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Grain Harvest Up Slightly Lester R. Brown

At 1,881 million tons, the 1997 world grain
harvest was up slightly from the previous
record of 1,869 million tons in 1996.1 (See
Figure 1.) Yet production per person dropped
from 324 kilograms in 1996 to 322 kilograms,
a decline of nearly 1 percent.2 (See Figure 2.)
More important, the 1997 per capita figure
was 6 percent below the all-time high of 342
kilograms in 1984.3

With good harvests in the major producing
countries, wheat was the big gainer in 1997.
(See Figure 3.) Record or near-record harvests
in China, India, the United States, and the
European Union pushed world wheat produc-
tion to 609 million tons, passing 600 million
tons for the first time.4 This was up from 583
million tons in 1996, a gain of more than 4
percent.5

Although it may surprise many people, the
world’s leading wheat producer today is
China. With a record 124-million-ton harvest,
China is now getting close to doubling the
U.S. wheat harvest of 69 million tons.6

Indeed, in some recent years, India also has
eclipsed the United States, moving into the
number two slot.7

The 1997 rice harvest barely held on to the
gain of the year before, edging up to 382 mil-
lion tons from 378 million tons.8 Gains in the
rice harvests in Myanmar (formerly Burma),
India, and Thailand were largely offset by
slight declines in Indonesia and Japan.9 Not
surprisingly, the world’s two leading rice 
producers are China and India. With harvests
of 139 million tons and 82 million tons,
respectively, these two population giants
accounted for nearly 60 percent of the world
rice harvest.10

Production of corn, the third major grain,
totaled 579 million tons in 1997, down from
the all-time high of 592 million tons the year
before.11 Most of the reduction in the world
corn crop came in China, the number two
producer, where heat and drought dropped
the harvest from 127 million tons to 105 mil-
lion tons, a decline of 17 percent.12

The U.S. corn crop, essentially unchanged
at 238 million tons, accounts for a staggering
41 percent of the world corn crop and more

than one eighth of the overall grain harvest.13

This is far and away the largest harvest of a
single grain by any country. Corn, the only
grain crop originating in the New World, also
has the highest worldwide yield per hectare
of any grain.14

The big news on the grain front is the
apparent loss of momentum in the growth of
the world harvest during the 1990s. Even
though the 11 million hectares of cropland
that were idled under U.S. farm commodity
programs in 1990 (1.6 percent of the world
grainland total) have been returned to produc-
tion, the world grain harvest has grown bare-
ly 1 percent a year since 1990.15

The backlog of unused agricultural tech-
nology that farmers can use to raise yields
appears to be shrinking. For some farmers,
such as U.S. wheat growers and Japanese rice
growers, there are simply not many unused
technologies available to raise yields. Even
farmers in some developing countries, such as
wheat growers in Mexico and rice growers in
South Korea, are having difficulty sustaining
the rise in yields.16

Spreading water scarcity is also slowing
growth in the harvest. The fastest-growing
grain import market during the 1990s is
North Africa and the Middle East.17 In this
region, which stretches from Morocco
through Iran, demand is driven by record
population growth rates and by oil-generated
gains in incomes. On the supply side, efforts
to expand production in the region are being
hampered by water scarcity. In 1997, the
water required to produce the grain imported
into this region was roughly equal to the
annual flow of the Nile.18

The bottom line is that the world’s farmers
are now struggling to keep up with the
growth in demand. Despite unprecedented
advances in technology in fields such as com-
puters, telecommunications, and space explo-
ration, the ancient struggle to make it to the
next harvest is emerging as a major preoccu-
pation of governments in many developing
countries.
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WORLD GRAIN PRODUCTION,
1950–97

YEAR TOTAL PER CAPITA
(mill. tons) (kilograms)

1950 631 247

1955 759 273

1960 824 271

1965 905 270
1966 989 289
1967 1,014 291
1968 1,053 296
1969 1,063 293
1970 1,079 291
1971 1,177 311
1972 1,141 295
1973 1,253 318
1974 1,204 300
1975 1,237 303
1976 1,342 323
1977 1,319 312
1978 1,445 336
1979 1,410 322
1980 1,430 321
1981 1,482 327
1982 1,533 333
1983 1,469 313
1984 1,632 342
1985 1,647 339
1986 1,665 337
1987 1,598 318
1988 1,549 304
1989 1,670 322
1990 1,768 335
1991 1,708 319
1992 1,790 329
1993 1,714 310
1994 1,763 314
1995 1,711 301
1996 1,869 324
1997 (prel) 1,881 322
SOURCES: USDA, Production, Supply, and Distribution,
electronic database, February 1998; USDA, “World Grain
Database,” unpublished printout, 1991; USDA, FAS,
Grain: World Markets and Trade, December 1997.
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Figure 2: World Grain Production Per Person, 1950–97
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Soybean Production Jumps Lester R. Brown

World soybean production in 1997 jumped to
a record 152 million tons, up 15 percent from
1996 and 10 percent above the previous
record, set in 1994.1 (See Figure 1.) In per
capita terms, the 26.0 kilograms produced in
1997 also set a new record, up from the pre-
vious high of 24.6 kilograms in 1994.2 (See
Figure 2.) During the half-century since 1950,
world soybean production per person has
increased from 6.5 kilograms to 26.0 kilo-
grams, nearly a fourfold gain.3

Soybeans dominate the world oilseed econ-
omy. In 1997, the soybean harvest accounted
for 54 percent of global oilseed production.4

(The crops making up most of the remaining 
46 percent were cottonseed, peanuts, sunflower
seed, rapeseed, copra, and palm kernels.)5

The U.S. harvest of 74 million tons in 1997
accounted for 49 percent of the global har-
vest.6 Brazil, at 30 million tons and 20 per-
cent, was in second place.7 Argentina, with
just over 16 million tons, accounted for more
than 9 percent.8 And China, where the soy-
bean was apparently domesticated, was
fourth in output, with 11 percent.9 Thus just
four countries accounted for nearly 90 per-
cent of the world soybean harvest, which
means that production is concentrated in
fewer hands than for any other major crop.10

Of the world harvest of 152 million tons of
soybeans, an estimated 124 million tons will be
crushed, yielding an estimated 98 million tons
of meal and 22 million tons of oil. Much of the
remainder will be used for food and for seed.11

One reason for the extraordinarily dynam-
ic character of the world oilseed economy in
recent years has been the unprecedented rise
in affluence in China. As China’s consump-
tion of pork, poultry, and eggs has climbed,
the demand for oilseed meal to upgrade the
quality of grain-based feed has soared. So,
too, has its demand for the vegetable oils
used for cooking.

China’s imports of soybeans in crop year
1997/98 are estimated at 3 million tons, a
phenomenal increase from 130,000 tons just
four years earlier.12 During the same period,
imports of soybean meal have climbed from
40,000 to 4.6 million tons and those of soy-

bean oil have risen from 640,000 tons to 1.8
million tons, roughly tripling.13

As China’s livestock and poultry economy
expands at a breakneck pace, its dependence
on soybean meal is rising commensurately.
The combination of imported soybean meal
and the meal content of the imported soybeans
totals 6.5 million tons in 1997/98, accounting
for 56 percent of China’s estimated soybean
meal consumption of 12.1 million tons.14

China is unique among major soybean pro-
ducers in that it consumes large quantities of
soybeans as food in the form of tofu, soy
sauce, and other soy products. An estimated
8.5 million tons, roughly two thirds of its
1997 harvest of 13.8 million tons, will be con-
sumed directly as food.15

In the United States, the soybean harvest
has grown by leaps and bounds over the last
half-century in response to the growing world
need for protein meal supplements in grain-
based livestock and poultry feeds. The area
planted to soybeans there is roughly the same
as that planted to corn and wheat.16 The value
of the U.S. soybean crop is well above that of
wheat, making it the number two crop in the
United States after corn.17

Much of the U.S. soybean crop is grown in
the midwestern region of the country, gener-
ally in a two-year rotation with corn.18 The
soybean, a nitrogen-fixing crop, is ideal for
rotation with corn, a crop with a strong nitro-
gen appetite. The U.S. heartland that is typi-
cally referred to as the Corn Belt is today in
reality the Corn/Soybean Belt.

Worldwide, a major share of the growth in
the soybean harvest has come from expand-
ing the area planted, since yield per hectare is
rising rather slowly.19 (See Figure 3.) With lit-
tle new land left to plow in the world, part of
the increase in the soybean harvest comes by
shifting land from grain. Indeed, in the major
producing countries the competition between
soybeans and grain for land and water
resources is intensifying. If the world econo-
my continues its steady expansion, the battle
between these crops will likely grow more
fierce, perhaps driving up the prices of both
soybeans and grain.
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Soybean Production Jumps

WORLD SOYBEAN PRODUCTION,
1950–97

YEAR TOTAL PER CAPITA
(mill. tons) (kilograms)

1950 17 6.5

1955 19 7.0

1960 25 8.2

1965 32 9.5
1966 36 10.7
1967 38 10.8
1968 42 11.7
1969 42 11.7
1970 44 11.9
1971 47 12.5
1972 49 12.7
1973 62 15.9
1974 55 13.6
1975 66 16.1
1976 59 14.3
1977 72 17.1
1978 78 18.0
1979 94 21.4
1980 81 18.2
1981 86 19.0
1982 94 20.3
1983 83 17.7
1984 93 19.5
1985 97 20.0
1986 98 19.9
1987 104 20.6
1988 96 18.8
1989 107 20.7
1990 104 19.7
1991 107 20.0
1992 117 21.6
1993 118 21.3
1994 138 24.6
1995 125 22.0
1996 132 22.9
1997 (prel) 152 26.0
SOURCES: USDA, Production, Supply, and Distribution, 
electronic database, February 1998; USDA, FAS, Oilseeds:
World Markets and Trade, December 1997.

1950 1960 1970 1980 1990 2000
0

40

80

120

160
Million Tons

Source: USDA

1950 1960 1970 1980 1990 2000
0

40

80

120

160
Million Tons

Source: USDA

Figure 1: World Soybean Production, 1950–97

Figure 2: World Soybean Production Per Person, 1950–97
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World Meat Production Climbs Lester R. Brown

In 1997, world meat production reached 211
million tons, up from 206 million tons in
1996.1 (See Figure 1.) This gain of 2.4 percent,
spurred by a big jump in poultry, was one of
the largest on record, and it raised the
amount of meat produced per person from
35.7 kilograms to 36.1 kilograms—an all-time
high.2 (See Figure 2.) Output gains were con-
centrated in China, the United States, and the
European Union.

World pork production in 1997 further
widened the margin over beef, once the lead-
ing red meat.3 (See Figure 3.) Pork also main-
tained a wide lead over poultry, which had
surpassed production of beef in 1996.4

Mutton, including both sheep and goats, is a
distant fourth in the global meat hierarchy.5

Growth in pork consumption, which
totaled 85.4 million tons in 1997, slowed to
less than 1 percent, compared with an expan-
sion of more than 4 percent in 1996, largely
because of higher feedgrain prices.6 China,
the leading producer at 42.5 million tons,
accounts for half of world pork production
and consumption.7 No country has ever domi-
nated production and consumption of a single
meat as China now does that of pork.

World poultry production rose to 60 mil-
lion tons in 1997, up from 56.7 million tons
in 1996, a gain of 6 percent.8 This robust
increase matched the 6-percent rise during
the preceding year. In each of the last several
years, poultry has been the world’s fastest-
growing source of meat, reflecting its lower
price in most countries.

The United States and China dominate
poultry consumption, accounting for close to
half of the total eaten.9 The next three coun-
tries, all with much lower use, are Brazil,
Russia, and Japan.10 In per capita terms, the
United States is far and away the leader
among major countries, at 47 kilograms of
poultry each year.11

The decrease in world beef output in 1997
was negligible, declining to 53.1 million tons
from 53.4 million tons in 1996.12 In contrast
to pork, the use of beef is much more widely
dispersed around the world. Nearly one fifth
of the world’s beef and veal is consumed in

the United States.13 Brazil and China, using 6
million tons and 5.8 million tons, together
account for another fifth.14 Russia comes next,
with 2.5 million tons, followed by France,
Japan, and Italy.15

Most of the world’s beef comes from
rangelands, but now that these are rather
fully exploited, major further gains can come
only in feedlots. At this point, the relatively
inefficient conversion ratio of grain to live
weight of 7 kilograms of grain per kilogram of
beef puts it at a disadvantage with both pork,
roughly 4 to 1, and poultry, just over 2 to 1.16

World mutton production at 10.9 million
tons was up from 10.5 million tons in 1997.17

Although overall consumption of this meat
per capita is rather low, the use of mutton
does dominate in some smaller countries,
such as Kazakhstan and Saudi Arabia. In
some others, including Australia, New
Zealand, and Ireland, it rivals beef as the
principal source of meat.

Between 1988 and 1997, international
trade in meat doubled, growing much faster
than production.18 U.S. meat exports went
from less than a million tons in 1988 to
roughly 4 million tons in 1997, enabling this
country to eclipse the European Union, once
the leading meat exporter.19 Most of the
growth in world meat trade over this nine-
year span, from 7 million tons to 12 million
tons, came from rapidly expanding exports of
poultry.20 Trade in meat is highly concentrat-
ed, with the United States and the European
Union accounting for half of all exports, and
Japan and Russia taking half of all imports.21

The U.S. Department of Agriculture
reports that the most dynamic part of the
world meat economy between 1988 and 1997
was China. At 67 million tons of production
in 1997, it accounted for nearly one third of
the world total.22 This country has long led
the world in pork production, but with poul-
try production climbing from 5.7 million tons
in 1993 to 12.5 million tons in 1997, China
promises to soon overtake the United States,
which produced 15 million tons of poultry in
1997.23
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World Meat Production Climbs

WORLD MEAT PRODUCTION,
1950–97

YEAR TOTAL PER CAPITA
(mill. tons) (kilograms)

1950 44 17.2

1955 58 20.7

1960 64 21.0

1965 81 24.2
1966 84 24.4
1967 86 24.5
1968 88 24.8
1969 92 25.4
1970 97 26.2
1971 101 26.7
1972 106 27.4
1973 105 26.8
1974 107 26.6
1975 109 26.6
1976 112 26.9
1977 117 27.6
1978 121 28.2
1979 126 28.8
1980 130 29.2
1981 132 29.2
1982 134 29.0
1983 138 29.4
1984 142 29.7
1985 146 30.1
1986 152 30.8
1987 157 31.3
1988 164 32.2
1989 166 32.0
1990 171 32.5
1991 173 32.2
1992 175 32.1
1993 177 32.1
1994 187 33.3
1995 197 34.7
1996 206 35.7
1997 (prel) 211 36.1
SOURCES: FAO, 1948–1985 World Crop and Livestock
Statistics (Rome: 1987); FAO, FAO Production Yearbooks
1988–1991 (Rome: 1990–1993); USDA, FAS, Livestock and
Poultry: World Markets and Trade, October 1997.
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Fish Catch Hits a New High Michael Strauss

The world fish catch climbed to a record 93
million tons in 1996, the latest year for which
data are available—a 1.9-percent increase in
the catch of 1995.1 (See Figure 1.) With more
fish available, the catch worldwide rose
slightly, to 16.0 kilograms per person.2 (See
Figure 2.)

A large share of the increase in tonnage
can be attributed to extraordinary growth in
the Indonesian and Mexican catch in 1996,
which together account for 450,000 additional
tons of fish.3 Significantly, this increase in the
sheer tonnage of fish caught—the first since
1993—masks a portentous trend: fishers
worldwide are catching more species of fish
that would never before have been worth
their while. Low-value species accounted for
73 percent of overall world fisheries growth
in the 1980s, a trend that shows no signs of
abating.4

Chronic overfishing continues to threaten
the productivity and viability of ocean ecosys-
tems worldwide. According to the Food and
Agriculture Organization (FAO), 11 of the
world’s 15 major fishing grounds are serious-
ly depleted.5 FAO projects that by the end of
this decade there will no longer be an
increase in capture fisheries output on aver-
age. Nonetheless, FAO estimates that roughly
10 million additional consumable tons of fish
could be caught sustainably in the long run if
stocks were managed properly and if unwant-
ed bycatch (which may account for 32 per-
cent by mass of all fish caught) were effec-
tively reduced.6

Driving overfishing in recent years is a
flourishing international trade in fish. A very
labor-intensive activity, both capture fishing
and aquaculture increasingly happen in the
developing world, where wages are lower.
Fully 75 percent of fish caught in the world
are from developing countries or nations in
transition, with a large share coming from
China, Chile, Peru, India, and Thailand.7

Nearly half of all fish caught today are
traded internationally, with the bulk flowing
from developing to wealthy nations.8

Consumers in the industrial world account for
85 percent of world fish imports by value.9

While leases of fishing rights—generally by
developing nations to industrial ones—prolif-
erated in the 1980s and 1990s, a 1985 U.S.
government study found that African signato-
ries to such fishing agreements were left with
only “overfishing, undernourishment, and
undercompensation.”10

The matter of assignment of fishing
resource rights is emerging as a novel area of
international security as violence over fishing
rights has become endemic. The high-profile
row between the United States and Canada
over salmon rights in 1997 was but one of
more than 100 fishery disputes between
nations, according to U.N. estimates.11 The
Philippine navy confronted Chinese fishers,
and the coast guards of Iceland and Denmark
also clashed over fish, to name a few
instances.12

In 1997, the unusually strong warming in
the South American Pacific known as El Niño
was expected to reduce fish exports from Peru
by 40 percent.13 Peru and Chile have tradition-
ally captured and exported a large share of
the world‘s fish destined to be turned into oils
and fish meal, so El Niño should carry with it
an appreciable dip in fish catch in 1997.

Despite the mounting urgency of the over-
fishing crisis, crucial efforts to limit and man-
age catch internationally have foundered. The
U.N. fishing stocks agreement signed in New
York in 1995 set promising new standards
internationally for the conservation of marine
fish.14 But by the end of 1997 only 15 nations
had ratified the treaty—15 short of the num-
ber required for it to become binding interna-
tional law.15 Among those ratifying the treaty
are only 4 of the 20 major fishing nations: the
United States, Russia, Norway, and Iceland.16

Achieving FAO’s estimated 10-million-ton
potential increase in long-term fishery pro-
duction while safeguarding the world’s aquat-
ic ecosystems will require, at the very least,
expanded international cooperation.



Vital Signs 1998   35

Fish Catch Hits a New High

WORLD FISH CATCH, 1950–96

YEAR TOTAL PER CAPITA
(mill. tons) (kilograms)

1950 19 7.5

1955 26 9.5

1960 36 12.0

1965 49 14.7
1966 53 15.4
1967 56 16.0
1968 56 15.9
1969 57 15.8
1970 58 15.7
1971 62 16.5
1972 58 15.1
1973 59 15.0
1974 63 15.6
1975 62 15.3
1976 65 15.5
1977 63 15.0
1978 65 15.2
1979 66 15.1
1980 67 15.0
1981 69 15.3
1982 71 15.4
1983 72 15.3
1984 77 16.1
1985 79 16.2
1986 84 17.0
1987 84 16.8
1988 88 17.2
1989 89 17.1
1990 85 16.2
1991 85 15.8
1992 85 15.6
1993 86 15.5
1994 91 16.2
1995 92 15.9
1996 93 16.0
SOURCES: FAO, Yearbook of Fishery Statistics:
Catches and Landings (Rome: various years);
1990–96 data from FAO, Rome, letters to Worldwatch, 
5 and 11 November 1997.
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Figure 2: World Fish Catch Per Person, 1950–96
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Aquaculture Growing Rapidly Anne Platt McGinn

Fish farming—known as aquaculture—is one
of the fastest-growing sectors in world food
production.1 From 6.9 million tons in 1984,
farmed fish production more than tripled,
reaching 23.1 million tons in 1996.2 (See
Figure 1.) In terms of value, aquaculture rep-
resented a $36.2-billion industry in 1995, the
latest year for which data are available, up
from $9.5 billion in 1984.3

Between 1990 and 1995, world aquacul-
ture production expanded at an average annu-
al rate of 11 percent.4 Fish farming is expect-
ed to provide a growing share of animal pro-
tein because fish process grain more efficient-
ly than other animals do.5 Two kilograms of
grain are needed to raise 1 kilogram of fish or
chicken, compared with 4 kilograms of grain
for each kilogram of pork and 7 kilograms of
grain for 1 kilogram of beef.6

Worldwide, one out of every five fish eaten
today was raised on a farm.7 By 2000, this is
expected to be one in four.8 An estimated 30
percent of shrimp, 40 percent of salmon and
mollusks (oysters, clams, scallops, and mus-
sels), and 65 percent of freshwater fish con-
sumed today have lived in captivity for most
of their lives.9

China is the world’s leading producer,
accounting for 61 percent of total farmed
fish.10 Between 1990 and 1995, China’s aqua-
culture output increased by 120 percent, from
5.8 million to 12.8 million tons.11 (See Figure
2.) India, Indonesia, Japan, and Thailand
together accounted for another 17 percent of
world production in 1995 (3.5 million tons).12

In contrast, all industrial countries combined
cultivated 2.9 million tons of fish—14 percent
of world production that year.13

An estimated 85 percent of farmed fish
worldwide are noncarnivorous, freshwater
species—such as carps, tilapias, and milk-
fish—and mollusks, which eat low on the
food chain.14 The remainder are primarily car-
nivorous species such as salmon, catfish, and
shrimp, which need a minimum of 2 kilo-
grams of fish meal for each kilogram of
farmed fish.15 Cultivating these products exac-
erbates pressures on wild fish stocks and
results in a net loss of protein.

Giant tiger prawns, a species of shrimp,
were valued at $3.5 billion in 1995, making
this the most valuable aquaculture commodi-
ty, even though only 500,000 tons were culti-
vated.16 Driven by high profits and export
markets, shrimp farming now spans 50 coun-
tries and is expanding rapidly.17

Between 1990 and 1995, the number of
shrimp farms in Southeast Asia tripled.18 This
development is not without problems, howev-
er. Shrimp ponds in Taiwan were abandoned
in the late 1980s after several years of inten-
sive production triggered diseases and envi-
ronmental damage.19 In response to repeated
environmental degradation, global activists
formed the Industrial Shrimp Action Network
in October 1997 to call for an end to unsus-
tainable shrimp farming.20

Worldwide, 65 percent of aquaculture
occurs in inland areas, although farming in
coastal and marine areas poses a growing
threat to local ecosystems and water quality.
In the Philippines, for instance, shrimp ponds
account for half of the country’s mangrove
losses.21 High demand for fresh water has
depleted drinking supplies and limits future
growth in many areas.22

Intensive fish farms produce high volumes
of biological waste, primarily from uneaten
food and waste material. Other problems
include disease outbreaks, chemical pollution,
and escapes of genetically modified fish,
which can dilute the gene pool of wild fish
and displace them altogether.23

Recirculating water systems, although
expensive to build, offer fish farmers signifi-
cant water savings and higher production.24

Israeli farmers have designed a system that
reuses the water to raise tilapia, trout, and
salmon, and then channels the nutrient-rich
discharge to agricultural land.25

If aquaculture is to remain an important
source of food and income, production needs
to shift toward more sustainable practices,
such as reducing water use and pollution,
preserving coastal ecosystems, and cultivating
less resource-intensive species, such as carp
and tilapia.
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Aquaculture Growing Rapidly

WORLD AQUACULTURE PRODUCTION,
1984–96

YEAR TOTAL
(mill. tons)

1984 6.9
1985 7.7
1986 8.8
1987 10.1
1988 11.2
1989 11.7
1990 12.4
1991 13.0
1992 14.4
1993 16.4
1994 18.4
1995 20.9
1996 (prel) 23.1
SOURCES: FAO, Aquaculture Production Statistics, 
1984–93 and 1986–95 (Rome: 1995 and 1997); 
Maurizio Perotti, Fisheries Department, FAO, 
letter to author, 11 November 1997.
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Figure 1: World Aquaculture Production, 1984–96

Figure 2: Aquaculture Production, by Region,
1984–95
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Grain Stocks Remain Low Lester R. Brown

World carryover stocks of grain in 1998 are es-
timated at 57 days of consumption, just one
day more than in 1997, and the third lowest
level on record.1 (See Figures 1 and 2.) Carry-
over stocks of grain, the amount in the bin
when a new harvest begins, are a measure of
the margin of food security as the world moves
from one harvest to the next. When stocks
drop below 60 days of consumption, they
amount to little more than pipeline supplies.

The decline in world food security is actu-
ally even greater than that indicated by the
fall in carryover stocks. Over most of the last
half-century, the world has in effect had two
grain reserves: carryover stocks plus the crop-
land idled under U.S. farm commodity pro-
grams (which were designed to avoid price-
depressing surpluses).

As recently as 1990, 11 million hectares of
grainland were being held out of production
in the United States under these commodity
programs.2 If we assume an average harvest
of four tons per hectare, this idled cropland
represented a reserve of 44 million tons—
nearly nine days of world consumption, and a
reserve that could be tapped with a simple
directive from the U.S. Secretary of Agricul-
ture. But by 1996, all the commodity pro-
grams had been abolished and the previously
set-aside land was back in production.3 Yet
even with this additional land in use in 1996
and 1997, the world was not able to rebuild
depleted stocks.

There are two reasons for the drop in car-
ryover stocks of grain and the loss of crop-
land idled under commodity programs. One is
that the growth in world grain production has
slowed during the 1990s. Two, the growth in
world demand for grain is perhaps stronger
than ever. The rate of population growth has
been slowly falling, but the world still adds
80 million people each year.4 In addition, ris-
ing affluence is also generating demand for
more grain.

Some commentators note that a doubling
of population growth will require a doubling
of grain production. But this assumes that the
world’s poor will remain poor, when in fact
many of them are becoming more affluent. As

a result, they are moving up the food chain—
diversifying their diets and consuming more
pork, poultry, beef, eggs, and milk. In short,
they want to live like the affluent consumers
of Western Europe, North America, and
Japan.

In China, for example, where population
growth has slowed to 1 percent a year, the
rise in affluence now dominates the growth in
the demand for grain.5 After the economic
reforms in 1978, China’s use of grain for feed
has climbed from less than 20 million tons to
more than 100 million.6 During the 1990s,
easily two thirds of the demand growth for
grain in China has been for feed, mostly to
produce pork, poultry, and eggs.7

One of the central questions now facing
humanity is, What is the prospect for rebuild-
ing depleted grain stocks? Without any idled
U.S. cropland, the world needs at least 70
days of carryover stocks as a cushion against
one poor grain harvest. Even this might not
be sufficient to prevent acute scarcity and
dramatic price rises in the event of exception-
ally poor weather and a sharply reduced har-
vest. In a world that consumes some 5 mil-
lion tons of grain per day, rebuilding stocks
from 57 days to 70 days will require a world
grain harvest that exceeds consumption by 65
million tons.8 To do this, the 1997 harvest
(1,881 million tons) would need to expand by
26 million tons in 1998 just to cover popula-
tion growth and by an additional 65 million
tons to rebuild stocks to a more secure level—
a total of 91 million tons.9 Based on the expe-
rience of the last few years, this does not
seem likely to happen in 1998.

If the world experiences a poor harvest in
1998, at a time when carryover stocks are
depleted, chaos in world grain markets could
soon follow. Indeed, in the spring of 1996
world prices of wheat, corn, and barley were
twice those of a year earlier because carry-
over stocks of grain had dropped to 52 days
of world consumption, the lowest level in his-
tory.10 Fortunately, the prospect of a bumper
grain harvest checked the rise in grain prices.
But if it had instead been a poor harvest,
grain prices could have soared far higher.
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WORLD GRAIN CARRYOVER STOCKS,
1961–981

YEAR STOCKS
(mill. tons) (days use)

1961 203 90
1962 182 81
1963 190 82
1964 193 83
1965 194 78
1966 159 62
1967 189 72
1968 213 79
1969 244 87
1970 228 77
1971 193 63
1972 217 69
1973 180 56
1974 191 56
1975 199 61
1976 219 66
1977 279 79
1978 277 77
1979 326 85
1980 315 81
1981 288 72
1982 307 77
1983 356 88
1984 305 73
1985 366 85
1986 434 100
1987 466 104
1988 405 89
1989 314 70
1990 296 64
1991 339 72
1992 324 69
1993 363 76
1994 317 66
1995 304 62
1996 251 52
1997 282 56
1998 (prel) 293 57

1 Data are for year when new harvest begins
SOURCES: USDA, ERS Production, Supply, and Distribution, 
electronic database, February 1998; USDA, FAS, Grain:
World Markets and Trade, December 1997.
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Figure 1: World Grain Carryover Stocks, 1961–98

Figure 2: World Grain Carryover Stocks as Days of
Consumption, 1961–98
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Grain Yield Rises Brian Halweil

World grain yield per hectare inched up to
2.70 tons in 1997, edging out the record of
2.66 tons set in 1996.1 (See Figure 1.) This
marginal increase continues a slowdown in
the growth in yield that has driven grain pro-
duction since mid-century.

Of the three major cereals, wheat set a
new yield record in 1997, rice yield held
steady, and corn had a downturn.2 (See
Figures 2 and 3.) The 5-percent increase in
wheat yield and 2-percent decline in corn
yield were both weather-related.3 Near-perfect
growing conditions prevailed in wheat-produc-
ing areas, while drought and heat combined 
to hurt the U.S. and Chinese corn harvest.

Raising yield is central to increasing grain
production. Farmers have traditionally satis-
fied growth in demand by plowing new land,
but opportunities for expansion are now limit-
ed. World grain area per person is only half
what it was in 1950.4 Urbanization and land
degradation continue to eliminate grainland at
an alarming pace, putting more pressure on
yield to shoulder the soaring demand for
grain.5

While world grain yield grew at an annual
rate of 2.1 percent from 1950 to 1990, during
the 1990s it has increased scarcely 1 percent
a year.6 Annual yield growth from 1990 to
1997 for rice, wheat, and corn stood at 1.1,
1.2, and 1.6 percent, respectively.7 Slowdowns
in yield growth confront industrial and devel-
oping nations alike, for all nations are draw-
ing on the same set of yield-maximizing tech-
nologies and are therefore encountering simi-
lar barriers to additional yield increases.8

Breeders have boosted the yield potential
of cereals substantially in past decades, but
are beginning to approach various biological
limits to further growth. For example, wheat
breeding has raised the share of photosyn-
thetic product that goes to grain—as opposed
to roots, stem, and leaves—from 20 percent to
some 50–55 percent.9 This has been a major
source of yield gains, yet crop physiologists
estimate the theoretical limit to be around 60
percent.10 Current breeding limitations are
intrinsic to plant design and the process of
photosynthesis.

Biotechnology has been touted as a possi-
ble source of new yield increases, but it has
yet to produce a grain with a yield greater
than for varieties already available. At best,
biotechnology will likely lead to incremental
yield gains from reduced losses to drought,
disease, pests, and other crop stresses.11

The much-awaited “super rice” developed
at the International Rice Research Institute in
the Philippines holds promise for raising yield
potential in this major grain. Available in the
next few years, it is expected to boost tropical
and subtropical rice yields by 20–25 percent.12

Yet this pales in comparison to the doubling
or tripling accomplished by the first high-
yielding rice varieties.

Fertilizer has worked in synergy with crop
breeding to raise grain yield, but it may have
largely exhausted its contribution in many
countries. Diminishing returns to increased
applications in the United States, Western
Europe, and Japan indicate that fertilizer does
not guarantee unlimited yield gains.13

While there remains a gap in fertilizer
applications between industrial and develop-
ing countries, the principal constraint to
greater use is lack of water rather than lack
of financing. Indeed, in Egypt, where grain-
land is irrigated with Nile River water and
well fertilized, grain yields are over three
times those of affluent Australia, where water
shortages handicap fertilizer efficacy.14 China
and India, with much of their grainland irri-
gated, have already raised fertilizer inputs
substantially, but only India has room for fur-
ther significant increase.15

Irrigation has been another key to
increased grain yield worldwide, expanding
by 2.3 percent a year from 1950 to 1995.16 Yet
growth in irrigated land is expected to slow to
just 0.3 percent a year in coming decades.17

At the same time, waterlogging and saliniza-
tion cripple yields on a growing share of irri-
gated lands.18 As per capita freshwater sup-
plies plummet in many nations, formidable
forces constrain future irrigation projects, and
thus any accompanying gains in yield.19
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WORLD GRAIN YIELD PER HECTARE,
1950–97

YEAR YIELD
(tons per hectare)

1950 1.06

1955 1.17

1960 1.29

1965 1.39
1966 1.51
1967 1.52
1968 1.57
1969 1.58
1970 1.63
1971 1.75
1972 1.73
1973 1.82
1974 1.74
1975 1.75
1976 1.87
1977 1.85
1978 2.03
1979 1.98
1980 1.98
1981 2.02
1982 2.14
1983 2.08
1984 2.30
1985 2.30
1986 2.35
1987 2.33
1988 2.25
1989 2.41
1990 2.55
1991 2.47
1992 2.58
1993 2.50
1994 2.57
1995 2.51
1996 2.66
1997 (prel) 2.70
SOURCES: USDA, Production, Supply, and Distribution, 
electronic database, Washington, DC, February 1998;
USDA, “World Gain Database,” unpublished printout,
Washington, DC, 1991.
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Fertilizer Use Up Lester R. Brown

World fertilizer use in 1997 totaled 131 mil-
lion tons, up 1.6 percent from the 129 million
tons used in 1996.1 (See Figure 1.) This third
consecutive annual gain in fertilizer use was
concentrated in India, Brazil, and the United
States.2 In per capita terms, fertilizer use was
22.4 kilograms, virtually unchanged from
1996.3

Three countries—China, the United States,
and India—account for more than half of
world fertilizer use.4 China, using 33 million
tons in 1997, applied more fertilizer to its
cropland than any other country.5 (See Figure
2.) The United States used 20 million tons,
and India, 14 million tons.6 (See Figure 3.)
The U.S. figure is down slightly from the all-
time high of 21.5 million tons in 1981.7 The
adoption of precision farming techniques,
which include a more precise matching of the
application of fertilizer to crop needs, has
contributed to the slight decline in U.S. fertil-
izer use over the last two decades.

In most European countries, fertilizer use
has also reached the saturation point. In addi-
tion, there is widespread public concern
about the health effects of rising levels of
nitrates in underground water supplies due to
fertilizer runoff.8 In part because of this, the
European Fertilizer Manufacturers Associa-
tion is projecting a slight decline in fertilizer
use in Western Europe over the next decade.9

The region of the world that may have the
largest potential for increasing fertilizer use is
the Indian subcontinent, home to 1.3 billion
people.10 It also has perhaps the steadiest
growth in fertilizer use. In each of the big
three countries there—India, Bangladesh, and
Pakistan—fertilizer use has gone up almost
every year for the last several years.11

Another region with a large unrealized
potential is South America, including, impor-
tantly, Brazil and Argentina. Growth in fertil-
izer use in this region has been particularly
strong because of strong economic growth in
both Brazil and Argentina.12 Economic reforms
in the latter have helped to nearly double 
fertilizer use there over the last four years.13

The principal reason for the slower growth
or stabilization of fertilizer use in many coun-

tries is that the amount being used is
approaching the physiological capacity of
crops to absorb nutrients. Once this limit is
reached, further rises in grain prices will not
increase the amount of fertilizer that can be
used economically.

Another emerging constraint is the lack of
growth in irrigation. After expanding at more
than 2 percent a year from 1950 to 1980, the
growth in world irrigated area slowed to
scarcely 1 percent a year in the 1980s and
probably to even less during the 1990s.14

Some analysts, including David Seckler, head
of the International Irrigation Management
Institute in Sri Lanka, believe that the world
irrigated area is no longer increasing—that
losses due to aquifer depletion, to the diver-
sion of irrigation water to nonfarm uses, and
to abandonment because of waterlogging and
salinity are offsetting gains from new irriga-
tion projects.15

The precipitous drop in world fertilizer use
from the all-time high of 146 million tons in
1989 was due almost entirely to the drop in
usage in the former Soviet Union—from 25
million tons in 1989 to 5 million tons in
1995.16 Initially this fall was due to the aban-
donment of heavy fertilizer subsidies as a part
of economic reforms. After 1990, however,
the breakup of the Soviet Union into its con-
stituent republics and the associated econom-
ic disruption and semi-collapse of economies
also played an important role.

World fertilizer use will undoubtedly
increase further in the years ahead, but
growth is likely to be slow, gradual, and con-
centrated in a shrinking list of countries
where there is still a strong yield response to
the use of additional fertilizer.
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WORLD FERTILIZER USE, 1950–97

YEAR TOTAL PER PERSON
(mill. tons) (kilograms)

1950 14 5.5

1955 18 6.5

1960 27 8.9

1965 40 12.0
1966 45 13.2
1967 51 14.6
1968 56 15.7
1969 60 16.5
1970 66 17.8
1971 69 18.2
1972 73 18.9
1973 79 20.1
1974 85 21.2
1975 82 20.1
1976 90 21.6
1977 95 22.5
1978 100 23.2
1979 111 25.4
1980 112 25.1
1981 117 25.8
1982 115 24.9
1983 115 24.5
1984 126 26.4
1985 131 27.0
1986 129 26.2
1987 132 26.3
1988 140 27.4
1989 146 28.1
1990 143 27.1
1991 138 25.7
1992 134 24.6
1993 126 22.8
1994 121 21.6
1995 122 21.5
1996 129 22.3
1997 (prel) 131 22.4
SOURCES: FAO, Fertilizer Yearbook (Rome: various years);
International Fertilizer Industry Association, Annual
Conference, 18–21 November 1997.

1950 1960 1970 1980 1990 2000
0

40

80

120

160
Million Tons

Source: FAO, IFA

1950 1960 1970 1980 1990 2000
0

5

10

15

20

25

30

35
Million Tons

Source: FAO, Soh and Isherwood

Soviet Union

China

Figure 1: World Fertilizer Use, 1950–97

Figure 2: Fertilizer Use in China and 
the Soviet Union, 1950–97
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Irrigated Area Up Slightly Gary Gardner

Global irrigated area expanded by less than
half a percent in 1995, the last year for which
comprehensive data are available.1 The
increase of 1.4 million hectares brought the
world total to 255.4 million hectares. (See
Figure 1.) Although year-to-year changes
sometimes reflect statistical adjustments
rather than actual changes on the ground, the
trend this decade is clearly one of sluggish
growth. The world now has fewer than 45
hectares of irrigated land per thousand peo-
ple, the smallest area per capita since 1969.2

(See Figure 2.)
The greatest growth occurred in develop-

ing countries. Latin America saw an increase
of 1.2 percent between 1994 and 1995, some
four times more than the global figure, while
Africa and Asia expanded their area slightly
faster than the world rate.3 Industrial coun-
tries, in contrast, posted a loss in irrigated
area of 0.3 percent.4 Countries in transition
ended a four-year contraction caused by their
shift away from managed economies, achiev-
ing a 0.3-percent expansion in irrigated area.5

Irrigated land is key to agricultural produc-
tivity, supplying some 36 percent of the
world’s food from only 16 percent of its crop-
land.6 Developing countries are especially
dependent on irrigated area: 60 percent of
their rice and 40 percent of their wheat
comes from irrigated land.7 Because of irriga-
tion‘s importance for meeting global food
needs, the slowdown in expansion has worri-
some implications for growth in the global
food supply.8

In addition to sluggish expansion, some of
the world’s irrigated land continues to be
watered unsustainably. In China, nearly all
basins depend on overpumping of aquifers,
with groundwater levels plunging more than
a meter per year in parts of north China.9

And in three coastal provinces—Hebei,
Shandong, and Liaoning—seawater has invad-
ed aquifers as water tables have fallen.10

In India, 12 districts of Punjab and 3 in
Haryana report falling water tables, while 2
districts in Gujarat and Tamil Nadu have seen
aquifers permanently depleted.11 The prolifer-
ation of tubewells in India—growing from

360,000 in the late 1960s to some 6 million in
1997—is partly responsible for the overdraft-
ing.12 In the Punjab, for example, some
840,000 wells are functioning, 40 percent
more than the estimated safe number.13

Chronic overpumping for irrigation also con-
tinues on the southern Great Plains of the
United States, on the Arabian Peninsula, and
in North Africa, all of which rely on aquifers
that are essentially nonrenewable.

At the same time, households, industry,
and the environment compete with farming
for water, and these needs will likely increase,
especially where economic growth is rapid. In
China, the share of water claimed by homes
and factories is expected to jump from 13 per-
cent in 1995 to 35 percent in 2020.14 For
Southeast Asia, these nonagricultural shares
will climb from 25 percent to 47 percent of
total water use in the same period.15 Where
water is already scarce, this increasing
demand could spell trouble for agriculture.
Irrigation’s share of total water use in India,
for example, is projected to fall from 83 per-
cent in 1990 to 73 percent in 2025, even as
population increases by 66 percent.16

Expansion of irrigated area could conceiv-
ably be helped by an increase in irrigation
efficiency; in some situations, as much as
60–75 percent of the water applied to crops is
wasted.17 Use of sprinkler or drip irrigation
systems rather than traditional flood irriga-
tion can greatly reduce water wastage on the
farm. But because water lost on one farm
often becomes available to another down-
stream, basin-level efficiencies are often
greater than those on the farm.18 Thus raising
water efficiency on the farm does not neces-
sarily increase the amount of water available
throughout the basin.19

Irrigation is projected to grow much more
slowly in the next century. A U.N.-sponsored
assessment of global water use projects
growth of less than half a percent annually
between 2000 and 2025, and even slower
growth in the second quarter of the next cen-
tury.20 This will place great pressure on scien-
tists and farmers to find new ways to increase
food production.
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WORLD IRRIGATED AREA,1961–95
YEAR TOTAL PER CAPITA

(mill. (hectares per 
hectares) thousand population)

1961 139 45.1
1962 141 45.1
1963 144 45.0
1964 147 44.8
1965 150 44.8
1966 153 44.8
1967 156 44.7
1968 159 44.8
1969 164 45.0
1970 167 45.1
1971 171 45.1
1972 174 45.1
1973 180 45.6
1974 183 45.6
1975 189 46.1
1976 194 46.6
1977 198 46.8
1978 204 47.3
1979 207 47.3
1980 209 47.0
1981 213 47.0
1982 215 46.5
1983 216 46.0
1984 221 46.3
1985 224 46.1
1986 225 45.7
1987 227 45.2
1988 230 45.0
1989 236 45.4
1990 241 45.7
1991 245 45.7
1992 248 45.6
1993 252 45.5
1994 254 45.2
1995 255 44.9
SOURCES: FAO, FAOSTAT Statistics Database, Rome;
USDA, Agricultural Resources and Environmental
Indicators (Washington, DC: 1996–97).
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Oil and Gas Use Reach New Highs Christopher Flavin

Propelled by strong economic growth, partic-
ularly in Asia and the Americas, world use of
oil and natural gas set new records in 1997.1

(See Figure 1.) Oil use grew faster, at 1.4 per-
cent, while gas use increased by only 0.5 per-
cent due to mild weather and high prices in
the dominant European and North American
markets.2 Overall, oil accounts for about 35
percent of the world’s commercial energy
supply, while natural gas accounts for 23 
percent.3

Growing use of oil—up 14 percent since
1990—is propelled mainly by transportation,
including increased dependence on cars and
trucks in developing countries.4 Since the
1990s began, oil use has increased 25 percent
in Brazil, 40 percent in Indonesia, and 60 per-
cent in China.5 The Asian economic crisis is
likely to slow this growth in 1998, but the
potential for resuming a rapid growth rate in
later years remains strong: Los Angeles alone
has more cars today than all of China.6

Even in the United States, which has domi-
nated the world oil market since the century
began, infatuation with sport utility vehicles
in the 1990s—which together with small
trucks now account for half of the car mar-
ket—continues to drive oil consumption up.7

The United States, with less than 5 percent of
the world’s population, consumed 25 percent
of the oil used in 1997—half of it imported
from other nations.8

The use of natural gas grew surprisingly
slowly in 1997, due to mild winter weather in
northern countries, including the United
States, following unusually cold weather the
year before. Gas consumption actually fell 1.5
percent in Europe—though some individual
countries saw large increases, including Spain
at 33 percent.9 Central and East European
countries saw a sharper 5-percent decline as
consumer subsidies were reduced once again.10

All signs point to a resumption of steady
growth in gas use in the coming years and
decades, however, due to the abundance and
environmental advantages of this relatively
clean-burning fuel.11 Major exploration, devel-
opment, and pipeline projects are under way
around the world. New developments in fuel

cells and hybrid electric cars will likely allow
gas to replace oil as a transportation fuel in
the decades ahead.12

Despite the growth in demand in 1997,
world oil supplies were more than ample to
meet it, and prices fell to less than $18 per
barrel, from an average of $20 per barrel the
year before.13 Russian oil production rebound-
ed slightly, to just under 6 million barrels a
day in 1997—the first annual increase there
since 1987, when production was almost dou-
ble what it is today.14 Production also rose
modestly in Mexico and Venezuela, but
declined slightly in the United Kingdom and
the United States.15

The largest increases in oil production in
1997 came from the Persian Gulf, where out-
put rose by 1 million barrels a day to nearly
19 million—the highest level since the fall of
the Shah of Iran in 1979.16 (See Figure 2.) With
two thirds of the world’s proven oil reserves,
these countries remain positioned to dominate
oil markets well into the next century.17

Developments in 1997 made clear that the
Caspian Sea and surrounding areas of Central
Asia will be the next great “prize” for the oil
industry in the early twenty-first century,
with what could turn out to be more than 100
billion barrels of reserves—similar in scale to
Iran’s or Iraq’s.18 Powerful companies from
Europe, Russia, the United States, and China
are planning to pour some $60 billion into the
region, and are vying for access to tanker and
pipeline routes across politically contentious
terrain in countries such as Afghanistan, Iran,
and Russia.19

Oil resources in Central Asia and the
Middle East appear sufficient to fuel rising
world oil demand for at least another decade,
though supplies could be disrupted in the
event of a major political or military crisis in
that part of the world. Beyond that, the out-
look is cloudy: Geologists Colin Campbell and
Jean Laherrere noted in March 1998 that the
world is having trouble locating major new
oil supplies—and that global oil production in
likely to peak within the next decade. After
that, “the world could see radical increases in
oil prices.”20
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Oil and Gas Use Reach New Highs

WORLD OIL AND NATURAL GAS
USE, 1950–97

YEAR OIL NATURAL
GAS

(mill. tons of oil equivalent)

1950 451 190

1955 663 296

1960 913 453

1965 1,313 676
1966 1,437 736
1967 1,523 791
1968 1,661 866
1969 1,807 948
1970 2,327 1,022
1971 2,458 1,100
1972 2,467 1,164
1973 2,854 1,192
1974 2,821 1,217
1975 2,791 1,212
1976 2,977 1,266
1977 3,075 1,293
1978 3,190 1,363
1979 3,226 1,464
1980 3,145 1,443
1981 3,010 1,458
1982 2,933 1,445
1983 2,888 1,480
1984 2,940 1,600
1985 2,933 1,683
1986 3,015 1,713
1987 3,068 1,798
1988 3,160 1,888
1989 3,203 1,965
1990 3,203 1,973
1991 3,225 2,010
1992 3,225 2,025
1993 3,220 2,088
1994 3,278 2,088
1995 3,325 2,145
1996 3,405 2,246
1997 (prel) 3,487 2,257
SOURCE: Worldwatch estimates based on UN,
DOE, BP, EC, PlanEcon, and Journal of Commerce.
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Figure 1: World Oil and Natural Gas Use, 1950–97

Figure 2: Oil Production, Global and Middle East,
1950–97
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Coal Use Continues Rebound Seth Dunn

Global consumption of coal increased 1 per-
cent in 1997, reaching a new high for the
fourth consecutive year.1 Use of this fuel
stands at 2,532 million tons of oil equivalent,
having grown 236 percent since 1950.2

Though growth during the 1990s has totaled
only 8.7 percent—the slowest among fossil
fuels—coal use still accounts for 27 percent of
overall energy use.3

Coal use grew an estimated 1.7 percent in
1997 in China, which with a 30-percent share
of overall use is the world’s leading con-
sumer.4 (See Figure 2.) Coal in China—used
for cooking, space heating, and power genera-
tion—accounts for nearly three quarters of
the country’s total energy, and usage has
risen 27 percent since 1990.5 The Chinese
government currently plans to build some 500
power plants, many of them coal-fired,
between now and 2010.6

Use of coal grew slightly more—2.5 per-
cent—in the United States, the second-leading
consumer, with 23 percent of the world total.7

Coal supplies 55 percent of U.S. electricity
and 24 percent of the overall energy supply,
and usage has increased 29 percent since
1990.8

Consumption has risen most quickly in a
handful of Asian countries, where energy and
power demands are large and growing.
According to the International Energy Agency,
more than 40 percent of the projected growth
in world electricity demand by 2010 will come
from East and Southeast Asia, where coal is
currently the dominant fuel for power genera-
tion.9 In India, where coal supplies 57 percent
of energy and 70 percent of electricity, coal
use expanded 36 percent between 1990 and
1996.10 Coal use grew 88 percent between
1990 and 1996 in Indonesia, which is already
the third largest coal exporter; the government
predicts nearly a 10-fold increase in coal use
for electricity by 2009.11

In Europe, with 17 percent of world coal
use, consumption fell an estimated 3.7 per-
cent in 1997, extending a 22-percent decline
between 1990 and 1996.12 Several countries
have already or will soon shut down their
pits, and as of April 1998 British power gener-

ators will no longer be required to buy coal at
above market prices.13 In Germany, where
coal costs four times as much to produce as
the world average, the government decided in
March 1997 to begin cutting its generous sub-
sidies, sparking demonstrations.14

Coal use dropped 4.9 percent in 1997 in
the former Eastern bloc, where the industry
has become a major economic burden.15 In
July 1997, the Ukrainian government
announced it could not even afford to close
40 money-losing mines.16 Poland’s mining
industry lost $730 million in 1996, while pro-
ducing one quarter as much coal per miner as
in the United Kingdom.17 Russia has halted
production from 90 coal pits and abolished its
state-owned company, expecting to shut 130
of its 200 mines by 2000.18

Russia, China, and India are beneficiaries
of a $1-billion World Bank initiative to
restructure their state-owned coal industries
by shutting down inefficient mines and
improving more productive ones.19 But the
program’s impact is unclear—in 1997, $100
million of a $500-million loan to Russia “dis-
appeared.”20 And according to the Institute for
Policy Studies, the World Bank has since 1992
financed 20 new coal-fired power plants and
26 coal mines in China, India, Poland, Russia,
and several other countries.21

Coal remains entrenched in areas of the
world where low energy prices and limited
attention to cleaner and more economical
alternatives sustain misperceptions of the
fuel’s low cost and relative abundance.22 But
pressures to restrain its use are intensifying.
In some industrial countries, coal is increas-
ingly being displaced by natural gas and other
cleaner fuels as a power generation source—a
shift that may be encouraged by electric utili-
ty restructuring.23 And the case for phasing
out support for coal use is strengthening else-
where, whether the impetus is costly subsi-
dies, carbon emissions—coal is the most car-
bon-intensive fossil fuel—or a broad array of
other social and environmental ills, from rural
land loss to urban air pollution to acid rain.



Vital Signs 1998   53

Coal Use Continues Rebound

WORLD COAL CONSUMPTION,
1950–97

YEAR USE
(mill. tons of

oil equivalent)

1950 1,074

1955 1,270

1960 1,544

1965 1,579
1966 1,605
1967 1,524
1968 1,600
1969 1,648
1970 1,515
1971 1,677
1972 1,684
1973 1,554
1974 1,772
1975 1,577
1976 1,657
1977 1,718
1978 1,736
1979 1,807
1980 1,836
1981 1,861
1982 1,882
1983 1,938
1984 2,012
1985 2,127
1986 2,196
1987 2,253
1988 2,319
1989 2,371
1990 2,330
1991 2,228
1992 2,259
1993 2,214
1994 2,355
1995 2,451
1996 2,507
1997 (prel) 2,532
SOURCE: Worldwatch estimates based 
on UN, DOE, BP, EC, PlanEcon, and 
Journal of Commerce.
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Figure 1: World Coal Consumption, 1950–97

Figure 2: Coal Consumption in China
and the United States, 1950–97
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Nuclear Power Steady Nicholas Lenssen

Between 1996 and 1997, total installed
nuclear generating capacity increased by just
two tenths of 1 percent, bringing the total to a
new high of 343,261 megawatts.1 (See Figure
1.) Since 1990, global nuclear capacity has
increased by less than 5 percent.2 It now
appears as if the world’s installed capacity of
nuclear power is at or near its peak—since
the capacity of reactors being closed each
year is roughly equal to that of the new reac-
tors being completed.

Five new reactors were connected to the
electricity grid in 1997, while five units were
permanently closed.3 This brings to 92 the
number of reactors that have been retired
after an average service life of less than 18
years, representing a generating capacity of
27,366 megawatts.4 (See Figure 2.) The total
number of operating reactors dropped by four
in the past year, to 431.5

Construction started on four reactors in
1997, two in North Korea and two in China,
bringing the global total of reactors under
active construction to 33—a combined 25,009
megawatts.6 The small number of reactor
orders makes this the lowest number in 30
years. (See Figure 3.) The Korean reactors
were promised in 1994 by the United States,
Japan, and South Korea in exchange for North
Korea’s promise to drop its suspected nuclear
weapons program.7 China now has six reac-
tors under construction, tied with South
Korea for the most in the world.8

In the industrial regions of North America,
Western Europe, and Japan, nuclear power has
reached a standstill. Three U.S. reactors were
permanently closed in 1997 due to high main-
tenance costs, and another two dozen or so are
likely to close in the near future as restruc-
turing of the electric power industry exposes
their high costs.9 Canada “laid up” four reac-
tors in 1997, ostensibly for extensive repairs,
but it is unlikely that these (or three others
due to be shut in 1998) will ever operate again
due to technical problems and high costs.10

In Western Europe, only one reactor
remains under construction—in France.11 It
will be completed in 1998, and there are no
firm plans to build new reactors in the

region. Meanwhile, two reactors were perma-
nently closed in Europe in 1997: one each in
the Netherlands and France.12 Sweden has
pledged to close its first reactor in 1998.13

Japan opened its last reactor of the century
in 1997.14 The country has only one unit
under construction. Though the government
has plans for more, the country remains
deeply divided on nuclear power because of
concern about safety and the use of plutoni-
um in civilian reactors.15

The former Eastern Bloc fares no better. In
Russia, no reactors were under construction
at the end of 1997, despite the fact that
roughly a dozen partially built Soviet-era reac-
tors are sitting idle due to a lack of funding.16

Shortages of money have also held up pay to
nuclear workers in both Russia and Ukraine.17

Two Czech reactors at Temelin scheduled to
open originally in the early 1990s will likely
not come online until 2000—if they are fin-
ished at all—and at an increasing high price.18

The last hope for nuclear vendors is in the
developing regions of Asia, an area that has
two thirds of the reactors still being built.19

But the region’s recent financial crises have
cast a dark cloud over an already less-than-
bullish market.20

Indonesia, for instance, had long been
planning to order a reactor for operation by
2003, but in early 1997 the government
announced that the earliest it would now
need nuclear power would be 2020 or 2030.21

Efforts to sell reactors to Thailand and Viet
Nam have also dissolved.22

The last remaining market of any size is
China, which plans to have 50,000 megawatts
operating by 2020.23 As it develops economi-
cally and politically, however, the country is
likely to face economic and social obstacles
that have frustrated nuclear planners else-
where.

Finally, Turkey still seems set on joining
the nuclear club. In 1997 the government
received bids from foreign vendors to build
two reactors, and expects to sign with one
company in June 1998.24 Financing remains a
problem, though, and the project also faces
some domestic opposition.
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Nuclear Power Steady

WORLD NET INSTALLED
ELECTRICAL GENERATING CAPACITY
OF NUCLEAR POWER PLANTS, 
1960–97

YEAR CAPACITY
(gigawatts)

1960 1
1961 1
1962 2
1963 2
1964 3
1965 5
1966 6
1967 8
1968 9
1969 13
1970 16
1971 24
1972 32
1973 45
1974 61
1975 71
1976 85
1977 99
1978 114
1979 121
1980 135
1981 155
1982 170
1983 189
1984 219
1985 250
1986 276
1987 297
1988 310
1989 320
1990 328
1991 325
1992 327
1993 336
1994 338
1995 340
1996 343
1997 (prel) 343
SOURCE: Worldwatch Institute database,
compiled from the IAEA and press reports.
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Figure 1: World Electrical Generating Capacity of
Nuclear Power Plants, 1960–97

Figure 2: Cumulative Generating Capacity 
of Closed Nuclear Power Plants, 1964–97

Figure 3: World Nuclear Reactor 
Construction Starts, 1960–97
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Hydroelectric Power Up Slightly Seth Dunn

Worldwide installed capacity of hydroelectric
power—electricity generated from the gravita-
tional energy of falling water—rose 0.8 per-
cent to an estimated 714,600 megawatts in
1996, the latest year for which data are avail-
able.1 (See Figure 1.) Hydropower use has
risen nearly 15-fold since 1950—averaging an
annual addition of 15,000 megawatts during
the last four decades, though the 1996 addi-
tion of 5,671 megawatts was the lowest since
1974 and made hydropower the year’s slow-
est-growing energy source.2 It remains, how-
ever, the renewable energy source most relied
on to generate electricity, accounting for 23
percent of use.3

The United States and Canada are the
world’s leading hydroelectricity generators,
together accounting for a quarter of global
supply.4 (See Figure 2.) But environmental
considerations, particularly the effect of dams
on migratory fish populations, are hampering
hydropower’s viability. In 1997 the U.S. gov-
ernment refused for the first time to relicense
a hydroelectric dam—required of all power-
producing plants—in Maine, and ordered the
dismantling of dams in Washington State to
restore declining populations of migratory
fish.5 With some 550 U.S. dams due for
relicensing over the next 15 years, the pres-
sure is building to remove other projects
endangering river systems, including the 
long-controversial Glen Canyon Dam.6

The human resettlement impacts of large
dams—which have already displaced an esti-
mated 30 million people worldwide—are dri-
ving resistance in the developing world,
where most future projects are planned.7

Greater public scrutiny and criticism during
the 1990s have forced the World Bank, tradi-
tionally the main funder of large dams, to
cancel support for massive projects in India
and Nepal.8 A 1996 Bank internal review of
large dams financed between 1960 and 1995
concluded that only 14 out of 50 met “accept-
able social and environmental standards.”9

In response to these problems, in April
1997 the Bank agreed to create an indepen-
dent commission to review the viability of
large dam projects, and to work with the

World Conservation Union to establish inter-
national guidelines for dam construction and
operation.10 Later that summer, however, the
Bank began supporting Southeast Asia’s
largest dam, a 680-megawatt plant in Laos
that will displace 4,500 people.11 And in
August 1997 the International Finance
Corporation, the Bank’s private-sector lending
arm, was accused of censuring an indepen-
dent review criticizing the social and environ-
mental impacts of a dam being built along
Chile’s Bío-Bío River.12

The fate of large dam projects in develop-
ing countries is increasingly being determined
by private investors.13 European and Japanese
multinationals, with the help of export agen-
cies, are supporting the 18,200-megawatt
Three Gorges Dam on China’s Yangtze
River.14 Diversion of the Yangtze was complet-
ed in November 1997 to allow construction of
the dam, which would be the largest hydro-
electric project ever built and is expected to
displace some 1.9 million people.15 At the
same time, the Malaysian government’s fail-
ure to attract investors for its controversial
Bakun Dam—canceled in 1990 and revived in
1993—has forced a delay in construction.16

The proposed 2,400-megawatt dam would
flood an estimated 70,000 hectares of tropical
forest and displace more than 9,000 people.17

As large dams come increasingly under
siege, some experts are pointing to a poten-
tially greater role for “microhydro” projects
that develop river tributaries in a more
benign fashion. These smaller plants, some of
which are known as “run-of-river” as they do
not require the damming of river systems,
have a worldwide potential estimated at some
20,000 megawatts.18 China is already estimat-
ed to have 16,000 megawatts of small-hydro
capacity installed.19

At present, an estimated additional 50,000
megawatts of large hydropower projects are
planned worldwide, mostly in developing
countries.20 But the long-term potential of
hydroelectricity is likely to be constrained by
its high up-front costs and greater attention to
its social and ecological effects.21
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WORLD HYDROELECTRIC
GENERATING CAPACITY, 1950–96

YEAR CAPACITY
(megawatts)

1950 44,956

1955 67,857

1960 157,080

1965 214,023
1966 223,997
1967 236,088
1968 251,249
1969 266,900
1970 290,607
1971 295,564
1972 305,339
1973 335,561
1974 339,271
1975 371,495
1976 383,667
1977 396,426
1978 423,601
1979 443,836
1980 466,938
1981 483,938
1982 505,041
1983 517,899
1984 540,244
1985 560,956
1986 575,665
1987 596,262
1988 618,186
1989 631,374
1990 641,731
1991 656,094
1992 670,829
1993 685,907
1994 697,839
1995 708,931
1996 (prel) 714,602
SOURCES: Worldwatch estimates
based on UN, BP.
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Figure 1: World Hydroelectric Generating Capacity,
1950–96

Figure 2: Hydroelectric Generating
Capacity in the United States, Canada,

and Brazil 1960–95
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Wind Power Sets Records Christopher Flavin

Global wind power generating capacity rose
25 percent in 1997, reaching 7,630 megawatts
by year’s end, according to preliminary esti-
mates by BTM Consult, a Danish wind con-
sulting firm.1 (See Figure 1.) Some 1,560 mega-
watts of wind turbines were added in 1997—a
new record, and a big increase from the 1,290
megawatts added in 1996.2 (See Figure 2.)

Wind power’s impressive growth continues
to be led by four countries with strong poli-
cies to promote use of this increasingly eco-
nomical energy source. Germany’s wind
industry rebounded in 1997, with a record
530 megawatts added, taking installed capaci-
ty past 2,000 megawatts—the first country 
to reach that milestone.3 (See Figure 3.) A
large protest in Bonn opposed plans to cut
government support for wind power.4 Still,
the Parliament considered capping at 5 per-
cent the amount of wind power that electric
utilities are required to purchase at the pre-
mium price—which could slow the pace of
development.5

The second largest wind power market in
1997 was Denmark, where 285 megawatts
were added, taking total capacity above 1,100
megawatts.6 The wind now provides 7 percent
of Denmark’s electricity, higher than in any
other country.7 In some townships, the wind
capacity exceeds local demand for electricity,
so the excess is sent to nearby towns.8 The
popularity of wind power in Denmark was
demonstrated by an opinion poll showing 
that Vestas, the largest wind turbine manufac-
turer, was the country’s second most “envi-
ronmentally friendly” corporation—just
behind Lego Toys.9

Spain’s wind market surged to number
three in 1997, adding 272 megawatts, more
than double the amount in 1996.10 Of Spain’s
552 megawatts of installed capacity, more
than two thirds were added in the last two
years.11 Unlike Denmark and Germany, which
install most of their turbines alone or in small
clusters, Spain has focused on large wind
farms—including a 72-megawatt installation
announced in late 1997.12

India’s wind power industry kept struggling
in 1997, with just 120 megawatts added, due

to political uncertainties and efforts to scale
back overly generous wind energy tax incen-
tives.13 India still has the developing world’s
largest wind power installations, however, at
950 megawatts.14

China’s wind power industry continued to
make headway in 1997, with 67 megawatts
added—the most ever.15 Several European com-
panies have developed active wind power joint
ventures in China, where the wind resource is
huge.16 The government is now providing a
number of incentives for wind energy devel-
opment, but no firm legal underpinning for
wind power development has yet been estab-
lished.17 One intriguing project is General
Motors’ plan to operate the world’s first “zero
emission” transportation system—a fleet of
wind-powered electric cars and trucks on the
island of Nan’ao in the South China Sea.18

The next three largest wind power markets
in 1997 were the United Kingdom, with 55
new megawatts; the Netherlands, at 44
megawatts; and Ireland, at 42 megawatts.19

Project delays held the United States to 11
megawatts installed in 1997, but the Ameri-
can Wind Energy Association identified 800
megawatts of projects that could be complet-
ed in the next few years.20

The most intriguing development in 1997
was the move of several large companies into
the wind energy business. Enron Corp added
the German wind energy company Tacke to
its earlier acquisition of the U.S. wind leader,
Zond Corporation.21 Tomen, a Japanese trad-
ing company, announced plans to invest $1.2
billion in European wind projects.22 In
November, Royal Dutch Shell said it would
invest $500 million in renewables, and also
joined the European Wind Energy
Association.23 It may find the burgeoning off-
shore market attractive, given its experience
in building and operating North Sea oil rigs.

As the wind energy market expands, wind
turbine costs continue to fall. An analysis by
British economist David Milborrow indicates
that generating costs for new wind turbines in
Germany are competitive with new coal-fired
power plants—a technology with nearly a cen-
tury of engineering experience behind it.24
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Wind Power Sets Records

WORLD WIND ENERGY GENERATING
CAPACITY, 1980–97
YEAR CAPACITY

(megawatts)

1980 10
1981 25
1982 90
1983 210
1984 600
1985 1,020
1986 1,270
1987 1,450
1988 1,580
1989 1,730
1990 1,930
1991 2,170
1992 2,510
1993 2,990
1994 3,680
1995 4,820
1996 6,115
1997 (prel) 7,630

NET ANNUAL ADDITIONS TO
WORLD WIND GENERATING
CAPACITY, 1980–97
YEAR CAPACITY

(megawatts)

1980 5
1981 15
1982 65
1983 120
1984 390
1985 420
1986 250
1987 180
1988 130
1989 150
1990 200
1991 240
1992 340
1993 480
1994 720
1995 1,294
1996 1,290
1997 (prel) 1,566
SOURCES: Birger Madsen, BTM Consult, Denmark,
10 January 1998; BTM Consult, International Wind
Energy Development: World Market Update 1996
(Ringkobing, Denmark: March 1997).
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Figure 1: World Wind Energy Generating Capacity, 1980–97

Figure 2: Net Annual Additions to World Wind Energy
Generating Capacity, 1980–97

Figure 3: Wind Generating Capacity in the United
States, Germany, Denmark, and India, 1980–97
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Solar Cell Shipments Hit New High Molly O’Meara

Global shipments of photovoltaic (PV) cells
surpassed 126 megawatts in 1997, up 43 per-
cent from 1996.1 (See Figure 1.) This was the
largest increase in 14 years and the fourth
straight year of double-digit growth for PV
cells, the wafer-thin semiconductors that turn
sunlight into electricity.2 Cumulative output
reached more than 800 megawatts.3

This jump in PV shipments was spurred
primarily by demand from Japan, where gov-
ernment support for solar homes, through
subsidies and tax incentives, is strong.4 In
1997, solar systems were installed in 9,400
homes; the goal for 1998 is 13,800 homes.5

These efforts prompted shipments from
Japanese companies to soar 65 percent, to 35
megawatts, in 1997.6 The Ministry of Trade
and Industry plans to reduce the level of
direct subsidy gradually to zero in 2001, when
increased production will have made solar
systems competitive without the subsidy.7 By
2000, the government expects to see solar
cells installed on more than 70,000 homes.8

The cost of producing PV cells continued
to drop in 1997, as manufacturers increased
their capacity to make less costly thin-film sil-
icon.9 But demand was so strong that whole-
sale factory prices for PV cells actually edged
above $4 per watt, reversing a downward
trend of two decades.10 (See Figure 2.)

In part to meet demand from the burgeon-
ing Japanese market, U.S. companies
increased shipments by 36 percent, to 53
megawatts, in 1997.11 Solar electricity remains
a niche market in the United States, although
it is gaining a foothold in some areas, as elec-
tric utilities become more competitive and
consumers voice a preference for “green
power.”12 For example, the Sacramento
Municipal Utility District in California has
installed 5.7 megawatts’ worth of electrical
grid-linked solar panels on more than 420
homes and buildings, and above several park-
ing lots.13 To further encourage the domestic
market, President Clinton announced in June
1997 a campaign to install solar systems in 1
million U.S. buildings by 2010.14 The details
of the U.S. rooftop program have yet to mate-
rialize, however, and the effort will likely lag

behind that of Japan.
European output of PVs jumped 56 per-

cent, to 29.3 megawatts, in 1997.15 Production
in Germany, at under 3 megawatts, was
behind that in the United States, Japan,
France, Italy, and India. German PV ship-
ments have declined in recent years as federal
subsidies have dwindled and major manufac-
turers have relocated to the United States.16 In
an effort to reverse this trend, Germany’s
Research and Technology Minister announced
new financial support in 1997 for two major
solar projects that will boost Germany’s pro-
duction capacity beyond 40 megawatts by
1999.17 One of these will be a 25-megawatt
solar cell production plant, the world’s
largest, built by Pilkington Solar International
and Shell.18

Solar cells are already the most economical
power source for many of the 2 billion people
in developing countries who lack access to
electricity.19 Shipments of PVs to the develop-
ing world have increased with the announce-
ment of new financing initiatives that reduce
the up-front cost of solar electricity for rural
villagers.20 For instance, the Solar Electric
Light Company operates subsidiaries in India
and Viet Nam, supports joint ventures in
China and Sri Lanka, and has lined up several
million dollars for consumer finance.21 Soluz,
Inc., offers monthly solar electric service in
the Dominican Republic and Honduras and
by late 1997 was serving more than 1,000
customers at rates comparable to the monthly
cost of kerosene.22 A new company, Sunlight
Power International, plans to provide solar
service on three continents, in part through
strategic investments in Soluz.23

Although the Asian financial crisis could
well slow PV demand in the short term, the
industry’s characteristic strong growth is
expected to prevail over the long term.24 Even
large oil companies announced new commit-
ments to solar in 1997. For instance, British
Petroleum revealed plans to increase sales of
solar products 10-fold over the next decade,
and Shell said it will invest more than $500
million in solar and other renewables over the
next five years.25
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Solar Cell Shipments Hit New High

WORLD PHOTOVOLTAIC
SHIPMENTS, 1971–97

YEAR SHIPMENTS
(megawatts)

1971 0.1

1975 1.8
1976 2.0
1977 2.2
1978 2.5
1979 4.0
1980 6.5
1981 7.8
1982 9.1
1983 17.2
1984 21.5
1985 22.8
1986 26.0
1987 29.2
1988 33.8
1989 40.2
1990 46.5
1991 55.4
1992 57.9
1993 60.1
1994 69.4
1995 78.6
1996 88.6
1997 (prel) 126.7
SOURCE: Paul Maycock, PV News.
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Figure 1: World Photovoltaic Shipments, 1971–97

Figure 2: Average Factory Price for Photovoltaic
Modules, 1975–97
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Sales of Compact Fluorescents Surge Molly O’Meara

Worldwide sales of energy-efficient compact
fluorescent lamps (CFLs) rose 24 percent in
1997, to 356 million.1 (See Figure 1.) Since
1988, sales have increased eightfold.2 The 980
million CFLs used today would require
14,700 megawatts of electricity, versus 58,800
megawatts for the same light from old-fash-
ioned incandescents. The difference in elec-
tricity requirements is the equivalent of about
100 average-sized coal-fired power plants.3

Electricity savings translate into averted
pollution: the 228 million CFLs in use in
North America at the beginning of 1998 will
avoid 2.5 million tons of carbon emissions in
the course of one year and 55,000 tons of sul-
fur dioxide.4

Compact fluorescents were outsold 28 to 1
by incandescent bulbs in 1997, a market that
continues to grow by 3–5 percent a year
worldwide.5 But because CFLs last 10 times
as long as traditional bulbs, they accounted
for fully 26 percent of the combined lighting
capacity sold.6 CFLs may cost 8–20 times as
much upfront as incandescents, but they
yield savings in electricity costs that make
them ultimately less expensive.7 For example,
in the United States, buying a CFL instead of
a standard bulb will save the buyer nearly
$40 over the lifetime of the lamp.8

In the late 1990s, CFLs are spreading to
new markets. Western Europe and North
America accounted for just half of world CFL
sales in 1997, down from 70 percent five
years earlier.9 In the same five years, CFL
sales in Eastern Europe soared from nothing
to 10 million, and sales in developing nations
of Asia and Latin America rocketed from less
than one sixth of total sales to one third.10

The strongest growth is in China, where
CFL sales in 1997 increased 147 percent to
reach 37 million—one tenth of the world
total.11 (See Figure 2.) A government-spon-
sored Green Lights program aims to further
boost the number of high-efficiency lights
sold domestically.12 China, with annual pro-
duction of roughly 100 million bulbs, is the
world’s largest maker of CFLs.13 The number
of companies producing CFLs in China dou-
bled between 1995 and 1997.14

As production capacity swells, prices for
CFLs are falling. In 1997, retail prices from
Philips, a major manufacturer, were half
those of 1996.15 And the Swedish retail giant
IKEA, which has furniture stores in 28 coun-
tries, began selling Chinese-made CFLs for as
low as $5 in Europe.16

In Poland, the International Finance
Corporation, the private-sector arm of the
World Bank, has used Global Environment
Facility funds to subsidize CFL manufacturers
and thereby reduce the cost of these bulbs 
to consumers.17 The program resulted in a
threefold increase in the number of CFLs 
produced and a 50-percent drop in retail price
between 1995 and 1997.18 Several countries 
in Eastern Europe and South America 
have expressed interest in replicating the 
program.19

The market for energy-efficient lighting is
becoming more diverse as new alternatives,
such as metal halide bulbs that can be one
third more efficient than CFLs, begin to enter
the residential market.20 Metal halides, whose
bright white light is commonly shed in large,
outdoor sports arenas, are now available in
smaller sizes and in warmer colors closer to
those of incandescents.21

A boom in inefficient halogen floor lamps
in North America and parts of Europe, how-
ever, is negating electricity savings.22 Since the
early 1990s, low prices and bright lights have
made these lamps popular among college stu-
dents, apartment dwellers, and others who
live or work in rooms that lack built-in, high-
quality lighting.23 The 40 million halogen
lamps in use in the United States are consum-
ing more electricity than CFLs are saving.24

In addition, high-wattage halogens may
reach fire-starting temperatures in excess of
400 degrees Celsius.25 (CFLs rarely get hotter
than 60 degrees.) In 1997, spurred by safety
concerns and the extension of an energy-effi-
ciency labeling program to residential light
fixtures, at least seven U.S. manufacturers
introduced alternatives that look like the pop-
ular halogen model but use more-efficient
CFLs or metal halides.26
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Sales of Compact Fluorescents Surge

WORLD SALES OF COMPACT
FLUORESCENT BULBS, 1988–97

YEAR SALES
(million)

1988 45
1989 59
1990 83
1991 112
1992 138
1993 179
1994 206
1995 244
1996 286
1997 356
SOURCES: Evan Mills, Lawrence Berkeley
Laboratory, letter to Worldwatch, 
3 February 1993; Nils Borg, IAEEL
Newsletter, March–April 1998.
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Figure 1: World Sales of Compact Fluorescent Bulbs,
1988–97

Figure 2: Regional Sales of Compact
Fluorescent Bulbs, 1990–97
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Carbon Emissions Resume Rise Seth Dunn

Annual global emissions of carbon from the
burning of fossil fuels rose 107 million tons in
1997 to a new high of 6.3 billion tons.1 (See
Figure 1.) The 1.5-percent increase was due
to continued emissions growth in the industri-
al and developing worlds, and a drop of emis-
sions in the former Eastern bloc.2 (See Figure
2.) World carbon emissions have risen nearly
fourfold since 1950.3

Western industrial countries account for
approximately 55 percent of the carbon emit-
ted since 1950, and for 45 percent of current
emissions.4 The world’s leading emitter is the
United States, with 23 percent of the total.5

U.S. carbon output expanded 8.8 percent
between 1990 and 1996, with a 3.5-percent
increase in 1996 alone.6 Emissions from Japan
grew 12.5 percent over this six years, and
Australia’s increased 9.6 percent.7

The European Union was only 1 percent
above 1990 levels by 1996, however, thanks
largely to reductions of 7.6, 2.0, and 1.1 per-
cent in Germany, the United Kingdom, and
France.8 These cuts resulted, respectively,
from energy reforms and the shutdown of
energy-intensive industries, coal subsidy
removal, and reduced reliance on fossil-fuel-
based electricity.

In Eastern Europe and the former Soviet
Union, which account for 21 percent of his-
torical emissions since 1950 and 15 percent of
today’s output, emissions have plateaued after
dropping dramatically earlier in the decade.9

Emissions from Russia, the world’s third
highest, are nearly 33 percent below 1990 lev-
els; those in the Ukraine are almost 56 per-
cent under this mark.10 Although emissions
from these countries are expected to rebound
as economies continue their recovery, they
are unlikely to return to 1990 levels.

Emissions are growing fastest in the devel-
oping world—responsible for 24 percent of
emissions since 1950 and a 40-percent share
today.11 China, the world’s second leading
emitter with a 14-percent share, has seen a
29-percent rise in carbon output since 1990.12

India has registered a 38-percent increase,
and Indonesia, 47 percent.13 On a per capita
basis, however, developing-country emissions

are well below those of the industrial world:
the average American accounts for 21 times
as much carbon as the typical Indian.14 And
the volume of industrial-country output is far
greater: the increase in U.S. emissions alone
between 1990 and 1996 exceeded the com-
bined total annual output of Brazil and
Indonesia.15

When released to the atmosphere, carbon
reacts with oxygen to form carbon dioxide
(CO2), the greenhouse gas responsible for 64
percent of ongoing human-induced changes in
climate.16 Atmospheric concentrations of CO2

reached 363.6 parts per million (ppm) in
1997, their highest point in 160,000 years.17

According to the Intergovernmental Panel on
Climate Change (IPCC), a doubling of prein-
dustrial concentrations to 550 ppm would
increase global average surface temperatures
1–3.5 degrees Celsius over the next century.18

This would cause a wide array of dislocations
to human and natural systems.19

The IPCC estimates that annual carbon
emissions must be reduced to below 2 billion
tons by 2050 to stabilize concentrations at 350
ppm—a level scientists believe would keep
temperature within the maximum rates of
change during the last 200,000 years.20 Move-
ment toward this accelerated decarbonization
was made in Kyoto, Japan, in December
1997, when 171 nations agreed to a legally
binding protocol to the U.N. climate treaty
committing western industrial and former
Eastern bloc nations to cut their collective
greenhouse gas emissions 5.2 percent below
1990 levels between 2008 and 2012.21

Meeting the Kyoto target would actually
require only a 2.9-percent cut from current
levels, as emissions from this group of coun-
tries are already 2.3 percent below the 1990
mark.22 Countries will also be permitted to
trade emissions, allowing western industrial
nations to purchase from former Eastern bloc
countries the right to emit as much as 300
million tons of carbon annually in order to
meet their goals.23 Rules for trading and new
developing-country commitments will be dis-
cussed at the next climate conference, being
held in Buenos Aires in November 1998.24
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Carbon Emissions Resume Rise

WORLD CARBON EMISSIONS FROM
FOSSIL FUEL BURNING, 1950–97

YEAR EMISSIONS
(mill. tons of carbon)

1950 1,609

1955 2,009

1960 2,520

1965 3,068
1966 3,222
1967 3,334
1968 3,501
1969 3,715
1970 3,986
1971 4,143
1972 4,306
1973 4,538
1974 4,545
1975 4,518
1976 4,777
1977 4,910
1978 4,950
1979 5,229
1980 5,159
1981 4,988
1982 4,948
1983 4,935
1984 5,103
1985 5,273
1986 5,459
1987 5,580
1988 5,795
1989 5,897
1990 5,952
1991 6,017
1992 5,915
1993 5,876
1994 6,011
1995 6,219
1996 (est) 6,212
1997 (prel) 6,305
SOURCES: Worldwatch estimates based on ORNL, 
BP, DOE, EC, PlanEcon, and Journal of Commerce.
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Figure 1: World Carbon Emissions from 
Fossil Fuel Burning, 1950–97

Figure 2: Carbon Emissions from Fossil Fuel
Burning, by Economic Region, 1950–96
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Global Temperature Reaches Record High Molly O’Meara

Spurred by a strong El Niño in the tropical
Pacific, the air temperature at the Earth’s sur-
face in 1997 averaged 14.40 degrees Celsius,
just barely surpassing the record high set in
1995, according to NASA’s Goddard Institute
of Space Studies in New York.1 (See Figure 1,
which uses a lower base number than earlier
Vital Signs.)2 Long-term surface temperature
data sets maintained by the Climatic Research
Unit of the University of East Anglia in
England and the U.S. National Oceanic and
Atmospheric Administration (NOAA) also
show 1997 as the hottest year on record.3

(The data sets are based on slightly different
combinations of worldwide land and sea mea-
surements.)

The 1990s—the hottest decade since
recordkeeping began in 1866—appear to be
part of a twentieth-century warming trend.4

Ice core records from Antarctica show that
temperatures this century are higher than any
since at least 1400 AD.5 With warmer temper-
atures, the timing of the seasons appears to
have shifted in northern latitudes in the past
half-century, with spring now occurring earli-
er and fall later.6

Lonnie Thompson of Ohio State University
has found that ice caps in the Andes are melt-
ing more quickly since the 1970s; glaciers
atop the European Alps have lost half their
volume since 1850, according to Wilfried
Haeberli, director of the World Glacier
Monitoring Service.7 Satellite radar shows that
North Greenland’s ice cap is thinning by
about 2.5 centimeters a year.8 And at the
South Pole, analysis of whaling records sug-
gests that a quarter of the sea ice around
Antarctica has disappeared, with a 15-year
period of dramatic loss starting in the late
1950s.9 Average sea level worldwide has risen
10–25 centimeters in the last century as water
has expanded and ice has melted.10

Announcing the record-breaking warmth
of 1997, NOAA Senior Scientist Tom Karl
linked the sustained trend toward increasing-
ly warmer global temperatures to heat-trap-
ping “greenhouse gases” released by human
activities, such as the burning of fossil fuels.11

Indeed, this is the consensus of the world’s

top climate scientists, assembled by the
United Nations in the Intergovernmental
Panel on Climate Change.12 The magnitude,
timing, and geographic pattern of observed
temperature changes over the past century
match closely those simulated by computer
models.13

The El Niño that influenced temperatures
in 1997 characteristically began with a warm-
ing of the ocean off the coast of Peru, bring-
ing heavy precipitation to the eastern Pacific
while stranding the western Pacific in a
drought.14 By the fall of 1997, sea surface
temperatures in the equatorial Pacific were
warmer than those recorded at the same time
in 1982, during the last strong El Niño.15 This
warming contributed to a record high global
average sea surface temperature in 1997.16

(See Figure 2.) Although the link between El
Niño and human-induced climate change is
not well understood, El Niños have occurred
more often since 1977, with an unusually
prolonged event from 1990 to 1995.17

If average temperatures continue to rise as
projected, the consequences are likely to
include a greater incidence of floods and
droughts, diminished food production, and an
expanded range for disease vectors.18 In con-
cert with other problems that stem from a
growing human population, warmer tempera-
tures could push ecosystems past tolerable
thresholds.19 These unhealthy synergisms may
already be spurring events such as the world-
wide decline of amphibians, the large-scale
growth of toxic algae in the oceans, and the
death of coral reefs.20

One of the gravest threats is the effect of
higher temperatures on the North Atlantic
“conveyor belt”: an infusion of fresh water
from melting ice caps could lessen the subtle
differences in water temperature and salinity
that drive the oceanic conveyor.21 Without the
heat that the conveyor brings to the North
Atlantic, Europe might be plunged into a
mini-ice age—an ironic side effect of global
warming.22
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GLOBAL AVERAGE TEMPERATURE,
1950–97

YEAR TEMPERATURE1

(degrees Celsius)

1950 13.86

1955 13.92

1960 13.98

1965 13.88
1966 13.95
1967 13.99
1968 13.93
1969 14.05
1970 14.02
1971 13.92
1972 14.00
1973 14.11
1974 13.92
1975 13.92
1976 13.82
1977 14.11
1978 14.05
1979 14.09
1980 14.18
1981 14.29
1982 14.08
1983 14.24
1984 14.11
1985 14.09
1986 14.15
1987 14.27
1988 14.28
1989 14.22
1990 14.38
1991 14.36
1992 14.11
1993 14.14
1994 14.23
1995 14.39
1996 14.31
1997 (prel) 14.40

1Base number is 1 degree Celsius lower than in 
earlier Vital Signs.
SOURCE: Surface Air Temperature Analyses, Goddard
Institute for Space Studies, New York, 14 January 1998.
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CFC Production Continues to Plummet Molly O’Meara

Global production of chlorofluorocarbons
(CFCs), compounds that deplete Earth’s pro-
tective ozone shield, decreased by 50 percent
in 1996, the most recent year for which data
are available.1 Falling for the ninth straight
year, CFC output in 1996 dropped to 88 per-
cent below the 1988 peak. (See Figure 1.)

A landmark treaty, the 1987 Montreal
Protocol, spurred this rapid decline.2 The
Protocol and its amendments have banned CFC
production in industrial countries since 1996,
except for a small volume produced either for
export to developing countries or for essential
domestic uses, such as asthma inhalers.3 The
top two CFC producers in 1996 were China
and India, which are bound by the protocol’s
1999 stabilization target and 2010 phaseout
deadline for developing countries (see Figure
2); the third highest producer was Russia,
which failed to meet the 1996 deadline.4

Chlorine from CFCs destroys ozone in the
stratosphere, 10–50 kilometers above Earth’s
surface. The effect is most pronounced over
Antarctica, where an ozone hole first
observed in 1985 recurs during the Southern
Hemisphere spring, when temperatures and
winds maximize ozone depletion.5 Although
CFC production has already plummeted,
these compounds take years to reach the
stratosphere, and some last for decades or
centuries once there. Thus maximum ozone
loss is expected right around now, as the con-
centration of CFCs in the stratosphere peaks
between 1997 and 1999.6

In 1997, the 22 million-square-kilometer
Antarctic ozone hole, more than twice the
size of Europe, nearly matched the 1995
record.7 A springtime ozone hole over the
Arctic, observed for the first time in 1995, is
a new source of concern.8 And record ozone
losses have also occurred over the populous
and agriculturally abundant mid to high lati-
tudes of both hemispheres.9

Ozone loss leaves Earth vulnerable to
ultraviolet rays that damage humans, crops,
natural ecosystems, and even plastics.10 The
Montreal Protocol will save the world some
19.1 million cases of nonmelanoma skin can-
cer through 2060 and at least $459 billion in

damages to fisheries, agriculture, and plastic
building materials, according to a recent
study by Environment Canada, a government
agency.11 The costs of complying with the 
protocol, calculated to be $235 billion, are
less than first estimated because many of the
industries that relied on CFCs have saved
money by redesigning manufacturing process-
es or using simpler, cheaper substances.12 For
example, the replacement of CFCs in aerosol
cans with compressed air or hydrocarbons
saves U.S. consumers an estimated $165 mil-
lion a year.13

Despite the steep drop in CFC production,
the decline is somewhat slower than expect-
ed.14 Projections of ozone recovery made in
1994 assumed that CFC production would
have fallen to 50,000 tons by 1996—but actual
production was three times as much.15 To
help speed the move away from CFCs, the
Multilateral Fund—a joint initiative of the
World Bank and U.N. agencies—has allocated
more than $695 million to projects in 111
developing countries that convert processes or
product lines to ozone-benign technologies.16

The black market is thwarting the transi-
tion away from CFCs.17 An estimated 40,000
tons of CFCs, more than a quarter of total
production, were smuggled into industrial
countries in 1996.18 Today’s inflated produc-
tion levels, sustained by the black market,
will affect future levels, as production
between 1995 and 1997 forms the baseline
for the 1999 freeze and subsequent phaseout
in developing countries.19 As Russia is
believed to be a major source of illicit CFCs,
the World Bank is urging industrial countries
to help fund the conversion of Russian CFC
manufacturing plants to ozone-friendly alter-
natives.20

Although CFCs are on the decline, other
ozone-depleting compounds are not.
Remaining challenges include phasing out the
pesticide methyl bromide and moving away
from hydrochlorofluorocarbons, an interim
substitute for CFCs.21
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Figure 1: World Production of Chlorofluorocarbons,
1950–96

Figure 2: Production of Chlorofluorocarbons,
Selected Countries, 1992–96

WORLD CFC PRODUCTION,
1950–96

YEAR TOTAL1

(thousand tons)

1950 42

1955 86

1960 150

1965 330
1966 390
1967 440
1968 510
1969 580
1970 640
1971 690
1972 790
1973 900
1974 970
1975 860
1976 920
1977 880
1978 880
1979 850
1980 880
1981 890
1982 870
1983 950
1984 1,050
1985 1,090
1986 1,130
1987 1,250
1988 1,260
1989 1,150
1990 820
1991 720
1992 630
1993 520
1994 388
1995 300
1996 (prel) 141

1 Includes the major CFCs: CFC-11, CFC-12, CFC-
113, CFC-114, and CFC-115.
SOURCES: 1950 and 1955, Worldwatch estimates
based on Chemical Manufacturers Association;
1960–95 from DuPont, Wilmington, DE, private
communication; 1996, Worldwatch estimate based
on UNEP.

*France, Germany, Italy, Netherlands, Spain, United Kingdom
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World Economy Continues Rapid Expansion Lester R. Brown

Despite the financial turmoil in East Asia that
began in the last half of 1997, the world econ-
omy expanded from $28.0 trillion in 1996 to
$29.1 trillion in 1997, a gain of 4.1 percent.1

(See Figure 1.) This marked the third consecu-
tive year of growth at 4 percent or more.

With world population expanding at 1.4
percent in 1997, income per person rose from
$4,821 to $4,977, a gain of 2.6 percent.2 (See
Figure 2.) Given this advance, income per
person worldwide should surpass $5,000 in
1998—2.6 times the level in 1950.

Advanced industrial economies expanded
at 3 percent in 1997, while developing coun-
tries grew at roughly 6 percent.3 And the
countries in transition from centrally planned
to market economies—those in Eastern
Europe and the former Soviet Union—expand-
ed at 2 percent.4 For the transition economies,
this was their fastest rate of collective growth
in several years. 

The United States and Canada led the
major industrial countries in 1997, with
growth in their economies of 3.7 percent
each.5 The United Kingdom’s 3.3 percent
topped the major industrial countries of
Europe by a wide margin.6 Germany and
France came in at just over 2 percent, while
Italy barely made 1 percent.7

Growth in the transition economies was
led by Georgia, which turned in a second
year of 10-percent growth, the fastest of any
transition economy since the breakup of the
former Soviet Union.8 The Kyrgyz Republic in
Central Asia expanded at nearly 7 percent,
maintaining its rapid growth.9 The countries
registering between 5 and 6 percent growth
were Armenia, Azerbaijan, Croatia, Estonia,
Macedonia, and Poland.10

Among developing regions, Asia again was
first, expanding by 7.6 percent, marking the
first time in five years that growth in this
region was below 8 percent.11 Within Asia,
China continued to set the pace with an
expansion of more than 9 percent, though
Viet Nam also managed a second consecutive
year of 9-percent growth.12

Thailand fell from the ranks of the fast-
growth economies as financial disorder took a

heavy toll. Indonesia, Malaysia, and South
Korea are also losing momentum as their
economies are weakened by bad loans and an
associated fall in confidence and currency
values. Between May and December of 1997,
the International Monetary Fund (IMF) low-
ered its 1997 estimated growth for Thailand
from 6.8 percent to 0.6 percent, for Indonesia
from 8.0 to 5.0, for Malaysia from 8.0 to 7.6,
and for the Philippines from 6.3 to 4.3 per-
cent.13

The Indian subcontinent, led by India with
growth of 6.6 percent, racked up an overall
growth of roughly 6 percent in 1997.14 The
net effect was a rise in incomes for the
region’s 1.3 billion people of nearly 4
percent.15 While India’s growth over the last
three years has averaged nearly 7 percent, it
does not put the nation on quite the same
steep growth trajectory as China.16 In
Bangladesh, growth has hovered around 5
percent a year in each of the last five years,
slightly faster than in Pakistan during the
same period.17

Latin America grew at 4.1 percent in 1997,
roughly half the rate of Asia.18 Within this
region, Argentina set the pace among the big
three economies, with a 7.5-percent expan-
sion.19 Mexico and Brazil followed at 4.5 and
3.5 percent, respectively.20 Among the four
Andean countries, growth ranged from a low
of 2.8 percent in Colombia to a high of 5.5
percent in Chile.21

Africa’s economy, slowing from the 5 per-
cent pace of 1996, expanded by 3.7 percent in
1997, slightly faster than population growth.22

Uganda again set the pace with another 7-per-
cent expansion.23 Countries growing 5 to 6
percent were Cameroon, Côte d’Ivoire,
Sudan, and Tunisia.24

In December 1997, when it issued a spe-
cial interim report in response to the turmoil
in East Asia, the IMF lowered its estimate for
worldwide economic growth in 1997 from 4.2
percent to 4.1 percent. For 1998, it lowered
its projections to 3.5 percent, much slower
than the 4.3 percent estimated in its regular
semiannual assessment that came out in
October.25
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GROSS WORLD PRODUCT, 1950–97

YEAR TOTAL PER CAPITA
(trill. 1995 dollars) (1995 dollars)

1950 4.9 1,925

1955 6.3 2,282

1960 7.9 2,599

1965 10.2 3,058
1966 10.7 3,147
1967 11.1 3,196
1968 11.8 3,313
1969 12.6 3,459
1970 13.1 3,529
1971 13.6 3,593
1972 14.2 3,690
1973 15.2 3,848
1974 15.3 3,808
1975 15.4 3,771
1976 16.2 3,893
1977 16.8 3,979
1978 17.5 4,063
1979 18.1 4,141
1980 18.3 4,100
1981 18.5 4,088
1982 18.6 4,045
1983 19.2 4,086
1984 19.9 4,181
1985 20.7 4,272
1986 21.2 4,306
1987 22.0 4,387
1988 23.1 4,516
1989 23.8 4,591
1990 24.3 4,613
1991 24.2 4,517
1992 24.6 4,524
1993 25.2 4,559
1994 26.0 4,633
1995 26.9 4,736
1996 28.0 4,821
1997 (prel) 29.1 4,977
SOURCES: GWP data for 1950 and 1955 from Herbert R.
Block, The Planetary Product in 1980: A Creative Pause?
(Washington, DC: U.S. Department of State, 1981);
World Bank and International Monetary Fund tables.
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Figure 1: Gross World Product, 1950–97

Figure 2: Gross World Product Per Person, 1950–97
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Trade Remains Strong Michael Strauss

In 1997, global trade grew 4.4 percent in
value, to $5.9 trillion (1995 dollars).1 Despite
turmoil in the Asian currency markets in the
fall, preliminary estimates indicate strong
overall trade growth for the year. The
increase is consistent with the rapid expan-
sion of exports worldwide throughout the
1990s. (See Figures 1 and 2.) By value, trade
has grown at twice the pace of world 
economic output this decade.2

Leading the way in 1997 were developing
nations, whose exports grew at 6.1 percent.3

Their exports also diversified; the proportion
that included minerals and agricultural items
(primary products) declined precipitously
from 80 percent in 1980 to 40 percent in
1996.4 In the same period, manufactured
goods as a proportion of developing nations’
exports grew from 20 to 60 percent.5

Trade trends are still dominated by the
United States, Japan, and the European
Union, but the World Bank projects that in
the future they will be set by the “big five”
developing nations—China, India, Indonesia,
Brazil, and Russia.6 These five countries
account for more than 50 percent of world
population, but only 9 percent of world
exports.7 This share will explode to 25–40 per-
cent by 2020, according to the World Bank.8

And the Bank predicts that half of all export
growth in the industrial world from now until
2020 will come from expanded trade with
currently developing countries.9

Exports within regions remain a major
source of the overall growth in trade as well.
Several regional trade regimes expanded their
memberships and mandates in 1997. Chile
saw modest increases in trade and foreign
investment as the newest member of
Mercosur (the South American customs
union, which also includes Brazil, Argentina,
Paraguay, and Uruguay).10 A much larger Free
Trade Area of the Americas is under discus-
sion that would unite 35 Pan-American
economies in a free-trade zone sometime in
the next decade.11

In late November, Vancouver hosted the
Asia Pacific Economic Co-operation summit,
where the 18-member organization—after

considering a strategy of trade protection for
the crisis-stricken nations of the region—
chose to back the International Monetary
Fund’s reform plan, including the removal of
tariffs on 15 traded sectors.12

In June, the United States International
Trade Commission released an assessment of
the North American Free Trade Agreement
(NAFTA).13 While an overall evaluation of
NAFTA after three years would be premature,
it is clear that trade between the United
States, Canada, and Mexico has increased
much faster than U.S. trade with the rest of
the world.14 By the end of 1997, an estimated
$1 billion in trade crossed the U.S.-Canadian
border on any given day.15

One of the latest sectors to see reduced
barriers to trade is services. More than 100 
of the 132 members of the World Trade
Organization (WTO) agreed to reduced trade
restrictions for banking and insurance in
December 1997.16 Two other specialized trade
initiatives concluded in 1997 lowered barriers
in telecommunications and information 
technology.17

China began in 1997 what may be a pro-
tracted process of entry into the WTO.18 The
country already ranks eleventh in the world
for the value of its trade, yet it maintains a
relatively closed trade policy.19 The deep
devaluation of its neighbors’ currencies
makes it more difficult for China’s exports 
to compete in world markets.

The tension between trade matters and
national sovereignty came into high relief in
late 1997 when the U.S. Congress denied
President Clinton’s request for “fast track”
authority in negotiating further trade deals.20

In addition, the Helms-Burton Act in the
United States drew increasing criticism from
the European Union, Canada, and the United
Nations for punishing multinational corpora-
tions that trade with Cuba by restricting their
access to the U.S. market.21

Meanwhile, negotiations aimed at integrat-
ing concern about the environment into the
international trading system moved forward
slowly in the WTO and other forums.



Vital Signs 1998   77

Trade Remains Strong

WORLD EXPORTS, 1950–97

YEAR EXPORTS
(bill. 1995 dollars)

1950 380

1955 519

1960 675

1965 926
1966 990
1967 1,081
1968 1,232
1969 1,374
1970 1,520
1971 1,608
1972 1,756
1973 1,979
1974 2,108
1975 2,000
1976 2,227
1977 2,310
1978 2,428
1979 2,622
1980 2,643
1981 2,646
1982 2,549
1983 2,619
1984 2,853
1985 2,958
1986 2,989
1987 3,174
1988 3,417
1989 3,673
1990 3,889
1991 4,056
1992 4,258
1993 4,467
1994 4,933
1995 5,365
1996 5,614
1997 (prel) 5,859
SOURCE: Worldwatch calculations
based on IMF data and deflators.
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Figure 2: Exports from Industrial and Developing
Countries, 1965–97
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Paper Production Remains High Ashley T. Mattoon

According to preliminary figures from the
U.N. Food and Agriculture Organization (FAO),
world production of paper and paperboard
rose from approximately 282 million tons in
1995 to 286 million tons in 1996.1 (See Figure
1.) Since 1961, paper production has increased
more than three and a half times and global
average per capita use has increased from
approximately 25 kilograms to 50 kilograms.2

FAO predicts that by 2010 world production
will reach nearly 396 million tons.3

Since 1970, export volumes of paper and
paperboard products have tripled.4 Today,
nearly 25 percent of global production is trad-
ed internationally, accounting for roughly 44
percent of the value of world forest products
exports.5

The United States is by far the largest pro-
ducer and consumer of paper. With less than 5
percent of the world’s population, this one
country is responsible for close to 30 percent
of the world’s paper and paperboard produc-
tion, and more than 31 percent of the use.6
The second and third largest producers are
Japan and China, accounting for approximately
11 percent and 9 percent of global production.7

The United States, Western Europe, and
Japan, which represent a combined total of
less than 15 percent of the world’s popula-
tion, consume 66 percent of the world’s paper
and paperboard.8 Yet the share used by devel-
oping countries is increasing. In 1980, these
nations consumed approximately 15 percent
of global paper production, and by 1993 this
share rose to nearly 25 percent.9

Disparities in per capita consumption
between industrial and developing countries
are even more dramatic. (See Figure 2.) In
1995, average per capita use in developing
countries stood at approximately 18 kilo-
grams, compared with 158 kilograms in
industrial countries.10 A 1996 report from the
International Institute for Environment and
Development projects that by 2010, these fig-
ures will rise to 26 and 241 kilograms per
person, respectively.11

In recent years, Southeast Asia has been
home to the world’s fastest-growing paper
market, increasing at approximately 10 percent

a year (compared with 2–3 percent in
Europe).12 Up until the recent economic crisis
in the region, Southeast Asia was expected to
account for more than half of the global
growth in paper demand over the next five
years.13 As a result of the weakened Asian mar-
kets, global demand for paper and paperboard
is projected to fall to 2 percent in 1998, down
from overall growth of 5.5 percent in 1997.14

In 1994, virgin wood fiber (in the form of
pulpwood logs and wood chip residues from
sawmills) accounted for approximately 57
percent of the total fiber used in making
paper. Nonwood fibers (such as straw,
bagasse, and kenaf) accounted for 7 percent,
and recovered paper for the remaining 36
percent.15 In 1970, by comparison, the contri-
bution of wood pulp to total fiber used in
paper production was 73 percent, and the
share of recovered paper was 23 percent.16

Relative to recovered paper, the share of
nonwood fibers in total fiber supply for paper
production has remained relatively small over
the last 30 years. But the contribution of
these materials to paper production varies
dramatically around the world. In industrial
countries, nonwood fibers represent less than
1 percent of all fiber used to make paper,
while in developing countries it is more than
50 percent.17 In China, 60–65 percent of the
total paper fiber supply is from such sources
(primarily straw).18 In recent years, however,
the Chinese pulp and paper industry has
begun to move toward using more wood fiber.
By 2010, the share of wood fiber in pulp for
paper (not including recovered paper) there is
expected to increase to 22 percent, up from
14 percent in 1995.19

The wood fiber used in paper production
represents approximately 40 percent of the
world’s industrial wood harvest.20 While
roughly 25 percent of the industrial wood har-
vest flows directly to pulp mills, up to another
15 percent comes from manufacturing residues
or off-site chipping operations.21 These primary
and secondary wood pulp flows made the U.S.
paper industry the largest industrial consumer
of wood in the world in the early 1990s, which
is likely still true today.22
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WORLD PAPER AND PAPERBOARD
PRODUCTION, 1961–96

YEAR PRODUCTION PER CAPITA
(million tons) (kilograms)

1961 77 25
1962 81 26
1963 86 27
1964 92 28
1965 98 29
1966 105 31
1967 106 30
1968 114 32
1969 123 34
1970 126 34
1971 128 34
1972 138 36
1973 148 38
1974 150 37
1975 131 32
1976 147 35
1977 152 36
1978 160 37
1979 169 39
1980 170 38
1981 171 38
1982 167 36
1983 177 38
1984 190 40
1985 193 40
1986 203 41
1987 215 43
1988 228 45
1989 233 45
1990 240 46
1991 243 45
1992 245 45
1993 253 46
1994 281 50
1995 282 50
1996 (prel) 286 50
SOURCES: FAO, FAOSTAT Statistics Database; U.S. Bureau
of the Census.
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Figure 1: World Paper Production, 1961–96

Figure 2: Per Capita Consumption of Paper 
and Paperboard, Industrial and Developing

Countries, 1961–96
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Weather Damages Ease Christopher Flavin

Economic damages from weather-related dis-
asters fell to an estimated $30 billion in 1997,
down sharply from the record $60 billion in
losses in 1996, according to figures assembled
by the Munich Reinsurance Company in
Germany.1 (See Figure 1.) Insured losses were
also cut in half—to just $4.5 billion.2 (See
Figure 2.)

The 1997 disaster pattern was heavily
shaped by the strong El Niño conditions that
appeared in the tropical Pacific late in the
year and dramatically affected weather trends
in countries as widely separated as Australia,
Brazil, Indonesia, and the United States.3

One result of El Niño was an unusually
placid Atlantic Hurricane season, which
spared the Gulf and Atlantic coasts of the
United States—regions that are heavily built
up and well insured, and therefore often fig-
ure heavily in annual storm losses.4 The tropi-
cal Pacific, on the other hand, had an active
typhoon season that included the devastating
Typhoon Winnie that hit northeast Asia in
August, causing $2.7 billion in losses and
killing 311 people.5 Later in 1997, Hurricane
Pauline killed more than 200 people in the
area near Acapulco, Mexico.6

In the western Pacific, on the other hand,
El Niño caused severe droughts, including in
Australia—where scores of wildfires resulted,
destroying hundreds of homes.7 Indonesia suf-
fered its worst drought in 50 years, which
devastated the country’s rice harvest.8 Fires in
Indonesia’s Bornean and Sumatran tropical
forests were deliberately set in August and
lasted through the end of the year, generating
headlines worldwide.9 Tropical forests do not
normally burn, but widespread disruption of
the area’s forests by logging and palm oil
companies have allowed them to dry out, and
opened the way for 1997’s devastating fires.10

The extensive smoke from these fires cov-
ered an area the size of the continental
United States with a hazy smog, which left
millions of people with respiratory problems
and led to the cancellation of 1,100 airline
flights.11 According to an estimate by the
World Wide Fund for Nature, losses from this
prolonged disaster were $20 billion.12 Most of

these losses were indirect, however, and are
not included in the global figure of $30 billion
assembled by Munich Re.

El Niño also exacerbated the seasonal con-
flagration that now rages in the Amazon each
fall. Although they received far less attention
than the southeast Asian fires, the Amazonian
blazes appear to have been even more exten-
sive, accelerating the considerable loss of
forests in the Amazon Basin.13

The weather-related disasters that caused
the most human suffering in 1997 were El
Niño–related floods in eastern Africa in the
fall that killed 1,600 people and displaced
another 230,000 in Ethiopia, Kenya, and
Somalia.14 Lack of transportation infrastruc-
ture and effective government relief pro-
grams, let alone significant private insurance,
allowed the burden to fall directly on the
backs of the poor victims.

Severe July flooding in Central Europe
pushed rivers such as the Oder to record lev-
els. Economic losses were estimated at $5.3
billion.15 The northern plains and west coast
of the United States were also hit by separate,
severe floods in 1997, causing $1 billion and
$2 billion in damages respectively.16

According to Munich Re’s analysts, despite
the decline in losses in 1997, the overall rate
of loss in the 1990s is three times that in the
1960s, even after adjusting for inflation.17

Although it is impossible to link this increase
definitively to human-induced climate
change, Munich Re believes that climate
change could greatly increase such losses in
future decades.18 The links between El Niño
and climate change are uncertain, but some
scientists now suggest that global temperature
increases may be disrupting the natural El
Niño cycles, causing them to be more fre-
quent and severe.19

Concern about the possibility of increased
damages from climate change led more than
70 insurers to urge the climate negotiators
meeting in Kyoto in December 1997 to limit
greenhouse gas emissions—and thereby
reduce the risk of escalating losses in future
decades.20
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ECONOMIC LOSSES FROM WEATHER-
RELATED NATURAL DISASTERS
WORLDWIDE, 1980–97

YEAR OVERALL LOSSES
(bill. dollars)

1980 1.5
1981 7.8
1982 2.1
1983 6.2
1984 2.3
1985 5.0
1986 6.7
1987 9.6
1988 3.2
1989 9.7
1990 15.0
1991 27.0
1992 36.0
1993 22.5
1994 22.5
1995 38.5
1996 60.0
1997 (prel) 30.0
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Figure 1: Economic Losses from Weather-Related
Natural Disaters Worldwide, 1980–97

Figure 2: Insured Losses from Weather-Related
Disasters Worldwide, 1980–97

YEAR INSURED LOSSES
(bill. dollars)

1980 0.1
1981 0.4
1982 1.0
1983 2.9
1984 1.0
1985 2.0
1986 0.2
1987 4.3
1988 0.8
1989 4.5
1990 10.0
1991 8.0
1992 22.5
1993 5.5
1994 1.8
1995 9.0
1996 9.0
1997 (prel) 4.5
SOURCE: Gerhard A. Berz, Münchener
Rückversicherungs-Gesellschaft, press
release (Munich, Germany: 29 December
1997).
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U.N. Finances Still Constrained Michael Renner

The regular budget for the United Nations,
which funds the headquarters in New York,
U.N. offices in Geneva, Vienna, and Nairobi,
and the operations of five regional commis-
sions, stood at $1.1 billion in 1997—about the
same as the year before.1 (See Figure 1.) This
is equivalent to just 4 percent of New York
City’s municipal budget.2

Total U.N. expenditures amounted to $10.4
billion in 1995—the most recent year for
which comprehensive data are available.3

This includes the organization’s regular bud-
get as well as assessed and voluntary contri-
butions to its agencies and other organs, but
excludes peacekeeping expenses.4 Financial
resources at the disposal of the U.N. system
have stagnated since 1992 (all data are
expressed in current dollars); taking inflation
into account, they have declined.5

Under pressure from the United States and
other large contributors, the U.N. General
Assembly has since 1987 adopted “zero–real
growth budgets” for the organization’s regular
budget—that is, funding can expand only to
accommodate inflation or adverse exchange
rate fluctuations.6 For 1996–97, however, a
“zero–nominal growth budget” was adopted
for the first time—meaning that no adjust-
ments could be made even for these factors.7

U.N. specialized agencies are funded
through mandatory and voluntary contribu-
tions. (See Figure 2.) Among the largest are
the World Health Organization ($774 million
in total funds in 1995), the Food and
Agriculture Organization ($579 million), the
International Labour Organization ($350 mil-
lion), and the International Atomic Energy
Agency ($330 million).8 Assessed contribu-
tions to these and other agencies climbed
from $229 million in 1971 to $2.05 billion in
1997.9 The largest amount of funds enters the
U.N. system via voluntary contributions,
however, and these grew from $815 million in
1971 to a peak $7.5 billion in 1994 before
dropping to $7.4 billion in 1995.10

Several U.N. organs are financed entirely
through such voluntary payments. The U.N.
Development Programme is by far the largest,
attracting almost $2.2 billion in 1996, up from

$1.5 billion in 1992.11 Yet funding for its core
programs—those that focus on sustainable
human development and poverty eradica-
tion—fell at the same time, from $1.1 billion
to $844 million.12 The World Food Programme
(WFP), UNICEF, and the U.N. High
Commissioner for Refugees (UNHCR) all
have annual budgets of more than $1 billion.13

But as food aid has plunged in recent years,
WFP’s operating budget has fallen from $1.7
billion in 1992 to $1.2 billion in 1995.14 In
line with fewer refugees to care for, UNHCR
expenditures declined to $1.2 billion in 1997
from a peak of $1.4 billion in 1996.15

Contributions to the U.N. Environment
Programme, having fallen short of funding
targets for several years, stood at a relatively
meager $109 million in 1997.16

Arrears on the U.N.’s regular budget have
soared since the mid-1980s, reaching a high
of $564 million in 1995 and $474 million in
1997.17 (See Figure 3.) As a result, the United
Nations has been in a perpetual financial 
crisis.

U.S. debts ballooned from zero in 1980 to
$414 million in 1995, falling only slightly to
$373 million in 1997, when Washington
accounted for 79 percent of all members’
arrears.18 (The United States owes an addition-
al $254 million to various U.N. specialized
agencies.)19 Since the mid-1980s, the U.S.
Congress has withheld portions of the money
due each year and imposed a variety of condi-
tions before arrears will be paid.20 An effort to
pay off old debts was derailed in late 1997.21

As a quid pro quo for settling its debts, the
United States seeks to have its share of the
U.N. budget reduced from 25 to 20 percent
by the year 2000. Resenting the U.S. failure
to pay legally owed debts, the other members
turned the tables—making payment of arrears
a condition for lowering the U.S. assess-
ment.22 With recent changes in the scale of
assessments, by 2000 the biggest contributors
after the United States will be Japan (20.5
percent), Germany (9.63 percent), and France
(6.49 percent).23 None of these other nations
were in arrears on the regular budget at the
end of 1997.24
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UNITED NATIONS REGULAR
BUDGET, 1971–97

YEAR AMOUNT
(mill. dollars)

1971 172
1972 184
1973 205
1974 265
1975 265
1976 337
1977 337
1978 458
1979 458
1980 532
1981 532
1982 631
1983 631
1984 682
1985 682
1986 725
1987 725
1988 752
1989 765
1990 838
1991 999
1992 1,008
1993 1,031
1994 1,088
1995 1,088
1996 1,120
1997 1,120
SOURCES: U.N. General Assembly, “Budgetary
and Financial Situation of Organizations
of the United Nations System” (New York: 
18 October 1996); Global Policy Forum,
“Assessed Payments to the Regular Budget 
and Specialized Agencies: 1971–1995.”
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Figure 1: United Nations Regular Budget, 1971–97

Figure 2: Budgets of U.N. Agencies and Organs,
1971–97

Figure 3: Arrears on Regular U.N. Budget,
1971–97
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Automobile Production Sets Record Seth Dunn

Worldwide annual production of passenger
cars grew 5.4 percent in 1997, to 39 million—
an all-time high.1 (See Figure 1.) This pushed
the global auto fleet up 2.4 percent, to 501
million.2 (See Figure 2.) The world’s car popu-
lation has increased more than ninefold since
1950, while the number of people per car has
dropped at least fourfold.3 (See Figure 3.) But
sales have lagged production recently, leading
to a worldwide glut that analysts expect to
continue for the near future.4

In the United States, which accounts for
23 percent of world production, output rose 2
percent and sales less than 1 percent,
although these data mask the growing popu-
larity of sport utility vehicles—gas-guzzlers
that qualify as light trucks.5 Even so, U.S. car
numbers have grown six times faster than the
U.S. population since 1950.6 Production in
Japan, with a 20-percent share of the global
total, rose 6 percent while sales there
dropped 7 percent.7

Western and Eastern Europe account for
34 percent of global carmaking.8 Production
and sales rose just 5 and 6 percent last year
in the west, but increased 16 and 14 percent
in Eastern Europe.9 Nine companies have
made plans for production in Turkey, where
output leapt 16 percent and sales 25 percent
last year.10 In Russia, production grew 8 per-
cent and sales 11 percent.11

Eastern Europe, Latin America, and Asia
are the expected locales for three quarters of
the car factories to be built during the next
three years.12 Production and sales were up 19
and 13 percent in Latin America in 1997, the
fastest-growing region.13 Lured by attractive
government incentives, car manufacturers
from the United States, Europe, and Asia are
planning some $17 billion in investments
before 2000 in Brazil, which saw output and
sales jump 14 and 13 percent in 1997 and
which will soon become the world’s fourth-
leading carmaker.14 Some $3.9 billion in auto-
motive industry investments are meanwhile
planned in Argentina, where production grew
44 percent but sales only 16 percent.15

In Asia, where 31 percent of global car
production now occurs, overcapacity con-

tributed to and was in turn exacerbated by
the region’s financial crisis in late 1997.16

South Korean car production rose 2 percent
while sales dropped 7 percent, forcing the
nation’s second largest carmaker into bank-
ruptcy—although the conglomerate Samsung
opened a new plant with plans to produce
80,000 cars in 1998.17 In Thailand, where for-
eign carmakers have invested $1.7 billion,
output and sales fell 33 and 36 percent, caus-
ing Toyota to shut down two plants.18

Indonesia and Malaysia, which are develop-
ing homegrown auto industries, saw produc-
tion rise 26 and 10 percent but sales only 10
and 5 percent.19

Production also outpaced sales in India
and China, the two largest potential markets.
In India, production and sales grew just 6 and
5 percent in 1997 after government joint ven-
tures with foreign companies spurred a 91-
percent expansion between 1993 and 1996.20

In China, output grew 10 percent but sales
only 8 percent, causing the government to
reconsider ambitious plans for the sector
shortly after approving a $1-billion venture
with General Motors to build 100,000 midsize
cars annually.21

General Motors has become particularly
active overseas, investing $2.2 billion in four
new car plants in Argentina, Poland, China,
and Thailand—all countries that actively
encourage domestic production.22 By early
1999 it plans to have nine new assembly plants
overall—with a combined annual production
capacity of nearly 720,000 cars—running in
Latin America, Eastern Europe, and Asia.23

In late 1997 and early 1998 several
automakers unveiled fuel-efficient, low-pollu-
tion vehicles—including Toyota’s Prius, with a
fuel economy twice the current average.24

Such cars are considered the industry’s con-
tribution to mitigating climate change, as auto
emissions are among the fastest-growing con-
tributors.25 Ironically, though, some of these
firms exclude more basic controls on vehicles
in new markets: General Motors plans no cat-
alytic converters for its cars in China.26
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Automobile Production Sets Record

WORLD AUTOMOBILE PRODUCTION
AND FLEET, 1950–97

YEAR PRODUCTION FLEET
(million) (million)

1950 8 53

1955 11 73

1960 13 98

1965 19 140
1966 19 148
1967 19 158
1968 22 170
1969 23 181
1970 23 194
1971 26 207
1972 28 220
1973 30 236
1974 26 249
1975 25 260
1976 29 269
1977 31 285
1978 31 297
1979 31 308
1980 29 320
1981 28 331
1982 27 340
1983 30 352
1984 31 365
1985 32 374
1986 33 386
1987 33 394
1988 34 413
1989 36 424
1990 36 445
1991 35 456
1992 35 470
1993 34 469
1994 36 480
1995 36 477
1996 37 489
1997 (prel) 39 501
SOURCES: American Automobile Manufacturers
Association; Standard & Poor’s DRI.
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Figure 1: World Automobile Production, 1950–97

Figure 2: World Automobile Fleet, 1950–97

Figure 3: People Per Automobile, 1950–97
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Motorbike Production Accelerating Gary Gardner

Global production of motorbikes topped 19
million in 1995, the last year for which com-
prehensive data are available.1 (See Figure 1.)
The total, which includes production of
motorcycles, mopeds, and all other motorized
two- and three-wheelers except electric bicy-
cles, represents nearly a 15-percent increase
over 1994.2 The surge is part of an explosion
in motorbike popularity this decade, when
global output has grown by more than 50 
percent.3

Asia is the hub of motorbike production,
accounting for nearly 90 percent of global
output and for most of the surge in produc-
tion this decade.4 China alone produces more
than 40 percent of the world’s motorbikes.5

(See Figure 2.) While production decreased in
the 1990s in Africa, and grew modestly in
Europe and the Americas, Asian output more
than doubled between 1990 and 1995.6

Asia also accounts for most motorbike use.
These vehicles are an attractive alternative to
bicycles in developing countries for those in
the expanding working class who cannot
afford a car. Indeed, motorbike ownership in
Asia is growing faster than auto ownership.
In New Delhi, for example, where buses tend
to be slow and subways are nonexistent, the
number of two-wheeled motorized vehicles
has jumped fivefold since 1980 to 1.7 million,
compared with an auto fleet of a half-million.7

And the Chinese cities of Guangzhou and
Shantou saw motorbike increases of 35–40
percent a year between 1980 and 1993.8

Despite the popularity of motorbikes, sev-
eral factors threaten growth in their produc-
tion and use. Motorbikes are typically the
noisiest vehicles on the road, with decibel
levels roughly an order of magnitude above
those of a car.9 They are also dangerous: in
the United Kingdom, a motorcyclist is 22
times more likely to die in transit than some-
one in a car, and 333 times more likely than a
bus rider.10 And motorbikes are heavy pol-
luters. The two-stroke engine that powers
many motorbikes emits more unburned
hydrocarbons and carbon monoxide per kilo-
meter than almost any other engine.11 In Asia,
motorcycles are second only to trucks and

buses in emissions of particulates, which are
exceptionally hazardous to human health.12

For these reasons, some governments have
begun to rein in motorbikes. Taiwan has
decreed that 2 percent of scooters must be
emission-free by the year 2000.13 And regula-
tions taking effect in India in 1998 will
require large reductions in emissions from
two- and three-wheelers.14 Some Chinese
cities have gone further by placing restric-
tions on the number of motorbikes allowed.
Guangzhou, for example, stopped issuing
motorcycle licenses in 1992.15 Shanghai fol-
lowed suit for mopeds in 1997, in an effort to
reduce their number by 80 percent over three
years.16

The future of motorbike use will depend
in part on economic and demographic trends.
Countries such as Italy and the Netherlands
saw rapid growth in motorbikes in the 1950s
and 1960s, a trend that slowed markedly as
cars became affordable. In Taiwan, by con-
trast, the use of motorbikes grew in a rapid
and sustained way over several decades even
after substantial income gains, in part
because crowded cities left little room for
massive expansion of the automobile fleet.
Because many prospering cities in Asia are
also crowded, if restrictions on motorbike
ownership are not adopted, the surge in
motorbike use might be expected to continue
for many years.

Market growth will also depend on how
well the problems of motorbikes are over-
come. Emissions levels can be reduced by
using fuel injection or by substituting four-
stroke engines for the two-stroke design,
changes that would cost $60–80 per bike.17

Computer controls and catalytic converters
can also lower pollution levels in motorbike
engines.18 And electric motorbikes, which
eliminate noise and atmospheric pollution,
are now found in some Asian cities.19 Indeed,
the Taiwanese government has targeted elec-
tric motorbikes as one of six industries that
will spur Taiwanese development into the
next century.20 If these technologies prove to
be viable and affordable, the future of motor-
bikes may be bright.
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Motorbike Production Accelerating

WORLD MOTORBIKE PRODUCTION, 
1982–95

YEAR PRODUCTION
(million)

1982 15
1983 12
1984 11
1985 13
1986 11
1987 11
1988 13
1989 13
1990 13
1991 12
1992 13
1993 15
1994 17
1995 20
SOURCES: United Nations, Industrial 
Commodity Statistics Yearbook (New York: 
various years); IMMA, Statistics Production,
Sales, PARC, 1997 (Geneva: 1998); IRF, 
World Road Statistics 1991–1995 (Geneva: 1996).
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Figure 1: World Motorbike Production, 1982–95

Figure 2: Motorbike Production in China,
1982–95
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Bicycle Production Declines Gary Gardner

Global bicycle production decreased to 101
million units in 1996, the last year for which
global data are available.1 (See Figure 1.) The
global slump, a 7-percent decline from 1995
levels and the first drop since 1990, is attrib-
uted to sluggish sales and excess inventories
worldwide.2

Virtually all the major producing countries
saw production declines. In China, the
world’s leading manufacturer, output fell
some 7 percent from 1995.3 The next four
producers—India, the European Union, the
United States, and Taiwan—saw production
declines of 2, 11, 13, and 27 percent, respec-
tively.4 Southeast Asian producers were dou-
bly crippled: tariffs in the European Union
kept them out of that market, and rising pros-
perity in domestic Asian markets turned con-
sumer attention to motorcycles and cars.5

Asian countries are still the major producers
and consumers of bicycles, however; China
and India alone accounted for nearly half of
global production.6

Often overlooked in transportation plan-
ning, bicycles are well suited for urban use.
Bikes use only 2 percent as much energy as
cars per passenger-kilometer, cost 2–3 percent
as much to purchase, are entirely nonpollut-
ing, are better for the health of the users, and
are often the fastest way to get around urban
centers.7 They are also easy on transportation
budgets: research in the Netherlands showed
that providing for bicycle traffic cost 5 per-
cent as much per kilometer traveled as pro-
viding for municipal public transport.8

One bright spot in the global bicycle pic-
ture is electric bicycles, which continued the
explosive growth that began with their mar-
ket debut in 1993. Production increased by 78
percent in 1997, to 338,000 bicycles.9 (See
Figure 2.) Japan is the leading producer,
accounting for 75 percent of 1997
production.10 A series of joint manufacturing
and marketing agreements between compa-
nies in Asia, Europe, and the United States in
1997 could expand the market still further.11

Indeed, market watchers expect the double-
digit growth to continue, leading to more than
2 million electric bikes on streets worldwide

by the year 2000.12

The success of this new technology could
be a boon for cycling. Battery-powered elec-
tric bikes allow cyclists to achieve speeds of
up to 15 miles per hour without pedaling, and
much faster if pedaling and battery power are
used together.13 This could extend a bike’s
range or allow it to tackle hilly terrain, there-
by increasing its attractiveness for commut-
ing. Electric bikes might also become a viable
replacement for mopeds and scooters, which
are typically noisy and highly polluting.
Indeed, electric bikes are expected to prolifer-
ate in Shanghai now that authorities have
stopped issuing permits for mopeds, whose
numbers they seek to curb by 80 percent over
three years.14

Many factors affect levels of bicycle use,
but perhaps the most important is public poli-
cy.15 In the United States and Canada, where
cycling is rarely promoted, only 1 percent of
all trips are made by bicycle.16 By contrast,
systematic pro-biking policies have pushed
cycling rates to 20 percent of all trips in
Danish cities and 30 percent in Dutch ones.17

In western Germany, aggressive policies
increased bicycle use by 50 percent in the last
20 years, in spite of unfavorable weather and
high incomes, which typically dampen enthu-
siasm for cycling.18 These policies often com-
bine measures to facilitate cycling, such as
special pathways or traffic signals that favor
cyclists, with those that discourage car use,
such as limiting parking space or banning
auto use in certain urban zones. Largely
because of such policies, five pro-biking
European countries now boast cycling rates of
10 percent or more of urban trips.19

Outside of Europe, trends in biking poli-
cies are mixed. The province of Quebec is
constructing a huge network of bikeways—
more than 3,000 kilometers’ worth—within
and between cities, some of which will con-
nect with cycling routes in the United
States.20 But governments in many Asian
nations continue to be hostile to bicycles and
bicycle rickshaws, especially in Hanoi,
Dhaka, Manila, and Jakarta.21
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Bicycle Production Declines

WORLD BICYCLE PRODUCTION, 
1950–96

YEAR PRODUCTION
(million)

1950 11

1955 15

1960 20

1965 21
1966 22
1967 23
1968 24
1969 25
1970 36
1971 39
1972 46
1973 52
1974 52
1975 43
1976 47
1977 49
1978 51
1979 54
1980 62
1981 65
1982 69
1983 74
1984 76
1985 79
1986 84
1987 98
1988 105
1989 95
1990 92
1991 99
1992 102
1993 106
1994 108
1995 109
1996 (prel) 101

SOURCES: United Nations, The Growth 
of World Industry 1969 Edition, Vol. I, 
Yearbooks of Industrial Statistics 1979 
and 1989 Editions, Vol. II, and Industrial 
Commodity Statistics Yearbook 1994; 
Interbike Directory, various years.
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Figure 1: World Bicycle Production, 1950–96

Figure 2: World Electric Bicycle Production, 1993–97
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Satellite Launches Rebound Molly O’Meara

In 1997, a total of 133 satellites were
launched, up from 82 in 1996.1 (See Figure 1.)
This figure includes satellites for science
research, earth observation, communications,
navigation, and surveillance.2

Satellites got their first boost from the cold
war. When scientist and science-fiction author
Arthur Clarke wrote in 1945 about the possi-
bility of satellites for communications, World
War II was waning and he believed the first
satellite launch was still “a half century
ahead.”3 But just 12 years later the Soviet
Union successfully put up Sputnik, sparking a
space race with the United States.4 (See
Figure 2.) From 1965 to 1990, the total num-
ber of satellites launched each year remained
relatively steady.5

With the end of the cold war, the number
of launches has declined, but there are more
countries involved—18 industrial and 13
developing nations.6 In 1997, for instance,
Argentina, China, France, Germany, Hong
Kong, India, Indonesia, Japan, Luxembourg,
the Netherlands, Norway, the Philippines,
Spain, and Thailand all saw satellites
launched.7

The nature of satellites has changed over
time. As the number launched for defense
purposes has decreased, the number of com-
munications satellites has risen.
Reconnaissance, surveillance, and other mili-
tary uses accounted for 52 percent of launch-
es in 1967, while communications satellites
constituted just 14 percent.8 Thirty years
later, the share of military satellites had
dropped to 8 percent, while communications
satellites had rocketed to 69 percent.9

Communications satellites themselves are
rapidly evolving. Since 1965, Intelsat, a
treaty-based cooperative that now has 140
member nations, has dominated commercial
satellite communications with a fleet of satel-
lites that are “geostationary,” orbiting the
equator high enough to remain over the same
point on Earth.10 The first satellite provided
240 telephone circuits (or one television chan-
nel) between Europe and the United States;
within two decades, Intelsat satellites were
providing the bulk of the world’s interconti-

nental telephone and television links.11

A new generation of privately owned satel-
lites designed for low orbit (700–1,400 kilo-
meters from the surface) has the potential to
further revolutionize communications.12 Low-
orbiting satellites are cheaper to launch, can
reach the most remote parts of the world, and
are better suited than geostationary satellites
for interactive voice and video connections
because they are close enough to the Earth’s
surface to eliminate the time lag in transmis-
sion.13 A new space race will be fueled by the
1,700 communications satellites—10 times the
number now in orbit—scheduled for launch
in the next decade.14 Teledesic, which is to be
the largest constellation of low-orbiting satel-
lites, plans to reserve some of its capacity to
extend communications links to rural parts of
the developing world.15

Satellite-assisted navigation is also moving
into a new era, with a growing number of
nonmilitary uses. The Global Positioning
System, a network of 24 satellites operated by
the U.S. Department of Defense, now aids
commercial pilots, automobile drivers,
boaters, and even backpackers.16

Satellite remote sensing technology, too,
has advanced into new uses.17 Vegetation
types, land use patterns, surface water, soil
quality, roads, and urban sprawl can all be
monitored by satellite.18 In 1998, the United
States will launch a new series of earth obser-
vation satellites that will aid scientists study-
ing climatic change.19

Advances in computer software now allow
satellite imagery to be combined with other
data in geographic information system com-
puter programs that create maps for a variety
of planning purposes.20 For instance, the tech-
nology can be used to show water and fertiliz-
er needs for specific areas on a given field, to
identify changes in environmental conditions
that determine vector-borne disease transmis-
sion, or to map the ocean floor.21

As demand for satellite applications grows,
launch costs are expected to drop. Future
concerns may include the equitable distribu-
tion of radio spectrum and the accumulation
of satellite-related debris in space.22
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SATELLITE LAUNCHES
WORLDWIDE, 1957–97

YEAR TOTAL
(number)

1957 2
1958 6
1959 10
1960 16
1961 29
1962 63
1963 68
1964 95
1965 143
1966 121
1967 140
1968 123
1969 109
1970 121
1971 136
1972 120
1973 116
1974 113
1975 141
1976 149
1977 129
1978 146
1979 113
1980 119
1981 148
1982 131
1983 147
1984 150
1985 151
1986 129
1987 126
1988 128
1989 123
1990 150
1991 128
1992 114
1993 95
1994 107
1995 92
1996 82
1997 (prel) 133
SOURCES: Jos Heyman, Spacecraft Tables 
1957–1990 (San Diego, CA: Univelt, 1991) 
and Spacecraft Tables 1957–1995, computer 
diskette, 1996; Jos Heyman, Astronautical Society
of Western Australia, letters to author.
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Figure 1: Satellite Launches Worldwide, 1957–97

Figure 2: Satellite Launches in the United
States, Russia, and Rest of World, 1957–97
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Telephone Network Expands Molly O’Meara

The number of lines that link telephones
directly to the global phone network
increased 7 percent to more than 740 million
in 1996, the latest year for which data are
available.1 (This figure does not include cellu-
lar telephones.) (See Figure 1.) The fixed-line
network has been growing at this rate
throughout the 1990s.2 Steady expansion has
occurred over the last several decades: as
world population has doubled since 1960, the
telephone network has increased eightfold.3

Beginning with the first public telephone
exchange in New Haven, Connecticut, in
1878, the telephone network transformed
societies as it spread throughout the United
States and Europe in the late nineteenth and
early twentieth centuries.4 It built on the
progress of telegraphs and railways to over-
come the barrier of distance in communica-
tions.5 The network links widely scattered
communities, provides a way to get help in
emergencies, permits rural farmers and busi-
nesses to reach urban markets, and generally
allows one-to-one information exchange that
promotes social, cultural, and economic
development.6

Although undersea cables and satellite sys-
tems now connect every continent in the
world, the vital communications web is far
from evenly distributed.7 Nearly 70 percent of
all phone lines are in industrial nations.8

While the United States has more than 60
lines per 100 people, the “teledensity” of
China is just 4.5 lines per 100 people.9 Today,
growth in the network has shifted to the
underserved developing world: in 1996, the
number of installed lines increased 4 percent
in industrial countries and 18.7 percent in
developing ones.10

Tumultuous changes in today’s communica-
tions industry, reminiscent of the telephone
explosion of a century ago, may have particu-
lar benefit for developing nations. When
Alexander Graham Bell’s patent on the tele-
phone expired in the 1890s, competition in the
United States surged for a short period, result-
ing in lowered costs that made the telephone
affordable to more people.11 Although state-
controlled monopolies have dominated the

phone business for most of its history, the
World Trade Organization ushered in a new
era in February 1997 when 69 nations, accoun-
ting for more than 90 percent of world tele-
communication revenues, agreed to open their
long-distance markets to foreign competitors.12

Competition is arising not only from phone
companies entering new markets but also
from new technologies converging with tradi-
tional, fixed-line service.13 For instance, cellu-
lar mobile subscribers, who use radio waves
rather than an installed line to use the net-
work, have increased by an average 52 per-
cent a year since 1991; by 1996, there were
135 million cell phone subscribers
worldwide.14 (See Figure 2.)

The cellular boom was initially fueled by
urban professionals in industrial countries,
who still account for more than 80 percent of
subscribers. But the technology is quickly
catching on in developing countries, where
people sometimes must wait decades for a
traditional phone line.15 A number of coun-
tries are poised to leapfrog directly into the
wireless era.16 Cambodia, where 60 percent of
telephone subscribers now use mobile cellu-
lar phones, is the most extreme example.17

Expansion of the fixed-line network in
industrial countries is increasingly driven by
Internet demand. Companies’ use of the
Internet to compete with traditional fax and
telephone services will be another factor
helping to lower long-distance rates.18

The expanding telephone and related com-
munications network contributes to social
change, often in contradictory ways.19 The
telephone, by obviating the need to move
goods and people, averts resource use and
transportation-related pollution.20 Together
with the automobile, however, the telephone
allows migration to the suburbs and necessi-
tates more transportation.21 One of the chal-
lenges of the next century will be using com-
munications technologies to increase the effi-
ciency with which scarce resources are
used.22
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TELEPHONE LINES WORLDWIDE,
1960–96
YEAR TELEPHONE LINES

(million)

1960 89

1965 115

1970 156

1975 229
1976 244
1977 259
1978 276
1979 294
1980 311
1981 339
1982 354
1983 370
1984 388
1985 407
1986 426
1987 446
1988 469
1989 493
1990 519
1991 545
1992 573
1993 606
1994 646
1995 692
1996 (prel) 741
SOURCES: International Telecommunication Union,
World Telecommunication Indicators on Diskette,
(Geneva: 1996); ITU, Challenges to the Network
(Geneva: September 1997).

Figure 1: Telephone Lines Worldwide, 1960–96

Figure 2: Cellular Mobile Telephone Subscribers
Worldwide, 1985–96
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Internet Use Grows Exponentially Payal Sampat

The Internet, a global network of electronical-
ly linked computers, has more than doubled
in size each year in the last decade.1 In 1997,
nearly 30 million host computers—and more
than 100 million people—were connected to
the Internet.2 (See Figure 1.) A host computer
can represent one or more Internet user, just
as office telephone connections can serve
multiple phone extensions.3

Conceived in 1969 to link U.S. military
and, later, university computers, the Internet
took root as an integral part of communica-
tions less than five years ago, when it became
available commercially.4 Still in its infancy,
the Net today serves as a marketplace, library,
post office, telephone, and source of enter-
tainment and information for millions.

But with more than 90 percent of Internet
users in industrial countries, these benefits
have thus far been unevenly available.5 (See
Figures 2 and 3.) Of the estimated 107 million
people online, more than half—62 million—
are in the United States; 20 million live in
Europe, and 8 million each are in Canada and
Japan.6 By contrast, developing countries—
home to 80 percent of humanity—have only 8
percent of Internet users.7 Africa has fewer
than 2 host computers for every 10,000 peo-
ple; Finland, on the other hand, has 877 per
10,000 people—making it the “most wired”
nation per person.8 Poor telecommunications
infrastructure, lack of computers, and high
Internet access fees pose obstacles. And the
language of the Internet is predominantly
English, spoken by less than 15 percent of the
world’s population.9

Despite these hurdles, the developing
world is rapidly catching up.10 Internet access
in Russia and Brazil has grown fivefold in the
last two years, each now with 7 host comput-
ers per 10,000 people.11 Among the fastest-
growing Internet markets are China and
India, where the number of people online is
projected to multiply 15-fold, to 4 million and
1.5 million respectively by 2000.12 Thanks to
cornerstore telecommunications centers,
which offer access to the Internet, telephone,
and fax for a fee, soon every African may
have Internet access less than 10 kilometers

from home.13

What does the Internet mean for develop-
ing countries? For some, it has been an econo-
my booster. Software programmers in
Bangalore, India, telecommute daily to Silicon
Valley via the Internet, and will generate an
estimated $4 billion a year in software exports
for India by 2000.14 For the millions of devel-
oping-world inhabitants who lack access to
more essential services such as health care
and education, Internet access may seem a
remote priority. Ironically, these are the lives
it is changing most profoundly.

Indigenous groups like the Kuna nation of
Panama, the Assyrians of the Middle East,
and the Sami of northern Scandinavia have
used the Internet to protest human rights and
environmental violations, communicate with
scattered members of their tribes across the
world, and uphold their languages and tradi-
tions.15 Telemedicine projects now provide
low-cost online medical assistance and health
education to doctors in Uganda, Mexico, and
Bhutan.16

A rural Internet project helped a Peruvian
agricultural cooperative sell organically grown
potatoes to clients in New York, bringing in
10 times the usual profits.17 Dominican farm-
ers now help their Guatemalan counterparts
with irrigation questions posted on the
Internet.18 And the Internet empowers local
activists by linking them with supporters
across the globe, which is why authoritarian
governments fear it. The government of
Myanmar (formerly Burma), for instance,
threatens unauthorized owners of networked
computers with 15 years in jail.19

British scientist Arthur C. Clarke observes
that people usually exaggerate the short-term
impacts and underestimate the long-term
effects of technological change.20 The automo-
bile transformed the twentieth century in
complex and momentous ways, changing our
habitats, bridging distances, and unleashing
environmental hazards.21 With 500 million
people—8 percent of humanity—projected to
be online by 2001, we can barely guess how
the Internet phenomenon will shape the
twenty-first century.22
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INTERNET HOST COMPUTERS,
1981–97
YEAR HOST COMPUTERS

(number)

1981 213
1982 235
1983 562
1984 1,024
1985 2,308
1986 5,089
1987 28,174
1988 80,000
1989 159,000
1990 376,000
1991 727,000
1992 1,313,000
1993 2,217,000
1994 5,846,000
1995 14,352,000
1996 21,819,000
1997 29,670,000
SOURCE: Network Wizards, “Internet Domain
Surveys, 1981–1998,”<http://www.nw.com>,
viewed 6 February 1998

Figure 1: Internet Host Computers, 1981–97

Figure 2: Internet Host Computers in North
America, Australia, and Europe, 1991–97
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Figure 3: Internet Host Computers in 
Asia, Latin America, and Africa, 1991–97
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Population Growth Continues Jennifer D. Mitchell

In 1997, 80 million people were added to the
world’s population—slightly more than in the
previous year—bringing the total to 5.85 bil-
lion.1 (See Figures 1 and 2.) Virtually all the
added people live in the developing world,
already home to some 4.7 billion people.2

Approximately 60 percent—roughly 50 mil-
lion people—were added in Asia alone.3

While the total number of people contin-
ues to increase, the annual rate of growth has
slowly dropped from its historical high of 2.2
percent in 1963 to 1.4 percent in 1997.4 (See
Figure 3.) This global average, however,
masks regional variations. Developing coun-
tries are growing much faster than industrial
ones: 1.7 percent versus 0.3 percent.5 In sub-
Saharan Africa the rate of growth is even
higher: 2.7 percent.6

The decline in the number of people added
to the world in the 1990s is partly the result
of falling fertility rates in several developing
countries. A 1997 Demographic and Health
Survey in Bangladesh, for example, showed
that the average number of children per
woman there has dropped from 4.8 in 1987 to
3.3 today.7

In other countries, however, new data indi-
cate that fertility rates are higher than earlier
estimates. The Indian government, for
instance, announced that India‘s total fertility
rate for 1995 was approximately 3.4 children
per woman, not roughly 3.2, as previously
projected.8 Although the difference may seem
small, in a country of more than 950 million
the effect could be substantial.9 (These new
data have not yet been integrated into U.N. or
U.S. Census Bureau estimates.)

The United Nations projects that over the
next 50 years world population will reach 9.4
billion—some 3.55 billion more people than
today.10 Nearly 60 percent of the projected
population growth is expected to occur in
Asia, which could grow from 3.4 billion peo-
ple in 1995 to more than 5.4 billion in 2050.11

By then, China’s population of 1.2 billion is
expected to exceed 1.5 billion, while India’s is
projected to soar from 930 million to 1.53 bil-
lion.12 And the population of the Middle East
and North Africa is likely to more than dou-

ble, while that of sub-Saharan Africa will
triple.13 By 2050, Nigeria alone is expected to
have 339 million people—more than all of
Africa had 35 years ago.14

Controlling population growth depends on
the international community‘s willingness to
make population issues a priority. At the 1994
International Conference on Population and
Development (ICPD) in Cairo, the govern-
ments of the world agreed to a 20-year popu-
lation and reproductive health program.15

Some have made some progress toward the
agreements made at the ICPD. Women in
Zambia are now able to receive family plan-
ning services without their husband’s con-
sent.16 Nevertheless, more than 120 million
married women in the developing world, and
many more unmarried sexually active adults
and teens, still do not have access to the fami-
ly planning services that they desire.17

Funding for the ICPD program is also lag-
ging. The United Nations estimates that $17
billion a year will be needed for population
programs by 2000 and $21.7 billion by 2015.18

(In both cases, this is less than the world
spends every two weeks on military expendi-
tures.)19 Developing countries and countries in
transition have agreed to cover two thirds of
the price tag, while donor countries have
promised to pay $5.7 billion a year by 2000
and $7.2 billion by 2015.20

Unfortunately, while developing countries
are on track with their part of the expendi-
tures, donor countries are not. A recent U.N.
Population Fund study reports that the assis-
tance of bilateral donors, multilateral agencies
and banks, and charitable foundations
amounted to only $2 billion in 1995.21

Although donors’ contributions in 1995 were
24 percent more than in 1994, preliminary
estimates indicate that contributions declined
some 18 percent in 1996.22 And it is likely
that funding levels in 1997 fell even further.23

International population assistance by the
United States, the largest donor, dropped
from $547 million in 1995 to $385 million in
1998.24
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WORLD POPULATION, 1950–97

ANNUAL
YEAR TOTAL ADDITION

(billion) (million)

1950 2.556 37

1955 2.780 51

1960 3.039 42

1965 3.345 69
1966 3.416 70
1967 3.485 70
1968 3.557 72
1969 3.631 75
1970 3.707 75
1971 3.784 77
1972 3.861 77
1973 3.937 76
1974 4.013 76
1975 4.086 73
1976 4.158 72
1977 4.231 72
1978 4.303 72
1979 4.378 75
1980 4.454 76
1981 4.530 76
1982 4.610 80
1983 4.690 80
1984 4.770 79
1985 4.850 81
1986 4.933 82
1987 5.018 86
1988 5.105 86
1989 5.191 86
1990 5.278 87
1991 5.361 83
1992 5.444 83
1993 5.526 82
1994 5.606 81
1995 5.687 81
1996 5.766 79
1997 (prel) 5.847 80
SOURCE: U.S. Bureau of the Census, International
Data Base, electronic database, Suitland, MD, 
updated 10 October 1997.

Figure 1: World Population, 1950–97

Figure 2: Annual Addition to World Population, 1950–97

Figure 3: Annual Growth Rate of 
World Population, 1950–97
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Refugee Flows Drop Steeply Jennifer D. Mitchell

Between January 1996 and January 1997, 22.7
million people qualified for and were given
refugee assistance, according to the U.N.
High Commissioner for Refugees (UNHCR).1

(See Figure 1.) Of this total, some 13.2 million
people had been forced to flee their countries,
4.9 million were internally displaced, and 3.3
million had recently returned to their home
countries.2 The remaining 1.3 million were
considered “others of concern.”3

The number of people receiving refugee
assistance worldwide reached an all-time high
of 27.4 million in 1995, but then declined two
years in a row.4 The drop of 3.4 million
between 1996 and 1997 was the largest
decline on record.5

Africa provided asylum to the largest num-
ber of refugees receiving U.N. assistance—
more than 8 million last year.6 But Asia is not
far behind.7 While the number of refugees in
Asia rose, the number in Africa and Europe
dropped by 1 and 2 million, respectively.8

(See Figure 2.) The three countries that host-
ed the largest number of refugees are Iran (2
million), Germany (1.3 million), and Pakistan
(1.2 million).9

Afghanistan was the source of the largest
number of international refugees—some 2.7
million people.10 Liberia, with 778,000 in
exile, and Bosnia and Herzegovina, with
673,000, followed Afghanistan.11 In 17 other
countries, more than 100,000 people were
forced to flee their homelands.12 Overall,
however, the number of people who fled their
countries declined in 1997, and 10 million
have returned home since 1990.13

Official statistics do not include everyone
forced to flee from their homes or in need of
shelter and assistance, however. While the
number of international refugees has been
shrinking, the number of people living in
refugee-like situations within their own coun-
tries continues to rise. UNHCR estimates that
roughly 30 million people may be internally
displaced.14 Of these, approximately 16 mil-
lion are in Africa, 7 million in Asia, 5 million
in Europe, and 3 million in the Americas.15

These people, however, are not protected
under international refugee law and therefore

can only receive assistance if their govern-
ments allow them to receive it. Consequently,
most internally displaced people did not
receive such help.

Civil wars and unrest, economic turmoil,
and environmental pressures are some of the
factors responsible for the large numbers of
displaced people.16 But recently, many dis-
placed people have been forced to remain in
their own countries even when victimized
because they could not find a safe asylum.17

Despite the official statistics indicating that
the number of refugees has declined, UNHCR
reports that “the number of people forced to
flee their homes because of fear and hardship
is rising, but refugees are increasingly being
shut out of safe havens—especially in
Europe.”18

Fear of a massive movement of people
from poor to richer nations has prompted sev-
eral industrial countries to tighten their bor-
ders.19 Since the mid-1980s, more than 5 mil-
lion people have applied for asylum in indus-
trial countries, but many were turned down.20

For example, several European countries have
denied asylum to Algerians, even though
65,000 people have died in the last six years
as a result of the political violence in
Algeria.21 Moreover, many countries are
forcibly returning refugees, as has happened
to nearly 300 Bosnians in Germany.22

With industrial countries closing their
doors, refugees attempt to flee to poorer
countries. But many of these nations are also
tightening their borders.23 And even when
refugees are given asylum, they are often
treated so badly that they return home, even
though conditions have not improved.24 In
September 1996, for example, when Iraq
launched an offensive against the Kurdish
population, tens of thousands of Iraqi Kurds
fled into Iran. Although they were given asy-
lum, evidence suggests that officials withheld
food and heating oil in order to force them
out.25 The closing of borders along with this
new battery of techniques forces many
refugees to remain in dangerous situations
and to forgo much needed assistance.
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REFUGEES RECEIVING U.N. 
ASSISTANCE, 1961–971

YEAR TOTAL
(million)

1961 1.4
1962 1.3
1963 1.3
1964 1.3
1965 1.5
1966 1.6
1967 1.8
1968 2.0
1969 2.2
1970 2.3
1971 2.5
1972 2.5
1973 2.4
1974 2.4
1975 2.4
1976 2.6
1977 2.8
1978 3.3
1979 4.6
1980 5.7
1981 8.2
1982 9.8
1983 10.4
1984 10.9
1985 10.5
1986 11.6
1987 12.4
1988 13.3
1989 14.8
1990 14.9
1991 17.2
1992 17.0
1993 19.0
1994 23.0
1995 27.4
1996 26.1
1997 (prel) 22.7

1All data are as of January 1
of the year indicated.
SOURCE: United Nations High 
Commissioner for Refugees, various 
data series.
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Figure 1: Refugees Receiving U.N. Assistance, 1961–97

Figure 2: Refugees Receiving U.N. Assistance in Asia,
Africa, and Europe, 1981–97
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HIV/AIDS Pandemic Far From Over Brian Halweil

Nearly 6 million people contracted HIV—the
virus that causes AIDS—in 1997, eclipsing the
previous year’s record of 5.6 million.1 (See
Figure 1.) More than 30 million people are
now living with HIV/AIDS, and the number
infected since the beginning of the epidemic
in the late 1970s has topped 40 million.2

Approximately 15 million of these people have
developed full-blown AIDS, and 11.7 million
have died.3 (See Figure 2.) Even these figures
may be dwarfed in the near future, however,
for one fifth of those living with HIV/AIDS
contracted the virus in the past year.4

While HIV infection rates and AIDS deaths
have declined or stabilized recently in indus-
trial nations, the epidemic grows unabated in
the rest of the world.5 In many ways,
HIV/AIDS has become two epidemics. In
industrial nations, it is treated with expensive
drug regimens as a “manageable” chronic con-
dition. In poorer nations—where more than
90 percent of all cases occur—infection still
means gradual wasting and death.6

Sub-Saharan Africa—home to two of every
three people living with HIV/AIDS—continues
to be the region most ravaged by the virus.7

HIV infection among adults in this region
stands at an unprecedented 7.4 percent.8 Yet
much higher infection rates are found in
areas such as Nairobi, Kenya, and Harare,
Zimbabwe, where adult prevalence tops 25
and 30 percent, respectively.9 Moreover, 8 of
every 10 women with HIV/AIDS live in sub-
Saharan Africa, as do 9 of every 10 children
born with HIV infection.10

In India and China, high HIV prevalence is
still limited to high-risk populations, such as
prostitutes and intravenous drug users.11 HIV
prevalence among sex workers in Bombay,
India, has been estimated at over 50 percent,
while intravenous drug users in parts of
China have similar infection rates.12 However,
since these groups can form centers for wider
diffusion of HIV, enormous epidemics are
poised to develop in these highly populated
regions.13

Typically, second-class citizens—marginal-
ized by society and lacking equal access to
health care, education, and other human ser-

vices—are most susceptible to the disease.14

Even in the United States, AIDS prevalence is
six times greater among blacks and three times
greater among Hispanics than among whites.15

More than 40 percent of new infections in
1997 occurred in women, who now account
for at least 40 percent of those living with
HIV worldwide.16 Young women seem to be
most at risk.17 Up to 60 percent of HIV-infect-
ed women worldwide are under the age of
20.18 Holding lower social, economic, and
legal positions in many nations, women often
lack the means to refuse risky sexual encoun-
ters and protect themselves from infection.

People under 25 years of age account for
three out of five new infections worldwide
and constitute the fastest-growing segment of
the epidemic.19 In Latin America and the
Caribbean, AIDS is on target to become the
leading cause of death among youths.20

Throughout the world, cultural taboos and
lack of resources deny young people access to
HIV/AIDS education and condoms—the pri-
mary means of prevention.21

Both Uganda and Thailand have seen HIV
prevalence drop significantly in recent years
as a result of aggressive government cam-
paigns to increase public HIV/AIDS aware-
ness.22 Measures by these nations to reduce
new infections have ranged from promotion
of safe sex practices to treatment of sexually
transmitted diseases, which facilitate the
spread of HIV.23

Prevention remains a top priority for the
more than 3 billion people living in parts of
the world where HIV is still relatively uncom-
mon.24 Dr. Richard Feachem of the World
Bank notes that “the best time to spend a dol-
lar on HIV control is when you’ve got no HIV
in your country.”25 At these early stages, low-
cost, low-tech steps, such as condom distribu-
tion and needle exchange programs, can pre-
vent a national epidemic from escalating.26

Yet less than 5 percent of global HIV/AIDS
funding currently goes for prevention and
education.27 The lion’s share goes to pharma-
ceutical research and costly drug treatments,
which are inaccessible to most of those living
with HIV.
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Figure 1: Estimates of Cumulative HIV Infections
Worldwide,1980–97

Figure 2: Estimates of Cumulative AIDS Cases
Worldwide, 1980–97

ESTIMATES OF CUMULATIVE
HIV/AIDS CASES WORLDWIDE,
1980–97

YEAR HIV INFECTIONS
(million)

1980 0.2
1981 0.6
1982 1.2
1983 1.9
1984 2.8
1985 3.9
1986 5.4
1987 7.1
1988 8.9
1989 10.9
1990 13.3
1991 15.8
1992 18.8
1993 22.2
1994 26.2
1995 30.9
1996 36.5
1997 (prel) 42.3

YEAR AIDS CASES
(million)

1980 0.0
1981 0.1
1982 0.1
1983 0.1
1984 0.2
1985 0.4
1986 0.7
1987 1.1
1988 1.6
1989 2.3
1990 3.2
1991 4.2
1992 5.5
1993 6.9
1994 8.5
1995 10.4
1996 12.5
1997 (prel) 15.1
SOURCE: UNAIDS, Report on the
Global HIV/AIDS Epidemic (Geneva: 
December 1997).



Notes

H I V / A I D S  PA N D E M I C  FA R  F RO M
OV E R  (pages 106–07)

1. Joint United Nations Programme on HIV/AIDS
(UNAIDS), Report on the Global HIV/AIDS
Epidemic (Geneva: December 1997).

2. Ibid.
3. AIDS cases in 1997 from Daniel Tarantola,

François-Xavier Bagnoud Center for Health and
Human Rights, Harvard School of Public
Health, Cambridge, MA, discussion with
author, 13 February 1998; UNAIDS, op. cit.
note 1.

4. UNAIDS, op. cit. note 1.
5. Ibid.
6. Ibid.
7. Monitoring the AIDS Pandemic Network

(MAP), “The Status and Trends of the
HIV/AIDS/STD Epidemics in Sub-Saharan
Africa,” Official Satellite Symposium of the 10th
International Conference on STD and AIDS in
Africa, Abidjan, Côte D’Ivoire, 3–4 December
1997.

8. UNAIDS, op. cit. note 1.
9. MAP, op. cit. note 7.

10. Ibid.
11. Lawrence K. Altman, “AIDS Surge is Forecast

for China, India and Eastern Europe,” New York
Times, 4 November 1997.

12. MAP, “The Status and Trends of the
HIV/AIDS/STD Epidemics in Asia and the
Pacific,” prepared for the 4th International
Conference on AIDS in Asia and the Pacific,
Manila, Philippines, 25–29 October 1997.

13. Ibid.
14. Jonathan Mann and Daniel Tarantola, eds.,

AIDS in the World II (New York: Oxford
University Press, 1996).

15. U.S. Centers for Disease Control and
Prevention, “HIV/AIDS Surveillance Report,
June 1997,” Midyear Edition, vol. 9, no. 1, 1997.

16. UNAIDS, op. cit. note 1.
17. Peter Lamptey, “HIV/AIDS Prevention for

Youth: The Best Hope for Controlling the
Epidemic,” issued for World Aids Day 1997
(Arlington, VA: Family Health International, 
1 December 1997).

18. Ibid.
19. Ibid.

20. Ibid.
21. Lamptey, op. cit. note 17.
22. UNAIDS, op. cit. note 1.
23. Ibid.; MAP, op. cit. note 7; MAP, op. cit. note 12.
24. World Bank, Confronting AIDS: Public Priorities

in a Global Epidemic (New York: Oxford
University Press, 1997).

25. Feachem quote from Nalia Sattar, “HIV: The
Poverty Virus Coming Soon to a Family Near
You,” HIMAL South Asia, May 1996.

26. World Bank , op. cit. note 25.
27. Peter Lamptey and Willard Cates, “Ounce of

Prevention Worth a Million Lives,” Network
(Family Health International, Arlington, VA),
Winter 1997.

WWORLDWATCH
I N S T I T U T E



108

Urban Areas Swell Jennifer D. Mitchell

Since 1950, the number of people living in
urban areas has jumped from 750 million to
2.64 billion people.1 (See Figure 1.) Currently,
some 61 million people are added to cities
each year through rural-to-urban migration,
natural increase within cities, and the trans-
formation of villages into new urban areas.2

In most countries, the number of city
dwellers is growing faster than the national
population.3 As a result, people living in
urban areas account for a steadily growing
share of world population. Today’s city
dwellers represent 46 percent of the global
total, up from less than 30 percent in 1950.4

(See Figure 2.) And according to U.N. esti-
mates, more than half the world will live in
urban areas within the next decade.5

One third of all city dwellers live in indus-
trial countries while the rest live in the devel-
oping world—mostly in poor countries that do
not have the resources to support large popu-
lations.6 (See Figure 3.)

Like the number of city dwellers, the num-
ber of urban areas is also increasing rapidly.
In 1800, London was the only city with more
than 1 million people.7 Today, 326 cities have
passed this milestone.8 Some 14 of these are
“megacities”: urban areas with populations in
excess of 10 million.9 By 2000—just two years
from now—there will be 20 megacities, 17 of
which will be in the developing world.10

Tokyo holds the title as the world’s most
populous city: with more than 27 million
inhabitants, it is home to nearly one fourth of
Japan’s total population.11 Mexico City, São
Paulo, and New York trail Tokyo, with some
16 million people each.12

While the megacities in the industrial
world grew slowly, the newly emerging
megacities are exploding. It took London 130
years to grow from 1 million to 8 million,
while Mexico City gained this many people in
just 30 years, from 1940 to 1970, and then
grew by another 7 million over the next 16
years.13 Two of the fastest growing cities are
Bombay and Lagos. Bombay, with a 3.5-per-
cent annual growth rate, is projected to grow
from 15 million to 18 million between 1995
and 2000, while Lagos, with a growth rate of

5.4 percent a year, will probably grow from
10.3 million to 13.5 million in this same peri-
od.14 By 2015, Lagos may be home to nearly
25 million people, rising in rank from the
world’s thirteenth largest city to the third
largest.15

Still, less than 10 percent of urban
dwellers live in megacities.16 Instead, 64 per-
cent of city dwellers live in areas with popu-
lations under 1 million.17 The challenges they
face are similar, however. While urban areas
usually have better access to health care and
sanitation, increasingly these comparative
advantages are being overwhelmed by sheer
numbers.18 According to a recent study by the
Population Council, the quality of life in
many urban centers of the developing world
is poorer today than in rural areas.19

Every week, more than 1 million people
are added to urban centers.20 Many are poor
people lured by the prospects of jobs, better
education, or improved services. The United
Nations estimates that nearly half of the
world’s poorest people, some 420 million, will
live in urban settlements by the year 2000.21

Unfortunately, these large influxes of people
often lead to high levels of homelessness and
unemployment, pollution and congestion, the
loss of agricultural land, and the accumula-
tion of nutrients and waste. A study of
Bombay, for example, estimates that the city
needs 500,000 public toilets, yet as of the
beginning of 1995 only about 200 were in
operation.22 And due to the more than 10 mil-
lion commuters using the city’s bus and train
system daily, people in Bombay spend on
average two hours a day commuting.23

Massive infrastructure investments will be
needed if the comparative advantages of cities
are to be preserved. In the megacities of Asia
alone, the Asian Development Bank estimates
that $20–40 billion will be needed annually
over the next decade to sustain productivity
and improve the quality of life moderately.24
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WORLD URBAN POPULATION,
1950–96
YEAR POPULATION

(billion)

1950 0.750

1955 0.872

1960 1.017

1965 1.185

1970 1.357

1975 1.543

1980 1.754

1985 1.997

1990 2.280

1996 (prel) 2.636

SHARE OF WORLD POPULATION
THAT IS URBAN, 1950–96
YEAR SHARE

(percent)

1950 29.7

1955 31.6

1960 33.6

1965 35.5

1970 36.7

1975 37.8

1980 39.4

1985 41.2

1990 43.2

1996 (prel) 46.0

SOURCE: United Nations, World Population Prospects:
The 1996 Revision (New York: draft, 1 May 1997).

Figure 1: World Urban Population, 1950–96

Figure 2: Share of World Population 
That Is Urban, 1950–96

Figure 3: Urban Population in Industrial
and Developing Countries, 1950–96
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Cigarette Production Hits All-Time High Brian Halweil

World cigarette production climbed to 5.8 tril-
lion pieces in 1997—setting a record for the
fourth consecutive year.1 (See Figure 1.)
Production lagged behind population growth,
however, as the number of cigarettes manu-
factured per person fell to 982, a 4-percent
drop from the all-time high in 1990.2 (See
Figure 2.)

China is the world’s largest producer,
responsible for 1.7 trillion pieces a year—30
percent of global production.3 The United
States follows, with 760 billion cigarettes, and
Japan produces 266 billion cigarettes annual-
ly.4 In 1997, production remained stable in
China and the United States, while in Japan—
the nation that smokes the most cigarettes per
person—it dipped by 5 billion pieces due to a
cigarette tax increase and growing health con-
sciousness.5

In Asian nations, cigarette production has
increased strongly over the last few years,
fueled by unprecedented economic growth
and demand for this luxury good. Indonesia—
where production increased on average 6 per-
cent over the past five years—boosted output
by 10 billion pieces to a total of 208 billion in
1997.6 India, Malaysia, and South Korea also
raised production in 1997.7 In contrast, an
aggressive government drive against smoking
and a new tax reduced output in the
Philippines by 11 billion pieces—a drop of 16
percent.8

Production in the ex-Soviet nations and
Eastern Europe continues to rebound from the
dramatic drop in output following the breakup
of the Soviet Union. In Bulgaria it jumped by
22 percent, to 70 billion pieces, in 1997.9 In
Croatia, the Czech Republic, and Slovakia,
production rose by 5 percent; smaller increas-
es were seen in Armenia, Romania, Russia,
Ukraine, and Georgia.10 In recent years, U.S.-
based tobacco firms have entered this mar-
ket—where about half of all men and women
smoke—to make sure that the fierce appetite
for cigarettes is not constrained by supply.11

Despite strong anti-tobacco policies and
declining numbers of smokers in Europe and
the United States, cigarette production in
these areas continues to rise.12 Increased

exports fill the growing gap between produc-
tion and consumption, as American and
European tobacco firms look to overseas mar-
kets that are underregulated, underinformed,
and underaged. Exports as a share of produc-
tion have doubled in the last decade to 60
percent in the United Kingdom and 30 per-
cent in the United States—the two largest
exporters.13 Since 1992, the percentage of
tobacco revenue derived from international
sales has climbed from 43 to 57 percent for
Philip Morris and from 32 to 44 percent for
R.J. Reynolds—the multinational tobacco
companies with the first and third largest
market shares, respectively.14

It is increasingly clear that smoking is haz-
ardous not only to smokers—approximately
half of whom are eventually killed by the
habit—but also to nonsmokers.15 Secondhand
smoke increases the risk for virtually every
life-threatening disease caused by smoking,
including various cancers, heart disease, and
respiratory conditions.16 Passive smokers
increase their risk of lung cancer by 30 percent
and their risk of heart disease by 34 percent.17

Of the 3 million tobacco-related deaths
each year, nearly 70 percent occur in the
industrial world.18 But as tobacco firms shift
to Third World markets and as smoking rates
increase in developing nations (see Figure 3),
an epidemic of tobacco-related deaths will fol-
low.19 If current smoking trends persist, by
2020 the annual tobacco-related death toll
will soar to 10 million, with 70 percent of
deaths occurring in the developing world.20

The enormous future medical costs of smok-
ing will cripple the health care systems of
these poorer nations.

More women and young people in devel-
oping nations are taking up smoking, in large
part because tobacco firms increasingly target
these groups with promotional giveaways and
seductive advertising.21 This trend threatens
to erode years of health improvements and
efforts to save impoverished children from
diseases that are largely preventable. As Carol
Bellamy, director of UNICEF, notes, “there is
no cause of death more preventable than
smoking.”22
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Cigarette Production Hits All-Time High

WORLD CIGARETTE
PRODUCTION, 1950–97

YEAR TOTAL PER PERSON
(billion) (number)

1950 1,686 660

1955 1,921 691

1960 2,150 707

1965 2,564 766
1966 2,678 784
1967 2,689 772
1968 2,790 785
1969 2,924 805
1970 3,112 840
1971 3,165 836
1972 3,295 853
1973 3,481 884
1974 3,590 895
1975 3,742 916
1976 3,852 926
1977 4,019 950
1978 4,072 946
1979 4,214 962
1980 4,388 985
1981 4,541 1,002
1982 4,550 987
1983 4,547 969
1984 4,689 983
1985 4,855 1,001
1986 4,987 1,011
1987 5,128 1,022
1988 5,240 1,026
1989 5,258 1,013
1990 5,419 1,027
1991 5,351 998
1992 5,363 985
1993 5,300 959
1994 5,478 977
1995 5,605 986
1996 5,713 991
1997 5,743 982
SOURCES: USDA, FAS, World Cigarette
Database, electronic database, December
1997; data for 1950–58 estimates based on
U.S. data.
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Military Expenditures Continue to Decline Michael Renner

By a preliminary estimate, world military
expenditures fell by 4 percent in 1996, to
$701 billion.1 (See Figure 1.) They are now 39
percent below the peak level of $1,144 billion
that they reached in 1984. (All data are
expressed in 1995 dollars unless otherwise
noted.) Relative to global economic output,
military spending now stands at 2.6 percent,
down from 5.7 percent in the mid-1980s.2

The end of the cold war and of several
regional and local hot wars in recent years
has brought military expenditures down in
many countries, although the quality and reli-
ability of information made available by
national governments are still poor. Many
governments—China prominent among
them—reveal only a portion of their full
expenditures, hiding other relevant items in
the budgets of civilian agencies.3

As a consequence, military budget watch-
ers report widely different figures. For 1995,
the U.S. Arms Control and Disarmament
Agency (ACDA) puts global spending at $865
billion, the International Institute for Strategic
Studies (IISS) says the figure is $828 billion,
but the Bonn International Conversion Center
(BICC) pegs it at $728 billion.4

The biggest uncertainties are Russian and
Chinese expenditures. Given its methodology,
ACDA tends to inflate these outlays; for
Russia, it relies on estimates of what it would
cost in the United States, in dollars, to outfit
and maintain Russia’s military. For China, it
uses purchasing power estimates of the
Chinese yuan. Even if reliable local currency
expenditure estimates were available, convert-
ing these into dollars—applying proper
exchange rates—creates still more problems.5

For 1995, ACDA pegs Russian spending at
$76 billion, and Chinese expenditures at
$63.5 billion.6 IISS believes the figures are
$82 billion and $33 billion, respectively.7

Trying to correct for the problems just men-
tioned, BICC puts Russia’s budget at a mere
$13 billion—perhaps too low—and China’s at
$34 billion.8

But there is no disputing that the single
largest spender by far is the United States.
According to the Pentagon’s National Defense

Budget Estimates, which provides more
recent data than in other countries, U.S. out-
lays came to $243 billion, or 35 percent of
global military expenditures, in 1997.9 (See
Figure 2.) Almost a full decade after the end
of the cold war, the decline in U.S. military
spending is just beginning to bring outlays
back to the levels prevalent before the Reagan
buildup.

Besides the United States, Russia, and
China, other big spenders (in 1995) include
Japan ($43.9 billion), France ($43.1 billion),
Germany ($37.8 billion), and the United
Kingdom ($33.9 billion)—all close allies of the
United States.10

A third tier of large military spenders
includes Italy ($19.8 billion), Saudi Arabia
($16.8 billion), South Korea ($13.6 billion),
Taiwan ($12.6 billion), and Canada ($10.7 bil-
lion).11 They are followed by India ($9.8 bil-
lion), Switzerland ($8.2 billion), Australia
($8.1 billion), Spain ($7.7 billion), Israel ($7.5
billion), Netherlands ($7.1 billion), Turkey
($6.1 billion), and North Korea ($5.6 billion).12

All other countries spend less than $5 billion
per year on their militaries.13 Among the top
20 military spenders, only North Korea is hos-
tile toward western countries.

On a regional level, East Asia is the only
area that has witnessed a growth in military
expenditures from 1985 to 1995, from about
$100 billion to $129 billion.14 (See Figure 3.)
Yet the region’s economic crisis has now
forced several governments to cut their mili-
tary budgets.15 In the Middle East and North
Africa, except for a brief spending bulge relat-
ed to the 1991 Gulf War, countries have seen
their outlays decline, from $93 billion to $52
billion.16

Western Europe’s military budgets have
declined gradually, from $232 billion in 1987
to $193 billion in 1995, yet they are still the
largest of any region outside North America.17

But the most dramatic decline has occurred
in Eastern Europe and the successor states to
the Soviet Union: expenditures plummeted
from $247 billion in 1985 to just $21 billion
in 1995.18

114



Vital Signs 1998    115

Military Expenditures Continue to Decline

WORLD MILITARY EXPENDITURES,
1950–96

YEAR EXPENDITURE
(bill. dollars)

1950 267

1955 462

1960 475

1965 598
1966 653
1967 720
1968 765
1969 779
1970 765
1971 763
1972 771
1973 865
1974 891
1975 918
1976 931
1977 945
1978 974
1979 1,001
1980 1,008
1981 1,032
1982 1,093
1983 1,123
1984 1,144
1985 1,078
1986 1,071
1987 1,064
1988 1,056
1989 1,034
1990 1,012
1991 955
1992 837
1993 787
1994 750
1995 728
1996 (prel) 701
SOURCES: Worldwatch, based on Rita Tullberg, 
“World Military Expenditure,” Bulletin of Peace 
Proposals, no. 3–4, 1986; ACDA, World Military
Expenditures and Arms Transfers 1996 (GPO, July 1997);
BICC, Conversion Survey 1997 (Oxford, 1997); IISS, 
The Military Balance 1997/98 (Oxford: October 1997).
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Armed Conflicts Diminish Michael Renner

The number of armed conflicts declined from
28 to 25 in 1997—half the peak number of 51
recorded during 1992.1 (See Figure 1.) These
data are being collected by the Unit for the
Study of Wars, Armaments, and Development
at the University of Hamburg in Germany.

Other analysts report slightly different
numbers, due to definitional and methodolog-
ical questions, along with the frequent lack of
reliable information. The Conflict Data
Project at the University of Uppsala, Sweden,
puts the peak in 1992 at 55 and pegs the
number of conflicts in 1997 at 24.2 The
regional figures here and those on size of con-
flict are based on the Uppsala project find-
ings.

During 1989–96, there were a total of 101
separate armed conflicts.3 Almost all of
them—95—took place among combatants
within countries rather than between differ-
ent states.4 This is reflected in the large num-
ber of conflict parties—254 in all, including
government armies, paramilitary forces, guer-
rilla bands, drug warlords, and others.5

An estimated 250,000 children are serving
as soldiers, often against their own will.6

Children under 18 years of age were among
the combatants in 33 current or recent con-
flicts, while 26 of these involved children
younger than 15.7 Taking a snapshot of 1995,
Project Ploughshares in Canada found that
children participated in fighting in more than
80 percent of the countries that were at war
during that year.8

Although the number of conflicts is still
high, few of them are full-fledged wars,
killing more than 1,000 persons per year.
Rather, most are “intermediate” armed con-
flicts (fewer than 1,000 deaths in any one
year ) or “minor” ones (fewer than 1,000
deaths during the conflict).9 During 1996,
there were 17 minor conflicts, 13 intermedi-
ate ones, and 6 wars.10 By contrast, as recent-
ly as 1989, the respective numbers were 15,
14, and 18.11

Of the 101 conflicts during 1989–96, two
thirds had ended by the close of 1996.12

Conflict termination was due to one party’s
victory in 23 cases, the result of a peace

agreement in 19, and halted by a cease fire in
another 7.13 But in the remaining 17 cases,
fighting simply ebbed away—and it is unclear
whether the violence is gone for good or
whether hostilities might resume at a later
point.14 (For definitional purposes, a conflict is
considered “terminated” if there is no fighting
for at least one year.)

Many of the still-active conflicts have last-
ed many years, although in some cases the
fighting is sporadic. Most were initiated dur-
ing the 1970s and 1980s, but some—like the
violence in Myanmar (formerly Burma)—orig-
inated in the 1940s.15

More than half of the 19 peace agreements
during 1989–96 were achieved in Africa.16

Four agreements were concluded in the
Americas, 3 in Europe, but only 1 each in the
Middle East and Asia.17 Most of the conflicts
active since 1989 in the latter two regions
remain unresolved.

Yet every region has seen a reduction in
warfare since 1992. Of the 34 conflicts active
in 1996, 14 were in Asia, 14 in Africa, 5 in
the Middle East, 2 in the Americas, and 1 in
Europe.18 In 1996, the heaviest fighting took
place in Afghanistan, Algeria, Sri Lanka,
Sudan, and Turkey.19

Of course, the number of armed conflicts
alone is not a sufficient indicator of the loss
of human life or the disruption of societies. A
single major conflict may cause far greater
suffering than a large number of small ones. 

During the first half of the 1990s, at least
3.2 million people died of war-related causes
(either due to fighting or to hunger and dis-
ease caused by the fighting).20 This is one of
the highest death tolls of any five-year period
since the end of World War II.21 (See Figure
2.) Since 1946, at least 25 million people have
been killed.22 Some analysts contend that the
number is far higher: according to Milton
Leitenberg of the University of Maryland, it
may be as high as 44 million.23 Civilians
account for a growing share of the victims,
rising from 14 percent in World War I to 67
percent in World War II, 75 percent in the
1980s, and 90 percent in the 1990s.24
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Figure 1: Armed Conflicts, 1950–97

Figure 2: War-Related Deaths, 1951–95

ARMED CONFLICTS, 1950–97
YEAR ARMED CONFLICTS

(number)

1950 12

1955 14

1960 10

1965 27
1966 28
1967 26
1968 26
1969 30
1970 30
1971 30
1972 29
1973 29
1974 29
1975 34
1976 33
1977 35
1978 36
1979 37
1980 36
1981 37
1982 39
1983 39
1984 40
1985 40
1986 42
1987 43
1988 44
1989 42
1990 48
1991 50
1992 51
1993 45
1994 41
1995 37
1996 28
1997 25
SOURCE:  Arbeitsgemeinschaft Kriegsurachenforschung,
Institute for Political Science, University of Hamburg.
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U.N. Peacekeeping Contracts Further Michael Renner

Continuing their rapid decline, expenditures
for United Nations peacekeeping fell to an
estimated $1.3 billion in 1997, down 29 per-
cent from 1996.1 (See Figure 1.) The number
of soldiers, military observers, and civilian
police involved in U.N. peacekeeping also
declined, from 24,919 in December 1996 to
18,798 in September 1997.2 (See Figure 2.)

This latest reduction is primarily due to
the scaling back of operations in Angola,
where a smaller observer mission replaced a
peacekeeping operation that had been the
largest mission in 1996. Although the
prospects for lasting peace in Angola are still
uncertain, the Security Council expects activi-
ties to be wrapped up by the end of April
1998.3

Other significant reductions in expendi-
tures and personnel took place in Croatia and
Haiti. In its latest incarnation, the mission in
Haiti—which runs to the end of 1998—now
consists of a police force rather than military
troops.4 And smaller missions to Liberia and
Guatemala were completed during 1997.5

A significant portion of the peacekeeping
boom was due to the conflict in the former
Yugoslavia. Though scaled back substantially,
the United Nations still had four ongoing mis-
sions there in 1997—two in Croatia, one in
Bosnia, and one in Macedonia—involving
almost 6,000 peacekeepers.6 Half of them
were part of a mission in eastern Croatia that
in January 1998 was replaced with a small
group of 180 civilian police monitors.7

The dramatic expansion of peacekeeping in
the early 1990s now appears to have been a
short-lived bubble. Indeed, it is telling that
the largest single remaining mission at the
end of 1997 was the UNIFIL deployment in
Lebanon that was set up in 1978.8

Since the inception of peacekeeping a half-
century ago, a total of 45 U.N. peacekeeping
and observer missions have been initiated to
help contain or settle 33 distinct conflicts.9

Some 15 operations were still active at the
end of 1997, of which 5 were initiated prior
to the 1990s.10

Activity in the U.N. Security Council has
mirrored the trends in peacekeeping. The

total number of resolutions brought before
the council rose dramatically—from 29 in
1988 to 93 in 1993—before dropping to 54 in
1997.11 Even as the number of introduced res-
olutions skyrocketed, far fewer were blocked
by the veto of a permanent member. With the
end of the cold war, the United States and the
former Soviet Union have adopted a more
cooperative stance, allowing the Security
Council to take a more active role in ques-
tions of international peace and security. Back
in 1954, vetoes were cast against a record 90
percent of all resolutions; from the late 1960s
to the late 1980s, an average of 26 percent
were vetoed, but in 1997, fewer than 6 per-
cent of resolutions met that fate.12 (See Figure
3.) All in all, 256 vetoes were cast in 1946–97,
while 1,134 resolutions were passed.13

Curiously, what did not decrease along
with expenditures, troops, and council actions
is the amount of money owed by member
states for peacekeeping operations. Arrears
rose from about $350 million in 1991 to a
peak of $1.72 billion in 1995, declining just
slightly to $1.57 billion in 1997, when mem-
bers paid only two thirds of their dues.14

By far the biggest debtor is the United
States. Congressional opposition has kept U.S.
arrears at record levels.15 The U.S. debt to
U.N. peacekeeping hovered between $900
million and $1.1 billion during 1996–97—
more than half of the arrears in this category
owed by all members.16

As in 1996, a single non-U.N. operation
was larger in 1997 than all U.N. peacekeeping
missions combined. The NATO-led force
implementing the Dayton Peace Agreement
for Bosnia involved some 34,000 troops.17

This is symptomatic of the current situation:
the major powers on the Security Council
have repeatedly declined to launch new U.N.
missions, preferring either to act through ad
hoc coalitions of states or not act at all. This
attitude will limit U.N. peacekeeping for the
foreseeable future.



Vital Signs 1998   119

U.N. Peacekeeping Contracts Further

Figure 1: U.N. Peacekeeping Expenditures 1950–97

Figure 2: U.N. Peacekeeping Personnel, 1950–97

U.N. PEACEKEEPING OPERATION
EXPENDITURES, 1986–97
YEAR EXPENDITURE

(mill. dollars)

1986 242
1987 240
1988 266
1989 635
1990 464
1991 490
1992 1,767
1993 3,059
1994 3,342
1995 3,364
1996 1,840
1997 (prel) 1,300
SOURCES: U.N. Department of Peacekeeping
Operations; Office of the Spokesman for the 
U.N. Secretary-General.
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The world’s forests have declined signifi-
cantly in both area and quality in recent
decades. Almost half of the forests that

once blanketed Earth—3 billion hectares—are
gone.1 At least 200 million hectares of forest
were lost between 1980 and 1995 alone—an
area larger than Mexico or Indonesia, or three
times the state of Texas.2 Each year there is a
net loss of another 16 million hectares as
forests are converted to other uses.3 Between
1990 and 1995, at least 107 countries had a
net loss of forest cover.4

Today, forests cover more than one quarter
of the world’s total land area, excluding
Antarctica and Greenland.5 Slightly more than
half of the world’s forests are in the tropics;
the rest are in temperate and boreal (conifer-
ous northern forest) zones.6 Seven countries
hold more than 60 percent of the world’s
remaining forests: in order of forest area, they
are Russia, Brazil, Canada, the United States,
China, Indonesia, and Congo (formerly
Zaire).7

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 sec-
ondary forests and plantation forests fill in.8

In the last 30–40 years, in contrast, the vast
majority of deforestation 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.9 Asia lost
one third of its cover, and Africa and Latin
America lost about 18 percent each.10 During
the first half of the 1990s, these regions con-
tinued to lose significant portions of forest
cover.11 (See Table 1.)

Broad regional overviews such as these
can mask even more severe forest loss that is
taking place in some countries and forest
types. Well over half (57 percent) of the net
forest loss from 1980 to 1995 took place in
just seven countries: Brazil, Indonesia, Zaire,
Bolivia, Mexico, Venezuela, and Malaysia.12

Tropical dry forest types, mangrove forests,
and the temperate rainforests of the Americas
have experienced very high losses.13

Deforestation is not the only threat.
Serious declines in forest quality are affecting
much of the world’s forests. The temperate
forests 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 settle-
ment by Europeans.14 And in Europe, two
thirds of the original forest cover is gone,
while less than 1 percent of old growth
remains.15

The secondary forest and plantations that
are filling in are a very different type than
the original. The forests are highly manipulat-
ed and highly fragmented. Plantations and
even-aged stands occupy substantial areas of
forestland. Worldwide, at least 180 million
hectares of forest have been converted to tree
plantations.16 In the last 15 years, the area of
tree plantation doubled and is expected to
double again in the next 15 years.17

Atmospheric pollution is also taking a toll
on the world’s forests. This is particularly evi-
dent in Europe, North America, and Asia, as
well as near cities throughout the world.
More than one quarter of European trees
show moderate to severe defoliation from
exposure to pollution and its related stresses,
according to regular surveys conducted by the
U.N. Economic Commission for Europe.18

The extent of forest loss and fragmentation
was made clear in a recent study by the
World Resources Institute that identified what
it calls “frontier forests”—areas of “large, eco-
logically intact, and relatively undisturbed
natural forests.”19 The study found that while
40 percent of the world’s forests are frontier,
only 22 percent of the world’s original forest
cover remains in these large expanses, about
evenly divided between boreal and tropical
forest.20 Only 3 percent of the frontier forests
are entirely within temperate zones, much of
which is in Chile and Argentina.21

More than 75 percent of the world’s fron-
tier forest is in three large areas: the boreal

Forest Decline Continues Janet N. Abramovitz



Vital Signs 1998   125

forests of Canada and Alaska, the boreal
forests of Russia, and the tropical forests of
the northwestern Amazon Basin and the
Guyana shield (Guyana, Suriname, French
Guiana, northeastern Brazil, Venezuela, and
Colombia).22

Just eight countries—Brazil, Suriname,
Guyana, Canada, Colombia, Venezuela,
Russia, and French Guiana—have large por-
tions of their original forests in vast undis-
turbed blocks.23 Other countries that have lost
much of their original forests—Indonesia, the
United States, and Congo—still hold frontier
forest by virtue of their size.24 Seventy-six
countries have no frontier forest remaining;
11 others are about to lose theirs.25 In Europe,
only 1 percent of the original forest cover is
in large patches, in Sweden and Finland.26

The size and remoteness of most frontier
forests does not isolate them from threats.
Logging has been identified as the major dan-
ger in most forests, including the frontier

ones. Mining and energy and infrastructure
developments are also threats. Logging and
these other developments play an important
role in opening up frontiers to other activities,
such as large-scale clearing for agriculture
and ranching. The record-setting fires in
Indonesia and Brazil in 1997 to clear forest
for large plantations and ranches, the roads
under construction through the remote forests
of South America, and the logging that is
occurring in every region—tropical, temper-
ate, and boreal—make it clear that even
remote forests are under threat.27

A major opportunity for international
cooperation lies in improving monitoring of
global forest conditions and threats. In order
to assess the state of the world’s forests accu-
rately, data collection procedures and classifi-
cations need to be improved, satellite moni-
toring used, in-country capacity strengthened,
and an independent monitoring mechanism
put in place.

TABLE 1: FOREST COVER AND FRONTIERS BY REGION, MID-1990S

TOTAL FRONTIER FOREST 
NET ANNUAL REMAINING AS SHARE OF

ORIGINAL TOTAL CHANGE AS SHARE OF TOTAL REMAINING
REGION FOREST REMAINING 1991–95 ORIGINAL FOREST FOREST

(thousand square kilometers) (percent) (percent) (percent)

Africa 6,799 2,302 –0.7 34 23

Asia 15,132 4,275 –0.7 28 20

North and 12,656 9,453 –0.1 75 41
Central America

Central America 1,779 970 –1.2 55 18
North America 10,877 8,483 0.2 78 44

South America 9,736 6,800 –0.5 70 65

Russia and Europe 16,449 9,604 — 58 36
Europe 4,690 1,521 0.3 32 1
Russia 11,759 8,083 0.1 69 43

Oceania1 1,431 929 –0.1 65 34

World 62,203 33,363 –0.3 54 40
1 Papua New Guinea, Australia, and New Zealand.

SOURCES: Dirk Bryant, Daniel Nielsen, and Laura Tangley, The Last of Frontier Forests: Ecosystems and Economies on the Edge
(Washington, DC: World Resources Institute, 1997); net annual change from U.N. Food and Agriculture Organization, State of the
World’s Forests 1997 (Oxford, U.K.: 1997).
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In 1997, the U.N. Food and Agriculture
Organization (FAO) reported that between
1980 and 1995 the global extent of tree

plantations roughly doubled—from approxi-
mately 90 million hectares to 180 million
hectares, which is just slightly smaller than
the land area of Mexico.1 (See Table 1.) In
addition, most developing countries with
large plantation estates reported plans to dou-
ble their plantation area by 2010.2

Tree plantations, as defined by FAO, are
analogous to agricultural crops. They are arti-
ficially created and usually consist of one or a
few species that are chosen for fast growth
and high yields of wood fiber.3 Often the
species is not indigenous to the area in which
it is planted. One 1990 assessment by FAO
concluded that tree plantations in tropical
countries primarily consisted of eucalyptus
(23 percent of cover), pines (10.5 percent),
acacias (7.7 percent), and teak (5.0 percent).4

Records of plantation cover do not account
for tree plantations that provide what have
been traditionally thought of as agricultural
commodities—products such as palm oil,
coconuts, and rubber. These plantations cover
close to 14 million hectares in tropical Asia
and another 2 million hectares in Africa and
Latin America.5

FAO estimates do not distinguish between
plantations established for industrial and non-

industrial use. For example, a plantation
could be a 10,000-hectare pulpwood produc-
tion farm or a small-scale agroforestry plot
designed for agricultural enhancement.6 In
addition, some plantations may be established
for environmental purposes, such as carbon
sequestration or watershed protection.7

Quantifying the extent of the many differ-
ent types of plantations subsumed by FAO’s
assessment is not an easy task—the term
“plantation” itself has no universally accepted
definition. Nevertheless, the recent prolifera-
tion of large-scale industrial tree plantations
has led forestry consultants and environmen-
tal groups to try to put a more precise num-
ber to this type of land use.8

One study, done for a joint project
between Shell Petroleum and the World Wide
Fund for Nature, concluded that close to 100
million hectares of the global plantation
estate is for industrial use.9 Approximately
three quarters of this is planted in relatively
slow-growing species—everything from slow-
er-growing pines to teak.10 These stands are
used primarily for producing sawnwood and
panels used in building construction and fur-
niture making. The remaining 25 percent of
the industrial plantation area has fast-growing
species characterized by yields of more than
12 cubic meters per hectare a year (mostly
eucalyptus and faster-growing pines).11 These

plantations are largely
aimed at supplying
pulpwood to the paper
industry.12

Over the last three
decades, the growing
role of industrial plan-
tations in providing a
source of raw material
for industry has been
widely recognized and
encouraged. Forest
products industries are
looking less to natural
forests as sources of
wood fiber, and more
toward tree farms—

Tree Plantations Taking Root Ashley T. Mattoon

TABLE 1: WORLD TREE PLANTATION COVER, 1980 AND
1995

1980 1995
REGION (million hectares)

Developing countries
Africa 3.1 5.2
Latin America and the Caribbean 4.5 9.1
Asia/Oceania 32.6 66.9

Industrial countries (estimated range)1 45–60 80–100

Total 85–100 161–181
1FAO does not distinguish between natural forest and plantation forest in industrial

countries. However, it does provide “rough estimates” of plantation cover in these regions.
SOURCE: FAO, State of the World’s Forests 1997 (Oxford, U.K.: 1997).



Vital Signs 1998   127

especially in southern regions where growth
rates are faster, land and labor are cheaper,
and environmental regulations are sometimes
weaker.13

Annual growth rates of 3–5 cubic meters
per hectare in eastern Canada and 10 cubic
meters per hectare in the southeastern United
States pale in comparison to rates as high as
25 cubic meters in Indonesia and 30–40 in
Brazil.14 And while it takes at least 15 years in
Alabama to grow pine large enough to cut, ro-
tations of eucalyptus in Brazil can be as short
as 4–6 years.15 It can take up to 16 times as
much area to feed a 500,000-ton-per-year pulp
mill in a Nordic country as it does in Brazil.16

As fast-growing plantations have spread in
countries such as Brazil, Chile, Indonesia,
and New Zealand, the role of the traditional
major suppliers of pulpwood for the paper
industry, such as Canada, the United States,
and Scandinavia, has been gradually eroded.17

In the 1960s and 1970s, these northern pro-
ducers supplied more than 80 percent of the
world’s market pulp.18 Today, this share has
decreased to roughly 65 percent.19

In many countries, the prospect of garner-
ing a larger share of the wood products mar-
ket has led to heavily subsidized plantation
programs and a rush of foreign investment.20

Plantation cover in Latin America has
increased by 50 percent in just the last 12
years, and is now found on 7.5 million
hectares in Argentina, Brazil, Chile, and
Venezuela.21 Argentina, with approximately
800,000 hectares of plantation today, is
expected to expand this cover by 50,000
hectares a year in order to increase its export
market share.22 Brazil has roughly 3 million
hectares of eucalyptus plantations, a genus
native to Australia.23 Chile has close to 1.4
million hectares of radiata pine plantations
and 250,000 hectares of eucalyptus.24

Indonesia, with nearly 1.5 million hectares
of plantation today, plans to establish another
4.5 million hectares.25 In September 1997,
Australia launched a major national initiative
to triple plantation area by 2020, requiring a
plantation establishment rate of about 80,000
hectares a year.26 And in New Zealand, plan-

tations currently cover close to 1.6 million
hectares and are expanding by about 70,000
hectares annually.27

Given the high growth rates and yields of
industrial plantations, it is widely believed
that they have the potential to “protect” the
world’s remaining natural forests by concen-
trating the production of wood fiber for
industry on a much smaller amount of land
than would otherwise be needed. In some
developing countries with large plantation
estates, plantations produce 50–95 percent of
the industrial wood harvest.28 Some argue
that the global shift to tree farming is the
forester’s equivalent of the Green Revolution,
which favored high-yield crop varieties and
large, mechanized farms instead of smaller,
more diverse operations.29

Plantations established on lands that have
been degraded by agricultural use or logging
have potential to provide services such as ero-
sion control and carbon sequestration while
also supplying a source of wood fiber and
other forest products. However, there are
many cases in which plantation development
has come at the cost of natural forest or has
displaced rural communities.30 Many of the
fires that burned close to 2 million hectares
of Indonesian forests and scrubland in 1997
(up to 100,000 hectares of which was primary
forest) were set to clear land for industrial
plantations (in this case, including plantations
for products such as palm oil).31 In Chile,
132,000 hectares of native forests have been
replaced by pine plantations in the last 30
years.32 In the southeastern United States,
experts predict that 70 percent of the native
pine forests will be converted to plantations
by 2020—a doubling of the region’s current
plantation area.33

Although the potential for plantations to
relieve the pressures on the world’s remain-
ing forest frontiers is promising, past and cur-
rent practices—combined with the rate and
scale at which plantations are being estab-
lished—give cause for concern. In addition,
the potential benefits of plantations may not
come to fruition if the demands humans
make of them do not decrease. 

Tree Plantations Taking Root
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How much biological diversity is the world
in danger of losing? Even for scientists,
this question is difficult to answer. Most

of the estimated 4–40 million species of life
on Earth are unknown and unmonitored, and
other elements of biodiversity—genes, popula-
tions, communities, and habitats—are equally
hard to assess.1 In this murky situation, one
of the clearest windows on the status of bio-
diversity is offered by the organisms we
already know the most about—birds, mam-
mals, reptiles, amphibians, and fish, collec-
tively known as vertebrate animals. Verte-
brates total about 50,000 species and inhabit
nearly all environments on Earth.2 Since they
tend to have large habitat requirements and
occupy the top rungs of food chains, verte-
brates provide a good indication of the gener-
al health of natural communities.

The conservation status of birds (nearly
10,000 species) and mammals (about 4,400
species) has been comprehensively assessed by
the World Conservation Union.3 The status of
reptiles (6,300 species), amphibians (4,000
species), and fish (nearly 24,000 species, the
most diverse vertebrate group) is relatively
well known in North America, Australia, and
Europe, but still largely obscure in many

species-rich habitats in the tropics and—for
fish—in marine habitats.4 As a result, the pro-
portion of species assessed for conservation
status in these three groups ranges from 20
percent (reptiles) to less than 10 percent (fish).5

Together, these surveys yield some alarm-
ing numbers. The proportion of species judged
threatened with extinction ranges from 11 per-
cent for birds to 34 percent for fish.6 (See
Table 1.) In addition, another 5–14 percent of
species in these groups are near-threatened—
these are species clearly declining in numbers
and range and likely to soon qualify for
threatened status without a change in their
current condition.7 These numbers suggest
that about one in every four vertebrate species
is currently on a road to extinction unless we
work to change their circumstances.8

Declines in all vertebrate groups are due to
similar causes. The single largest problem is
habitat loss—humankind’s conversion and frag-
mentation of forests, thornscrub, coral reefs,
rivers, and many other habitats that species
call home. At least 70 percent of threatened
vertebrate species are declining because they
can no longer find suitable habitat.9

Although habitat loss receives the most
attention on land—an old-growth forest is

Vertebrates Signal Biodiversity Losses John Tuxill

TABLE 1:  CONSERVATION STATUS OF VERTEBRATES, 1996
ALL

STATUS BIRDS MAMMALS REPTILES AMPHIBIANS FISH VERTEBRATES

(number)

Species Assessed 9,615 4,355 1,2771 4971 2,1581 17,9021

(percent)

Not currently threatened 80 61 74 70 61 72

Nearing
threatened status 9 14 6 5 5 9

Threatened (vulnerable
to or in immediate 
danger of extinction) 11 25 20 25 34 19

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).
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converted to a uniform timber plantation, for
instance, or a farm hedgerow is leveled to
make room for more crops—it is an equally
severe problem underwater. Freshwater sys-
tems worldwide have been heavily altered by
drainage and channelization projects, tens of
thousands of dams, and widespread agricul-
tural and industrial pollution. The highest
price for such disruption of natural hydrologi-
cal patterns has been paid by freshwater
species in semiarid regions such as North
America’s Colorado River basin, where 29 of
50 native fish species are either endangered
or already extinct.10 Throughout Mexico, 68
percent of the fish native to arid-region river
systems are threatened with extinction.11

A second major problem for about one
fifth of all declining species is overexploita-
tion.12 Ocean fish are particularly hard hit,
with some 39 percent of threatened species
overharvested.13 Large reptiles and large
mammals also face particularly heavy hunting
pressure. The most serious instances of over-
exploitation arise where unregulated commer-
cial markets exist for wildlife meat, hides,
ivory, musk, and other products.

Of particular concern are the “bushmeat”
trade now flourishing in Central and West
Africa and the booming demand in East Asia
for traditional medicinal products derived
from animals.14 For instance, the demand for
tiger body parts in traditional Asian medicine
is such that an individual tiger can be worth
more than $5 million—dead, not alive.15 The
result has been an upsurge in poaching in
recent years, and wild tiger numbers have
dwindled to as few as 3,000 individuals.16

The decline of vertebrates like tigers,
whales, and elephants is particularly worri-
some because such large creatures also have
outsized ecological roles—their disappearance
is likely to have serious ecological side effects.
Research in Panama and Peru suggests that
jaguars, the top rainforest predators, help con-
trol populations of smaller forest mammals,
many of which feed on fruits of forest trees.17

In the absence of jaguars, smaller mammals
may increase in numbers and in essence over-
harvest the forest fruits, stifling the regenera-

tion of certain tree species and, over time,
changing the forest’s composition. Eliminate
the large vertebrates from a forest or marine
food web, and the end result could be a less
diverse, less productive community.

The third major problem facing threatened
species is competition and predation from
invasives—highly adaptable animals and
plants that spread outside their native ranges,
usually with human help, and do well in dis-
turbed habitats. As many as 10 percent of
threatened vertebrates may face pressure
from invasives, which cause the most prob-
lems on islands and in freshwater systems,
where endemic, long-isolated species are
often unprepared to face competitors.18

If the trends evident in vertebrates also
hold for other organisms, then extinction
could be an unnaturally close possibility for
about one quarter of the world’s entire com-
plement of species. This number could well
rise further, for it does not consider global
changes in climate that most scientists sus-
pect are in store for our planet. A major cli-
mate shift, such as a global warming trend,
will probably mean changes in seasonal tim-
ing, rainfall patterns, ocean currents, and
other parts of Earth’s life-support systems.
Although species have responded to climate
changes in the past by migrating or shifting
their ranges, such adaptive responses will be
more difficult in today’s degraded habitats,
where many species are already hard-pressed
to maintain their numbers.19

In the end, the struggle to reverse verte-
brate declines is but part of a larger struggle
to protect all elements of biodiversity, from
individual populations to entire native land-
scapes. Conserving species is as much a cul-
tural as a biological endeavor, and action can
be taken on all levels, from improving the
management of forest reserves and national
parks to reducing our imprint on the planet
by creating a more energy and resource-effi-
cient society where we live and work.20 Scien-
tists may keep track of the numbers, but safe-
guarding biodiversity is a task for all of us.

Vertebrates Signal Biodiversity Losses
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Communities are returning organic material
to soils at a growing rate in the 1990s,
especially in industrial countries.1

Although global data are not available, the
United States and Europe have seen a sharp
increase in composting of municipal organic
waste and the reuse of human waste.2 (See
Table 1.) U.S. composting facilities grew more
than fourfold between 1989 and 1996.3 And
in both regions, roughly one third of the
sewage sludge is land-applied.4 Despite the
rapid growth in recycling, however, organic
waste remains largely untapped. Composting
rates for this waste in major industrializing
nations averaged only about 11 percent in the
early 1990s.5

Once commonly practiced, organic recy-
cling was increasingly abandoned this century
as urbanizing societies turned to chemical fer-
tilizer to enrich soils, and to dumping areas to
eliminate organic wastes.6 But fertilizer is
now a major source of water pollution in
industrial countries, and disposal areas in
some countries have become scarce or are so
badly polluted that dumping is increasingly
discouraged.7 In the United States, for exam-
ple, 23 states have prohibited or restricted the
flow of organic material to landfills since
1990.8 Ocean dumping of sewage became ille-
gal throughout the country in 1992, and is
banned in Europe as of 1998.9

Compost provides multiple benefits to
soils. It shelters nutrients that would other-
wise be leached or eroded away.10 It helps
soils retain water, which can see crops
through periods of low rainfall. And it sup-
presses plant diseases: compost has been
shown to limit the spread of root rot, for
example, as effectively as many fungicides.11

But compost is a challenge to manage. Com-
posts vary from place to place and by season,
as the composition of waste flows changes.
This complexity allows compost makers to
tailor their products to diverse customer
needs, but it also means users must under-
stand how particular composts will work in
particular soils and with given crops.12

Human waste is also increasingly recycled,

especially in industrial countries. Europe as a
whole applied roughly one third of its sewage
sludge—the muck from a treatment plant that
is processed to reduce the level of patho-
gens—to agricultural land in the early 1990s,
while the United States applied 28 percent.13

In developing countries, sewer coverage is
much less extensive, and only 10 percent of
wastes from sewers receive treatment.14 These
nations often recycle by diverting sewage, in
raw form, directly into irrigation canals.15 In
many developing-country cities, however,
human waste is not recycled, but is simply
dumped into rivers or bays.

Reuse of human waste on crops carries
risks. Human waste is teeming with
pathogens, and using it without treatment or
composting can lead to widespread sickness.16

Even so, irrigation with untreated wastewater
continues in many developing countries.

In industrial countries, the risk from
pathogens is greatly reduced due to sewage
treatment. But health risks still exist from the
toxic chemicals and heavy metals that leave
homes and industry and then mix with
human waste in modern sewer systems.
Standards are set for some of these contami-
nants in Europe and the United States, but
the rules are criticized for insufficient cover-
age and lax enforcement. Safe recycling may
require that human waste be separated from
industrial flows.

Because recycled municipal and human
waste supply soils with nutrients and organic
matter, recycling can reduce applications of
manufactured fertilizer. In the major industri-
al countries, unrecycled municipal organic
waste and human waste could have provided
some 15 percent of the nutrients applied with
commercial fertilizer in the early 1990s.17

Because fertilizer is commonly overapplied,
however, the potential contribution of urban
nutrients is likely greater than the 15-percent
figure indicates.18 And unlike fertilizer, organ-
ic wastes enrich soils with organic matter,
which is essential for soil health.

Organic recycling has proven economic
benefits as well. Middlebury College in
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Vermont reports annual savings of some
$25,000 through composting food scraps,
while the New York State Department of
Corrections has saved more than $1 million at
31 sites around the state.19 A backyard com-
posting program in Sonoma County in
California has cut participants‘ landfilled
wastes by 18 percent and cost the county 60
percent less than landfilling would have.20

Composters do well, too: a southern
California recycling company has prospered
by composting spoiled fruits and vegetables
from supermarkets with yard wastes, and sell-
ing the finished product to farmers in the
region.21 The program grew from 28 pilot

supermarkets in 1994 to more than 750 in
1997—and has cut disposal costs for partici-
pating grocers by more than 85 percent.22

Further growth in organic recycling will
depend in part on increasing user confidence
in recycled organics. Compost of consistent
quality, and farmers trained in its use, are the
keys to successful recycling. And if human
waste is isolated from other sewage flows,
confidence in reuse of this nutrient-rich
resource will also increase.

Organic Waste Reuse Surging

TABLE 1: INCREASE IN COMPOSTING ACTIVITIES IN THE 1990S

ACTIVITY LOCATION DESCRIPTION

Construction of United States Facilities increased more than fourfold between 1989 and
composting facilities 1996, from some 700 to more than 3,200.

Germany More than 500 composting facilities have been built
since 1985.

Regulations issued South Korea National goal set to increase food scrap recycling rate from
2 percent in 1995 to 21 percent by 2001.

Germany Landfilled material cannot contain more than 5 percent or-
ganic material. This is only one quarter to one fifth as much
organic matter as found in most industrial-country landfills.

United States 23 states have laws to reduce waste inflows to landfills by
up to 50 percent; goal pursued in large part by composting,
rather than disposing of, organic wastes.

Canada Organic material to be banned from all landfills in 
Nova Scotia starting in 1999.

Composting of Belgium Flanders region saw a doubling of organic waste compost-
municipal solid ing between 1995 and 1996. Goal for 2001 of 23-percent 
waste participation in home composting programs.

Composting of United States 1997 survey of food residuals composting by institutions
food scraps found 48 percent more projects than in 1996. Of projects

that listed start dates, 91 percent had begun since 1990.

Information and International Trade publication Biocycle set to launch an international
research edition in 1998 to cover rapid growth in composting world-

wide. Compost Science and Utilization, a peer-reviewed 
journal on composting, began publication in 1993.

SOURCE: See endnote 2.
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Human activities continue to increase the
supply of nitrogen that can be used by
plants around the world, a trend that

effectively raises the fertility of Earth.1 As
humans cultivate more leguminous crops,
burn more fossil fuels, and manufacture more
chemical fertilizer, the rate of nitrogen fixa-
tion—the conversion of atmospheric nitrogen
to a form plants can use—has more than dou-
bled over its natural, preindustrial level.2

This increased fertility is necessary for high-
yield agriculture, but it also pollutes land and
water, and disrupts the natural cycling of
nitrogen.3

Nitrogen availability is a key factor for
plant growth. Although nitrogen accounts for
78 percent of the atmosphere, only fixed
nitrogen is useful to plants.4 Nitrogen is fixed
naturally by lightning and by specialized bac-
teria and algae; before the industrial era, pro-
duction of crops (and all other biomass) was
largely limited by the nitrogen made available
through these sources.5 But as human activi-
ties have increased the supply of fixed nitro-
gen over the past two centuries, the nitrogen
limit to plant growth has been relaxed.

Burning fossil fuels fixes a small amount of
nitrogen, but it also releases large quantities
of fixed nitrogen that have been locked in
geological deposits for eons. Today, fossil fuel
consumption accounts for some 6 percent of
human and natural sources of nitrogen fixa-
tion.6 (See Table 1.) Other nitrogen-releasing
human activities include burning wood fuel,
forests, and grasslands; draining wetlands;
and clearing land for agriculture.7 These vari-
ous activities account for roughly 21 percent
of natural and human sources of nitrogen
availability.

Most of the human-origin increase in nitro-
gen comes from activities related to agricul-
ture. The oldest of these is the use of legumi-
nous crops. Clover, alfalfa, peas, beans, and
other legumes have roots that support nitro-
gen-fixing bacteria.8 Cultivation of these crops
increases soil fertility, which is why farmers
often rotate legumes such as soybeans with
nonlegumes such as corn. As demand for live-
stock feed and cooking oil—both of which are

derivatives of soybeans—has surged since
1970, world soybean production has more
than tripled, adding substantially to the global
supply of fixed nitrogen.9

The greatest human impact on nitrogen
fixation, however, comes from production of
synthetic nitrogen fertilizer, which has
increased ninefold since mid-century.10 The
growth is driven in part by the use of high-
yielding grain varieties, which need extra
nutrients for optimal growth. As these vari-
eties were adopted widely in the past 15
years, fertilizer use surged as well: half of the
manufactured fertilizer ever used has been
applied since 1982.11 Although saturation in
some industrial countries and depression in
the former Soviet Union and Eastern Europe
caused global fertilizer use to drop in recent
years, consumption has picked up again on
strong demand in developing countries.12

Overfertilization of the planet is more
damaging than might be expected. The
Organisation for Economic Co-operation and
Development lists nitrate pollution as one of
the most serious water quality problems in
Europe and North America.13 Indeed, every
country in the European Union has areas that
regularly exceed maximum allowable levels of
nitrates in drinking water.14 These pollutants
can be converted to potential carcinogens
when digested by humans, and can cause
brain damage or even death in infants by
affecting the oxygen-carrying capacity of the
blood.15

Excess nitrogen also poses a threat to
ecosystem health. Along with phosphorus
(another key fertilizer ingredient), nitrogen
can promote overgrowth of algae in rivers,
lakes, and bays.16 As the algae die and decay,
they use up large amounts of the water’s oxy-
gen, depriving other species of the oxygen
they need to survive.17 The incidence of this
“hypoxia” in coastal regions now appears to
be on the increase globally.18 The coastal
areas of Denmark, Sweden, Germany, and the
states of Louisiana and Texas, along with
areas of the Black and Baltic Seas, have had
to deal with hypoxia for at least a decade.19 In
the case of the U.S. Gulf Coast, the hypoxic
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“dead zone” that now appears each summer—
at the peak of fertilizer runoff from the Corn
Belt—is the size of New Jersey.20

Plant diversity is also reduced by excess
levels of nitrogen. A 12-year study completed
in 1996 documented declines in species diver-
sity of more than 50 percent after nitrogen
fertilizer was applied to test plots of
Minnesota grasslands.21 The fertilizer spurred
the growth of plants that were best able to
take it up—but at the expense of plants that
were less well adapted.22 This loss of diversity
is consistent with the experience of areas of
northern Europe, where high levels of nitro-
gen deposition have converted heathlands
rich in diversity to grasslands with relatively
few species.23

Nitrogen is also implicated in the produc-
tion of acid rain. Nitric oxide, which is
released when fossil fuels are burned, can be
transformed in the atmosphere to nitric acid,
a key component (along with sulfuric acid) of
acid rain.24 As this fallout raises the acidity of
water and soils, organisms from bacteria to
frogs are increasingly threatened.25 The
increased acidity also consumes the finite
supply of a soil or lake’s alkaline material—

the buffer that protects fauna from excessive
acidity.26

Excessive levels of fixed nitrogen may also
affect the global cycling of carbon. Because
plants store carbon, the increase in plant
growth spurred by excess nitrogen may be
capturing substantial amounts of carbon that
would otherwise escape to the atmosphere
and likely influence climate.27 If true, this sur-
plus nitrogen could account for the planet’s
“missing carbon”: the imbalance between the
amount of carbon emitted during the burning
of fossil fuels and the clearing of land, and
the lesser amount that accumulates in the
atmosphere.28 Thus the increase in nitrogen
availability may have had a dampening effect
on the rise in global temperatures seen over
the past century.

Nitrogen Fixation Continues to Rise

TABLE 1: SOURCES OF FIXED NITROGEN

SOURCE QUANTITY AS SHARE OF TOTAL NITROGEN FIXED1

(teragrams per year) (percent)

Natural Sources of Nitrogen Fixation
Lightning <10 3
Microbes 90–140 34

Human Sources of Nitrogen Fixation
Nitrogen Fertilizer 80 24
Leguminous Crops 32–53 13

Release of Previously Fixed Nitrogen
Burning fossil fuels 20 6
Clearing land, draining wetlands 70 21

Total Human Fixation and Release 213 63
1Share calculation uses midpoint values for range data in quantity column.

SOURCE: Based on Peter Vitousek et al., Human Alteration of the Global Nitrogen Cycle: Causes and Consequences (Washington, DC:
Ecological Society of America, 1997).
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Between 1980 and 1995, emissions of sul-
fur dioxide (SO2) from fossil fuel burning
fell by 47 percent in Europe and 31 per-

cent in the United States; at the same time,
they more than doubled in Asia, despite
reductions in Japan.1 (See Table 1.) Along
with nitrogen oxides, sulfur dioxide forms
acids in the atmosphere that fall back to
Earth as dry particles or precipitation—a phe-
nomenon known as acid rain. These acids
corrode the metal and stone of buildings and
monuments, impair human health, and dam-
age forests, lakes, and crops.2

Industrial countries began to recognize the
acid rain threat in the 1960s and 1970s, as sci-
entists showed that tall smokestacks, while
reducing local smog, allowed pollutants to be
carried longer distances.3 Fish declines in
acidified lakes and streams in Scandinavia,
northeastern United States, and Canada,
along with forest die-offs in Germany’s Black
Forest and the Appalachians, were among the
events that heightened public concern.4

In 1979, the United States, Canada, and
Western Europe produced a model treaty on
acid rain: the Convention on Long Range
Transboundary Air Pollution.5 Parties to the
treaty have taken their own routes to achieve
emissions reductions. In the United States, for
example, a tradable sulfur permit system for
utilities led to a 13-percent decrease in sulfur
emissions nationwide between 1994 and
1995, while in Sweden a tax resulted in a 30-

percent decrease in total emissions between
1990 and 1995.6

Today, falling SO2 emissions in industrial
nations stem from gains in energy efficiency,
cleaner technologies, and cleaner fuels.7

(Nitrogen pollution has proved more difficult
to prevent, because much of it comes from
gasoline burned by vehicles.) As a result, acid
rain attracts less attention in North America
and Western Europe now.

In contrast, the countries of Central and
Eastern Europe, plagued by pollution during
the Soviet era, are at an earlier stage in
addressing acid rain. However, analysts at the
Austria-based International Institute for
Applied Systems Analysis (IIASA) project that
as the region emerges from economic crisis,
efficiency measures and the adoption of
European Union standards will result in
declines in sulfur emissions and more modest
declines in nitrogen emissions from 1990 lev-
els by 2010.8

Acid rain is now a growing problem in
Asia.9 China’s coastal areas in 1990 were
blanketed in 830–1,480 tons of SO2 per square
kilometer, as much as 40–45 times greater
than the levels in Japan in 1975—that nation’s
worst air pollution year.10 According to
IIASA’s Regional Air Pollution and
Information Simulation model, SO2 emissions
in Asia will surpass those of Europe and
North America combined by 2000.11

Variations in vegetation, soil, topography,
and climate make some
areas more vulnerable to
acid rain than others.12

For instance, southwest-
ern China is more acidi-
fied than the northeast
not only because of the
region’s high-sulfur coal
consumption, but also
because the winds in the
northeast tend to disperse
the pollution and the
alkaline soils there neu-
tralize the acids.13

Although soils and water

Acid Rain Threats Vary Molly O’Meara

TABLE 1: SULFUR DIOXIDE EMISSIONS FROM FOSSIL FUEL
BURNING IN ASIA, EUROPE, AND THE UNITED STATES,
1980–2010

1980 1990 1995 2000 2010
(million tons of sulfur dioxide)

Europe 59 42 31 26 18

United States 24 20 16 15 14

Asia 15 34 40 53 79

SOURCE: See endnote 1.
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can buffer acids, continued acid assault can
wear down the buffering capacity of natural
systems.14

Acid rain can hasten forest decline by cor-
roding leaves, acidifying soils, and promoting
the uptake of heavy metals by tree roots.15

Forests weakened in this way may be more
vulnerable to ground-level ozone (formed by
nitric oxides and hydrocarbons) and to climat-
ic stresses.16 Early reports in North America
emphasized that acid rain was one of several
contributors to forest damage, although
European studies found a more direct link.17

In China, acid rain is implicated in large-
scale die-offs in southwestern forests.18 And
in an interim report in April 1997, a Japanese
government study group announced that
unprecedented levels of acid deposition were
damaging trees and plants.19

Crops are also at risk. A survey by China’s
National Environment Protection Agency
found that about 40 percent of China’s agricul-
tural land is affected by acid rain.20 According
to the World Bank, annual forest and crop
losses there are estimated at $5 billion.21

Acidified lakes suffer decreased productivi-
ty. As lakes acidify, the concentration of trace
toxic metals increases, some fish populations
die out, and the composition of the plankton
and microbial populations shifts to those that
can tolerate high acidity.22 According to the
Japanese government, that nation’s lakes and
ponds could become too acidic for freshwater
life in the next 30 years.23

The problem of acid rain demands a
regional solution. For instance, Japan has
reduced sulfur emissions through gains in
efficiency, heavier reliance on oil and nuclear
power, and stringent pollution control laws,
but it cannot stop China’s emissions from
drifting across the Sea of Japan.24 In 1990, at
least 37 percent of Japan’s sulfur deposition
came from China.25

Although Asia lacks a formal treaty to
combat transboundary air pollution, Japan
has taken the lead in forming a region-wide
network to collect and exchange data on acid
deposition.26 Since the mid-1990s, Japan has
offered low-interest loans to China for pur-

chasing desulfurization equipment for power
stations and instituting other environmental
reforms.27 In 1997, for the first time, China
was willing to accept a loan from Japan of
$1.7 billion for energy conservation technolo-
gy and equipment, reforestation, prevention
of air pollution, and the building of environ-
mental model cities.28 And in 1998, China
announced new plans to fine polluters and
restrict the burning of high-sulfur coal (the
nation has a great deal of low-sulfur coal).29

One lesson learned in Western Europe and
North America is that acid rain is linked with
other environmental problems that stem from
fossil fuel burning, such as local air pollution,
global climate change, and stratospheric
ozone layer depletion. An isolated response to
one threat might actually worsen another. For
instance, the catalytic converters on cars that
decrease nitric oxide emissions help to reduce
acid rain and urban smog, but they also
release higher levels of nitrous oxide—a
potent greenhouse gas and contributor to
depletion of stratospheric ozone.30

Another example of the interactions
between air pollution problems is that sulfate
aerosols in the upper atmosphere contribute
to acid rain but mask greenhouse warming.
To reduce sulfur emissions, power plant own-
ers have switched to low-sulfur coal or
attached “scrubbers” to their smokestacks.
But a decline in sulfur emissions without a
corresponding decrease in carbon dioxide
concentrations has exacerbated the problem
of climate change.31 The ultimate solution to
these related atmospheric problems lies in
reforming the world’s pollution-generating
energy, transportation, and industrial systems.

Acid Rain Threats Vary
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The amount of private capital flowing into
the “emerging markets” of the developing
world exploded in the early 1990s, rising

from $44 billion at the beginning of the
decade to an all-time high of $244 billion in
1996 (in current dollars), according to the
World Bank.1 Meanwhile, during the first half
of the 1990s, spending on official develop-
ment assistance fell by more than a quarter in
the face of large government budget deficits
in donor countries and declining political sup-
port for aid.2 The shrinking public presence
and expanding private flows dramatically
changed the complexion of North-South
development finance. Whereas in 1990 less
than half the international capital moving into
the developing world came from private
sources, by 1996 this share had risen to 86
percent.3

But in the wake of the Asian economic cri-
sis of 1997, the international capital that had
been pouring into that region suddenly
reversed course as investors raced for the
exit. This turnaround brought total private
capital flows to emerging markets down to
$175 billion in 1997, according to preliminary
estimates by the International Monetary Fund
(IMF).4 (See Figure 1.) The IMF
expects the slowdown to continue
into 1998.5

Most of the private funds have
so far gone to a relatively small
group of countries, mainly in Asia
and Latin America: in the first half
of the 1990s, just 12 nations
received some three quarters of all
private inflows—led by China,
Mexico, and Brazil.6 These dozen
countries have an enormous impact
on the health of the planet by virtue
of their relatively large populations,
economies, and land masses.

But when foreign capital inflows
are measured as a percentage of
gross domestic product rather than
in absolute terms, it becomes clear
that foreign capital is also shaping
the environmental futures of many

smaller countries. For example, Angola,
Ghana, and Papua New Guinea receive high-
er inflows relative to their size than do Brazil,
China, and Mexico—the three largest recipi-
ents in absolute terms.7

Private capital flows take three principal
forms: foreign direct investment (FDI) by
companies, often through joint ventures with
local firms; “portfolio investment,” in which
stocks and bonds are purchased on local capi-
tal markets by individuals and large institu-
tional investors such as insurance companies,
mutual funds, and pension plans; and com-
mercial bank loans.8

Foreign direct investment in developing
countries is the largest category, as well as
the best documented. It added up to $110 bil-
lion in 1996—45 percent of total private
flows—and has been growing fast, having
more than quadrupled since 1990.9 Although
investment from domestic sources is still 10
times as large—$1.2 trillion in 1995—the for-
eign share has climbed steadily.10

After FDI, the next largest category is port-
folio investment—accounting for just under 40
percent of the total.11 This includes stocks, in
which investors own shares in companies, 
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as well as bonds, in which private investors
make long-term loans to governments or busi-
nesses at fixed interest rates. In 1996, each of
these two categories amounted to $46 billion.12

Commercial bank lending is the third
major category of private capital flowing into
the developing world—it accounted for 14
percent of total private flows in 1996, or $34
billion.13 Commercial loans climbed to this
level from just $3 billion at the beginning of
the decade.14 But the increase may have been
short-lived: early estimates indicate that com-
mercial loans declined substantially in vol-
ume in 1997 as a result of Asia’s troubles.15

The quest for natural resources historically
has drawn international investors into distant
ventures in the developing world.16 Over the
last several decades, however, manufacturing
has gradually risen in importance as has,
more recently, the services sector, including
construction, electricity distribution, finance,
retailing, and telecommunications. The World
Bank estimates that the “primary” sector,
which includes agriculture, forestry, and min-
ing, now accounts for some 20 percent of all
FDI flows to developing countries, while
manufacturing makes up less than half of the
total, and services more than a third.17

In the wake of Asia’s crisis, economic
experts who just months earlier were
extolling the virtues of global economic inte-
gration are urgently warning that internation-
al financial flows have outgrown existing
financial regulatory structures.18 But few peo-
ple are paying attention to another critical
issue: the extent to which the decade’s mas-
sive international financial flows to the devel-
oping world have undermined the economy’s
ecological foundations.

The inflows of foreign capital fueled a
record-breaking economic takeoff in the coun-
tries receiving them. China, for instance,
which has attracted the greatest volume of
funds, expanded its economy at double-digit
annual rates in the first half of the 1990s.
Several other countries were not far behind.19

Though the booming economies of the devel-
oping world raised national incomes, they left
ecological devastation in their wake. Urban

air pollution levels in many Asian and Latin
American cities are among the worst in the
world, and natural resources such as forests
and fisheries are badly depleted on both con-
tinents.20

Understanding the role of private capital
flows in all of this is no simple matter, for the
environmental implications of this decade’s
massive movements of money into the devel-
oping world, while enormous, are also com-
plex and somewhat contradictory. As
investors search the globe for the highest
return, they are often drawn to places
endowed with bountiful natural resources but
handicapped by weak or ineffective environ-
mental laws.21 Many people and communities
are harmed as the environment that sustains
them is damaged or destroyed—villagers are
displaced by large construction projects, for
example, and indigenous peoples watch their
homelands disappear as timber companies
level old-growth forests.

Foreign-investment-fed growth also pro-
motes western-style consumerism, pushing
car ownership, paper use, and Big Mac con-
sumption rates toward the untenable levels
found in the United States—with grave poten-
tial consequences for the health of the natural
world, the stability of Earth’s climate, and the
security of food supplies.22

Yet international capital brings environ-
mental benefits as well, such as access to cut-
ting-edge technologies that minimize waste
generation and energy use. These new
processes can help developing countries
leapfrog over the most damaging phases of
industrialization, and avoid the kind of costly
cleanup bills that many industrial countries
are now saddled with.23

Several “green” international investment
strategies taking shape today aim to shift pri-
vate capital out of environmentally damaging
activities and into the cleaner technologies
and enterprises of tomorrow.24
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Since 1991, six national governments in
Western Europe have made small cuts in
conventional taxes on income and raised

taxes that discourage environmental harm.1

(See Table 1.) As would be expected of poli-
cies that raise some taxes and cut others, sev-
eral concerns have motivated European legis-
lators to make environmental tax shifts. To
date, the uppermost concern has been to rem-
edy problems with conventional taxes, such
as complexity, high rates, and the way payroll
taxes destroy jobs by raising the cost of work-
ers. To pay for cuts in these taxes, govern-
ments have sought new revenue sources—and
have discovered that taxes on polluters have
become, if not popular, one of the least
unpopular ways to raise revenue.

Sweden implemented the world’s first
environmental tax shift, in 1991.2 In the post-
war era, Sweden charted a middle course
between capitalism and communism, building
a market-based economy but with a large gov-
ernment role in everything from child care to

housing. But by the early 1990s, structural
flaws had appeared in the “Swedish Model.”
Economic growth stopped. Unemployment
rose.3 Taxes captured 55 percent of economic
output but were full of exemptions.4 That
forced tax rates on nonexempt income as high
as 85 percent, and deterred work.5

By 1990, Swedish politicians had decided
to simplify the tax code in order to eliminate
exemptions and lower overall tax rates—a
task made politically easier if it resulted in a
net income tax cut. One appealing option for
replacing the lost revenue was to use environ-
mental taxes more. In the previous decade,
signs of global warming, the discovery of the
ozone hole, and televised images of mass seal
deaths due in part to pollution in waters
along the Swedish coast had raised environ-
mental concern to unprecedented levels
among the Swedish public.6 As a result, the
electorate became more open to environmen-
tal taxation.

The tax reform package that became law

Taxation Shifting in Europe David Malin Roodman

TABLE 1: TAX SHIFTS FROM WORK AND INVESTMENT TO ENVIRONMENTAL DAMAGE

COUNTRY, REVENUE
YEAR INITIATED TAXES CUT ON TAXES RAISED ON SHIFTED1

(percent)

Sweden, 1991 Personal income Carbon and sulfur emissions 1.9

Denmark,1994 Personal income Motor fuel, coal, electricity and 2.5
water sales; waste incineration
and landfilling; motor vehicle
ownership

Spain, 1995 Wages Motor fuel sales 0.2

Denmark, 1996 Wages, agricultural property Carbon emissions; pesticide, 0.5
chlorinated solvent, and
battery sales

Netherlands, 1996 Personal income and wages Natural gas and electricity sales 0.8

United Kingdom, Wages Landfilling 0.2
1996–97

Finland, 1996–97 Personal income and wages Energy sales, landfilling 0.5

1Expressed relative to tax revenue raised by all levels of government.
SOURCE: See endnote 1.
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included two major environmental revenue
raisers, which together allowed a 1.9-percent
shift in total taxation from income to environ-
mental damage. One was a tax on emissions
of carbon from fossil fuel burning. By 1994,
the Swedish government estimates, this tax
had cut the country’s carbon emissions 2–3
percent below what they would have been
without the tax.7 The other measure was a tax
on sulfur dioxide emissions, which contribute
to the country’s severe acid rain problem.
The government attributes 12 points of the
40-percent sulfur emissions decline between
1989 and 1995 to the levy.8

As Western Europe’s unemployment crisis
deepened during the 1990s, jobs became the
driving concern behind tax shifts in other
countries. In the European Union, unemploy-
ment reached 10.6 percent in 1997, represent-
ing 18 million people, up from a mere 2.6
percent in 1973.9 This trend has been tied to
international capital mobility, trade-induced
competition, immigrants willing to accept low
wages, and the rise of information technolo-
gies—each perhaps with some cause.10

But taxes appear to contribute too. Wage
taxation has been rising in almost all western
industrial countries in recent decades. Between
1970 and 1995, taxes’ share of labor costs
climbed from 30 to 43 percent in Germany,
from 18 to 26 percent in Japan, and from 20 to
26 percent in the United States.11 Economic
studies have been reasonably consistent in
concluding that this added to joblessness. One
found that wage tax increases explained 0.5
percentage points of the unemployment rise in
France between 1956–66 and 1980–83 and 2.0
points in the United Kingdom.12

In response to studies like these, tax shifts
in the mid-1990s have focused more exclu-
sively on cutting payroll taxes. Denmark,
Finland, the Netherlands, Spain, and the
United Kingdom have all made modest cuts
in wage taxes and paid for them with new
taxes or tax increases on sales of energy,
water, pesticides, or batteries; on incineration
or landfilling; or on car ownership.13 Den-
mark executed two tax shifts totaling 3 per-
cent of revenues in the mid-1990s, making it

the largest tax shifter to date.14 After a solid
waste charge went into effect, the share of
the country’s demolition refuse that was not
recycled crumpled from 88 to 18 percent.15

Many countries outside of Western Europe
have also raised environmental taxes.
Australia and the United States, for example,
have combined taxes and regulations to phase
out ozone-depleting chemicals.16 China is
developing a tax system to control sulfur
emissions, and the Philippines is beginning to
tax water pollution.17 And although none of
these tax increases is explicitly linked to
across-the-board cuts in conventional taxes, all
indirectly reduce the need for other taxes to
fund government programs. Some have paid
for water treatment plants, some for subsidies
to private businesses to reduce pollution, and
some for tax breaks to other industries.18

In the long run, the largest potential envi-
ronmental revenue source would be taxes on
carbon emissions. Various studies have sug-
gested that shifting toward carbon taxation
could eventually allow cuts in conventional
taxes of 10–20 percent.19

Unlike most regulations, which set mini-
mum standards, environmental taxes create
an ongoing prod for conservation and pollu-
tion reduction without restricting people’s
flexibility in responding. They allow govern-
ments to push an economy toward environ-
mental soundness without taking on the
impossible task of planning all the major
changes that will be needed in how people
use resources—thus where they live, how
they move about, and how they make every-
thing from bottles to buildings.20

Moreover, since environmental tax shifts
do not increase the overall tax burden, they
allow policymakers to protect the environ-
ment essentially without hurting the economy
overall—and when the tax cuts are properly
targeted, they can address problems such as
unemployment.21 Environmental taxes thus
seem so essential to the creation of an envi-
ronmentally sound society that Europe’s tax
shifts likely represent the beginning of a
major historical trend.

Taxation Shifting in Europe
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Government subsidies for fossil fuels—coal,
oil, and natural gas—fell dramatically
during the first half of the 1990s. Since

fossil fuel use is by far the largest source of
greenhouse gas emissions from human activi-
ties, and since it also causes other problems
from acid rain to water pollution, this is a
welcome development for the global environ-
ment.

Fossil fuel subsidies are aimed at two main
groups: users and producers. Those for users,
which work by keeping prices artificially low,
are found mainly in developing and former
Eastern bloc nations, even though western
industrial countries account for most fossil
fuel use. In total, they slowed from roughly
$200 billion per year in the 1990–91 period to
$84 billion five years later.1 (See Table 1.) (All
figures in 1997 dollars.)

Subsidies for consumers are often defend-
ed as reducing the cost of living. They can do
some good by saving money for low-income
families, but most of the benefits go to better-
off people, who spend more on fuel.2 This
makes them inefficient and costly, which is
one reason they are increasingly seen as unaf-
fordable.

In 1990–91, governments in the former
Eastern bloc spent an elephantine $130 bil-
lion a year, roughly 10 percent of their gross
domestic product, to hold fuel prices to small
fractions of what they were in the West.3

(This figure has to be interpreted cautiously,
however, since hyperinflation made estimat-
ing fuel prices—and hence subsidies—
extremely difficult.) Although prices governed
buying decisions much less than in more cap-
italist countries, cheap energy nevertheless
induced waste—from grossly inefficient facto-
ries to overheated apartment buildings that
could only be cooled by opening windows.4

Since 1991, however, market reforms and
budget squeezes have redrawn the region’s
subsidy map. For industry, energy subsidies
have mostly ended, which is partly why ener-
gy use and air pollution have dropped
sharply.5 In contrast, subsidies for household
energy buyers have generally failed to fall.6 In

1990–91, Russian families paid only 10 per-
cent of the world price for natural gas. By
1995–96, that figure had barely budged: they
paid 9 percent.7

Subsidies for energy use are high in devel-
oping countries too. Popular objects of sub-
sidy include kerosene, a heat and lighting
source for many people, and diesel fuel,
which is used in public buses. Here too, sub-
sidies have fallen in the 1990s, reflecting the
worldwide trend toward a smaller govern-
ment role in many industries.8 In 1996, for
example, Venezuela slashed the $500 million
a year it once pumped into its popular gaso-
line subsidies, subsidies that made gas so
cheap (3.4¢ a liter or 13¢ a gallon) that buyers
used it to clean floors.9

China implemented especially dramatic
subsidy cuts between 1990–91 and 1995–96,
from $24 billion a year to $10 billion.10

Higher coal prices in particular have led to
more-efficient energy use, one reason Chinese
economic output has grown 30 percent faster
than energy use since 1985, reversing the 
typical pattern for newly industrializing coun-
tries.11 India, another coal giant, also cut sub-
sidies, from $3.3 billion to $1.9 billion, as
part of a larger move to make its economy
more market-driven.12

The other family of fossil fuel subsidies,
for producers, has not been so comprehen-
sively surveyed, but it appears relatively more
common in western industrial countries.
Spending to protect uncompetitive coal mines,
for example, amounted to $13.2 billion a year
in 1990–91 in Germany, Japan, Spain, and the
United Kingdom.13 The overall trend for these
subsidies is also downward: coal aid in these
countries fell to $9.5 billion in 1995–96.14

Nevertheless, many western nations offer
additional support for fossil fuel producers,
from tax breaks to military spending in the
Middle East—and this may not be declining.15

Historically, subsidies like these have been
defended on several grounds. Some, particu-
larly those for oil drilling, have been offered
in the name of national security, since they
can reduce a country’s dependence on 
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imported supplies. Most others are granted in
the name of protecting the jobs of coal, oil,
and natural gas workers.16

Yet the very forces that necessitate the
subsidies—dwindling oil reserves, job-destroy-
ing automation—undermine them as time
passes. In the United States, for example, a
clutch of tax breaks worth $5 billion a year to
domestic oil producers has not kept the com-
panies’ reserves from dwindling.17 As a result,
output has dropped by a quarter since 1970
and producers’ domestic market share has
fallen below 50 percent.18 All that such incen-
tives do is shift production from the future,
when oil will be scarcer.

In Germany, resource depletion and
automation are combining to make coal subsi-

dies increasingly costly and untenable. As
miners have delved deeper into the country’s
sole hard coal deposit, the time and equip-
ment needed to raise a ton of coal have
climbed. In 1982, the government granted the
industry $42 in subsidies for each ton of coal
it sold; by 1996, the price of protection had
nearly quadrupled, to $153.19 Since total sub-
sidies climbed about half as fast—from $4.1
billion to $7.3 billion—production had to fall
50 percent, and employment 54 percent.20

Overall, the cost of “protecting” a mining job
rose from $21,700 to $85,800 a year.21 It
would be cheaper now to shut down the
mines and pay miners not to mine.

Sooner or later, Germany will have to cut
back support, as many coal subsidizers have

already done. In addition
to Japan and the United
Kingdom, East European
nations such as Poland,
Hungary, and the Czech
Republic have all begun
reforming their coal sec-
tors, a painful job since it
entails eliminating jobs in
societies still picking up
the pieces of the old com-
munist system.22 And
China cut aid to state-
owned mines from $750
million in 1993 to $240
million just two years
later.23

Overall, poorer nations
have seized the lead in
ending subsidies for the
largest source of green-
house gases. If the global
community is ever to coop-
erate effectively to slow
climate change, western
industrial nations will
need to make at least as
much progress in cutting
their own subsidies.

TABLE 1: SUBSIDIES FOR FOSSIL FUEL CONSUMPTION,
DEVELOPING AND FORMER EASTERN BLOC COUNTRIES,
1990–91 AND 1995–96

REGION/ SUBSIDIES

cOUNTRY 1990–91 1995–96 CHANGE
(billion 1997 dollars per year) (percent)

Former Soviet Union1 115.3 32.8 –72
Russia 62.5 14.8 –76

Eastern Europe1 15.1 7.2 –52

Developing Asia 36.7 19.6 –46
China 25.7 10.8 –58
India 4.5 2.8 –37
Indonesia 1.9 1.4 –28

Middle East 17.2 13.9 –19
Iran 12.2 10.1 –17
Saudi Arabia 3.6 1.8 –50

Africa 5.4 3.9 –28
Egypt 1.9 1.4 –28
Nigeria 0.9 0.6 –28
South Africa 0.9 0.4 –58

Latin America 12.8 6.8 –47
Mexico 5.0 2.4 –53
Venezuela 3.2 2.5 –22

Total 202.5 84.2 –58
1Estimates for Eastern bloc nations are particularly rough because of hyperinfla-

tion in the early 1990s and because, in some of them, widespread nonpayment of
energy bills creates hard-to-measure de facto subsidies.
SOURCE: Worldwatch Institute, based on World Bank sources. See endnote 1.
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Between 1975 and 1995, world recovered-
paper volume more than doubled, from
49 million to 114 million tons.1 During

that time, the wastepaper recovery rate—the
share of paper used that is recovered—
increased from approximately 38 percent to
41 percent.2 The U.N. Food and Agriculture
Organization predicts that by 2010, global use
of recovered paper will reach 181 million
tons, with a projected recovery rate of 46 per-
cent.3

These data do not differentiate between
pre- and post-consumer waste. Pre-consumer
waste includes scraps generated during the
production of products such as envelopes and
books as well as publications that are
returned unsold. Post-consumer waste is
material such as cardboard, newspapers,
printing and writing papers, and so on that is
collected from homes and offices.4 While it is
significant that the industry reroutes pre-con-
sumer waste back into paper production
rather than discarding it, many argue that this
has been routine practice for the industry and
that pre-consumer material does not represent
a legitimate source of solid waste. This has
led to increased demand for products contain-
ing post-consumer fiber.5

Wastepaper recovery rates vary dramatical-
ly among countries due to differences in envi-
ronmental regulations, pulpwood supply, cost
effectiveness, access to local markets, and
existing infrastructure. (See Table 1.) For
example, aggressive legislation to reduce solid
waste in Germany has resulted in recovery
rates above 65 percent.6 And in Japan and the
United Kingdom—two major paper produc-
ers—limited pulpwood resources have encour-
aged a heavy dependence on recovered paper.7

In many countries, a primary motivation
for increasing recovery rates has been the
need to reduce the flow of waste to landfills
and incinerators. Paper accounts for a signifi-
cant proportion of municipal solid waste
(MSW) in industrial countries. In the United
States, it makes up 39 percent (by weight) of
MSW generated, and in Europe, it is 30–40
percent.8

In the 1970s and early 1980s, wastepaper
recovery rates in the United States were fairly
stagnant, ranging between 22 and 27 percent.9

But the mid-1980s surge in recycling brought
recovery rates close to 34 percent in 1990,
and to 45 percent by 1995.10 The American
Forest and Paper Association has set a goal of
a 50-percent recovery rate by 2000.11 And a
1994 European Union Directive targeted a
recovery rate of 50–65 percent for packaging
waste by 2001.12

Due to the large amount of trade in recov-
ered paper, recovery rates do not necessarily
indicate the amount of recovered paper a par-
ticular country actually uses to produce more
paper. The “wastepaper utilization rate” is the
ratio of recovered paper used in a given year
to the total volume of paper produced.
Although Sweden recovers well over half of
what it consumes, for instance, the country is
such a large producer and exporter that the
relative contribution of recovered paper to
overall paper production is less than 16 per-
cent.13 In the United States, the wastepaper
utilization rate remained close to 23 percent
between 1965 and 1985 (down from nearly 40
percent in the 1940s).14 By 1990, it passed 27
percent, and in 1995, the rate neared 38 per-
cent.15 In Japan, efforts to make up for limited
pulpwood supplies and to reduce dependence
on imports have encouraged the industry to
set a goal of a 56-percent utilization rate by
2000, up from 53 percent in 1995.16

International trade in recovered paper has
more than tripled in volume since 1975.17 In
1995, about 16 percent of all recovered paper
entered world trade.18 The United States, by
far the largest exporter, accounted for 53 per-
cent of total trade in 1995.19 In 1996, recov-
ered paper represented close to 6 percent of
U.S. paper industry exports and was worth
$804 million.20 Recovered paper from the
United States is sent to more than 75 markets
around the world.21 Major export destinations
include, in order of importance, Canada,
Mexico, South Korea, Taiwan, Japan, China,
Indonesia, Venezuela, Thailand, and the
Philippines.22
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In recent years, Asia has been home to the
world’s fastest-growing paper producers. In
many countries, such as Indonesia, the
Philippines, South Korea, and Taiwan, the
domestic paper industry has developed on the
basis of recovered-paper imports.23 In 1995,
Asian countries accounted for nearly 40 per-
cent of all such imports.24 According to one
industry analyst, Asia’s recovered-paper
imports will rise from the current 7 million
tons a year to about 20 million tons by 2005.25

(In early 1998, however, analysts were specu-
lating that at least for the first half of the year
there would be a substantial drop in Asian
imports due to the recent currency crises
there.)26 Another growing market for recov-
ered-paper imports is Eastern Europe, where
increasing demand for paper combined with
dwindling timber reserves and the higher cost
of processing virgin pulp have led to a recent
focus on recovered paper.27

Global consumption of recovered paper is
now increasing at a faster rate than consump-
tion of wood pulp. Although use of recovered
paper more than doubled since 1975, that of
wood pulp increased by less than two thirds.28

Greater recycling has slowed growth in the

demand for wood pulp, but it has served
more as a supplement than a substitute for
total fiber supply to industry. This is largely
because global paper and paperboard con-
sumption is increasing so rapidly that it has
overwhelmed gains made by recycling. In
addition, paper fibers can only be recycled
four to six times before they become too
weak for use in paper production.29

The long-term potential for increased recy-
cling to relieve pressures on the world’s forest
resources is not well understood and is the
subject of debate.30 Yet as waste disposal
problems grow, as paper consumption rises,
and as pulpwood supply declines in various
regions of the world, reusing and recycling
paper and paperboard products will become
increasingly important.

TABLE 1: PAPER RECOVERY, TOTAL AND TOP 10 PAPER PRODUCERS, 1995
TOTAL RECOVERY UTILIZATION

COUNTRY RECOVERED EXPORTS IMPORTS RATE1 RATE2

(thousand tons) (percent)

United States 39,305 9,430 464 45 37
Japan 15,473 42 479 52 53
Germany 10,531 2,986 1,054 67 58
China 8,246 16 906 31 38
France 3,702 787 1,245 38 48
South Korea 3,662 0 1,317 56 72
Canada 2,694 465 1,923 40 22
Italy 2,351 57 1,083 29 50
Sweden 1,079 182 614 58 16
Finland 492 35 66 32 5

World 114,283 17,784 19,207 41 41
1 Total recovered paper volume divided by paper and paperboard consumption.  2 Recovered paper consumption divided by

paper and paperboard production.
SOURCE: PPI, International Fact and Price Book 1997 (San Francisco, CA: Miller Freeman, Inc., 1996).
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Currently, some 90 countries regulate tobac-
co in various fashions,  but only about a
third of these use direct fiscal policy to

reduce smoking.1 Tobacco taxes help reduce
smoking and thus lower smoking’s costs to
society.2 They also reinforce nonfiscal policies
that are beginning to take hold worldwide.3

Cigarette taxes are highest in Europe.4 (See
Table 1.) Smokers in Norway pay the most in
the world—$5.23 in taxes per pack, which is
74 percent of the total price.5 Danish smokers,
however, pay a higher portion of taxes: 85
percent of the price is tax.6

In 1997, U.S. smokers paid an average of
$1.90 per pack of cigarettes, less than half as
much as many Europeans; of that total, 35
percent of the price was taxes.7 The rate of
federal excise taxes on cigarettes has dropped
from 35 percent in 1955 to 12 percent in
1997.8 Although the absolute amount of tax
tripled during this time (from 8¢ to 24¢ a
pack) as cigarette prices steadily increased,
cigarettes in the United States are taxed at the
lowest rate of any industrial country, and
lower than in several developing countries.9

Experience in many countries has shown
that each 10-percent increase in cigarette
prices leads to a 5-percent decrease in smok-
ing among adults.10 And teenagers, with less
disposable income, demonstrate an even
stronger connection—a 10-percent price hike
reduces smoking by 6–8 percent among
young adults.11

Evidence that taxes discourage smoking is
overwhelming. In Belgium, for example, a 46-
percent increase in cigarette prices between
1985 and 1995 was linked to a 25-percent
decline in per capita cigarette consumption.12

Between 1973 and 1986, Papua New Guinea
increased tobacco excise taxes by 10 percent,
which resulted in a 7-percent decline in ciga-
rette consumption.13

Similarly, between 1980 and 1991 New
Zealand increased cigarette taxes by almost
$2, nearly doubling the overall price.14 During
this time, the number of cigarettes purchased
per person dropped from 4,100 annually to
just over 1,500.15 Currently, smokers in New

Zealand pay nearly $3 per pack in taxes, with
revenue from additional tax increases chan-
neled into a three-year campaign against teen
smoking.16

Between 1979 and 1991, real cigarette
prices in Canada increased by 159 percent
while the prevalence of teen smoking dropped
from 42 percent to 16 percent.17 But after more
than 12 years of rising prices and falling rates
of consumption, Canada did an about-face. In
1994, Canadian lawmakers—concerned about
cigarette smuggling from the United States—
slashed prices by one third.18 Within a year,
teenage smoking rates increased from 16 to 20
percent.19 Lower prices have since encouraged
higher rates of smoking among adults as well.20

In late 1996, the Canadian Parliament voted
for a modest tax increase and four provinces
followed suit with slightly higher increases,
but the resulting prices are much lower than

Cigarette Taxes on the Rise Anne Platt McGinn

TABLE 1:  CIGARETTE TAXES AND
PRICES PER PACK, SELECTED
COUNTRIES, 31 DECEMBER 1996

TAX SHARE 
COUNTRY TAX1 PRICE OF PRICE

(dollars) (percent)

Norway 5.23 7.05 74
United Kingdom 4.30 5.27 82
Denmark 4.02 4.75 85
Finland 3.48 4.54 77
New Zealand 2.76 4.17 66
France 2.61 3.47 75
Canada 1.97 3.00 66
Netherlands 1.94 2.66 73
Singapore 1.87 3.72 50
Italy 1.59 2.17 73
Brazil 1.06 1.43 74
Thailand 0.89 1.58 56
United States 0.66 1.90 35
Taiwan 0.62 1.45 43
South Africa 0.47 1.04 45

1All applicable taxes and other fees on the product.
SOURCE: David Sweanor, Smoking and Health Action
Foundation, Ottawa, ON, Canada, letter to author, 
5 December 1997.
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those in the early 1990s.21

Increasing cigarette taxes can also help
fund public health efforts and raise revenue
for government coffers. Tobacco taxes consti-
tute at least 5 percent of government rev-
enues in Bangladesh, Côte d’Ivoire, and Indo-
nesia, and nearly 20 percent in Singapore.22

As many communities are learning, pairing
tobacco taxes with other control efforts
strengthens the positive effects on health. In
1993, cigarette excise taxes in South Africa
had dropped to an all-time low of 20 percent
of price, and per capita consumption was
up.23 With the passage of the Tobacco
Products Control Act of 1993, which institut-
ed health warnings and advertising restric-
tions and increased excise taxes, the situation
was reversed.24 In 1997, cigarette taxes
accounted for more than half of the price of a
pack, while annual per capita consumption
dropped by 20 percent.25

Voters in Massachusetts in the United
States approved a ballot measure to double
cigarette taxes (from 26¢ to 51¢) beginning in
January 1993.26 Data collected between 1990
and 1996 demonstrate that shortly after the
new tax was implemented, prices increased
by 25 percent.27 Mass media campaigns and
local health education programs combined
with the tax increase to reduce consumption
among adults by 20 percent.28

Many countries now allocate a share of
taxes specifically to anti-smoking activities.
Since 1985, Iceland has put 0.2 percent of
revenue from cigarettes sales into such pro-
grams.29 In 1987, the Australian state of
Victoria established a health foundation paid
for by a 5-percent levy on all cigarette sales.30

VicHealth, as the program is known, involves
representatives from government agencies,
community development groups, schools,
sports teams, and the arts, housing, and trans-
port sectors who coordinate anti-smoking
efforts in their respective fields. Currently,
VicHealth sponsors more than 1,000 arts and
sporting events that have traditionally been
paid for by tobacco companies.31

Tax revenue is also used to support broader
public health goals. After spending nearly $1

billion on tobacco-related health care in 1995,
U.S. taxpayers in Oregon approved an initia-
tive to increase the tax on each pack of ciga-
rettes from 38¢ to 68¢ beginning in February
1997.32 According to voter surveys, the mea-
sures passed in large part because a portion of
the revenue is earmarked for smoking preven-
tion, health education, and expanded medical
coverage for people without insurance.33

Nearly a dozen developing countries spend
a portion of tobacco taxes on health care,
research, and education.34 In recent years, the
Iranian government increased tobacco excise
taxes and earmarked a portion of tax revenue
for health education and primary health
care.35 Latvia dedicates 30 percent of tobacco
tax revenue to health care programs, and in
Nepal and Peru a share of cigarette tax rev-
enue supports cancer research and
treatment.36 Nearly one fourth of tobacco
taxes in Ecuador support the National
Program for Free Children’s Medicine.37

While notable, these efforts are not enough
to counter subsidies in favor of tobacco pro-
duction and use. Despite some of the highest
prices in the world, the European Union cur-
rently spends 115 times as much subsidizing
tobacco growing ($1.5 billion) as it does fight-
ing the results of tobacco use through the
Europe Against Cancer program ($13 million).38

The governments of China, Poland, Russia,
and Ukraine, among others, support national
tobacco companies. By no coincidence, people
living there are among the heaviest smokers
in the world. To keep their national compa-
nies afloat, these governments tax foreign cig-
arettes at a higher rate than national brands,
so the domestic products remain cheaper.39 If
policymakers are serious about reducing
smoking, they need to raise taxes for all
brands and to dismantle government support
for domestic tobacco production.

As Finnish researchers pointed out more
than a decade ago, “Every tobacco price deci-
sion is also a health policy decision.”40 By fol-
lowing the lead of countries that tax tobacco
use heavily, policymakers can take advantage
of an important tool to reduce smoking and
improve public health.

Cigarette Taxes on the Rise
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Spending on nonferrous metals exploration
has more than doubled worldwide in the
last five years, exceeding $5 billion in

1997.1 Most of this growth has been in devel-
oping regions. (See Figure 1.) Between 1991
and 1997, exploration investment expanded
six times in Latin America, almost quadru-
pled in the Pacific region, and doubled in
Africa.2 (See Figure 2.)

Gold has long dominated exploration bud-
gets, and in 1997 accounted for two thirds of
all exploration. Copper claimed an additional
17 percent.3 Prices for both metals plummet-
ed last year, leaving analysts guessing about
trends in 1998.4 If prices stay low, mines that
are expensive to operate may be forced to
close.5 This may spur exploration, as compa-
nies seek out new, low-cost deposits.6

The southern investment boom has been
spurred by new mining laws and rapid privati-
zation in several developing countries.7 Since
the beginning of this decade, 70 nations in
Latin America, Africa, Asia, Eastern Europe,
and the Pacific region have modified their
mining codes in order to attract investors.8

Others have abolished mining taxes and intro-
duced generous economic incentives.9 Where
the minerals sector was once a state monopoly,
several countries have thrown open their doors

to private mining companies in recent years.10

Latin America has been at the forefront of
this new exploration activity. In 1997 the
region received a staggering 29 percent of
world exploration budgets, swelling from an
11 percent share in 1991.11 Mining giants have
flocked to mineral-rich Andean nations such
as Chile and Peru, which allow private owner-
ship of mines and the option to repatriate all
profits.12 Although mining has long dominated
their economies—nearly half of their total
export earnings come from this sector—their
neighbor Argentina jumpstarted its mining
sector this decade, with a series of inviting
reforms.13 In 1997 it was rated the most attrac-
tive developing country for mining investors.14

Exploration spending in Africa soared in
1997, growing at 54 percent over 1996.15 Gold

has been the major draw in West
Africa, notably in Ghana.16 In the
Asia and Pacific region, Indonesia
is the largest recipient of foreign
exploration dollars and has in-
creased gold production 10-fold in
the last decade.17 As large con-
sumers of metals, several indus-
trializing Asian countries, including
China and India, are developing
their mining sectors to reduce
growing minerals imports.18

With the opening up of unex-
plored mining grounds in the
developing world, investment in
the four major mining nations has
not been as buoyant. Australia,
where exploration spending dou-
bled in the last five years, is the
exception.19 But with declining

gold prices and ore-grades in South Africa,
companies there have downscaled production
locally, investing instead in other African
nations.20 And spending in Canada and the
United States—both heavily mined—has lev-
eled off; companies now concentrate on
expanding existing mines.21 Also, it can take
up to five years to get an exploration license
in the United States; in some parts of Latin
America, this process takes just one month.22
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Almost all 279 major mining companies
come from these four mining nations.23 With
their large capital base, these have been the
primary beneficiaries of the incentives offered
by southern nations. A growing band
of junior companies has also entered
the fray, and in 1997 accounted for
21 percent of global exploration.24

Collapsing metals prices may make
it uneconomical for them to remain
in this capital-intensive industry.25

Of late, a handful of southern firms
have emerged, including the
Malaysian firm Delcom Services Sdn
Bhd, now prospecting for gold in
northeast Cambodia.26

Although sometimes advocated 
as a means of spearheading econom-
ic growth, studies show slower
growth rates in economies dependent
on mining and extractive industries.27

Often heavily subsidized, the mining
sector employs few people and has
high environmental and social costs.28 The
extraction and processing of minerals require
vast quantities of energy and water
resources.29 The 2,402 tons of gold produced in
1997, for instance, generated 725 million tons
of waste, which could fill enough 218-ton
dump trucks to circle the globe.30 This waste is
contaminated with an assortment of other
metals, acids, and solvents, including cyanide-
solution and mercury that are used to extract
gold from ore.31

Most new mining development is taking
place in some of the world’s most ecologically
fragile regions, leaving behind clogged rivers,
decapitated mountains, and contaminated
soils and groundwater. The International
Labour Organization calls mining one of the
most hazardous occupations. For each ton of
gold mined in South Africa, one person is
killed and 12 are injured.32 Furthermore, an
estimated 50 percent of gold produced in the
next 20 years will come from indigenous 
peoples’ lands.33

Governments and international organiza-
tions have gradually responded to these warn-
ing signs. In 1997, the Costa Rican govern-
ment ordered Canadian giant Placer Dome to

suspend part of its environmentally damaging
gold exploration activities in the northern part
of the country.34 In 1995, the U.S. Overseas
Private Investment Corporation (OPIC) can-

celed its political risk insurance to Freeport
McMoran’s Grasberg mine in Indonesia
because of environmental and human rights
concerns.35 South America’s largest gold
deposit—estimated to be worth $4 billion—
lies beneath the Sierra Imataca Reserve in
Venezuela, home to indigenous communities
and rare plants and fauna.36 The Venezuelan
Supreme Court has temporarily banned new
concessions in this rainforest following
protests by indigenous peoples and local envi-
ronmentalists.37

But these victories are still tentative: In
1996, for instance, OPIC offered to reinstate
Freeport’s insurance policy.38 A more endur-
ing strategy is for nations to strengthen envi-
ronmental regulations and reform wasteful
mining subsidies, for project financiers to
insist on stringent environmental risk assess-
ments, and for industry to realize the eco-
nomic potential of recycling and increased
materials efficiency. For example, the 3.3 mil-
lion tons of aluminum recovered from scrap
in the United States in 1996 was worth $5 bil-
lion, and saved enough energy to meet the
annual electricity needs of a city about the
size of Philadelphia.39
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The world market for pollution control
technologies and other environmental
goods and services grew from $295 billion

in 1992 to $408 billion in 1994 and then to a
projected $426 billion in 1997, or 2 percent of
global gross domestic product, according to
Environmental Business International (EBI).1

Spending may reach $572 billion by 2001.2

This group of companies thus easily outclass-
es the global aerospace products and arms
industries (each with annual revenues of
about $200 billion), and is drawing close to
the chemical industry ($500 billion in rev-
enues).3

The bulk of the operations captured in
these figures concern pollution control, waste
management, and remediation (cleaning up
waste sites, for example). Pollution preven-
tion, recycling, and alternative energy sources
account for no more than about 10 percent of
the global total, and about 12 percent of the
U.S. market.4 (See Table 1, which provides
data for the last year for which a breakdown
of this sector is available.)

EBI projects that revenues from process
and prevention technologies in the United
States will rise by 88 percent in 1994–99—the
steepest increase of any environmental mar-
ket segment; energy efficiency and renewable
energy are expected to grow by 46 percent.5

But there is strong reason to believe that

spending in the latter areas is being under-
counted in existing studies. One study esti-
mated global export markets alone for energy
efficiency products and technologies at $8.4
billion annually in the 1990s and double that
in the decade ahead.6

The EBI figures represent the most com-
prehensive survey available. Yet they do not
capture many activities critical to preserving
the environment—partly because they are
hard to document, and partly because many
companies make internal changes in their
operations that never register as a “market.”
For instance, at least 42 percent of global
steel production is derived from recycling
scrap metal.7 Achieving this rate required
investments in new furnaces—a change
unlikely to be fully reflected in the EBI data.

So far, the global pollution control industry
is overwhelmingly centered in western indus-
trial countries; they represent more than 90
percent of the current global market.8 The
United States alone accounts for 40 percent.9

EBI reports that the U.S. market grew from
$126 billion in 1990 to $171.7 billion in
1995.10 And Management Information
Services, Inc., projects it will reach $258 bil-
lion by 2010.11

Facing a mix of environmental challenges
arising from persistent poverty, unplanned
urbanization, careless industrialization, and

Pollution Control Markets Expand Michael Renner

TABLE 1:  POLLUTION CONTROL MARKET COMPONENTS, 1994
COMPONENT SPENDING SHARE1

(billion dollars) (percent)

Water equipment 161.1 39
Solid waste management 132.0 32
Resource recovery (including recycling) 34.5 8
Analytical services, instruments, and consulting 34.4 8
Air pollution control equipment 25.4 6
Remediation services 14.6 4
Environmental energy2 4.4 1
Process and prevention technology 2.0 0.5

1Column does not add up to 100 due to rounding.  2Includes renewable energy and cogeneration.
SOURCE:  Compiled from Environmental Business International, The Global Environmental Market and United States
Environmental Industry Competitiveness (San Diego, CA: undated).
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overburdened soils and water resources, pol-
lution control markets are now growing rapid-
ly in many developing countries as well. By
2001, EBI expects these nations to increase
their share of the global market from the cur-
rent 8 percent ($32.8 billion) to 13 percent
($68.2 billion).12

In 1994, Asian countries (excluding Japan)
accounted for just 3.5 percent of the global
market.13 But this is the fastest-growing mar-
ket in the world, projected to triple to $43 bil-
lion by 2001, when it might account for more
than 7 percent of the world total.14 Taiwan,
South Korea, Hong Kong, and Singapore have
been the leaders in environment-related
spending in Asia. Burdened by heavy pollu-
tion, China is now rapidly increasing its
investments, planning to spend between $26.5
billion and $38.5 billion on equipment over
the five years to 2000.15 Whether the strong
growth of Asian markets will in fact continue
is open to some question, however, as the
region’s economic crisis may lead govern-
ments to give the environment less priority.
Even in September 1997, a report by the
Association of South-east Asian Nations,
found that “the use of less-polluting process-
ing technologies has been limited by the lack
of capital.”16

Latin America now accounts for only 1.6
percent of world environmental spending.17

But the region’s markets are growing at about
12 percent annually, a rate second only to
Asian countries, and are projected to more
than double to $14.6 billion by 2001.18 Brazil
and Mexico are by far the leading countries
in the region, accounting for two thirds of the
total.19 The Mexican government projects
spending to rise to at least $7.3 billion by
2010, up from just $2 billion in 1994.20

In Eastern Europe and Russia, environ-
mental needs are enormous—a legacy of
decades of abusive industrial practices.
Unfortunately, the lack of financing limits
what would otherwise be a huge market for
both cleanup and the introduction of the lat-
est technologies. Poland’s environment-related
investments, for example, have risen to about
$1.5 billion annually.21 But a 1997 World Bank

assessment concluded that in order to catch
up with environmental standards in the
European Union (which Poland is eager to
join), the country will need to triple its cur-
rent spending.22 And the U.S. Office of
Technology Assessment reported in 1994 that
environmental cleanup in Poland might
require a total of $260 billion over the next
25–30 years.23

International trade in pollution control and
other environmental goods and services is ris-
ing as well, though there are few reliable fig-
ures. Based on EBI data, the global environ-
mental export market might be on the order
of $40–45 billion a year, or about 10 percent
of total industry revenue.24

The environment industry is generating
substantial numbers of jobs, both in tradition-
al industries such as iron and steel and in
emerging ones such as wind power and ener-
gy efficiency technologies. U.S. environment-
related spending has created a rapidly grow-
ing number of jobs—rising from 700,000 in
1970 to 4.3 million in 1995, and growing to a
projected 5.3 million by 2010.25 In Germany, a
recent study found that close to 1 million jobs
are supported by environmental spending.26

Developing countries in particular have a
unique opportunity to “leapfrog” by taking
advantage of emerging technologies instead of
following the old route of “pollute first, then
clean up.” In doing so, they could limit the
extent to which they would have to introduce
costly pollution abatement measures.

Fully addressing environmental chal-
lenges—averting climate change, reducing
materials use, and boosting water efficiency
and soil conservation, to name but a few—
provides investment opportunities that are
likely to be several orders of magnitude larger
than the current pollution control market.

Pollution Control Markets Expand
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Worldwide, female education is increas-
ing. Female enrollment in primary
school jumped from 226 million to 254

million between 1990 and 1995.1 As a result
of this increase, nearly 70 percent of girls
worldwide were enrolled in primary school 
in 1995.2

The U.S. Agency for International
Development found a growing share of edu-
cated women in the 47 developing countries
they surveyed.3 In 30 of these countries, the
percentage of women with no formal educa-
tion was more than halved in a single genera-
tion.4 The greatest improvements have been
seen in Tanzania, Jordan, and Kenya, where
more than four out of five women aged 20–24
have at least a primary school education.5

(See Table 1.) 
But in many countries, little progress has

been made. In Burkina Faso, Burundi, Mali,
Nepal, Niger, Pakistan, and Yemen, more than
three quarters of women aged 20–24 have no
education at all.6 And in Bangladesh, Guinea,
Morocco, and Senegal, more than half of the
younger women still have no education.7

Despite worldwide increases in female educa-
tion, it is estimated that some 90 million
girls—approximately 25 percent—are still not
enrolled in primary school.8

Female education is associated with
increased economic productivity, better family
health and nutrition, lower maternal and child
death rates, and lower birth rates.9 Studies in
several developing countries show that an
extra year of schooling reduces fertility rates
by 5–10 percent.10 And in India, infants of
mothers who have received primary educa-
tion are half as likely to die in their first year
as children whose mothers are illiterate.11

For many girls, however, access to school-
ing is difficult. Often the nearest school is not
within safe walking distance.12 Lack of sani-
tary facilities for girls and the scarcity of
female teachers also discourages female atten-
dance.13 And unfortunately, even when
females attend school, the quality of the 
education is frequently poor. This often does
a disservice to the female student by limiting

access to information that is important to 
her well-being and her future.14 Additionally,
females do not always stay in school very
long. African women, for example, have an
average of less than one year of formal 
education.15

Obstacles like these have led to significant
gender disparities in many developing coun-
tries.16 In Yemen, for example, 39 percent of
girls are enrolled in primary school, com-
pared with 73 percent of boys.17 In industrial
nations, however, there is little gender dispar-
ity at the primary and secondary school lev-
els.18 In fact, in many wealthy nations, such
as the United States, more females than males
complete secondary school.19 Moreover,
female enrollment in colleges and universities
is greater than male enrollment in many
industrial nations, including Iceland, Portugal,
France, New Zealand, Norway, Sweden, and
the United States.20

At the graduate school level in industrial
nations, females outnumber males in several
programs, such as in veterinary schools.21

Overall, however, women still lag behind men
in most professional schools, including law
and business, though they are approaching
gender parity.22 In the fields of math, comput-
er science, engineering, and architecture, men
still dominate in all industrial nations.23

Worldwide, however, among children not
attending school, there are twice as many
girls as boys, and among illiterate adults,
there are twice as many women as men.24 A
1993 study by Population Action International
estimated that that it would cost more than
$18 billion a year (in 1990 dollars) to close the
gender gap in primary education by 2005.25

Yet in many countries, closing the gender gap
would still leave female enrollment at very
low levels. In sub-Saharan Africa, for exam-
ple, nearly half of the young boys are not
enrolled in primary school either.26

Although the number of children enrolled
in primary school is rising, about a third of
the children in the developing world fail to
complete even four years of education, either
because they never enroll or because they 
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drop out of school early.27 And despite an
increase in education for both boys and girls,
the current advances will not meet the goal of
the 1990 World Summit for Children: univer-
sal access to basic education by the year 2000
and completion of primary school by at least
80 percent of primary-school-aged children.28

Most countries could achieve basic educa-
tion for all if they stepped up funding. Even
though many countries are increasing the
amount spent on education, their budgets are
not keeping pace with rapid population
growth. Consequently, the amount spent per
capita on education is falling. In Africa, for
instance, it dropped from $41 per person in
1985 to $28 in 1995.29

In many countries, therefore, international

aid is desperately needed. Unfortunately,
however, the proportion of international aid
dedicated to education has declined from 17
percent in 1975 to 11 percent in 1994.30 Yet
some significant investments have been
made. The World Bank’s lending for basic
education has more than tripled since 1990.31

And in 1996, the Asian Development Bank
approved a $45-million loan to Pakistan
specifically for primary education for girls.32

As a result of this loan, approximately 7,500
more girls will enroll in grades 1 and 2 each
year.33 Individual countries are also providing
aid for female education. In 1996, Norway
gave $24 million to increase female education
in Africa, and Canada has pledged $75 mil-
lion over five years for the same goal.34

Female Education Gaining Ground

TABLE 1:  SHARE OF WOMEN EDUCATED IN DIFFERENT GENERATIONS,
SELECTED COUNTRIES, EARLY 1990S

COUNTRY EDUCATED WOMEN EDUCATED WOMEN DIFFERENCE
AGED 45–491 AGED 20–241

(percent) (percent) (percentage points)

Tanzania 26 84 58
Jordan 37 94 57
Kenya 43 94 51
Viet Nam 40 86 46
Nigeria 15 58 43
Morocco 11 45 34
Indonesia 59 92 33
Senegal 6 33 27
Guinea 5 30 25
Mexico 70 94 24
Bangladesh 25 47 22
Yemen 1 23 22
Nepal 3 22 19
Burkina Faso 5 22 17
Mali 2 18 16
Pakistan 11 25 14
Niger 1 15 14
Brazil 84 96 12
Egypt 40 52 12
Burundi 13 21 8

1Having at least a primary school education.
SOURCE: UNICEF, The Progress of Nations 1995 (New York: 1995).
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The share of developing-country popula-
tions with access to adequate sanitation
fell from 36 to 34 percent between 1990

and 1994, the last year for which comprehen-
sive data are available.1 (See Table 1.) Global
data are less precise, but the World Health
Organization (WHO) estimates that half the
people in the world do not have access to a
decent toilet.2 Such poor sanitation coverage,
especially in cities, increases the risk of ill-
ness; in some countries, the sanitation gap is
the greatest threat to public health.

The unserved population in developing
countries grew by 274 million people
between 1990 and 1994.3 This is a rapid
acceleration of the trend in the 1980s, when
the number inadequately covered increased
by 50 million.4 The backsliding runs counter
to the goal of the U.N.-declared International
Drinking Water Supply and Sanitation Decade
(1981–90), which sought to broaden access to
safe water and adequate sanitation.5 While
the decade was successful in increasing
access to safe water, and while availability of
sanitation grew absolutely, access to sanita-
tion fell in percentage terms as population
growth outstripped the decade’s gains.6

In some countries, less than half the popu-
lation is adequately covered: Afghanistan,
Brazil, Cambodia, China, Congo, Egypt, Haiti,
India, and Senegal are all examples of this.7

This dismal picture is partly a question of
definition, however. Brazil, for instance,
defines adequate sanitation as flush toilets
that connect to sewers or septic tanks.8 Yet
simpler technologies such as latrines and
composting toilets would meet the WHO defi-
nition of adequate sanitation, which is any
excreta disposal facility that interrupts the
transmission of fecal contaminants to
humans.9

Preventing such transmission is the chief
health benefit of adequate sanitation. Human
waste is full of bacteria, viruses, and parasites
that can cause widespread sickness if they
contaminate drinking water.10 Indeed, WHO
reports that half the people in developing
countries suffer from one of the six diseases

associated with poor water supply and sanita-
tion.11 One of these diseases, diarrhea, is the
biggest killer of children today—taking an
estimated 2.2 million young lives each year.12

The greatest shortage of sanitation is found
in rural areas, where some 2.3 billion people
did not have adequate access in 1994.13 In
rural India, for example—home to more than
70 percent of the country’s population—fewer
than 10 percent of houses have toilets.14 Yet
the need for sanitation is most urgent in
cities, because of the greater potential there
for mass infections from pathogen-tainted
water.15 Rapid urban expansion in the nine-
teenth century, in combination with inade-
quate sanitation, spawned the world‘s first
pandemics of cholera. In each of the world‘s
seven cholera pandemics—including the cur-
rent one, which began in 1961 and spread to
Latin America in the early 1990s—water-
borne fecal material has played a key role.16

Despite the clear health risks of inadequate
urban coverage, some 589 million city
dwellers were estimated to be without ade-
quate sanitation in 1994.17 The situation was
especially worrisome in urban Africa, where
coverage plummeted from 65 to 55 percent
between 1990 and 1994.18

One reason for the lag in sanitation cover-
age is its expense. WHO estimates that ade-
quate sanitation in urban areas of developing
countries costs $145 per person—which repre-
sents at least 10 percent, and sometimes
much more, of the real gross domestic prod-
uct per capita in 24 of the world’s poorest
countries.19 The high costs leave developing
countries spending less than a third of what
they should in order to provide adequate sani-
tation, according to WHO.20 Another drag on
sanitation investment is burdensome debt,
which restricts investment options, especially
in Africa.21

Despite these barriers, many developing
countries boast high levels of sanitation
access. Among those with sanitation coverage
at industrial-country rates are Iran, Jamaica,
Jordan, Malaysia, the Philippines, Saudi
Arabia, Thailand, Trinidad and Tobago, and
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all of Central America except Nicaragua.22

Adequate sanitation, however, does not
always require flush toilets and underground
sewers—the most expensive way to manage
human waste, especially when combined
with a treatment plant.23 Even in some coun-
tries in Europe, where access to adequate san-
itation is widespread, a high proportion of the
population is not served by sewers: in
Belgium it is 42 percent; in France, 35 per-
cent; in Ireland, 34 percent; and in Spain, 
20 percent.24

In cash-strapped developing countries,
forms of sanitation that do not involve sewers
offer a relatively cheap but effective means of
processing human waste. On-site systems
such as composting toilets cost a fraction as
much as flush toilets, sewers, and treatment
plants, and they produce a nutrient-rich com-
posted fertilizer that can be safely recycled to
farms.25 One system of household- and neigh-

borhood-level sanitation in Mexico has proved
to be not only inexpensive and workable, but
also a money-maker for families who sell
their composted waste to nearby farmers.26

Prospects for providing universal access to
sanitation are dismal in the near to medium
term. Just to keep from losing ground, the
rate of provision of service to urban dwellers
needs to more than double in Asia.27 In
Africa, it would have to increase by 33
times.28 And to achieve full coverage by 2020,
service provision would have to triple in Asia
and increase by 46 times in Africa.29 Despite
the attention focused on sanitation, govern-
ments have not demonstrated the will to meet
this growing challenge.

Sanitation Access Lagging

TABLE 1: ACCESS TO ADEQUATE SANITATION, 1990 AND 1994

SHARE OF POPULATION WITH
ACCESS TO ADEQUATE SANITATION

1990 1994
REGION (percent)

Rural Areas
Africa 23 24
Latin America 33 34
Asia and the Pacific 18 15
Western Asia 60 66

Urban Areas
Africa 65 55
Latin America 83 73
Asia and the Pacific 62 61
Western Asia 68 69

All Areas
Africa 36 34
Latin America 69 63
Asia and the Pacific 30 29
Western Asia 65 68

All Developing Countries 36 34

SOURCE: World Health Organization (WHO), Water Supply and Sanitation Collaborative Council, and UNICEF, Water Supply
and Sanitation Sector Monitoring Report, 1996 (New York: WHO, 1996).
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Assault rifles and other so-called small
arms and light weapons—principally
defined by their small size and weight,

which allows them to be carried by an indi-
vidual—are now easily available in such
abundance that they seem like casual acces-
sories. The spread of these arms has encour-
aged a habitual recourse to violence that
threatens the cohesion and well-being of
many societies.

Small arms are the weapons of choice in
today’s typical armed conflict—fighting that
rages within, rather than between, countries.
But the proliferation of small arms also fuels
criminal violence. It threatens the consolida-
tion of still-weak democracies, compromises
the reconstruction of war-torn societies, and
obstructs social and economic development.

The same characteristics that have long led
policymakers to underestimate the impor-
tance of small arms make these weapons easy
to acquire and handle—and hard to track and
control.

Low cost means that small arms do not fig-
ure prominently in arms-trade statistics but
are affordable to many armies, guerilla forces,
organized crime groups, or individuals. For
just $50 million—roughly the cost of a single
modern jet fighter—an army the size of the
United Kingdom’s military can be equipped
with some 200,000 assault rifles at prevalent
black market prices.1

Easy to handle, small arms do not require
any complex organizational, logistical, or
training capacities. Their easy use has boosted
the ability of children to participate in armed
conflicts.2 Their light weight and small size
make them easy to conceal and smuggle, and
therefore easy to obtain on black markets.3

Small weapons are sturdy enough to have
a long life, making it possible for them to be
circulated from one conflict to another.
Weapons of World War II or earlier vintage
are still in use today.4

No one really knows how many small
arms may be in circulation worldwide, but
one estimate says the number may be some
500 million.5 Of these, more than 100 million
are assault rifles.6 (See Table 1.) The most
notorious and numerous is the AK-47, also
known by its inventor’s name, Kalashnikov.
Manufactured in the former Soviet Union and
in nine other countries, more than 70 million
Kalashnikovs have been produced in some
100 different versions since 1947; this assault
rifle is in service in the armies of 78 countries
and in countless guerrilla groups the world
over.7

Other assault rifles include the U.S. M-16,
of which 8 million copies have been made,
the German G-3 (7 million), the Belgian-
designed FN-FAL (5–7 million), and the Israeli
Uzi machine pistol (10 million).8 In addition to
licensed production of these and other small 

Small Arms Proliferate Michael Renner

TABLE 1: PRODUCTION OF SELECTED ASSAULT RIFLES

WEAPON NAME ORIGIN1 NUMBER PRODUCED
(million)

Kalashnikov AK-47/-74 Soviet Union/Russia 70+
Uzi machine pistol Israel 10
M-16 United States 8
G-3 Germany 7
FN-FAL Belgium 5–7

1Country that first developed and produced the weapon. A large number of additional countries are producing these weapons
under license or are making illicit copies.
SOURCE: U.N. General Assembly, “Report of the Panel of Governmental Experts on Small Arms,” A/52/298 (New York: 
27 August 1997).
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weapons, manufacturers from several coun-
tries are apparently flooding the world market
with counterfeit (unauthorized) versions.9

The United States and the former Soviet
Union have been the leading proliferators.
But China, Belgium, Switzerland, Germany,
and Israel are also important suppliers.10

Given a multitude of legal and illegal trad-
ing networks, there is no telling in whose
hands the weapons will end up. Not only are
embargoes difficult to enforce, but the origi-
nal suppliers have come to be haunted by a
boomerang effect, with weapons intended for
friendly recipients ending up in the hands of
adversaries.

Trade in secondhand arms flourishes. Now
that the cold war is over, 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.11 Since the 1950s the U.S.
government, for instance, has transferred
some 3 million military-style firearms to for-
eign governments.12 In the 1990s, Turkey
received 304,000 formerly East German
Kalashnikovs from Germany.13

And weapons left over at the end of civil
wars often enter the black market and fre-
quently resurface in new hotspots when big
parts of government armies and insurgent
forces are demobilized. Arms originally sup-
plied to combatants in Nicaragua and El
Salvador, for example, have found their way
into Colombia and other parts of Latin
America.14

The dispersal of arms to private armies
and militias, insurgent groups, criminal orga-
nizations, and other nonstate actors feeds
political, communal, criminal, and personal
violence in many societies. And it poses a
particular challenge for countries struggling to
emerge from long years of debilitating war-
fare, including several in Central America and
southern Africa. Contending with limited eco-
nomic opportunities, these countries find that
discontent is strong and crime is rising.
Demobilized ex-combatants, with few civilian
skills, may be tempted to turn to banditry.
And ordinary citizens use leftover weapons of

war to carry out crimes or settle personal
scores.15

In South Africa, criminal violence has
increased even as political violence is on the
decline. Military-style weapons such as the
AK-47 are increasingly used in robberies and
in the “taxi wars”—clashes between compet-
ing taxi fleet owners.16

El Salvador has been formally at peace
since 1992. Yet the number of violent deaths
since that year—some 20,000—comes close,
on an annual basis, to rivaling the number of
people killed during the war (about 75,000
over 13 years).17 “Peacetime” has seen sky-
rocketing numbers of murders, kidnappings,
robberies, and other forms of violent crime
throughout the country.18

Long ignored, small arms have garnered
growing attention from academic analysts and
nongovernmental organizations (NGOs) in the
last three to four years, and are now begin-
ning to attract policymakers’ concern.19 A
range of NGOs have begun local or national
campaigns against small arms, seeking pri-
marily to curb the unregulated trade in these
weapons. Sympathetic governments, such as
Canada’s, are likely to support that effort.20

Small Arms Proliferate
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