significance now that the end of the cold
war has left many members of the North
Atlantic Treaty Organization and the for-
mer Warsaw Pact with far more military
hardware than they need. Narrow cost-
benefit considerations have led several
governments to sell off surplus equip-
ment, often at bargain rates, instead of
dismantling or destroying it. Cheap sec-
ondhand arms are particularly attractive
to buyers who cannot afford state-of-the-
art weaponry.47

Researchers at the Bonn International
Center for Conversion reckon that the
trade in surplus arms reached new
records during the 1990s. Much of it
involves major weapons such as tanks and
ships. Although there are no reliable data
on surplus small arms, anecdotal evi-
dence suggests that the numbers are sub-
stantial. For instance, Turkey received
304,000 formerly East German
Kalashnikovs and 83 million rounds of
ammunition from Germany.48

Other surplus arms get transferred—
illicitly—from one hotspot of the world to
another. Often when a conflict in one
country comes to an end, the weapons—
particularly the small ones—are sold or
donated by former protagonists to bel-
ligerents in other countries. Indeed,
Natalie Goldring of the nongovernmental
organization (NGO) British American

Security Information Council points out
that light weapons can last for decades, 
so a single weapon may be transferred
many times.49

The U.S. supply of arms to the Afghan
Mujahideen during the 1980s provides
one of the most striking examples of
weapons flows from one recipient to
another. In response to the 1979 Soviet
invasion, millions of tons of military
materiel—precise amounts are unknown
due to secrecy and poor recordkeeping—
were pumped into the region through
Pakistan by the U.S. Central Intelligence
Agency. Estimates of the value of the
weapons (which included arms originally
made in China, Egypt, India, Turkey, the
Soviet Union, and the United Kingdom)
run to $6–9 billion.50

U.S.-supplied weapons sustained the
resistance to the Soviet occupation, and
later fueled a ferocious, ongoing civil war
among competing Afghan factions after
the Soviet withdrawal in 1989. But the
arms “pipeline” had massive leaks from the
very beginning and fed violence and insta-
bility in large portions of South and
Central Asia. Some Afghan rebel leaders
and officers of Pakistani Inter-Services
Intelligence diverted large amounts of mil-
itary equipment for resale, with the pro-
ceeds subsequently invested primarily in
the drug trade. The Mujahideen fighters
may have received as little as 30–40 percent
of total deliveries intended for them.51

Weapons from the Afghan pipeline
turned Pakistan’s North West Frontier
Province into a massive arms bazaar in
which “virtually any type of small arm or
light weapon [is] available for purchase,”
according to Chris Smith, Senior
Research Fellow at the Centre for
Defence Studies at King’s College in
London. “Ownership of an AK-47 is now
de rigeur,” he reports, and “land disputes
now involve the use of mortars and rock-
et-propelled grenades.” Weapons from
Afghanistan have also aggravated violence
in Pakistan’s Sindh province and particu-
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larly its capital, Karachi. And they have
been smuggled into civil war–plagued
Tajikistan, into India’s Punjab region,
into northern India to Muslims who feel
increasingly threatened by Hindu extrem-
ists, and into Kashmir, where they raised
the severity of the violence between
Indian forces and pro-independence mil-
itants. Furthermore, there are reports of
some of these weapons turning up in
Algeria, Myanmar, and Sri Lanka.52

The story of the leaky Afghanistan
arms pipeline is far from an aberration.
Important regional secondhand arms
markets have emerged in Bangkok,
Beirut, Peshawar, and Prague. In these
and other places, embargoed states, guer-
rilla and separatist forces, private militias,
and criminal organizations are stocking
their arsenals.53

TAKING WEAPONS OUT OF

CIRCULATION

The most immediate challenge in coping
with small arms proliferation is to reduce
the number of weapons already in circu-
lation. We have seen only the beginnings
of a large-scale sell-off of surplus weapons
among industrial countries. If govern-
ments want to prevent the recirculation of
even more massive amounts of used
weaponry—and the resulting increase in
violence likely to ensue—they will need to
change their priorities, dismantling sur-
plus stocks instead of selling them off or
risk having them stolen and smuggled.

In principle, this should not be a prob-
lem for western countries, which are
offering these arms at substantial dis-
counts and can afford to forgo the rev-
enue earned. Russia and other former
Soviet republics, in contrast, have inade-
quate financial resources to destroy sur-
plus arms, and their soldiers have every
incentive to sell off weapons. It is in the

West’s and the world’s best interest to
help Russia dismantle excess arms. It
would also be sensible to incorporate into
any future disarmament agreements an
explicit stipulation that surplus arms be
dismantled rather than just withdrawn
from active deployment.

An equally important task is to deal
with the arms that have become surplus
with the end of civil wars in Central
America, southern Africa, and other
regions. Because the transition to peace
has in many cases been accomplished with
the assistance of peacekeeping operations,
the United Nations has since 1989 become
increasingly involved in the post-conflict
disarmament of former combatants. UNI-
DIR has conducted a Disarmament and
Conflict Resolution project to evaluate the
experience of 11 U.N. peacekeeping oper-
ations; the findings were published in nine
separate volumes in 1995–97.54

UNIDIR found several recurring prob-
lems handicapping operations. Typically,
at the end of a conflict there is no firm or
reliable inventory of the total number of
weapons held by combatants, so it is diffi-
cult to assess how much disarmament is
actually taking place. A substantial por-
tion of the weapons handed in by ex-com-
batants tends to be of inferior quality—by
implication, then, the best armaments are
retained or hidden. Another difficulty
arises from the fact that in countries with
civil wars, government and insurgent
forces alike often pass out large amounts
of small arms to civilians. Yet peacekeep-
ing operations either have no mandate to
disarm civilians, or they do not have the
resources and political backup to do so.

In all the U.N. operations, only some
of the arms in circulation were collected.
In some cases, the collected weapons were
destroyed, but in others, many were actu-
ally passed on to the new army (integrat-
ing government and rebel soldiers) that
emerged after a country’s peace accord.
The volume of arms is often several times
larger than needed to outfit these smaller-
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sized forces. Weak controls over these
arms and the fact that many soldiers sub-
sist on low salaries are a virtual invitation
to steal and sell arms.

There are thus many lessons to be
learned from the peacekeeping experi-
ence. One is that disarmament needs to be
given higher priority among the array of
tasks these missions are expected to carry
out. But improving the disarmament per-
formance also requires a general strength-
ening of the capacity of peacekeeping mis-
sions. This means clearly formulated
mandates, properly prepared personnel,
sufficient funding, and consistent political
support. If disarmament of ex-combatants
is to be accomplished satisfactorily, it will
sometimes take a lengthy commitment of
people, equipment, and resources.55

In addition, a greater effort needs to
be made to ascertain the quality and
quantity of weapons present. More than
before, peace accords will need to encom-
pass detailed inventories of the arsenals of
the different parties. Once the disarma-
ment and demobilization of ex-combat-
ants gets under way, no faction should
perceive an advantage or disadvantage.
And once the weapons are collected, a
greater effort must be made to place
them in secure storage until they can be
dismantled, or at least to render them
unusable as quickly as possible.

Experience shows that the longer the
wait before disarmament is implemented,
the more likely it is that the parties to the
conflict will begin to renege on their com-
mitment to disarm. This points to the
need to proceed swiftly with any disarma-
ment operations. Otherwise, if the pro-

tagonists fail to live up to their promises,
the vexing question arises of whether dis-
armament should be pursued in a coer-
cive rather than a consensual manner. As
experience demonstrates, both choices
have their pitfalls.56

In addition to disarmament efforts in
the context of peacekeeping operations,
several countries have tried so-called gun
buy-back programs. Even some nations
that have not had recent wars on their soil
have gone this route in an effort to
reduce the number of weapons in circula-
tion. Under these schemes, individuals
are encouraged to turn arms in voluntari-
ly in return for monetary or in-kind com-
pensation. (See Table 8–3.)57

The experience has been quite varied,
teaching important lessons that will help
to improve and fine-tune future pro-
grams. Several observers agree that one
possible pitfall of buy-backs is that mone-
tary compensation may provide an incen-
tive to steal guns in order to turn them in
for cash. Edward Laurance of the
Monterey Institute warns that “without
stringent requirements on the
quality...and quantity of guns, funds can
soon be depleted by exploitative private
gun owners and dealers who use the
exchange of outdated and poor quality
weapons to purchase newer and higher
quality firearms.”58

Pricing can be the crucial factor: at
compensation levels too far below the
black market value, few firearms will be
turned in, but at levels that are too high,
the black market will be stimulated.
Particularly in developing countries,
where many ex-fighters are expected to
return to homes in rural areas, buy-back
programs that provide food or agricultur-
al implements are more appropriate than
those that offer cash. Generally speaking,
buy-back schemes will tend to be more
successful if they are embedded in broad-
er community programs.59

Firearm owners need to feel secure
that turning in an illegally held weapon
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will not expose them to retribution. A
“no-questions-asked” policy may work
best. The governments of the Dominican
Republic, Lesotho, and Sri Lanka, among
others, have instituted “amnesty” pro-
grams in recent years, permitting unli-
censed or otherwise illegal firearms to be
turned in during a certain period without
fear of prosecution. The United Kingdom
has used the amnesty approach on four

different occasions—in 1965, 1968, 1988,
and 1996—yielding a total of more than
130,000 firearms.60

The tools to reduce the number of
weapons in circulation are not in much
question. What needs attention and
improvement, however, is the ways they
are wielded. The experience of the last
few years has shown that programs to col-
lect arms will need considerable refine-
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Table 8–3. Selected Examples of Gun Buy-Back Programs, 1990s

Country Observation

Colombia Nationwide food-for-guns program established (those with legally owned
weapons receive a check for the value of the weapon). Bogotá cash-for-
weapons program helped cause a sharp drop in 1997 homicides.

El Salvador Goods-for-guns program run by Patriotic Movement Against Crime collect-
ed close to 5,000 weapons during 1996 and early 1997. Yet the acquisition
of new weapons—1,500 registered arms a month—far outpaces this effort.
Another program, sponsored by New York–based Guns for Goods,
exchanges vouchers to buy food and clothes for guns in three cities. In
both cases, lack of funding limits effectiveness.

Nicaragua Buy-back program incorporated cash and food incentives and an Italian-
sponsored microenterprise program. During 1992–93, about 64,000
weapons were bought back and 78,000 confiscated, and all were destroyed;
250,000 pieces of ammunition were also collected. Total cost $6 million.

Haiti A U.S. Army gun buy-back program paid cash for functional weapons and
confiscated nonfunctional ones. By March 1995, more than 33,000 weapons
taken in, at a cost of $1.9 million. The weapons in good condition were
passed on to the Haitian police; the remainder were melted down.

Mozambique A program sponsored by the Christian Council of Mozambique allows peo-
ple to exchange weapons for cows, sewing machines, plows, and other
goods. Program began in 1996 with a $1.2-million grant from Germany and
Japan.

United Kingdom A 1996 law requires that all handguns larger than .22 caliber must be
turned in to police stations or taken out of the country, affecting some
200,000 legally held guns. New legislation being passed will ban private
ownership of handguns. Cost of compensating owners estimated at
$250–850 million.

Australia The massacre of 35 people by a gunman in April 1996 prompted the gov-
ernment to enact a broadly supported ban on automatic and semiautomatic
weapons. More than 600,000 of perhaps 2 million arms were handed in.
The government paid $217 million in compensation.

United More than 80 local programs with widely differing incentives. A Seattle
States effort in 1992 took in 1,772 guns—less than 1 percent of the guns in Seattle

homes; a St. Louis, Missouri, program collected more than 7,500 weapons
in 1991. In both cases the impact on gun-related violence was minimal.

SOURCE: See endnote 57.



ment and more substantial financial and
political support if they are to succeed.

REGISTERS, CODES, AND

CONTROLS

There are no internationally agreed
norms or standards regarding small arms;
their production, trade, and possession
still remain essentially unmonitored and
unregulated. To tackle this challenge, a
multitude of approaches can be pursued.
These include creating greater trans-
parency, restricting both legal and illegal
international transfers, establishing
restrictions on new production, and ban-
ning particular types of weapons.61

Better access to data is clearly the most
immediate need if policymakers are not
to proceed blindly. One way to move for-
ward is to establish a register of small
arms, on a global or regional basis. This
could be modeled on the existing U.N.
Register of Conventional Arms. Since
1993, the United Nations has published
this annual register of imports and
exports of seven types of major weapons
systems, based on voluntary submissions
of data by member states. Over the years,
it has found increasing acceptance as a
growing number of governments partici-
pate. Unlike the existing register, a small
arms register (or set of regional registers)
might also encompass information on
national production and stockpiles and
provide prenotification of pending trans-
fers rather than after-the-fact informa-
tion. The idea of a regional register has
been discussed by the Organization of
American States (OAS) and by the
Association of South East Asian Nations.62

Greater transparency would allow
improved restrictions on questionable
arms transfers. One key recommendation
in this regard is the adoption of a “code of
conduct” by national governments.

Former Costa Rican President and Nobel
Peace Prize recipient Oscar Arias has ini-
tiated a campaign for a global code.
Under his proposal, official arms transfers
would not be made to countries that fail
to meet the following criteria: compliance
with international human rights stan-
dards and humanitarian law, respect for
democratic norms, adherence to interna-
tional arms embargoes and military sanc-
tions, and participation in the existing
U.N. arms register. Nor could weapons be
sold to countries that engage in armed
aggression. With the support of several
other Nobel Peace laureates, Dr. Arias
published his code in May 1997, and he
plans to present it to the U.N. General
Assembly as the first step in a process that
is aimed at concluding an international
treaty embodying the code’s principles.63

In the United States, a coalition of
grassroots groups has waged a campaign
for a similar code for several years. In June
1997, a watered-down version was passed
in the House of Representatives. Instead
of an airtight prohibition against arms
sales to countries that fail to live up to the
code’s provisions, the President could
seek a waiver and Congress would have
eight months to block or condition the
request. Unfortunately, opposition in the
Senate may prevent even this moderate
version of the code from becoming law.64

But support for a code is growing else-
where. Some 15 former and current Latin
American heads of state endorsed the
idea in 1997, and it is under discussion in
southern Africa. In Europe, a growing
number of national governments, parlia-
ments, individual parliamentarians, and
grassroots groups have called for a code
of conduct. Institutions such as the
European Parliament, the European
Council of Ministers, and the Organi-
zation on Security and Co-operation in
Europe have endorsed sets of criteria to
govern arms exports of member states.
Yet their members still differ widely on
how the criteria should be interpreted,
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and governments are still not legally
bound by them. In the United Kingdom,
the new Labour government has shown
greater willingness than its predecessor to
bar sales to governments with poor
human rights records and to support a
common European approach.65

In addition to restricting governmen-
tally approved sales, a greater effort must
also be made to clamp down on illegal
transfers. Although it may appear futile to
try to restrict clandestine flows of small
arms, it may be sufficient to block the
biggest transfers and interrupt the most
important transfer routes. And such
efforts might particularly focus on flows
of ammunition: not only is the capacity to
manufacture ammunition less wide-
spread than that to produce the small
weapons themselves (making transfers a
potential choke point), but ammunition
is less easy to transfer secretly because it is
heavy and bulky.66

Restricting illicit transfers of weapons
and ammunition alike would involve
enhancing national customs controls and
other measures to improve the monitor-
ing of cross-border flows of goods. But
arms traffickers will always be able to cir-
cumvent strict regulations in one country
as long as others have weak laws. Hence,
there is a need to harmonize export regu-
lations and to step up international coop-
eration, for instance by establishing
shared databases on known or suspected
traffickers and illicit end users.67

Several regional efforts to counter gun-
smuggling are under way. In fall 1996,
Mexico proposed a regional convention
against illicit firearms trafficking; the
OAS is now preparing a draft of such an
agreement. Central American govern-
ments, meanwhile, are expected to ratify
an agreement to enhance exchange of
information and inspections of exports.
And a tripartite agreement was signed
between South Africa, Swaziland, and
Mozambique in June 1993 to deal with
the problem of illegal arms flows into

South Africa. In January 1995, South
Africa and Mozambique agreed to facili-
tate cross-border police cooperation to
track down illegal weaponry; three suc-
cessful joint operations are likely to pave
the way for similar missions between
South Africa and other neighbors. Finally,
in Europe, the Council of Ministers of the
European Union launched an initiative in
June 1997 to develop a common database
on illicit arms trafficking, to strengthen
collective efforts to prevent and combat
such transfers, and to assist other coun-
tries in similar efforts.68

Restricting the flow of weaponry with-
out addressing the issue of continued pro-
duction, however, is like stopping the flow
of water from a hose by holding the nozzle
closed; before too long, the water pressure
will cause leaks. The longer that large-
scale production continues, the greater
the future supply of weapons and ammu-
nition whose whereabouts and use will be
of concern. Yet reining in production is as
difficult politically as its need is obvious.

One obstacle is the “addiction to war
industries,” as R.T. Naylor of McGill
University puts it. Although small
weapons do not figure prominently in the
corporate drive for profits and the gov-
ernmental interest in boosting export rev-
enues, this addiction will be an impedi-
ment as long as no effective programs
provide economic alternatives to work
forces and communities dependent on
arms production.69

Skeptics will argue that there are sim-
ply too many small arms manufacturers to
make a ban, or sharp reductions in pro-
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duction, possible. It is true that the num-
ber of factories, small workshops, or even
individual gunsmiths fabricating crude
homemade weapons is large and diverse
enough to defy any attempt at totally con-
trolling output. But the success of restrict-
ing production rests on reaching those
factories that are capable of churning out
large volumes of more advanced types of
small arms and ammunition.

On the demand side, another problem
is that a considerable portion of small
arms production is destined for such
legitimate users as national police and—
because of weak domestic gun control
laws—ordinary citizens. The belief that
police forces have to have sufficient fire-
power to deter criminals (and therefore
have to engage in a domestic “arms race”
of sorts) or that the right to bear arms is a
hallmark of personal freedom is deeply
entrenched in many societies.

Initially, attempts to restrict small arms
production may best be focused on the
most “objectionable” types of weapons—
those least likely to be found in the hands
of the general population. Domestic gun
control efforts in many countries have
zeroed in on possession of assault rifles
and other automatic and semiautomatic
firearms. Australia, Canada, and the
United Kingdom are among the countries
that have recently tightened their laws.
But the lack of effective regulation in
other countries, and the ease with which
weapons are smuggled across borders, can
undermine these efforts. Laws addressing
firearms possession may be condemned
to ineffectiveness unless production and
trade are confronted as well.70

The challenge of small arms knows no
borders. Whether it be assault rifles, land-
mines, or other small weapons that are
spreading, countermeasures can only
hope to be effective if they are taken in a
context of international—and preferably
global—cooperation. The efforts of a sin-
gle country or small group of nations are
too easily circumvented by far-flung net-

works to produce and trade small arms.
Out of political and military-strategic

considerations, governments tend to
place weak constraints on arms. The
actions of human rights groups and other
NGOs, on the other hand, tend to be
motivated by social, environmental, or
humanitarian concerns. To the extent
that policymaking in response to the pro-
liferation of small arms is strongly influ-
enced by NGOs, it is more likely that far-
reaching measures are adopted. This 
is particularly the case when NGOs are
able to form a working coalition with 
like-minded governments, as happened
in the anti-personnel landmines cam-
paign. This brought together more than
1,000 NGOs around the world and sever-
al “small” powers—Canada, South Africa,
and a number of European states. The
coalition was able to place landmines on
the international agenda against the
express desires of the more status quo–
oriented big powers and to establish a
new norm against such weapons in a rela-
tively short stretch of time.71

But key to changing current policies 
is public awareness. A strong constituency
for alternative policies can be brought 
to life—and pressure on governments to
act be brought to bear—by making clear
the horrendous effects of the virtually
unlimited availability of small arms: the
suffering of victims, the endless cycle of
violence, the persistent insecurity, the
severe economic and political costs. Once
people understand the repercussions, 
the political dynamic changes. What was
previously unthinkable begins to come
within reach.

For a long time, small arms and light
weapons have escaped thorough scrutiny;
their ubiquitous presence has been
accepted as a necessary evil or even wel-
comed as a guarantor of security and a
symbol of freedom. But this is beginning
to change as growing numbers of people
realize that excessive quantities of small
arms can have devastating consequences.
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Assessing Private
Capital Flows to

Developing Countries
Hilary F. French

One of the goals of the June 1992 Earth
Summit in Rio de Janeiro was to forge a
historic North-South partnership to help
the world’s poorer countries make the
transition to sustainable development. A
key element of this new partnership was a
pledge by industrial countries to step up
their aid spending. Yet five years later, lit-
tle of the promised funding has material-
ized. Indeed, overall aid levels have
declined rather than risen in real terms
since Rio, falling by nearly a quarter
between 1995 and 1996 alone. This
reflects efforts to cut back government
deficits in major donor countries, as well
as weaker public support for aid in some
donor countries.1

At the same time, a dramatic and unan-
ticipated shift has occurred since Rio that
is powerfully influencing prospects for
sustainable development: international
private investment in and lending to
developing countries has exploded, rising
from $44 billion at the beginning of this
decade to $244 billion in 1996, according

to the World Bank. In 1990, less than half
the international capital moving into the
developing world came from private
sources, but by 1996 the private share had
risen to 86 percent. (See Figure 9–1.)
Preliminary estimates by the Washington-
based Institute of International Finance
(IIF) indicate that private flows declined
slightly in 1997 in response to the eco-
nomic crisis in Southeast Asia, but IIF ana-
lysts expect them to rebound in 1998.2

A primary reason for this seismic
financing shift is that many developing
countries are now welcoming foreign cap-
ital with open arms—a dramatic reversal of
the prevailing development fashion of ear-
lier decades. They have thus repealed poli-
cies that discouraged foreign investment,
such as ownership restrictions, and pro-
mulgated others that encourage it, such as
property rights protections. The wave of
privatization sweeping the developing
world has also played a role. Governments
in many countries are selling off enterpris-
es such as utilities and telecommunica-
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tions networks to private bidders, opening
up big opportunities for both domestic
and international investors.3

Changes in the major industrial coun-
tries that supply most of the international
capital—mainly Japan, the United States,
and West European nations—have been
important as well. For instance, interest
rates have been low in many countries,
providing an incentive to look for
stronger returns overseas. And some
countries have loosened controls on their
capital markets. Moreover, this new legal
latitude is matched by growing technolog-
ical powers: computerized financial net-
works now allow investors to shift vast
sums of money from one part of the globe
to another.4

The resulting inflows of foreign capital
have helped fuel a record-breaking eco-
nomic boom in the countries receiving
them. This is perhaps the strongest mag-
net for international money, as investors
gamble on achieving higher returns than
they can find at home. China, for
instance, with far and away the largest
overall inflow of funds, expanded its
economy at double-digit annual rates dur-
ing the first half of the 1990s. Indeed, eco-

nomic growth in the developing world as
a whole has far outpaced that of industri-
al countries in recent years; their
economies expanded three times as fast
in 1996—at 6 percent. Measured in con-
ventional economic terms, the new open-
ness to international investment has thus
had generally impressive results.5

A better yardstick of long-term success,
however, is whether the large influxes of
international capital are contributing to
the goals of environmentally sustainable
development—meeting human needs
today in a manner that does not jeopar-
dize prospects for future generations by
damaging the health of the natural
resource base. This is a far more difficult
question to answer, as the impact of grow-
ing private capital movements on the well-
being of people and the health of the nat-
ural world are at once enormous,
complex, and somewhat contradictory.6

For one thing, most private funds go to
a relatively small group of recipient coun-
tries, and, with the exception of China,
they are generally middle-income coun-
tries rather than the poorest of the poor.
Just 10 countries accounted for some
three quarters of all private flows to the
developing world in 1995. Notably, not
one of them is African. Yet when mea-
sured as a percentage of gross domestic
product (GDP), the list looks rather dif-
ferent, with many small countries ranking
high. (See Table 9–1.) In countries receiv-
ing private funds, the richer segments of
society often benefit disproportionately.
Nonetheless, some of the money does
appear to be trickling down, with many of
the recipient countries registering declin-
ing national poverty rates.7

For the environment, perhaps the most
worrisome implication of the surging
inflows of foreign capital is the fact that they
help export western consumerism. Given
the profligate rates of resource consump-
tion in industrial countries, this spread of
the consumer culture is ominous. The new-
found mobility of international capital also
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allows it to seek out the most hospitable
home—which may well be a place with
weak or unenforced environmental laws.
Many people and communities are serious-
ly harmed as the environment that sustains
them is damaged or destroyed, such as vil-
lagers who are displaced by large construc-
tion projects or indigenous peoples whose
homelands disappear as forests are felled by
timber companies.8

Yet on the positive side, international
investment often brings with it cutting-
edge environmental technologies that may
help developing countries leapfrog over
the dirtiest and most damaging phases of
the development path pioneered by the
industrial world. Furthermore, private
investors as well as national governments
and international organizations have
begun to devise a growing array of deliber-
ately “green” international investment
strategies. These programs aim to promote
the transition to enterprises that nurture
rather than decimate the natural world.

Although international capital flows
may appear to be beyond the reach of
effective regulation, a range of policy
tools exist that could help point today’s
burgeoning private capital flows in a more
environmentally sound direction. There is
no time to lose in launching these much-
needed initiatives on the large scale and
in the quick time frame that will be need-
ed to keep up with the relentless pace of
global ecological decline.

FOLLOWING THE MONEY

The first step in reorienting private capi-
tal flows is to track them better. At the
moment, the available statistics tell us lit-
tle about what, exactly, is being financed.
This contrasts with official development
assistance, such as that provided by the
World Bank, for which detailed reports
spell out what is being funded. Yet despite
the data gaps, we can construct a general
picture of private flows. (See Table 9–2.)9

During the 1970s, most of the funds
came in the form of loans from commer-
cial banks, as the petrodollars piling up in
the North allowed these institutions to
extend more and more credit to develop-
ing-country governments. Much of this
money unfortunately was squandered on
uneconomical projects, paving the way

Table 9–1. International Private Capital
Flows, Top 10 Developing-Country

Recipients, 19951

Share of Gross 
Country Total Amount Domestic Product

(million dollars) (percent)
Ranked by
Absolute Value
China 46,276 7
Brazil 19,096 3
Mexico 13,069 5
Malaysia 11,924 14
Indonesia 11,649 6
Thailand 9,143 5
Hungary 7,841 18
Argentina 7,204 3
Czech Republic 5,595 12
Poland 5,058 4

Ranked by
Share of GDP
Hungary 7,841 18
Angola 523 14
Malaysia 11,924 14
Czech Republic 5,595 13
St. Vincent 31 12 

and Grenadines
Papua New Guinea 578 12
St. Lucia 63 11
Lebanon 1,152 10
St. Kitts and Nevis 19 8
Ghana 526 8

1The World Bank defines developing countries as
“all low and middle-income countries.” This
includes all of Africa and Latin America, and select-
ed countries in Asia and the Pacific, the Caribbean,
Eastern Europe, and the Middle East.
SOURCE: World Bank, World Development Indicators on
CD-ROM (Washington, DC: 1997).
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for the debt crisis of the 1980s and the
consequent stagnation in lending. The
last few years have seen a resurgence of
commercial bank loans, but this time the
recipients are more likely to be private
enterprises than governments. Often the
money is used to help finance large infra-
structure projects such as highways or
power plants. In 1996, commercial bank
lending accounted for 14 percent of total
private flows, or $34 billion. However,
early estimates indicate that these loans
declined substantially in volume in 1997
during the Southeast Asian economic
meltdown.10

The other traditional route for private
capital moving into the developing world
is as foreign direct investment (FDI) by
transnational corporations setting up
local plants, often through joint ventures
with local companies. In recent years, FDI
inflows into the developing world have
expanded rapidly, climbing more than
threefold between 1990 and 1996—from
$25 billion to $110 billion, accounting for
45 percent of total private flows in 1996.
In comparison, gross domestic investment
from public and private sources in devel-
oping countries added up to $905 billion

in 1990 and to $1.2 trillion in 1995. Thus
though domestic sources of investment
continue to overwhelm foreign ones, the
foreign share of total investment is grow-
ing. FDI is the international capital flow
of greatest significance for development,
as it is long-term and it brings with it tech-
nology, know-how, and management skill.
It has the added advantage of not con-
tributing to a country’s debt burden.11

Companies based in industrial coun-
tries—principally France, Germany,
Japan, the United Kingdom, and the
United States—are the source of most FDI
outflows, accounting for some 85 percent
of the global total in recent years. Ranked
by the size of their foreign assets, the five
largest transnationals as of 1995 were
Royal Dutch Shell, Ford Motor Company,
General Electric, Exxon, and General
Motors, with combined foreign assets of
$339 billion and overseas work forces of
some 553,000 people. Developing coun-
tries represent a significant and increas-
ing share of these totals.12

Yet transnational corporations are no
longer headquartered only in the indus-
trial world. In recent years, several devel-
oping countries and their enterprises
have become significant sources of capital
as well as recipients of it. Companies
based in Brazil, Chile, China, Hong Kong,
Kuwait, Malaysia, Singapore, South
Korea, Taiwan, and Thailand are all
investing abroad, increasingly as far afield
as Africa, Europe, and North and South
America. Outflows of direct investment
from the developing world as a whole
have risen rapidly in recent years.
According to estimates by the U.N.
Conference on Trade and Development,
they reached $51 billion in 1996—15 per-
cent of total world outflows.13

The quest for natural resources has
traditionally drawn international inves-
tors into distant ventures in the develop-
ing world. Oil has been a particularly
strong pull since the dawn of the petrole-
um age, with oil-producing countries
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Table 9–2. Private Capital Flows to
Developing Countries, 19961

Source Amount Share
(billion dollars) (percent)

Foreign Direct
Investment 110 45

Portfolio Equity
(Stocks) 46 19

Portfolio Debt
(Bonds) 46 19

Commercial Bank
Loans 34 14

Other2 8 3

Total 244 100
1Preliminary numbers.  2Principally export 

credits from companies and official export credit
agencies.
SOURCE: World Bank, Global Development Finance
1997: Volume 1 (Washington, DC: 1997).



accounting for fully half of all FDI flows to
developing countries between 1979 and
1981. But this picture has changed rapid-
ly in recent decades. First, investment in
manufacturing began to climb. Now the
services sector, which includes diverse
activities such as construction, electricity
distribution, finance, and telecommuni-
cations, is poised for takeoff. Oil-produc-
ing countries, meanwhile, accounted for
only one fifth of FDI flows into the devel-
oping world in 1995 and 1996. The World
Bank estimates that the services sector
now accounts for more than a third of
overall FDI flows to these countries, while
manufacturing has declined to less than
half of the total. The primary sector,
which includes agriculture, forestry, and
mining, makes up the remainder—rough-
ly 20 percent.14

These broad overall trends mask con-
siderable regional variation, however. The
general pattern is found clearly in most of
the “emerging market” countries of Asia
and Latin America. In Indonesia, for
example, some 53 percent of FDI went to
manufacturing in 1996, 35 percent to ser-
vices, and the remaining 13 percent to
commodities. Yet many developing coun-
tries remain highly dependent on direct
natural resource extraction—farming,
logging, mining, and drilling for oil.
Consequently, most of their foreign
investment remains focused on the com-
modity sector. In Chile, for instance, com-
modities receive nearly 60 percent of
incoming FDI, most of which goes to the
mining industry. Diamond mining
attracts most of the FDI that flows to
Botswana, while in Tunisia, the oil and gas
industry is the big draw.15

Nearly all the remaining private
flows—just under 40 percent of the
total—are moving through a category
that barely existed less than a decade ago.
This is “portfolio” investment, in which
developing-country stocks and bonds are
purchased abroad—increasingly by large
institutional investors, such as insurance

companies, mutual funds, or pension
plans. Popular sectors for investment
include manufacturing, mining, telecom-
munications, transportation, and utilities.
These investments are the most volatile
ingredient in the mix of private flows.
Investors may withdraw their funds quick-
ly if they lose confidence in a country’s
economic prospects, as happened in
Mexico during the peso crisis of 1994 and
in Southeast Asia in 1997.16

Portfolio equity investments rose from
just 7 percent of total private flows in 1990
to 29 percent in 1993. The Mexican crisis
triggered a sharp decline worldwide over
the next two years, but by 1996 portfolio
equity investments had bounced back. By
the end of the year, they reached an all-
time annual high in absolute terms of $46
billion, or 19 percent of total private
flows. Preliminary estimates suggest that
they reached another new high in 1997,
despite projected declines in flows into
the battered Southeast Asian markets.
Bond issues, in which private investors
make long-term loans to governments or
businesses at fixed interest rates, largely
mirror the portfolio equity trend. Bond
purchases increased from 5 percent of
private flows in 1990 to 23 percent in
1993. After a two-year decline, they too
rebounded to $46 billion in 1996, and
likely increased again in 1997.17

NATURAL WEALTH

Although primary commodities are receiv-
ing a declining share of total international
investment in the developing world, these
investments continue to increase in
absolute terms in many countries. Indeed,
international investment in resource
extraction is now flowing rapidly into the
developing world, with its rich endow-
ments of natural assets, including primary
forests, mineral and petroleum reserves,
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and biological diversity. Among other
things, this trend reflects degraded envi-
ronmental conditions in the countries
that are a source of the capital, as well as
the growing impact of environmental leg-
islation in these countries aimed at mini-
mizing further destruction.

The flow of funds into natural
resources is particularly pronounced with-
in the mining industry. From 1994 to
1997, spending on exploration of nonfer-
rous minerals doubled in Latin America,
almost tripled in the Pacific region, and
more than tripled in Africa, while leveling
off in the traditional mining countries of
Australia, Canada, and the United States.
Spending on exploration for gold has
been growing particularly fast, account-
ing for more than half of total spending
on minerals exploration in recent years.
In what Business Week calls a “great global
gold rush,” prospectors are increasingly
shifting from their traditional locales in
Canada, South Africa, and the United
States in search of gold mines abroad.18

The U.S. mining industry blames envi-
ronmentalists for the migration. More to
the point, perhaps, is the fact that host
countries are inviting international
investors in with open arms; some 70 coun-
tries have rewritten their national mining
codes in recent years with the aim of
encouraging investment. Yet few are devot-
ing similar energy to strengthening envi-
ronmental laws and enforcement. And no
matter how good the laws are, mining
takes a heavy environmental toll. Even in
the United States, a country with relatively
strong environmental controls, for every

kilogram of gold produced, some 3 mil-
lion kilograms of waste rock are removed
from the Earth. The social costs are also
high: one out of every five gold prospect-
ing sites over 1995–96 was on land owned
or claimed by indigenous peoples.19

Multinational oil and gas companies
are also continually looking for new hori-
zons, as the most accessible fields in
industrial countries have already been
tapped. Indeed, more than 90 percent of
known oil and gas reserves are now in the
developing world. The major oil and gas
companies are thus increasingly striking
deals—and oil—in the Central Asian
republics, deep in the South American
rainforest, and off Asian and West African
shores. As with minerals, the environmen-
tal and social costs are high as previously
remote and pristine areas are opened up
to development.20

Uncontrolled logging by international
companies poses yet another threat to the
world’s rapidly dwindling tropical forests
and those who inhabit them. Companies
from countries with largely liquidated pri-
mary forests are now moving overseas in
search of easier pickings. U.S. firms, for
instance, say they are going abroad to
escape what Luke Popovich of the
American Forest and Paper Association
calls the “constant green harassment”
they feel they are subjected to at home.
But the forests elsewhere have grown
increasingly crowded with competing
firms from other countries with decimat-
ed forests, such as Malaysia and
Indonesia. In recent years, companies
from there as well as from China, France,
Germany, Japan, South Korea, the United
States, and elsewhere have won timber
concessions that threaten to deforest
large swaths of the globe. Among the
countries offering the concessions are
those with some of the world’s last
remaining untouched forests. They
include Brazil, Cambodia, Cameroon,
Chile, Gabon, Guyana, Nicaragua,
Nigeria, Papua New Guinea, the Solomon
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Countries rich in natural resources
have on average performed worse
economically than resource-poor
countries in recent decades.



Islands, and Suriname. (See Chapter 2.)21

As the pace of natural resource
exploitation picks up in many countries,
intriguing research is raising questions
about whether this is a sound economic
strategy—let alone a wise environmental
one. Research by Jeffrey Sachs and
Andrew Warner of Harvard University
demonstrates that countries rich in natur-
al resources have on average actually
performed worse economically than
resource-poor countries in recent
decades. One reason may be that re-
source extraction often leads to only mar-
ginal spin-off benefits when it involves few
linkages with other segments of econo-
mies. Furthermore, natural resource
extraction creates relatively few jobs. The
mining and petroleum sectors in Papua
New Guinea, for example, employ less
than 2 percent of the population,
although the sectors’ exports provide 25
percent of the country’s GDP. A wiser
strategy for both the environment and the
economy would be to funnel internation-
al capital into activities that sustain rather
than destroy natural endowments. This is
what a number of innovative experiments
now under way aim to do.22

“Bioprospecting” is one example. Drug
and seed companies have long used the
genetic diversity of the developing world
to create new products. Yet even when a
traditional crop variety proves essential
for breeding a new line of seeds, or when
a wild plant yields some valuable new
drug, corporations have rarely paid any-
thing for access to the genetic resource.
The Convention on Biological Diversity
signed at the Earth Summit in 1992 gives
nations the right to charge for access to
genetic resources, and it allows them to
pass national legislation setting the terms
of any bioprospecting agreements. The
intent of the treaty is to provide a strong
conservation incentive by encouraging
countries to view genetic diversity as a
source of potential profits. And the grow-
ing power of biotechnology, which allows

for much more direct manipulation of
genes than was previously possible, virtu-
ally guarantees that the profit potential
will continue to rise in the years ahead.23

A number of bioprospecting programs
are now taking shape that build upon the
pioneering agreement in 1991 between
Merck and Company and Costa Rica’s
Instituto Nacional de Biodiversidad. A
bioprospecting initiative in Suriname, for
instance, involves a number of different
partners, including indigenous healers, a
Surinamese pharmaceutical company, the
U.S.-based Bristol Myers Squibb company,
the environmental group Conservation
International, and the Missouri Botanical
Gardens. Royalties from any drugs devel-
oped will be channeled into a range of
local institutions, including nongovern-
mental organizations (NGOs), the nation-
al pharmaceutical company, and the for-
est service. In addition, a Forest Peoples
Fund has been established to support
small-scale development projects to bene-
fit local indigenous peoples.24

Ecotourism also shows promise as a
strategy for channeling international
investment capital into the preservation of
threatened ecosystems, if it is pursued in
an ecologically sensitive way. Costa Rica is
leading the way. The country’s sandy
beaches, dry deciduous forests, and moist
cloud forests have made tourism the top
foreign exchange earner, surpassing tradi-
tional export mainstays such as bananas
and coffee. Since ecotourism is not gener-
ally capital-intensive, domestic investment
may often be sufficient for underwriting
much of the industry. But even eco-
tourism has its infrastructure: internation-
al investment may find a role in upgrading
airports and building the kind of carefully
conceived, small-scale, low-impact hotels
that fit with the industry’s aims.25

Finally, although the vast majority of
international investment in forestry con-
tinues to support destructive practices,
there is nonetheless an opportunity
offered by a growing demand for timber
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that has been independently certified as
being sustainably produced. (See Chapter
2.) A few international investors are set-
ting themselves up to tap into this market.
Precious Woods Management Ltd., for
instance, a Swiss-owned firm, has estab-
lished a subsidiary in the Brazilian
Amazon that is now harvesting timber
from an operation certified by
SmartWood as well managed. This is a cer-
tification program sponsored by the New
York–based Rainforest Alliance and
accredited by the Forest Stewardship
Council, an independent body estab-
lished in 1993 to set standards for sustain-
able forest production.26

MANUFACTURING ABROAD

The conventional economic wisdom of
recent years has been that the rapidly
growing East Asian countries are showing
the path to the future. Poor in natural
resources, these countries owe much of
their current economic success to a take-
off in manufacturing—much of it des-
tined for export markets and financed by
large infusions of foreign capital. Many
countries around the world are now try-
ing to replicate this. Yet from an environ-
mental point of view, the manufacturing
takeoff is a double-edged sword.27

The category of manufacturing covers
a vast array of products and processes. 
It includes relatively low-tech yet labor-
intensive enterprises such as textiles,
sawmilling, and food processing, as well 
as higher-tech industries such as chemi-
cals, electronics, and pharmaceuticals.
Although it is difficult to generalize,
labor-intensive activities tend to be less
environmentally damaging than capital-
intensive ones, because by definition they
use less energy and less machinery, and
therefore tend to produce fewer damag-
ing by-products.28

In part because of the low cost of their
labor, developing countries moved first
into the lower-tech industries as they diver-
sified their economies. Their share of
world production of textiles, for instance,
increased from 23 to 39 percent between
1975 and 1996, while their share of iron
and steel smelting rose from 12 to 36 per-
cent. In recent years, however, many devel-
oping countries have moved into higher-
tech activities as well, such as chemicals,
electronics, and pharmaceuticals—indus-
tries that carry substantial environmental
risks. For instance, their share of world
production of industrial chemicals
increased from 17 percent in 1975 to 25
percent in 1996, and that of electrical
machinery rose from 11 to 20 percent.29

Foreign direct investments largely mir-
ror these broader changes, with the
World Bank reporting in 1997 that high-
er-tech industries such as chemicals and
electronics were accounting for a growing
share of FDI manufacturing flows to the
developing world. For example, almost 45
percent of U.S. capital outflows to
Argentina in 1996 were for chemicals,
and in Malaysia that year more than half
of U.S. funds went into electronics.30

The current surge of international
investment in manufacturing thus brings
with it environmental dangers. Hazardous
industries, such as battery manufacturers,
chemical companies, and toxin-laden
computer chip assembly facilities, are
becoming increasingly concentrated in
countries ill equipped to handle the pol-
lution. Indeed, a recent review by the
Silicon Valley Toxics Coalition in San
Jose, California, of 22 high-tech compa-
nies based in industrial countries found
that more than half of their collective
manufacturing and assembly opera-
tions—processes intensive in their use of
acids, solvents, and toxic gases—are now
located in developing countries.31

Studies suggest that industries are gen-
erally drawn to the developing world by
the low cost of labor, the availability of nat-
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ural resources, or the strategic access to
new markets. In most cases, environmental
control costs alone are not high enough to
be a determining factor in location deci-
sions. But even if companies move to the
developing world for other reasons, they
may well take advantage of lax environ-
mental laws and enforcement once there.32

In a few cases, moreover, relaxed
enforcement does appear to have been a
motivating factor in companies’ location
decisions. The debate over the 1993
North American Free Trade Agreement
(NAFTA) put the spotlight on one region
where this seems to have been the case for
some firms—the border between north-
ern Mexico and the United States. That
area is the site of nearly 2,000 mostly for-
eign-owned manufacturing plants known
as maquiladoras. In the city of Mexicali,
near the California border, more than a
quarter of the factory operators surveyed
in the late 1980s said that Mexico’s lax
environmental enforcement influenced
their decision to be there.33

The maquiladoras region is but one of
some 230 export or special processing
zones that span 70 countries and collec-
tively employ some 44 million workers.
These zones normally permit goods to be
imported duty-free, on the condition that
they are then used to produce exports. A
range of other inducements may be used
to encourage companies to locate pro-
duction in these zones. There is consider-
able evidence that one of them is often a
look-the-other-way attitude toward sub-
standard labor practices such as danger-
ous working conditions and restrictions
on the right to organize. Although no
comprehensive data on the question have
been gathered, it is likely that environ-
mental abuses are equally common. In
the coastal Cavite province near Manila,
for instance, local fishers accuse
Taiwanese, Korean, and other factories in
special economic zones of dumping into
Manila Bay pollutants that are responsible
for killing off thousands of fish. And the

Chinese National Environmental Protec-
tion Agency has accused firms from these
same countries of setting up shop in
China in order to flee tougher environ-
mental regulations at home.34

Beyond spreading hazardous manufac-
turing processes, international invest-
ment is also implicated in spurring
growth in the production of environmen-
tally problematic products. The major
multinational automobile companies, for
example, plagued by saturated markets in
the industrial world, are salivating over
the “emerging markets” of Asia, Eastern
Europe, and Latin America. Some three
quarters of the auto factories projected to
be built over the next three years are
expected to be in emerging markets.
European, Japanese, U.S., and South
Korean companies are competing aggres-
sively to build these plants. General
Motors recently sank some $2.2 billion
into a “four-plant strategy” to build nearly
identical plants simultaneously in
Argentina, China, Poland, and Thailand.
And nine of the world’s major automak-
ers—including Ford, General Motors,
and Mercedes-Benz—have set up shop in
India in just the last few years. If these
countries develop auto-centric transporta-
tion systems along the lines of the U.S.
model, the consequences for local air pol-
lution, climate change, and food security
will be serious indeed.35

Despite the environmental risks, inter-
national investment in manufacturing also
offers environmental opportunities for
developing countries. One of them is
access to cutting-edge production tech-
nologies, which are usually cleaner and
more efficient in their use of energy and
materials than older equipment. A 1992
World Bank study compared the rates at
which 60 countries were adopting a clean-
er wood pulping process, and concluded
that countries open to foreign investment
acquired the new technology far more
rapidly than did those that were closed to
it. Furthermore, privatizing state-owned
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factories by selling them to domestic or
foreign private investors can lead to envi-
ronmental improvements by eliminating
the conflict of interest that can arise when
the government is being both a producer
and a regulator. Limited evidence also
suggests that the pressure to turn a profit
can introduce an incentive to adopt man-
ufacturing techniques that reduce energy
and materials use and thus pollution.36

Foreign investment can also help dis-
seminate new, more environmentally
sound products worldwide. For example,
efficient compact fluorescent light bulbs,
first produced in the United States, are
increasingly manufactured in the develop-
ing world. In 1995, China made some
80–100 million of these bulbs—more than
any other country. The funding and tech-
nology came in part through joint ven-
tures with lighting firms based in Hong
Kong, Japan, the Netherlands, and
Taiwan. Compact fluorescents produced
by joint ventures consistently outperform
those of domestic companies in perfor-
mance standards such as efficiency levels.37

Renewable energy components are also
now often being manufactured in the
developing world. For instance, India has
become a major manufacturer of advanced
wind turbines with the help of technology
obtained through joint ventures and
licensing agreements with Danish, Dutch,
and German firms. This has helped India
become the world’s second largest wind
power producer, with an installed wind
capacity of more than 800 megawatts.38

THE INFRASTRUCTURE BOOM

The third major category into which
international capital flows is the services
sector, which according to the World
Bank now accounts for more than a third
of all foreign direct investment in the
developing world. The definition of this

sector depends on who is keeping the 
statistics. In general terms, it includes
knowledge-based enterprises such as con-
sulting, health care, and legal advice. It
also covers investment-oriented business-
es, such as banking and real estate. The
services label is also often applied to activ-
ities such as communications, construc-
tion, electricity and water distribution,
and transportation—otherwise known as
infrastructure. It is this last category that
poses some of the most direct and daunt-
ing environmental challenges.39

People in developing countries lack
access to many services crucial to a high
quality of life. For instance, 1.2 billion
people—more than one fifth of humani-
ty—have no access to clean drinking
water, some 2 billion have no electricity,
and nearly 3 billion do not have adequate
sanitation services. It is thus an important
goal of developing-country governments
to provide these services to their citizens.
But supplying services such as electricity,
transportation, and sewage treatment
often involves large construction projects
that are costly both to national treasuries
and to the health of the natural world.
The challenge is to find ways to provide
these crucial services to people in ways
that are environmentally sound, socially
equitable, and economically affordable.40

One of the most dramatic trends of the
1990s has been the rapid rate at which
developing-country governments have
turned many traditionally public activities
over to the private sector. Private compa-
nies are building power plants, telecom-
munications networks, water treatment
plants, dams, and toll roads in many cor-
ners of the globe. And in two thirds of the
cases, the private investor hails from
abroad. Foreign funds devoted to infra-
structure construction climbed from $2.6
billion at the beginning of the 1990s to
$22.3 billion by 1995 (although these
World Bank figures exclude FDI due to
methodological complications). Notably,
70 percent of these funds went to private
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companies rather than governments, who
have traditionally owned and managed
most large infrastructure. Over this peri-
od, power projects accounted for 44 per-
cent of the total, telecommunications for
30 percent, transport for 13 percent, and
other types of projects for the remaining
13 percent.41

This burst of private infrastructure
activity will in theory have the benefit of
providing hundreds of millions of people
with much-needed services that are
beyond the financial reach of cash-starved
governments. The projected price tags
are indeed staggering. According to the
Asian Development Bank, Asia alone
needs infrastructure investment of some
$10 trillion over the next 30 years. The
bulk of this is in the power, transport, and
telecommunications sectors. Yet the priva-
tization of services that have traditionally
been within the public domain raises
complicated questions of accountability,
equity, and environmental sustainability.
It is also important that the construction
of new infrastructure not take prece-
dence over more cost-effective strategies
on the demand side, such as plugging
leaky pipes to save water or caulking win-
dows to cut down on energy use.42

The numerous power sector projects
now in the pipeline have particularly
grave implications for the future health of
the planet—especially for the quality of
the air and the stability of the climate.
Over the next several decades, the bulk 
of new global investment in the power
sector is projected to take place in devel-
oping countries. The world’s ability to
avert a catastrophic global warming over
the next several decades will depend in
no small measure on what kind of power
plants are built.43

A sizable share of current internation-
al investment in the power sector is
bankrolling multimillion-dollar coal- and
oil-fired power plants that are intensive in
their production of both local air pollu-
tants and greenhouse gases. For instance,

international investors are queuing up to
participate in the construction of the
more than 500 medium-sized power
plants that China plans to construct by
2010. Many of these will be fueled by coal.
This will add to the country’s already stag-
gering burden of air pollution–related
disease and death. In addition, current
emissions trends suggest that China,
already the world’s second largest emitter
of carbon, could well surpass the United
States and top the list by 2010.44

More promising for the health of the
environment are the plans of many coun-
tries to build cleaner gas-fired plants,
often using advanced gas turbines or
cogeneration (the combined production
of heat and electricity in factories and
buildings). El Salvador, India, Indonesia,
and Viet Nam are among the countries
where foreign-funded gas-fired plants are
either under construction or being
planned. Yet gas development has its own
environmental liabilities, including plans
to construct massive pipelines to trans-
port the gas from remote areas. These
pipeline projects are generally paralleled
by service roads, which bring with them
ecological and social disruption as previ-
ously remote areas are opened up to set-
tlement and other incursions. “Welcome
to the 1990s version of Rudyard Kipling’s
Great Game,” notes the Wall Street
Journal. “Instead of imperial powers
scrambling for territory in Central Asia,
giant energy companies, mainly U.S.
ones, are vying to dominate access routes
between Latin America’s natural-gas
fields and its big cities.” Similar scrambles
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are under way in Central and Southeast
Asia and in the Middle East.45

The private sector is also stepping in to
help build large hydro dams that provide
electricity, water for irrigation, and flood
control—though often at enormous envi-
ronmental and social cost. In China,
international companies are competing
fiercely for contracts to help build the
Three Gorges Dam on the Yangtze River,
which is projected to supply roughly a
tenth of China’s electricity when complet-
ed around 2009. The dam is expected to
flood 60,730 hectares of land and 160
towns, and force the resettlement of some
1.3 million people. The Chinese govern-
ment has announced that it will finance
the dam through commercial bank loans,
bond offerings, and stock investments. An
initial bond offering in February 1997 for
1 billion yuan ($120 million) sold out in
five days. The project was listed on the
Shanghai stock exchange in July 1997,
and preparations have been made to list it
in Hong Kong as well if necessary.46

Encouragingly, however, developers of
power projects fueled by renewable ener-
gy are also seeking to enter emerging
markets. In one particularly ambitious
undertaking, Amoco and Enron are look-
ing for finance for a joint venture to build
a 50-megawatt photovoltaic power plant
in India. Other investors aim to channel
money into smaller-scale, less-centralized
approaches to meeting energy needs in
the developing world. For instance, the
Triodos Bank, a Dutch investment bank,
launched a Solar Investment Fund in late
1996 whose purpose is to finance loans in
Africa, Asia, and Latin America for house-
hold solar systems that provide electricity
to rural communities that lack access to
grid-supplied power.47

Another rapid growth area for interna-
tional private infrastructure investment is
the provision of water, sanitation, and
waste management services. With invest-
ment needs in these areas in the develop-
ing world adding up to at least $600 bil-

lion over the next decade, according to
World Bank estimates, governments clear-
ly need private help. Over the last few
years, a handful of British and French
companies have moved aggressively into
this market. For example, the French
company Lyonnaise des Eaux entered
into a concession agreement in 1993 with
several partners to invest more than $4
billion in upgrading and expanding water
and sanitation services in Buenos Aires. It
has also joined forces with Compagnie
Générale des Eaux and other partners to
provide similar services in Mexico City.48

Like all other aspects of privatization,
granting concessions for water and waste
treatment services to private investors is
controversial. Critics worry that the profit
motive will provide little incentive to pro-
tect vital ecological functions or to
expand coverage to the poor. Further-
more, companies whose bottom line
depends on selling as much water as pos-
sible have little incentive to invest in water
conservation programs. Yet proponents
argue that governments retain full powers
to set the terms of private concession con-
tracts. For instance, the Buenos Aires
water concession contract stipulates what
share of the population is to be provided
with potable water and sewerage services,
and by what date. Within the first two
years, 400,000 new water and 250,000 new
sewerage connections were made, many
in low-income neighborhoods. The quali-
ty of drinking water also improved, and
the city’s customary summer water short-
ages became a thing of the past.49

THE POWER OF THE PURSE

The rapid infusion of private capital into
emerging markets has led to considerable
confusion on the part of those accus-
tomed to the more familiar world of aid-
financed development. Somewhat nostal-
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gically, a report by Friends of the Earth
notes that “with yesterday’s centralized
funding, NGOs could lobby particular
organizations and stage demonstrations
outside meetings. But it is difficult to
effectively influence something as nebu-
lous as private capital flows.” Difficult, but
by no means impossible. In fact, a number
of important points of leverage offer con-
siderable promise for helping to shape
the developing world’s environmental
future. One of the most important is the
power wielded by investors themselves.50

The obvious place to start is with bilat-
eral and multilateral development lend-
ing agencies, which by now accept that
their lending programs should adhere to
an array of environmental and social
guidelines. By encouraging these agen-
cies to attach environmental conditions to
programs that support private invest-
ments, a limited amount of aid money
could serve as an environmental “screen”
for a far larger pool of private capital.51

One application of this strategy came in
April 1995, when the U.S. Overseas Private
Investment Corporation (OPIC) decided
to cancel the $100-million political risk
insurance policy it was providing to a New
Orleans–based mining company, Freeport
McMoran Copper and Gold, on the
grounds that the company was violating
the environmental conditions written into
its contract as well as OPIC’s more general
environmental requirements. The policy
covered the company’s operations at the
Grasberg Mine in the Indonesian province
of Irian Jaya, on the island of New Guinea.
The mine is one of the world’s largest; its
enormous copper, gold, and silver
deposits were reportedly worth more than
$60 billion at 1996 market prices. The
mine was dumping 100,000 tons of tailings
into nearby rivers every day, which local
people claimed was contaminating the
fish they ate and the water they drank. The
clogged rivers were also flooding large
swaths of rainforest and threatening a
diverse array of forest species. Environ-

mentalists argued that the mine would not
have been allowed to operate in the
United States, and should therefore not
be eligible for OPIC support.52

Despite the promise of this strategy,
later developments in the Freeport case
show how difficult it can be to make a vic-
tory stick. A year after its initial decision,
OPIC reinstated Freeport’s policy after
the company agreed to establish a $100-
million trust fund to clean up the site at
the end of the mine’s life. Then just a few
months later, Freeport announced that it
would not renew its policy with OPIC.53

A similar case involves the U.S. Export-
Import Bank, which provides govern-
ment-subsidized loans to other countries
for the purchase of U.S. goods and ser-
vices. In May 1996, the bank announced
that its environmental guidelines prohib-
ited it from providing this type of support
for China’s Three Gorges project—a blow
to companies such as the heavy equip-
ment manufacturer Caterpillar, which
had hoped to participate in the construc-
tion of the dam. The bank said it might
reconsider if China improved its plans for
protecting water quality and preserving
endangered species. But in the meantime
the bank’s counterparts in Canada,
France, Germany, Japan, and Switzerland,
which are not constrained by environ-
mental policies, have indicated that they
will step into the breach. Stung by the
experience, the United States is trying to
persuade other donor countries to apply
environmental conditions to their export
credit loans.54

Among international organizations,
perhaps the biggest opportunity involves
the World Bank and two affiliated agen-
cies, the International Finance Corpora-
tion (IFC) and the Multilateral Invest-
ment Guarantee Agency (MIGA).
Though the World Bank has traditionally
made loans only to governments, in the
last few years it has begun to use some of
its funds to back commercial lending to
the private sector. The IFC, which lends
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directly to private enterprises, is much
smaller than the Bank itself. But on aver-
age each $1 the IFC lends is attached to $5
of private investment—a ratio that greatly
expands this agency’s influence. Given
the World Bank’s growing interest in pri-
vate-sector lending, the IFC is expected to
expand in the years ahead. MIGA also
promotes private investment, principally
by insuring against political risks, such as
expropriation, civil disturbance, and
breach of contract. Since it issued its first
contract in 1990, MIGA has guaranteed
more than 200 contracts involving at least
$15 billion of FDI. And MIGA, too, is like-
ly to play an increasingly prominent role
in international development.55

Both the IFC and MIGA are involved in
many large investment projects with heavy
environmental impacts. Infrastructure,
manufacturing, and mining are among
the activities the agencies back. MIGA, for
instance, was participating in Freeport’s
Grasberg Mine project—until the compa-
ny canceled its MIGA policy as well.
(Freeport took that action just before the
agency was scheduled to send over a team
of investigators to look into charges of
environmental and human rights abuse.)56

The World Bank has an extensive set of
environmental and social policies, which
among other things require environmen-
tal impact assessments of projects and pro-
tection of the rights of indigenous peo-
ples. Theoretically, all Bank agencies
including the IFC and MIGA are bound by
these policies, although Bank officials
acknowledge that actual operating proce-
dures are sometimes different in private-
sector operations, in part due to confi-

dentiality concerns. Critics charge that the
rules are often violated at the Bank itself,
not to mention at the IFC and MIGA.57

Since taking office in 1995, Bank
President James Wolfensohn has indicat-
ed that he agrees with some of the criti-
cism—and that he is interested in step-
ping up environmental enforcement in
all branches of the World Bank, including
those that involve the private sector. Yet a
recent case involving an IFC loan to a pri-
vately owned Chilean electric utility for
the construction of a series of dams on
the scenic Bíobío River, an area that is
home to 8,000 indigenous people and to
myriad rare plant and animal species,
reveals some of the limits of the Bank’s
power. The IFC recently commissioned an
independent review of the project; it con-
cluded that the utility had repeatedly vio-
lated the environmental and social condi-
tions written into the loan agreement.
Environmentalists were outraged when
the Bank censored parts of this report
before releasing it to the public.
Meanwhile, the utility has prepaid its IFC
loan, thereby untying itself from any of
the environmental strings attached to the
money.58

More encouragingly, however, over the
past few years the IFC has collaborated
with the Global Environment Facility
(GEF—a joint undertaking of the U.N.
Development Programme, the U.N.
Environment Programme (UNEP), and
the World Bank) to develop an explicitly
green investment program to comple-
ment its standard offerings. The idea is to
devise financing mechanisms for projects
that are too small or unproven to attract
standard IFC support or other sources of
international capital; the average IFC
loan is $15 million, while many environ-
mentally sound ventures are looking for
loans denominated in thousands. The
goal of the new initiatives is to demon-
strate the viability of these smaller-scale
enterprises with a small injection of pub-
lic funds so that the industries will grow in
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size and be able to attract private capital
on their own.59

One particularly promising IFC pro-
gram channels funds through environ-
mental NGOs, nonprofit venture capital
firms, and other intermediaries to a range
of small-scale, environmentally sound
enterprises. Projects in renewable energy,
energy efficiency, sustainable forestry and
agriculture, and ecotourism are the fund-
ing targets. The program, developed with
a GEF grant, was originally capitalized at
$4.3 million. It has now been scaled up
with an additional $16.5 million and will
involve some 100 different projects when
fully up and running. Still, the whole pro-
gram remains smaller than most individ-
ual IFC projects. And the IFC has been
slow to devote its own resources to the
program, preferring to use the GEF’s
scarce funds instead.60

Although environmental NGOs have
traditionally focused principally on public
lending institutions as possible agents of
change, they are now also looking to pri-
vate lenders and investors as potential
allies. Commercial banks, for instance,
require exhaustive studies of possible
risks before making loans, a process
known as “due diligence.” Increasingly,
banks are viewing environmental issues as
an important consideration in this
process. The banks have a diverse range
of concerns. In the wake of recent U.S.
court cases, they worry that a hazardous
waste dump will be discovered on a prop-
erty that they lent money for, and that
they will be held liable. They also fear that
violations of environmental laws will lead
to large financial penalties that will
undermine a borrower’s creditworthi-
ness. In the most extreme case, a project
might be stopped altogether in the face of
opposition from environmental groups.61

“International commercial banks,
whether they intend to be or not, are fre-
quently very effective enforcers of local
and international environmental require-
ments,” maintains Bradford Gentry of

Yale University. “The level of scrutiny
given to these issues by banks is often well
above that of local environmental
enforcement.” Nonetheless, a recent
study by the Washington-based National
Wildlife Federation found substantial
room for progress: less than half of 51
financial institutions from 13 countries
on four continents routinely perform
environmental due diligence on transac-
tions other than those secured with real
estate.62

Stock market investors are also slowly
beginning to show more interest in envi-
ronmental questions. It used to be
assumed that it was costly for companies
to be good environmental stewards. But
this view is giving ground to a new under-
standing that the reverse may actually be
true: studies indicate that environmental-
ly progressive companies may in fact per-
form better, on average, than companies
that are plagued by large environmental
liabilities.

For instance, a 1995 report by the
Washington-based Investor Responsibility
Research Center compared the stock mar-
ket performance of the 500 companies
within the Standard & Poor’s index, a
group of 500 representative stocks and
bonds. They divided the firms into “high”
and “low” polluting companies. Overall,
the study found no penalty for investing
in green-shaded portfolios, and in some
cases it concluded that low-pollution port-
folios actually demonstrated superior per-
formance. A November 1996 study by the
consulting firm ICF Kaiser was more bull-
ish still. Its survey of more than 300
Standard & Poor’s companies revealed
that adopting a forward-looking environ-
mental stance had a “significant and
favorable impact” on a firm’s value in the
marketplace, as it reduced the company’s
risk profile and thus its cost of capital.63

As studies like this begin to accumu-
late, environmentally screened invest-
ment funds will likely grow in popularity.
Some $529 billion worth of investment—
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nearly 4 percent of all managed funds—is
currently screened with some social crite-
ria, according to the Washington-based
Social Investment Forum. An additional
$736 billion is controlled by investors who
partake in shareholder activism such as
proxy votes. In many cases, environmen-
tal criteria are one element in a broader
social screen; in a few cases, funds are
explicitly environmental in nature. The
performance of these funds, like all
investment funds, varies greatly. Overall,
however, the returns have been competi-
tive. For instance, the Domini 400 Social,
an index of socially screened firms, has
outperformed the Standard & Poor 500
over much of the 1990s. Most screened
funds are composed of companies listed
on domestic stock exchanges, however,
rather than international ones. One rea-
son for this is the difficulty of tracking
and monitoring international companies.
Nonetheless, a few screened funds are
beginning to venture into international
markets.64

A frontrunner in this arena is the
Global Environment Fund, a Washington-
based for-profit investment fund manager
founded in 1989. Loan guarantee agree-
ments with OPIC have allowed the group
to raise $190 million in investment capital
from institutional investors for two Global
Environment Emerging Markets Funds,
which between them now have holdings
in 10 countries in Africa, Asia, Eastern
Europe, and Latin America. The princi-
pal focus of these funds is environmental-
ly related infrastructure, such as renew-
able energy projects and water and
sewage treatment plants. In another
effort to promote private-sector environ-
mental initiatives, the IFC and the GEF
are spearheading the creation of two ven-
ture capital funds: a $20–25 million biodi-
versity fund for Latin America to be called
the Terra Capital Fund that will finance
sustainable forestry and agriculture pro-
grams and eco-tourism projects, and a
$210-million venture capital fund to pro-

mote energy efficiency and renewable
energy projects worldwide.65

Meanwhile, environmentally risky
megaprojects look increasingly like poor
investment gambles. For instance, if built
as planned, the 2,400-megawatt Bakun
hydroelectric project on the island of
Borneo will require the clearing of 69,000
hectares of rainforest, the flooding of an
area the size of Singapore, and the dis-
placement of 9,500 indigenous people.
Yet efforts to sell shares to international
investors in the controversial project on
the Kuala Lumpur stock exchange have
so far met with little success, with one of
the project’s financial backers recently
forced to cancel a planned stock
issuance.66

THE RULES OF THE GAME

Although public and private investors
clearly have an important role to play in
shaping the environmental content of pri-
vate investment flows, it remains the role
of governments to set the rules under
which markets and investors operate. But
it has become fashionable to question
whether national governments are still
able to play that traditional role, given the
growing power and nimbleness of inter-
national financial markets.67

It is certainly premature to declare 
the nation-state dead. In fact, countries
have a number of tools at their disposal 
if they choose to use them. For instance,
traditional environmental laws and
enforcement systems badly need to be
strengthened in many developing coun-
tries. Major advances could also be
achieved by innovations in national fiscal
policy, such as reducing subsidies to envi-
ronmentally harmful activities and taxing
them instead. (See Chapter 10.) These
sorts of policy reforms would change
incentive structures throughout national
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economies, tipping the balance away
from environmentally harmful invest-
ments and toward eco-friendlier ones.

But though nations still retain consid-
erable latitude for environmental innova-
tion, it is also true that the global nature
of today’s economy means that individual
countries have less power than they once
did to chart their own environmental
course. Action on the international front
is therefore essential.

Most multinational corporations
already claim to adhere to roughly uni-
form environmental standards through-
out their worldwide operations. And a
number of international industry groups
have now crafted voluntary codes of envi-
ronmental conduct; many of these call for
companies to approximate the standards
of their home countries wherever they do
business. In part, this is simply more prac-
tical than operating with a patchwork
quilt of different practices around the
world. Meeting international environ-
mental criteria also allows companies to
trumpet green credentials, which is of
growing value in the international mar-
ketplace. An additional impetus for
stricter internal corporate environmental
policies is a desire to avoid adverse pub-
licity—as well as a growing tendency for
costly lawsuits to be filed in home-country
courts.68

Over the last few years, numerous 
companies from around the world, many
from developing countries, have asked 
to be certified as in compliance with the
voluntary environmental management
guidelines forged by the Geneva-based
International Organization for Standardi-
zation (ISO), a worldwide federation of
national standards-setting bodies. The
first set of standards in the ISO 14,000
series, as it is known, was finalized in the
fall of 1996. They cover internal manage-
ment and auditing procedures—how, for
instance, a company should monitor its
pollution. These environmental manage-
ment guidelines are not to be confused

with actual performance standards that
would specify, for example, what levels of
pollution would be acceptable. But they
are nonetheless a useful tool.69

A major weakness of the ISO process,
however, has been its relatively narrow
base: industry has been an active player
from the beginning, but environmental
groups did not participate until the nego-
tiations were well along. More promising
in this regard is the precedent provided
by the Forest Stewardship Council (FSC).
The FSC’s criteria for forest management
were developed by its diverse members,
who represent timber traders and retail-
ers as well as environmental organizations
and forest dwellers. A Marine Stewardship
Council along the lines of the FSC is now
being set up to devise criteria for sustain-
able fish harvesting. (See Chapter 4.)70

Although these independent initiatives
have a critical role to play, it is also impor-
tant to integrate environmental considera-
tions into the official forums where the
rules of international commerce are now
being written—international trade and
investment negotiations. The discussions
in 1993 on the North American Free
Trade Agreement represented one of the
first attempts to put environmental issues
high on the economic negotiating agenda.
In this case, lobbying by environmental
NGOs produced some concrete results,
albeit relatively weak ones. For instance,
the three NAFTA governments agreed to
an environmental “side agreement” that,
among other things, was intended to lead
to stricter environmental enforcement.
NAFTA was also written with a clause that
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directs the parties not to lower their envi-
ronmental standards—or their enforce-
ment of them—in order to attract invest-
ment. By some accounts, NAFTA’s
environmental provisions and side agree-
ment have had positive environmental
effects. Yet there remains much room for
progress. In particular, the pollution prob-
lems in the border area continue to be
staggering: a 1995 report found that
roughly a quarter of maquiladora haz-
ardous waste—some 44 tons daily—could
not be accounted for, presumably because
it is dumped in ditches.71

At least one other major trade regime
appears to be following NAFTA’s lead,
although in its own way. The Asia-Pacific
Economic Cooperation (APEC) forum is
a loose coalition of 18 Pacific Rim states,
including the United States, China, and
Japan. It has put the cause of sustainable
development high on its agenda, focusing
in particular on the challenge of creating
sustainable cities, cleaner industries, and
healthier oceans and fisheries. In addi-
tion, APEC’s “Non-binding Investment
Principles” contain an environmental
provision similar to NAFTA’s investment
clause.72

Currently, the Organisation for Eco-
nomic Co-operation and Development
(OECD), a body composed mainly of west-
ern industrial countries, is negotiating a
Multilateral Agreement on Investment
intended to reduce obstacles to the flow of
foreign investment. Yet so far, at least,
negotiators have paid scant attention to
the agreement’s worrisome ecological
implications, despite the efforts of envi-
ronmental groups to put this issue on the
table. If this agreement goes ahead as
planned, it could constrain the ability of
countries to put in place policies that
would minimize the environmental dam-
age and social disruption of foreign invest-
ment projects. Though negotiated by
OECD members, membership in the
treaty will be open to other countries as
well. And developments in the OECD

often lay the groundwork for future
accords at the World Trade Organization.73

The United Nations could also do
more to help put global commerce on a
sustainable course. Just as the Inter-
national Labour Organisation drafts stan-
dards on matters such as workplace safety
and child labor, so might a strengthened
U.N. environment agency be charged
with developing baseline environmental
standards. This effort could expand an
existing UNEP initiative in which sectoral
task forces produce technical guidelines,
case studies, and examples of “best prac-
tice” for diverse industries such as textiles,
electronics, and pulp and paper. It could
also build on the World Bank’s environ-
mental policies and guidelines, which are
already a common point of reference for
private investors.74

For any international standards to be
effective, they would need to meet three
basic principles of their own: they should
be minimum standards that companies
and countries are free to exceed if they
wish; they must be set high enough to
have a real impact, rather than at a least-
common-denominator level; and they
would need to be developed in an open
and inclusive process that would build a
strong consensus in support of them.

This suggests a final critical gover-
nance challenge: democratizing decision-
making in a world where remote investors
and often-impenetrable international
institutions are increasingly calling the
shots. Already, a grassroots NGO move-
ment is rapidly gaining strength in many
parts of the world as a powerful counter-
vailing force. For instance, in a landmark
victory for local environmentalists, the
Chilean Supreme Court in March 1997
overturned the national environment
agency’s approval of a plan to allow the
Trillium Corporation (based in
Bellingham, Washington) to log an
ancient beech forest. Importantly, envi-
ronmental activists are increasingly well
linked internationally, with e-mail com-
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munications and sophisticated networks
allowing well-coordinated campaigns that
span the globe. This international NGO
campaign tries to influence and in some
cases to halt environmentally damaging
projects through multifaceted efforts
involving traditional grassroots tactics as
well as through direct lobbying of corpo-
rations, private investors, and internation-
al institutions.75

Perhaps the strongest proof of the
strength of the growing NGO movement
is the seriousness with which the interna-
tional business community is taking it. A
recent report by the Control Risks Group,
a London-based firm that advises busi-
nesses on political and security risks,
describes “the pressure on companies,
wherever they operate, to adopt the high-

est international environmental, labour
and ethical standards.” According to the
report, “heightened international scruti-
ny means that perceived transgressors
truly have ‘no hiding place.’”76

As today’s rapidly growing private 
capital flows to the developing world
increasingly alter the natural world, they
are  thus also redefining the international
political landscape. New relationships are
beginning to be forged between govern-
ments, international organizations, busi-
nesses, private financial institutions, and
NGOs. The active engagement of all these
players will be required to redirect private
capital flows to the developing world 
into activities that support rather than
undermine environmentally sustainable
development.
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Building a New
Economy
Lester R. Brown
Jennifer Mitchell

As the world economy has expanded
nearly sixfold since 1950, it has begun to
outrun the capacity of the Earth to supply
basic goods and services. As noted in
Chapter 1, we forget how large our con-
tinually expanding global economy has
become relative to the Earth’s ecosystem.
The annual growth of 4 percent in 1997
seems rather modest, but that one year’s
additional output of $1.1 trillion exceed-
ed the growth in output during the entire
seventeenth century.1

Despite the many collisions with the
Earth’s natural limits described in the
preceding nine chapters, we continue to
expand our numbers and raise our con-
sumption levels as though the Earth’s
capacities were infinite. If the global
economy grows at 3 percent a year, it will
expand from an output of $29 trillion in
1997 to $57 trillion in 2020, nearly dou-
bling. It will then more than double again
by the year 2050, reaching $138 trillion.
Yet even in reaching $29 trillion, the
economy has already overrun many of the

Earth’s natural capacities.2
Nearly all forms of environmental dete-

rioration—including soil erosion, aquifer
depletion, rangeland deterioration, air
pollution, and climate change—adversely
affect agriculture. Combined with a
shrinking backlog of technology available
to farmers to raise land productivity, these
are slowing growth in the world grain har-
vest. Meanwhile, the world demand for
grain is expanding at a near-record pace,
driven by the addition of 80 million peo-
ple each year and unprecedented gains in
affluence in the developing world, led by
China. Despite the recent return to pro-
duction of idled cropland, world grain
stocks have dropped to the lowest level on
record, leaving the world just one poor
harvest away from potential chaos in
world grain markets.3

With world water use tripling since
mid-century and continuing to expand,
water scarcity is threatening economic
progress indirectly through its effect on
the food supply. Wherever there is irriga-
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tion overpumping today there will be irri-
gation cutbacks tomorrow; cuts in irriga-
tion mean cuts in food production. With
nearly half the world’s grain produced on
irrigated land, this is not good news. If we
are facing a future of water scarcity, we are
also facing food scarcity. Irrigation water
shortages are already raising grain
imports in many countries, including
Algeria, China, Egypt, India, Iran, Mexico,
Pakistan, and Saudi Arabia. In the three
years after Saudi Arabia’s aquifer began to
dry up in 1994, irrigation cutbacks raised
the country’s net grain imports from 3
million tons to more than 7 million.4

As populations outrun their water sup-
plies, there is much talk of conflicts over
water. Some analysts note that in regions
facing acute water scarcity, such as the
Middle East, future wars are more likely to
be over water than oil. But the competi-
tion for water is moving into world grain
markets as countries try to offset irriga-
tion water shortages by expanding grain
imports. In this arena, the winners are
likely to be those who are financially
strongest, not those who are the strongest
militarily.5

In the absence of a technological
breakthrough that can create a quantum
jump in output, such as the ones that fol-
lowed the discovery of fertilizer or the
hybridization of corn, the world is likely
to be facing higher grain prices. The rise
in world grain prices from 1993 to 1997,
reversing a long-term trend of decline,
may give us a picture of the future. If so, it
could lead to instability in Third World
cities on a scale that could disrupt global
economic progress.6

We are already getting some glimpses
of what may lie ahead. For example, in
the summer of 1996, the government of
Jordan—a country suffering from aquifer
depletion, higher prices for imported
wheat, and a scarcity of foreign
exchange—was forced to eliminate its
bread subsidy. The resulting bread riots
lasted several days and threatened to

bring down the government. In 1997,
Pakistan—a country of roughly 140 mil-
lion people—needed to double its wheat
imports to 5 million tons but was unable
to do so, having exhausted its line of cred-
it. As a result, wheat prices rose and in
April long lines formed at bread shops in
Karachi, leading to political unrest and
sporadic looting in the city.7

If the world economy as it is now struc-
tured continues to expand, it will eventu-
ally destroy its natural support systems
and decline. Despite the inescapable logic
of this decline-and-collapse scenario, we
seem unable to limit our claims on the
Earth to a sustainable level. Canadian
ecologist William Rees talks about “a
world addicted to growth, but in deep
denial about the consequences.”8

The good news is that we know what an
environmentally sustainable economy
would look like. We have the technologies
needed to build such an economy. And
we know that the key to getting from here
to there lies in restructuring the tax sys-
tem, decreasing personal and corporate
income taxes while increasing taxes on
environmentally destructive activities.
The challenge is to convince enough peo-
ple of the need to do this in order to
make it happen.

A NEW ECONOMY

While ecologists have long known that the
existing economic system is unsustain-
able, few economists share this knowl-
edge. What kind of system would be eco-
logically sustainable? The answer is
simple—a system whose structure respects
the limits, the carrying capacity, of natur-
al systems. A sustainable economy is one
powered by renewable energy sources. It
is also a reuse/recycle economy. In its
structure, it emulates nature, where one
organism’s waste is another’s sustenance.

Building a New Economy (3)



The ecological principles of sustain-
ability are well established, based on solid
science. Just as an aircraft must satisfy the
principles of aerodynamics if it is to fly, so
must an economy satisfy the principles of
ecology if it is to endure. The ecological
conditions that need to be satisfied are
rather straightforward. Over the long
term, carbon emissions cannot exceed
carbon dioxide (CO2) fixation; soil ero-
sion cannot exceed new soil formed
through natural processes; the harvest of
forest products cannot exceed the sus-
tainable yield of forests; the number of
plant and animal species lost cannot
exceed the new species formed through
evolution; water pumping cannot exceed
the sustainable yield of aquifers; the fish
catch cannot exceed the sustainable yield
of fisheries.

Recognizing the limits of natural sys-
tems is often seen as a call for no growth,
but the issue is not growth versus no
growth. The question is, What kind of
growth? And where? Growth based on the
use of renewable energy may be able to
continue for some time, while that based
on fossil fuels is ultimately limited by
remaining reserves, but more immediate-
ly by potentially unacceptable climate dis-
ruption. Similarly, a reuse/recycle econo-
my can grow much larger than a
throwaway economy without imposing
excessive demands on the Earth’s ecosys-
tem. Growth in the information economy
puts minimal pressure on the Earth’s nat-
ural systems, especially compared with
heavy industry, a common source of past
growth. Within agriculture, huge growth
is needed to satisfy future food needs in
developing countries but not in industrial
ones, where population has stabilized and
where diets are already sated with live-
stock products.

Building such an economy means sta-
bilizing population sooner rather than
later and replacing the fossil-fuel-based
economy with a solar/hydrogen energy
economy. These two key steps—both

extraordinarily difficult undertakings—
are discussed later in this chapter. If we
can do both, many of the other problems
the world faces will become manageable.

In mature industrial economies with
stable populations, claims on the planet
are leveling off. In the European Union
(EU), for example, population has stabi-
lized at 380 million. With high incomes,
grain consumption per person has
plateaued at around 470 kilograms a year.
As a result, EU members, now consuming
roughly 180 million tons of grain annual-
ly, have essentially stabilized their claims
on the Earth’s agricultural resources—the
first region in the world to do so. (See
Figure 10–1.) And, perhaps more impor-
tant, the region has done this within the
limits of its land and water resources,
since it is a net exporter of grain.9

As noted earlier, one of the keys to an
environmentally sustainable future is to
convert the existing throwaway economy
to a reuse/recycle economy, thus reduc-
ing the environmentally disruptive flow of
raw materials from mines or forests to
smelters and mills, as well as the vast one-
way flow of discarded materials to land-
fills. With a reuse/recycle structure,
mature industrial economies with stable
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populations, such as those in Europe, can
operate largely on the existing stock of
steel, aluminum, glass, paper, and other
materials already in the economy.

The huge material flows associated
with industrialization can be reduced in
developing economies if these countries
go directly from the preindustrial to the
postindustrial stage of development,
leapfrogging the intermediate stage. For
example, they can invest directly in cellu-
lar phones without spending money on
millions of miles of telephone lines and
poles. Instead of relying on the trans-
portation system to carry a letter to a dis-
tant destination, modern technologies
can send a facsimile halfway around the
world using the global network of satel-
lites. And with computerization, e-mail
can replace the fax, eliminating the need
even for paper. Similarly, if developing
economies bypass the automobile stage of
development, going directly to sophisti-
cated public transportation and to bicy-
cles, they can save huge amounts of mate-
rials and energy, while providing greater
mobility.10

The transition from a throwaway econ-
omy to a reuse/recycle one is well under
way. In the United States, where the steel
industry is now dominated by electric-arc
steel furnaces that feed on scrap metal, 55
percent of 1996 steel output was from
scrap. Abandoned cars are melted down
to produce soup cans. When these are dis-
carded, they can be melted down to pro-
duce refrigerators. When they wear out,
refrigerators can be used to produce auto-
mobiles. And so on. A steel industry feed-
ing largely on scrap both minimizes the
disruption associated with mining and
transporting virgin ore and reduces ener-
gy use by some 60 percent.11

As industries move from using primari-
ly virgin raw materials to using recycled
materials, their geographic distribution
changes. The U.S. steel industry, once
concentrated in western Pennsylvania,
where there was an abundance of both

iron ore and coal, is now spread through-
out the states. Modern electric-arc mini-
mills scattered across the country often
feed entirely on locally available scrap
metal to produce steel, and at the same
time create local jobs and revenue flows.12

Similarly with paper. Instead of cutting
trees, paper companies now negotiate
long-term contracts with local communi-
ties to buy their scrap paper. In the
United States, few if any recent paper
mills have been built in the heavily forest-
ed northwest or in Maine. Instead, they
are being built near heavily populated
areas where paper use is concentrated.
This shift to wastepaper helps bring
demands on forests down toward a sus-
tainable level.13

The small, densely populated state of
New Jersey, for instance, has little forested
area and no iron mines. Yet there are 13
paper mills that use only wastepaper and
eight steel minimills that rely almost
exclusively on scrap. Collectively, these
paper plants and steel mills market more
than $1 billion worth of products each
year, providing both local jobs and hefty
tax revenues.14

For communities considering whether
to dispose of solid waste by recycling,
incinerating, or landfilling, the employ-
ment advantages are obvious: for every
150,000 tons of waste, recycling creates
nine jobs, incinerating creates two, and
landfilling, just one. Within Europe,
Germany has been a leader in reducing
the amount of packaging used and in
recycling packaging waste. In 1996, 80
percent of all packaging in Germany—
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including glass, paper, plastic, tin plate,
and aluminum, totalling some 5.3 million
tons—was recycled, greatly reducing pres-
sure on landfills.15

Another way to reduce waste is to
redesign industrial economies to emulate
nature so that one industry’s waste
becomes another’s raw material, a science
that is becoming known as industrial ecol-
ogy. In the industrial zone of Kalundborg
in Denmark, a network of materials and
energy exchanges among companies has
been formed. It involves a wide variety of
linkages: the warm water from cooling a
power plant is used by a company with fish
farms; sludge from the fish farms is sold to
a nearby farmer for fertilizer; the fly ash
from a power plant is used as a raw mater-
ial by a cement manufacturer; and surplus
yeast from a pharmaceutical plant produc-
ing insulin is fed to pigs by local farmers.16

The result is a system that emulates
nature—a win-win situation. Air pollution
is down, water pollution is down, waste is
down, and profits are up. A $60-million
investment by participating firms in a
transport infrastructure to facilitate the
exchange of energy and materials has
yielded $120 million in revenues and cost
savings. At the international level, one
effort to assess the potential of such sys-
tems is the Zero Emissions Research
Initiative at the United Nations University,
in Tokyo; it recently expanded into a $12-
million research project at the University
of Tokyo.17

In contrast to the wholesale restructur-
ing of the energy economy needed to
make it environmentally sustainable, what
is needed in the world food economy 
is more a change in degree than in kind,
partly because the principal transforma-
tion required to achieve an acceptable
balance between food and people lies 
outside agriculture. Balancing the food
supply/demand equation may now
depend more on family planners than on
fishers and farmers. Decisions made in
ministries of energy about fossil fuel use

may have a greater effect on climate and
therefore on the food security of the next
generation than those made in ministries
of agriculture.

But within agriculture, there are also
major challenges. Building a sustainable
food economy depends on protecting
cropland both from soil erosion and from
conversion to nonfarm uses. It also means
using land and water more efficiently. On
soil erosion, the United States is a leader,
with the Conservation Reserve Program
(CRP) launched in 1985. Among other
things, the CRP promotes the conversion
of highly erodible cropland into grass-
land, thus protecting its only sustainable
use. Beyond this, U.S. farmers with exces-
sive erosion on their land are denied the
benefits of any government programs if
they do not adopt conservation tillage
practices that reduce losses of soil from
erosion below the amount of new soil
formed from natural processes.18

In a world of food scarcity, land use
emerges as a central issue. Cropland is no
longer a surplus commodity. Perhaps the
best model of successful cropland protec-
tion is Japan, whose determination to pro-
tect its riceland with land-use zoning can
be seen in the thousands of small rice
plots within the city boundaries of Tokyo.
By tenaciously protecting its riceland, the
nation remains self-sufficient in its staple
food. While Japan has relied heavily on
zoning to protect cropland, a stiff tax on
the conversion of cropland to nonfarm
uses can also be highly effective in pro-
tecting the global cropland base. China is
encouraging cremation of the dead rather
than burial as it tries to save cropland. Viet
Nam, like Japan, has turned to regulation,
banning the construction of golf courses
in order to protect its riceland.19

With little new land left to plow any-
where and with Asia sustaining heavy
cropland losses as it industrializes, the
need to raise land productivity is more
pressing than ever. As yield per crop
moves toward the physiological limits, fur-
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ther gains will come increasingly from
raising the number of crops per year. The
challenge to scientists is to breed crop
varieties that mature earlier, permitting
northern hemisphere countries, for
example, to expand the double-cropping
of a winter crop such as wheat or barley
with a summer crop such as soybeans.
Other changes, such as transplanting
more crops from seedbeds into the field,
shorten the field-growing season, as hap-
pens with most of Asia’s rice, which is pro-
duced from transplanted seedlings.20

Aside from stabilizing population, the
key to reducing the unsustainable de-
mand on aquifers is to convert the exist-
ing systems that supply water to farmers,
industries, and urban dwellers either at no
cost or at a nominal cost into water mar-
kets where users pay the market price for
water. Combined with special rates that
protect minimum supplies for low-income
consumers, water markets such as those
now operating in California and Chile can
help lower water demand to the sustain-
able yield of aquifers. Shifting to a market
economy for water would automatically
create a market for more water-efficient
technologies, ranging from irrigation
equipment to household appliances.21

Reducing water use to a sustainable
level means boosting the efficiency with
which it is used, emulating the achieve-
ments of Israel—the pacesetter in this
field. Land productivity has long been a
part of our vocabulary, something we
measure in yield per hectare. But the
term “water productivity” is rarely heard.
Until it, too, becomes part of our every-
day lexicon, water scarcity will cloud our
future. In addition to using more-efficient
irrigation techniques, cropping patterns
can be adjusted, shifting toward more
water-efficient crops as Egypt is doing in
shifting land from rice to wheat.22

The efficiency of converting grain into
animal protein—milk, meat, and eggs—
can be enhanced by adopting modern
feeding practices, including shifting to

nutritionally balanced, formulated
rations in developing countries and by
everywhere shifting to the more grain-
efficient livestock products. Most of the
world’s beef and mutton is produced with
forage from rangeland that is not suitable
for plowing. But once rangelands are fully
used, as is now the case, then additional
output can come only from feedlots. At
this point, the ability of chickens to add a
pound of body weight with only 2.2
pounds of feed gives them an advantage
over cattle, which require some 7 pounds
of feed per pound of weight gain. The
expected shift from beef to poultry is
already under way: poultry overtook beef
in 1996. (See Figure 10–2.)23

If grain prices rise rapidly, the world’s
affluent will start eating less meat, but
they are not likely to do so before prices
threaten the survival of the world’s urban
poor.  With little idled cropland remain-
ing and the carryover stocks of grain at
near-record lows, the grain fed to live-
stock is the only reserve that can be
tapped in a world food emergency. The
most efficient way of doing this is to levy a
tax on the consumption of livestock prod-
ucts, offsetting it with an income tax cut.
Such a step would not solve the food
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problem, but as a temporary measure it
could help avoid politically destabilizing
grain price rises, buying additional time
to stabilize population. Public education
programs on the adverse health effects of
excessive consumption of fat-rich live-
stock products can also help people move
down the food chain.

STABILIZING POPULATION

A sustainable society is a demographically
stable one, but today’s population is far
from that point. The United Nations pro-
jects that over the next 50 years world pop-
ulation will reach 9.4 billion—3.6 billion
more people than today. Since the popu-
lation of the industrial world is expected
to decline slightly during this period,
these 3.6 billion people will be added to
the developing world, where natural
resources and social services are already
in short supply. Even with only modest
gains in nutrition, this addition will
require a doubling of the world grain har-
vest and, for irrigation alone, a quantity of
water equal to more than 20 Nile Rivers. It
will also require hundreds of millions of
new classrooms, homes, and jobs.24

Nearly 60 percent of the projected
population growth is expected to occur in
Asia, which will grow from 3.4 billion peo-
ple in 1995 to more than 5.4 billion in
2050. By then, China’s current popula-
tion of 1.2 billion is expected to exceed
1.5 billion, while India’s is projected to
soar from 930 million to 1.53 billion. Over
this same time period, the population of
the Middle East and North Africa is likely
to more than double, while that of sub-
Saharan Africa will triple. By 2050,
Nigeria alone is expected to have 339 mil-
lion people—more than the entire conti-
nent of Africa had 35 years ago.25

Stabilizing population is an essential
step in arresting the destruction of natur-

al resources and ensuring that the basic
needs of all people are met. Thirty-three
countries now have stable populations,
including Japan and most of those in
Europe. (Those with 10 million or more
people are listed in Table 10–1.) These
countries—representing 14 percent of
world population—provide a solid base
for a population stabilization effort. The
sooner the remaining countries follow, the
better the chance of stabilizing population
at a level that the Earth can support.

A comparison of population trends in
Bangladesh and Pakistan illustrates the
importance of acting now. When
Bangladesh was created in a split with
Pakistan in 1971, its political leaders
made a strong commitment to reduce fer-
tility rates, while the leaders in Islamabad
wavered over the need to do so. At that
time, the population in each country was
roughly 66 million. Today, however,
Pakistan has roughly 140 million people,
while Bangladesh has some 120 million.
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Table 10–1. Sixteen Countries With Zero
Population Growth, 1997

Country Annual Rate of Midyear
Natural Increase Population

(percent) (million)

Belarus -0.1 10.4
Belgium 0.1 10.2
Czech Republic -0.1 10.3
France 0.2 58.6
Germany -0.2 82.0
Greece 0.1 10.6
Hungary -0.4 10.3
Italy 0 56.8
Japan 0.2 125.7
Netherlands 0.4 15.6
Poland 0.2 38.6
Romania -0.3 22.5
Russia -0.6 147.3
Spain -0.1 39.1
Ukraine -0.4 50.4
United Kingdom 0.2 57.6

SOURCE: U.S. Bureau of the Census, International
Data Base, electronic database, Suitland, MD, 10
October 1997.



By putting family planning programs in
place sooner rather than later,
Bangladesh not only avoided the addition
of nearly 20 million people during this 25-
year period, it is projected to have 50 mil-
lion fewer people than Pakistan does in
2050. (See Figure 10–3.)26

The world now faces a similar choice.
The United Nation projects that the num-
ber of people on the Earth could reach
anywhere from 7.7 billion to 11.1 billion
by 2050. Ultimately, the future size of the
population will depend on actions that
are taken or not taken today.27

The first step in stabilizing population
is to remove the physical and social barri-
ers that prevent women from using family
planning services. Approximately one
third of projected world population
growth will be due to unwanted pregnan-
cies that occur because couples still do
not have access to the family planning ser-
vices they desire, according to John
Bongaarts of the Population Council.
Worldwide, more than 120 million mar-
ried women, and many more unmarried
sexually active adults and teens, fall into
this category.28

There are several reasons why couples
are not planning their families despite
their desire for fewer children. In many
countries such as Saudi Arabia and
Argentina, government policies restrict
access to contraceptives. Geographic
accessibility also affects use; in some rural
areas of sub-Saharan Africa, it can take
two hours or more to reach the nearest
contraceptive provider. Furthermore,
family planning services can be expen-
sive, many couples lack health care to
cover services, and family planning clinics
are often underfunded—leaving them
short of supplies or understaffed.29

Women who want fewer children may
also be constrained from using family
planning by a lack of knowledge, prevail-
ing cultural and religious values, or the
disapproval of family members. In
Pakistan, for example, 43 percent of hus-
bands object to family planning.
Moreover, as recently as 1989 some 14
countries required a woman to obtain her
husband’s consent before she could
receive any contraceptive services, while
60 required spousal authorization for per-
manent methods. Although it has been
argued that these practices lessen conflicts
between spouses and health care person-
nel, they are serious impediments to a
woman’s ability to control her fertility.30

Information about contraceptives and
family planning for young men and
women also facilitates the use of birth con-
trol. In Thailand, people of all ages have
been educated on the importance of fam-
ily planning. Mechai Viravidaiya, the
charismatic founder of the Thai
Population and Community Development
Association (PCDA), encouraged familiar-
ity with contraceptives through demon-
strations, ads, and witty songs. Math teach-
ers even use population-related examples
in their classes. As a result of the efforts of
Mechai, the PCDA, and the government,
the growth of Thailand’s population has
slowed from more than 3 percent in 1960
to approximately 1 percent today—the
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same as in the United States.31

Access to family planning services,
however, will not by itself stabilize popula-
tion growth. Even if services were avail-
able to all who desired them, the popula-
tion is still expected to increase by some
2.3 billion over the next 50 years. One
reason for this is that many couples
choose to have large families. John
Bongaarts projects that reducing the
demand for large families by addressing
the underlying social factors that create it
could bring population growth in devel-
oping countries down another 18 per-
cent. Changing desired family size is of
course more difficult for governments to
accomplish.32

In many developing countries, having
lots of children is a matter of survival:
children are a vital part of the family
economy and a source of security in old
age. Institutions such as the Grameen
Bank, which specializes in microenter-
prise loans, are attempting to change this
situation by providing credit to well over a
million villagers—mostly impoverished
women—throughout Bangladesh and
other countries. These loans are empow-
ering women, helping to end the cycle of
poverty, and thus reducing the need for
large families.33

Although alleviating poverty is an
important goal, rapid economic growth is
not a prerequisite for reduced fertility
rates. Bangladesh has reduced fertility
rates from nearly 7 children per woman in
the early 1970s to 3.3 children per woman
today despite incomes averaging only
around $200 a year. In the struggle to slow
population growth, access to family plan-
ning services, solid government leader-

ship, and improvement in social condi-
tions are proving to be more important
than the growth of a nation’s economy.34

Reducing infant and child mortality
will give parents the confidence to have
fewer children. In situations where many
children die young, parents often have
more children than they want to ensure
that some will survive. Children born less
than a year and a half apart are twice as
likely to die as those born two or more
years apart. Educating couples about
birth spacing, increasing child immuniza-
tions, and improving health care can
reduce child mortality.35

Education also reduces family size. The
education of women in places like the
south Indian state of Kerala has given
women options beyond childbearing, as
well as an alternative source of future
security. Furthermore, requiring school
attendance for all children lowers their
use as laborers while accelerating cultural
change. And finally, publicized studies on
local carrying capacities and campaigns
to raise awareness can help individuals
understand the need for smaller families
and make the idea of two-child families
familiar and acceptable.36

Yet even if each couple were to have
only two children, population would con-
tinue to grow due to the sheer number of
young women reaching reproductive age.
This third force—called population
momentum—accounts for nearly half of
projected population growth. It can be
lowered by policies that encourage
women to delay childbearing, which
stretches the time between generations.
Delaying childbearing by 2.5 years would
reduce population growth by maybe 10
percent over the next 50 years, while
delaying it by 5 years would reduce it by
perhaps 21 percent.37

Raising the legal age of marriage, as
Tunisia and China have done, delays
childbearing. But policies that educate
and empower women have the same
result, and are ultimately more effective.
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The longer girls stay in school, the later
they marry and the later they start bear-
ing children. In 23 developing countries,
for instance, women with a secondary
education married on average four years
later than those with no education.38

Slowly, governments are realizing the
value of investing in population stabiliza-
tion. One study found that the govern-
ment of Bangladesh spends $62 to pre-
vent a birth, but saves $615 on social
services expenditures for each birth avert-
ed—a 10-fold return on investment.
Based on the study’s estimate, the pro-
gram prevents 890,000 births annually.
The net savings to the government totals
$547 million each year, leaving more to
invest in education and health care.39

At the 1994 International Conference
on Population and Development in
Cairo, the governments of the world
agreed to a 20-year population and repro-
ductive health program. The United
Nations estimates that $17 billion a year
will be needed for this effort by 2000 and
$21.7 billion by 2015. (In both cases, this
is less than is spent every two weeks on
military expenditures.) Developing coun-
tries and countries in transition have
agreed to cover two thirds of the price tag,
while donor countries have promised to
pay the rest—$5.7 billion a year by 2000
and $7.2 billion by 2015.40

Unfortunately, while developing coun-
tries are on track with their part of the
expenditures, donor countries are not. 
A recent U.N. Population Fund study 
reports that the assistance of bilateral
donors, multilateral agencies and banks,
and charitable foundations amounted 
to only $2 billion in 1995. Although
donors’ contributions in 1995 were 24
percent more than in 1994, preliminary
estimates indicate that contributions
declined some 18 percent in 1996. And it
is likely that funding levels in 1997
declined even further.41

As a result of donor shortfalls following
the Cairo conference, the United Nations

estimates that an additional 122 million
unintended pregnancies will occur by
2000. A little over a third of these unwant-
ed pregnancies will be aborted, and more
than half will be considered unintended
births. Moreover, an additional 65,000
women will die in childbirth and 844,000
million will suffer chronic or permanent
injury from their pregnancies.42

Yet “global population problems can-
not be put on hold while countries reform
their health care, rebuild their inner
cities, and reduce…budget deficit[s].
Avoiding another world population dou-
bling...requires rapid action,” notes
Sharon Camp, former Vice President of
Population Action International. The dif-
ference between acting today and putting
it off until tomorrow is the difference
between a world in which population sta-
bilizes at a level the Earth might be able to
support and one where it expands until
environmental deterioration disrupts eco-
nomic progress.43

STABILIZING CLIMATE

Evidence that the Earth is getting warmer
is building with each passing year. In the
132 years since recordkeeping began in
1866, the 13 warmest years have occurred
since 1979. (See Figure 1–4 in Chapter 1.)
Concern about the effects of climate
change comes from many quarters. Aside
from the reports of environmental scien-
tists, the global insurance industry—faced
with a dramatic surge in weather-related
insurance claims—is worried about the
increasing intensity and destructiveness of
storms. Another source of concern comes
from the possible effect on food security,
since agriculture is keyed to a climate sys-
tem that has been remarkably stable over
the 10,000 years since farming began.44

Stabilizing climate depends on reestab-
lishing a balance between carbon emis-
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sions and nature’s capacity to absorb CO2.
There are two principal ways to do this:
use energy more efficiently and replace
fossil fuels with noncarbon energy
sources. Although impressive gains have
been made in raising energy efficiency
since the oil price shocks of the 1970s,
there is still a vast potential for raising it
further.

One way to boost the energy efficiency
of the global economy is, as noted earlier,
to shift from a throw-away economy to a
reuse/recycle economy. Another obvious
area that needs improvement is the ener-
gy-intensive automobile-centered trans-
portation systems of industrial societies,
which are extraordinarily inefficient not
only in energy use, but in the congestion
they produce, which leads to an ineffi-
cient use of labor as well. In congested
London today, average automobile speed
is similar to that of the horse drawn car-
riages of a century ago. In Bangkok, the
typical motorist now spends the equiva-
lent of 44 working days a year sitting in
traffic jams.45

Two indicators of the human desire for
mobility are the sales of bicycles and cars.
In 1969, world manufacture of bicycles
totaled 25 million and that of automo-
biles was 23 million. The production of
cars, expanding rapidly, was on the verge
of overtaking bicycles. But then rising
environmental awareness, as evidenced in
the first Earth Day in 1970, and the 1973
oil price shock each boosted bicycle pro-
duction relative to that of automobiles. By
1980, some 62 million bicycles were man-
ufactured compared with 29 million auto-
mobiles, an edge of two to one.46

A third surge came following the 1978
economic reforms in China as rapidly ris-
ing incomes boosted the number of peo-
ple who could afford bicycles. As bicycle
ownership surged in China, so did their
production, pushing world output to 105
million in 1988. In 1995, bicycle manufac-
turing totaled 109 million, compared with
36 million automobiles, an advantage of

three to one. (See Figure 10–4.) Many
cities, from Amsterdam to Lima, are now
actively encouraging the use of bicycles.
In the United Kingdom, the government
hopes to double 1996 bicycle use by 2002
and then double it again by 2012.47

The original attraction of the automo-
bile was its promise of unlimited mobility,
something it could deliver when societies
were largely rural. But in an urbanized
world, there is an inherent incompatibility
between the automobile and the city—wit-
ness the air pollution, traffic congestion,
and urban sprawl now facing the world’s
cities. In addition, the segment of global
society that can afford to buy and operate
an automobile is likely to remain small.

The only reasonable alternative to the
automobile in urban settings is a combi-
nation of state-of-the-art rail passenger-
transport systems augmented by other
forms of public transportation and bicy-
cles. Whether the goal is mobility, breath-
able air, the protection of cropland, limits
on congestion, or stabilization of climate,
the automobile is not the answer. Indeed,
these criteria suggest that the bicycle is
the transport vehicle of the future. The
sooner governments realize that the
worldwide dream of a car in every garage
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is not realistic, the sooner they can get on
with building transportation systems that
will provide the desired mobility and are
environmentally sustainable.

There are many new technologies for
raising energy efficiency. One of the most
effective is the compact fluorescent light
bulb, which provides the same illumina-
tion as a traditional incandescent bulb
but uses only a fourth as much electricity.
Compact fluorescent bulbs in use in 1995
saved the electricity equivalent of the out-
put of 28 large, coal-fired power plants.
Although the compact fluorescents cost
10 times as much as incandescents, invest-
ing in them is highly profitable because
they last much longer and use so little
electricity. Worldwide manufacture has
increased from 45 million in 1988 to 240
million in 1995. (See Figure 10–5.)
Encouragingly, China has moved to the
forefront in the manufacture of these
bulbs, relying on them to reduce the need
for building coal-fired power plants.48

Historically, the world has relied on
two sources of renewable energy, fire-
wood and hydropower. Firewood contin-
ues to provide cooking fuel for perhaps 2
billion people, most of whom live in
Third World villages and cities, while

hydropower supplies one fifth of the
world’s electricity. Future growth in
renewables, however, is likely to come
from other sources, notably wind power,
photovoltaic cells, and solar thermal
power plants. Installed wind electric gen-
erating capacity worldwide exceeded
7,600 megawatts by 1997. (See Figure
10–6.) In California, wind farms in
Altamont Pass east of San Francisco, in
the Tehachapi Pass, and in the desert
near Palm Springs now generate enough
electricity to satisfy the residential needs
of San Francisco.49

An inventory of U.S. wind resources by
the Department of Energy indicates a vast
national potential, with three wind-rich
states alone—North Dakota, South
Dakota, and Texas—having enough har-
nessable wind energy to satisfy national
electricity needs. A similar inventory in
China indicates that the nation could eas-
ily double its current electricity genera-
tion by harnessing wind energy.50

Early leadership in the harnessing of
wind energy came from the United States
and Denmark. More recently, Germany
and India, both rapidly growing wind pow-
ers, have forged into the lead. Tomen, a
Japanese firm, plans to invest $1.2 billion
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in the installation of 1,000 large wind tur-
bines in Europe over the next five years.
The world’s fastest-growing energy source
during the 1990s, wind generation is
expanding by 25 percent a year. With the
cost continuing to decline as technologies
advance and as the scale of turbine manu-
facturing increases, wind promises to
become a major power source.51

A second highly promising source of
electricity is the photovoltaic cell. This sil-
icon-based technology, which found its
first commercial use as the energy source
for satellites and space stations, has since
become economical for remote sites,
including in secluded vacation homes in
industrial countries or in remote Third
World villages. In many developing coun-
tries faced with the cost of both building a
centralized power plant and constructing
a grid to deliver the electricity from it, it is
now cheaper to install photovoltaic cells
for individual households. At the end of
1996, some 400,000 homes, mostly in vil-
lages, were getting their electricity from
photovoltaic cells.52

The latest advance, a photovoltaic roof-
ing material, is becoming competitive in
buildings already linked to a grid. Japan, a
leader in solar cell manufacturing, has
announced plans to install 4,600 mega-
watts of rooftop generating capacity by
2010, an amount equal to the generating
capacity of Chile. The United States and
several European countries are expected
to follow soon with similarly ambitious pro-
grams. With this technology, the roof in
effect becomes the power plant for the
building. In Germany and Switzerland,
new office buildings are incorporating

photovoltaic cells into the windows in their
south-facing facades. A two-way metering
system with the local utility enables build-
ing owners to sell electricity to the utility
when generation is excessive and to buy it
back when generation is not sufficient.53

As the cost of electricity generated
from wind and other renewable sources
falls, it will become economical to elec-
trolyze water to produce hydrogen, thus
providing a way to both store and trans-
port wind and solar energy. Electricity
and hydrogen can together provide ener-
gy in all the forms needed to operate a
modern economy, whether it be powering
computers, fueling cars, or manufactur-
ing steel.

As the energy revolution gains momen-
tum, some of the largest gas and oil com-
panies are beginning to support it. Enron,
originally a large Texas-based natural gas
company, has made a strong move in the
renewables field with its acquisition of
Zond, the largest wind power company in
the United States, and its investment in
Solarex, the second largest U.S. manufac-
turer of photovoltaic cells.54

British Petroleum and Royal Dutch
Shell are also investing in renewable ener-
gy resources. For example, British
Petroleum has announced a major com-
mitment to renewable energy, starting
with construction of a $20-million solar-
cell manufacturing facility in California.
Shell plans to invest more than $500 mil-
lion in solar cells and sustainable forestry
plantations in developing countries to
fuel local power plants. Bechtel, one of
the world’s largest construction firms and
a traditional builder of hydroelectric
dams and nuclear power plants, is now
investing in a jointly owned company to
develop decentralized energy sources,
including solar and wind. Some govern-
ments and some corporations continue to
resist the energy revolution, but the ques-
tion is not whether there will be a revolu-
tion, only how rapidly it will unfold.55

The transition from a fossil-fuel-based
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energy economy to a high-efficiency,
solar/hydrogen energy economy pro-
vides enormous investment and employ-
ment opportunities. This energy transi-
tion is not something that may happen; it
is happening. We can see glimpses of the
new climate-stabilizing energy economy
in the wind farms in California, the bicy-
cles in Amsterdam, photovoltaic arrays in
Third World villages, compact fluores-
cent light bulbs in China, and photo-
voltaic rooftops in Japan.

STEERING WITH TAX POLICY

Once we determine what an environmen-
tally sustainable economy would look like,
then we have to determine how to build
it, how to get from here to there.
Staggering though this challenge is, we
have a policy instrument, largely unused,
for building an environmentally sustain-
able economy—namely tax policy.
Governments now rely heavily on person-
al and corporate income taxes for rev-
enue, but these discourage constructive
activities, such as work and savings.
Meanwhile, taxes on environmentally
destructive activities are typically negligi-
ble or nonexistent. The challenge is to
restructure the existing tax system, a relic
from an earlier age, decreasing the taxes
on such constructive activities as work and
savings and increasing the taxes on
destructive activities, such as carbon emis-
sions or the generation of toxic waste.

One reason for today’s environmental
problems is that the market does not tell
the truth. The full cost of many economic
activities is not borne by the beneficiary.
For example, the motorists who pollute
the air do not necessarily pay the bills for
the resulting health care costs of respira-
tory illnesses. The countries primarily
responsible for the buildup in atmospher-
ic CO2 levels are not necessarily those that

will be most directly affected by climate
change. The forest products firms that
clear-cut do not bear the costs of the
resulting destruction of fisheries associat-
ed with the silting of streams.

Among the more environmentally
destructive economic activities that
deserve to be taxed are carbon and sulfur
dioxide emissions, the generation of toxic
waste, the use of virgin raw materials, and
the use of pesticides. Taxing these
destructive activities simultaneously dis-
courages them and indirectly encourages
sustainable ways of satisfying our needs.
For example, a tax on virgin raw materials
encourages the use of recycling.

Governments tax income because it is
an easy way to raise revenue, not because
it serves any particular social goal other
than redistributing income. Taxing envi-
ronmentally destructive activities both
raises revenue and is socially constructive.
Shifting part of the tax burden has pro-
gressed the furthest in Europe. (See Table
10–2.) The leaders in the use of tax policy
to build an environmentally sustainable
economy are Denmark, the Netherlands,
and Sweden. In most cases, income taxes
were reduced as taxes on environmentally
destructive activities were increased. Tax
data for the Netherlands indicate that by
1993, 5.1 percent of its revenue came
from environmental taxes, excluding car-
bon and gasoline taxes. Denmark was
close behind, with 4 percent.56

There is little doubt about the effec-
tiveness of environmental taxes. When
Malaysia, for example, adjusted its gaso-
line taxes so that it cost more to use lead-
ed than unleaded fuel, the shift to unlead-
ed gasoline quickly followed. A tax on the
generation of toxic waste in Germany
reduced it by 15 percent in three years. In
the Netherlands, an early leader in the
field, a tax on the emissions of heavy met-
als, such as lead, mercury, and cadmium,
was highly successful, reducing emissions
of these metals by roughly 90 percent over
two decades.57
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The Swedish Society for the
Conservation of Nature has recommend-
ed a new tax plan to the government that
includes taxes on carbon emissions,
nuclear power generation, electricity gen-
eration, diesel fuel, gasoline, nitrogen
oxide emissions, and sulfur emissions,
while cutting taxes on wages. This shift
makes labor less costly and natural
resources more costly. Since labor is
abundant to the point of being excessive,
while natural resources are scarce, the
group argues that this win/win situation
is the only logical way for Swedish society
to proceed. As payroll taxes are reduced,
labor becomes less costly, making it
cheaper for companies to create jobs,
thus favoring the use of labor over capi-
tal, an advantage that has elicited the sup-
port of organized labor.58

Not only are we not taxing many envi-
ronmentally destructive activities, some of
these efforts are actually being subsidized.
More than $600 billion a year of taxpay-
ers’ money is spent by governments to
subsidize deforestation, overfishing, the
burning of fossil fuels, the use of virgin

raw materials, and other environmentally
destructive activities. Governmental subsi-
dies for fishing have boosted the capacity
of the world’s fishing fleet to twice the sus-
tainable yield of oceanic fisheries. (See
Chapter 4.) Eliminating these subsidies
would not only reduce income taxes, it
would also reduce environmental destruc-
tion. As an analysis of subsidies by the
Earth Council noted, “There’s something
unbelievable about the world spending
hundreds of billions of dollars annually to
subsidize its own destruction.”59

Using tax policy to steer the economy
in an environmentally sustainable direc-
tion takes advantage of the inherent effi-
ciency of the market. In addition, taxes
can be phased in over time in a systemat-
ic, predictable manner, enabling corpora-
tions making investment decisions or con-
sumers making purchases to take
scheduled tax changes into account.

Polls indicate that 70 percent of
Europeans and North Americans support
tax shifting. Once explained, this initia-
tive makes sense. It also brings with it the
excitement of building an economic sys-
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Table 10–2. Tax Shifts from Work and Investment to Environmentally Damaging Activities

Country,
Year Initiated Taxes Cut On Taxes Raised On Revenue Shifted1

Sweden, 1991 Personal income Carbon and sulfur emissions 1.9
Denmark, 1994 Personal income Motor fuel, coal, electricity,

and water sales; waste
incineration and landfilling;
motor vehicle ownership 2.5

Spain, 1995 Wages Motor fuel sales 0.2
Denmark, 1996 Wages, agricultural Carbon emissions; pesticides,

property chlorinated solvents, and
battery sales 0.5

Netherlands, 1996 Personal income Natural gas and electricity
and wages sales 0.8

United Kingdom, Wages Landfilling
1996–97 0.2
1Expressed relative to tax revenue raised by all levels of government.

SOURCE: See endnote 56.
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tem for the next generation that will be
environmentally sustainable rather than
one that is slowly destroying itself.60

CROSSING POLITICAL

THRESHOLDS

Now that we know what an environmen-
tally sustainable economy would look like,
do we want it badly enough to make the
needed changes? Do we have the political
will needed to create a sustainable econo-
my? Do we care enough about the next
generation to take the steps now to move
off the path of environmental deteriora-
tion and eventual economic decline and
social disintegration?

The gap between what we need to do
to reverse the degradation of the planet
and what we are doing widens with each
passing year. How do we cross the thresh-
old of political change that will shrink this
gap, reversing the trends of environmen-
tal degradation that are undermining the
economy? Most environment ministers
understand that we are headed for eco-
nomic decline, but there is not yet
enough political support to overcome the
vested interests that oppose changes.

In a landmark 1997 book, Ross
Gelbspan, an investigative reporter for the
Boston Globe, documents the efforts of
these vested interests to protect the status
quo. He chronicles a disinformation cam-
paign on global warming that is funded by
coal and oil interests, ranging from U.S.
coal mining firms to the government of
Kuwait. He lists grants provided by fossil-
fuel interests to a few scientists who regu-
larly issue statements challenging the
global warming hypothesis and creating
confusion in the public mind. This tech-
nique of using “hired guns” is reminiscent
of the tobacco industry’s earlier use of
medical experts to deny the relationship
between cigarette smoking and lung can-

cer, a practice they have now abandoned.61

Mustering the needed political support
is hampered by the difficulty in under-
standing the complex interactions among
three distinct systems: the ecosystem, the
economic system, and the political sys-
tem. Analyzing any one of these is diffi-
cult enough, but understanding the on-
going interaction among the three is
infinitely more complex, thoroughly chal-
lenging our intellectual capacities.
Although there are reasonably good com-
puter models for the global economy,
there are none that simulate the behavior
of the Earth’s ecosystem or the global
political system. For the ecosystem, mod-
eling just the climate segment taxes our
abilities.

The challenge is how to cross political
thresholds—how to raise awareness and
understanding to a level that will support
the needed change. We change our
behavior as the result of new information,
new experiences, or some combination of
the two. If information does not bring
about change when it is needed, then suf-
fering the consequences of failing to act
may bring change if it is not too late. After
World War I, for instance, many people
were convinced of the need for the
League of Nations. U.S. President
Woodrow Wilson was one of the most
ardent supporters, but he could not con-
vince the U.S. Congress to support it. It
took another war, unprecedented human
suffering, and the loss of some 40 million
lives to convince the world, including the
U.S. Congress, that such an organization
was indeed needed.

Public concern about environmental
deterioration is reflected in the formation
of thousands of environmental groups,
many of them small, local, single-issue
groups, such as those organized to oppose
construction of a nuclear power plant in
Niigata Prefecture in Japan or the burn-
ing off of the Amazonian rainforest by 
cattle ranchers. Others operate at the
national level on a broad range of envi-



ronmental issues, such as the Korean
Federation for Environmental Movement,
a group with a full-time membership of
36,000 and a staff of 60. And some go on
to become prominent at the internation-
al level, such as Greenpeace, the World
Wide Fund for Nature, and Friends of the
Earth. Some of the larger U.S. environ-
mental membership groups, including
the National Wildlife Federation, have
budgets that rival that of the U.N. Envi-
ronment Programme. Even much of the
research that underpins environmental
policymaking comes from nongovern-
mental environmental research institutes.
In few areas of public policy do non-
governmental organizations play such a
prominent role.62

Many countries have crossed key sus-
tainability thresholds on basic environ-
mental issues based on new information.
One of the best known is China’s effort to
stabilize the size of its population before
its growing demands overwhelmed the
carrying capacity of its life-support sys-
tems. When Chinese leaders undertook a
series of population and resource projec-
tions during the early post-Mao era, they
discovered that even if they moved to a
two-child family they were faced with the
addition to their already huge population
of as many people as then lived in India.
They realized there simply was not
enough land and water to provide ade-
quate diets for such an increase. And they
decided to press for a one-child family, an
action for which they have been widely
criticized. Yet the criticism should not be
for adopting this program, but for the
delay in facing the population issue until
there was no rational alternative but to
press for a one-child family, and for the
way the program was administered.63

Another example of how information
can change behavior is found in the
United States, where tens of millions of
people have quit smoking over the last 35
years. This massive shift in social behavior
was the result of a continuous flow of

information that was launched in 1963
with the first Surgeon General’s report on
smoking and health. Every year since
then, this report has been updated, trig-
gering literally thousands of research pro-
jects on smoking and health, the findings
of which are covered regularly by the
news media. The result was a steady rise in
public understanding of the effect of cig-
arette smoke, both direct and passive, on
health—and a widespread decline in
smoking.64

With the big steps that are still need-
ed—stabilizing population and stabilizing
climate—some countries have crossed the
thresholds, others have not. Some have
policies to stabilize their populations; oth-
ers do not even recognize the need to do
so. Some countries are pushing for heavy
cuts in carbon emissions; others refuse
even to consider doing so.

A reduction in carbon emissions is sup-
ported by some segments of the global
community, but the support is not yet
strong enough to bring about a major
reorientation of energy policy. (See
Chapter 7.) Will we respond to the infor-
mation on the threat posed by global
warming, or will we delay until we are
shocked into action by the result of failing
to do so—possibly by crop-withering heat
waves that abruptly reduce the world
grain harvest, creating chaos in world
grain markets? The mainstream scientific
community, as represented by the 2,500
scientists on the Intergovernmental Panel
for Climate Change, is quite clear on the
need to reduce carbon emissions. The
Alliance of Small Island States, a group of
some 36 island countries that feel particu-
larly vulnerable to rising sea levels and
more powerful storms, is also actively
pressing for a reduction in global carbon
emissions.65

Another major challenge to the exist-
ing industrial development model is com-
ing from the insurance industry. Shaken
by an increase in weather-related insur-
ance claims from $17 billion during the
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1980s to $66 billion thus far during the
1990s, the insurance industry is urging a
reduction in carbon emissions—in effect,
a reduction in the use of fossil fuels. Some
60 of the world’s leading insurance com-
panies have signed a statement urging
governments to move in this direction,
marking perhaps the first time in history
that one major industry has pressured
governments to reduce the output of
another major industry.66

Within the fossil fuel industry itself, as
noted earlier, some companies such as
Enron, British Petroleum, and Royal
Dutch Shell are already looking to the
future, and beginning to invest in alterna-
tive energy sources. Enron’s chairman,
Ken Lay, who publicly discusses the need
to reduce carbon emissions and to stabi-
lize climate, sees Enron at the heart of the
transition from fossil fuels to renewable
energy sources. The infrastructure it has
built to store and distribute natural gas
can one day be used for hydrogen as the
solar/hydrogen economy unfolds.67

In an important speech at Stanford
University in May 1997, British Petrole-
um’s CEO, John Browne, said, “The time
to consider the policy dimensions of cli-
mate change is not when the link between
greenhouse gases and climate change is
conclusively proven, but when the possi-
bility cannot be discounted and is taken
seriously by the society of which we are a
part. We in BP have reached that point.”
This was a big jump for big oil.68

Realization that the existing fossil-fuel-
based industrial development model that
evolved in the West and Japan is not viable
for the entire world is beginning to
emerge in some unexpected quarters. For
example, as noted in Chapter 1, a group
of eminent scientists in China, many of
them in the National Academy of
Sciences, challenged the government’s
decision to develop an automobile-cen-
tered transportation system in a white
paper, arguing that their country did not
have enough land both to accommodate

the automobile and to feed its people.
Beyond that, they noted the problems of
a growing dependence on imported oil,
traffic congestion, and air pollution.69

A few other corporate leaders are also
beginning to grasp this new reality. Among
this new breed of corporate CEOs is
Robert Shapiro of Monsanto, who puts it
simply: “The whole system has to change.”
Hiroyuki Fujimura, the head of EBARA, a
large Japanese corporation involved in
water cleaning and purification, is equally
blunt. He argues that the only acceptable
way to keep water safe for human use is
not to pollute it in the first place. Firms
such as his that install end-of-the-pipe
cleanup technologies are losing the battle
to provide safe water as their efforts to
purify water are overwhelmed by countless
thousands of dangerous compounds being
released into the environment. The only
viable alternative, Fujimura says, is re-
designing the economy.70

Shapiro has gone further than perhaps
any other CEO in developing a strategic
plan by asking, What will an environmen-
tally sustainable economy look like and
how can Monsanto use its resources to
help get from here to there? In this vein,
Monsanto has sold off its pesticides divi-
sion, choosing to focus on the use of
genetic engineering to breed pest-resis-
tant crop varieties. Shapiro sees the
encrypting of genetic information in
crops to enable them to resist insects and
diseases as being part of the information
revolution. He believes this is less of a
threat than that posed by pesticides as the
world tries to double world food output
over the next several decades. Further,
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companies are beginning to invest in
alternative energy sources.



Shapiro believes that corporations that do
not chart their course by the vision of an
environmentally sustainable future will
become obsolete and disappear.71

Among corporations, there will be win-
ners and there will be losers. Farsighted,
well-managed firms will anticipate the
opportunities and exploit them. The same
is true of countries. Some have crossed
the political threshold and are working
hard to create an environmentally sustain-
able economic system. Others actively
oppose it. The two extremes can be seen
in Denmark and Saudi Arabia. On the big
issues of stabilizing population, stabilizing
climate, and ensuring future food sup-
plies, Denmark is well positioned. It has
stabilized its population at just over 5 mil-
lion and it has done so within the limits of
its food-producing capacity. On the ener-
gy front, although it ranks high in carbon
emissions per person, it has recently
refused to license the construction of
coal-fired power plants and is investing
heavily in wind power, which now supplies
5 percent of its electricity.72

In contrast, Saudi Arabia still has not
recognized the threat posed by its popu-
lation growth of 3 percent a year, a rate
that will ensure a 20-fold increase over the
next century. Ideally positioned to benefit
from the fossil fuel age, it refuses to rec-
ognize global warming as a threat, and at
international gatherings the Saudis active-
ly oppose meaningful efforts to reduce
carbon emissions. Just as Denmark is well
endowed with wind energy, so is Saudi
Arabia richly endowed with solar energy,
but it is doing little to exploit this envi-

ronmentally benign energy source.73

If we care about the next generation,
then we have little choice but to launch a
full-court press to stabilize population as
soon as possible everywhere. The differ-
ence between an all-out effort now and a
continuation of business-as-usual could be
the difference between a population that
will stabilize around 8 billion and one that
will approach 11 billion—the difference, in
other words, between adding 2 billion and
5 billion more people. We need to do this
not because it is easy or necessarily popular,
but because future political stability and
economic progress may depend on it.74

In a world where the pressures on dete-
riorating natural support systems contin-
ue to build, business-as-usual is not likely
to continue much longer. Reversing the
trends that are undermining our future
depends on a massive mobilization of
resources, one comparable to that associ-
ated with World War II. The educational
effort needed to support change on this
scale requires the dissemination of a vast
amount of information, which can only
be led by national governments.

During the Depression Decade of the
1930s, an earlier time of crisis, U.S.
President Franklin Roosevelt launched
the “Fireside Chats” over nationwide
radio as he worked to restore confidence
in the country’s future. In September
1997, as the Clinton White House also
recognized the need to better inform the
American people on climate change and
to counter industry’s disinformation cam-
paign, it began organizing special media
events. One was a White House press con-
ference featuring six of the country’s
leading scientists addressing the various
dimensions of the climate change issue.
And in another effort to reach the public,
the Clinton White House organized a
briefing on climate change for television
weather forecasters. The goal was to help
them better understand climate change
so they could report daily weather events
not as isolated matters but in a broader
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context. In this way, they can help the
public better understand the reason for
record-high temperatures, more destruc-
tive storms, or more intense droughts.75

All the major news organizations bear a
responsibility for helping people under-
stand that business-as-usual is no longer a
viable strategy, that sustaining the techno-
logical and social progress that has been a
hallmark of human civilization now
depends urgently on changes in policies
and priorities. One defining characteris-
tic of a civilized society is a sense of
responsibility to the next generation. If
we do not assume that responsibility, envi-
ronmental deterioration leading to eco-
nomic decline and social disintegration
could threaten the survival of civilization
as we know it.76

Although governments must lead this
effort, only the global communications
media—print and electronic—can dis-
seminate the needed information in the
time available. This puts a heavy burden
on such electronic giants as the British
Broadcasting Corporation, Voice of
America, and Cable News Network
(CNN) as well as on wire services, such as
the Associated Press and Reuters, and the
leading weekly news magazines, such as
Time, Newsweek, and the Economist. While
heads of the world’s major news organiza-
tions may not have sought this responsi-
bility, only they have the tools to dissemi-
nate the information needed to fuel
change on the scale required and in the
time available.

The need today is for leadership—and
not just for marginal, incremental
change, but for a boldness of leadership

of the caliber demonstrated by Ted
Turner, founder of the Turner
Broadcasting System and CNN, when he
announced in September 1997 that he
would be giving $1 billion to the United
Nations over the next 10 years to be spent
on population, environment, and human-
itarian relief programs. His gift reflected a
deep concern with our failure to address
the great challenges of our time effective-
ly, the need for a global approach to the
key issues facing humanity, and the futili-
ty of endlessly accumulating wealth to be
passed on to the next generation while
leaving them a planet so degraded that
their world would be declining economi-
cally and disintegrating socially. One of
Turner’s goals is to encourage other bil-
lionaires not merely to be more charita-
ble, but also to respond to the great issues
of our day.77

If ever there was a need for leadership,
it is now. It is time for corporate leaders to
step forward, recognizing that they are
responsible for more than just the short-
term bottom line, that they can help keep
the dream of a better life alive. While it is
true that “the business of business is busi-
ness,” it is also true that corporations have
a stake in building an economy in which
economic progress can continue.

In a world of resource scarcity, political
leadership is the scarcest of all. History
judges political leaders by whether or not
they respond to the great issues of their
time. For Lincoln, the challenge was to free
the slaves. For Churchill, it was to turn the
tide of war in Europe. For Nelson Mandela,
it was to end apartheid. For Bill Clinton,
the challenge is to build a new economy.
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