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Grain Area Declines Brian Halweil

Global grain harvested area shrank to 684
million hectares in 1998, a drop of more than
6 million hectares or 1 percent from 1997.1
(See Figure 1.) Since the historic high in 1981,
grain harvested area has declined 48 million
hectares, a 7-percent drop.2 And grain area
harvested per person—at 0.12 hectares—has
plummeted to half the 1950 level.3 (See Fig-
ure 2.) In contrast to the rest of agricultural
history, the near tripling in production since
1950 has come largely from yield increases,
rather than from bringing more land under
the plow.

Grain harvested area indicates the acreage
of land reaped each year. (Land that yields
two crops in one year is counted twice.)
Grains provide more than half the calories
and protein eaten directly by humans as well
as the feedgrain for meat, milk, and egg pro-
duction.4 Planted on roughly half the world’s
cropland, grains serve as a proxy for trends in
all crops.5

Wheat area declined by nearly 2 percent in
1998, rice area barely changed, and corn area
rose 2 percent, spurred by rising global feed-
grain demand.6 But wheat dominates global
grain acreage with 225 million hectares.7 At
150 million hectares, rice area edges out
corn’s 140 million hectares.8

The area planted to grain each year tracks
closely with grain prices: a brief jump in
those spurred grainland expansion in 1996,
though historically low prices since then have
driven land out of production.9 Price sup-
ports, input subsidies, and other policies
affect production throughout the world.10

In addition to these year-to-year fluctua-
tions, nonfarm uses, crops other than grain,
and land degradation permanently consume
grainland at a dizzying pace. From the Middle
East to the Far East, swelling cities and indus-
try often squeeze agriculture from scarce
land.11 And soybean area worldwide has
tripled since 1950, steadily replacing grain on
some of the best cropland.12

By reducing yields, declining land quality
can have the same negative effects as declin-
ing quantity. Worldwide, according to a 1990
U.N. assessment, 38 percent of cultivated

area has been damaged to some degree by
agricultural mismanagement since 1950, with
higher levels of degradation in Latin America
and Africa.13 Severe and prolonged land
degradation, including soil erosion, nutrient
depletion, and desertification, will ultimately
remove land from cultivation. Various sources
suggest that present losses range from 5 mil-
lion to 12 million hectares per year.14

Once grain area per person drops below a
certain level, a nation can lose its ability to
feed itself. In Japan, South Korea, and Tai-
wan, as grain area per person plummeted and
incomes soared, grain imports as a share of
total consumption have soared from 20 to 70
percent since 1960.15 In Pakistan, Ethiopia,
Iran, and other nations where area per person
is already a fraction of the world average,
projected population doublings or triplings do
not bode well for food security.16

Since the best cropland is already under
the plow throughout most of the world, sub-
stantial future increases will likely come at a
cost.17 For example, of the land available for
expansion in developing nations—where near-
ly all the global potential exists—more than
65 percent suffers from yield-lowering soil
and terrain constraints.18 Moreover, over half
of the potential area lies under forests or in
protected natural areas that provide vital
ecosystem services.19

Efforts to expand cropland into areas that
are too steeply sloped, too arid, or otherwise
ill suited for cultivation are often short-lived:
conversion of fragile pastureland in Kazakh-
stan to grain production in the 1950s, for
instance, yielded such severe erosion that half
the land has been abandoned since 1980,
with further losses expected.20 (See Figure 3.)

All the cropland previously idled under the
U.S. commodity supply management programs
has been returned to production, as has nearly
all land idled in Europe under similar pro-
grams.21 Nonetheless, some uncultivated,
arable land remains in parts of sub-Saharan
Africa and South America, where a lack of
infrastructure, high agricultural taxes, inequit-
able land distribution, and other unfavorable
policies keep large tracts out of production.22



Grain Area Declines

WORLD GRAIN HARVESTED AREA,
1950–98
YEAR AREA AREA

HARVESTED PER PERSON
(mill. hectares) (hectares)

1950 587 0.23

1955 639 0.23

1960 639 0.21

1965 653 0.20
1966 655 0.19
1967 665 0.19
1968 670 0.19
1969 672 0.18
1970 663 0.18
1971 672 0.18
1972 661 0.17
1973 688 0.18
1974 691 0.17
1975 708 0.17
1976 717 0.17
1977 714 0.17
1978 713 0.17
1979 711 0.16
1980 722 0.16
1981 732 0.16
1982 716 0.16
1983 707 0.15
1984 711 0.15
1985 715 0.15
1986 709 0.14
1987 685 0.14
1988 688 0.14
1989 694 0.13
1990 694 0.13
1991 692 0.13
1992 694 0.13
1993 685 0.12
1994 686 0.12
1995 682 0.12
1996 703 0.12
1997 690 0.12
1998 (prel) 684 0.12

SOURCE: USDA, Production, Supply, and Distribution, 
electronic database, Washington, DC, February 1999.
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Figure 1: World Grain Harvested Area, 1950–98

Figure 3: Grain Harvested Area in 
Kazakhstan, 1960–98

Figure 2: World Grain Harvested Area Per Person,
1950–98
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Grain Harvest Drops Lester R. Brown

In 1998, the world grain harvest totaled 1.85
billion tons, down 30 million tons from
1997—a drop of nearly 2 percent.1 (See Figure
1.) With world population growing by some
78 million in 1998, the per capita grain sup-
ply dropped to 312 kilograms, down from 321
kilograms the preceding year.2 (See Figure 2.)
This 3-percent decline marked the continua-
tion of a per capita trend that has been under
way since 1984.3

The 30-million-ton drop in the world grain
harvest in 1998 was due largely to severe
drought and heat in Russia on top of an over-
all deterioration of that country’s economy.4
The Russian wheat harvest dropped from the
unusually good harvest of 44 million tons in
1997 to 27 million tons in 1998, a decrease of
39 percent.5 For coarse grains, half of which
are accounted for by barley, production
dropped from 41 million tons to 19 million
tons—a fall of more than one half.6

The precipitous harvest decline in Russia,
plus a slight one in India, more than offset
modest gains by two other major grain pro-
ducers, the United States and the European
Union.7 China’s grain harvest, the largest of
any country, was essentially unchanged from
the year before.8

Among the big three grains—wheat, rice,
and corn—the drop in the wheat harvest was
the largest.9 (See Figure 3.) The 1998 harvest
of 586 million tons was 23 million tons below
the 1997 record.10 The principal contributor
to the drop of nearly 4 percent was Russia.11

The world rice harvest also dropped in
1998, falling to 378 million tons from 384 mil-
lion tons the year before.12 This nearly 2 per-
cent drop was largely the result of severe
flooding in China’s Yangtze River basin.13 For
rice, an irrigated crop, and therefore one
whose production is remarkably stable com-
pared with either wheat or corn, 1998 saw
the first production falloff in 12 years.14

While production of the two food grains
was dropping, that of corn—the world’s over-
whelmingly dominant feedgrain—climbed
from 574 million tons in 1997 to a record 597
million tons in 1998, a gain of 4 percent.15

The corn harvest exceeded the wheat harvest

in 1998, marking only the fourth time in his-
tory that this has occurred.16 The first time
was in 1979, but with the corn harvest
exceeding wheat in three of the last five
years, we may be entering a time when more
corn than wheat is routinely produced.17

With overall grain production, there has
been a loss of momentum. After the big jump
that occurred in 1996, as a result of the dis-
mantling of the U.S. farm commodity pro-
grams and the return to production of a large
area of highly productive land, there has been
little or no growth.18

Despite the 30-million-ton drop in the
world grain harvest in 1998, grain prices are
at their lowest level in more than a decade.19

The reason lies not on the supply side, which
weakened substantially, but on the demand
side, which weakened even more. Economies
in East Asia that have been growing by an
average of 8 percent a year for several years
suddenly shrank by that much in 1998.20

Since this region had been the world’s most
dynamic grain market, the world grain supply-
demand balance was altered sharply. In more
normal times, a production drop of 1.7 per-
cent and a population increase of 1.4 percent
would lead to rising, not falling, grain prices.

In addition to falling incomes in a number
of East Asian countries, depreciating curren-
cies in the region made imported grain much
more costly.21 Falling incomes and rising food
prices in countries such as Indonesia reduced
overall grain consumption.22 With strong
growth in grain consumption replaced by
decline, the world grain market weakened
substantially.

In largely rural societies, grain production
per person is an indicator of not only food
availability but also economic progress. The
grain harvest of 312 kilograms per person in
1998 is down from the all-time high in 1984
of 342 kilograms.23 If world population con-
tinues to grow as projected, this trend is like-
ly to continue, raising the possibility that the
number of people in the world who are
undernourished will increase from the 
current 828 million.24
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WORLD GRAIN PRODUCTION,
1950–98

YEAR TOTAL PER PERSON
(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 1,671 322
1990 1,769 335
1991 1,708 319
1992 1,790 329
1993 1,714 310
1994 1,761 314
1995 1,712 301
1996 1,870 324
1997 1,875 321
1998 (prel) 1,845 312

SOURCES: USDA, Production, Supply, and Distribution,
electronic database, February 1999; USDA, “World Grain
Database,” unpublished printout, 1991; USDA, FAS,
Grain: World Markets and Trade, February 1999.
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Figure 2: World Grain Production Per Person, 1950–98
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Soybean Harvest Down Lester R. Brown

The world soybean harvest of 155 million
tons in 1998 was the second largest on
record, trailing only 1997, with 156 million
tons.1 (See Figure 1.) The harvest per person,
which peaked at a record of close to 27 kilo-
grams in 1997, dropped to just over 26 kilo-
grams in 1998.2 (See Figure 2.)

The demand for soybeans is a sentinel
indicator of oilseed supply and demand, as
soybeans account for half the world harvest
of oilseeds.3 (The other half consists largely of
cottonseed, peanuts, sunflowers, rapeseed,
and coconuts.)

During the 1990s, the demand for soybeans
has grown by 5 percent a year, increasing by
nearly half between 1990 and 1998.4 This
robust growth reflects rapid increase in
demand for soybean oil and meal, since only
small quantities are consumed whole as beans.

As incomes rise in low-income countries,
one of the first dietary shifts is a rise in cook-
ing oil use. There have been impressive rises
during the 1990s in vegetable oil consumption
in both China and India, countries that
together contain 2.3 billion people.5

When soybeans are crushed, they typically
yield 18 percent oil and 82 percent meal.6
Although almost all the oil is used for direct
human consumption, the meal provides pro-
tein supplements in the diets of livestock and
poultry. Hogs, poultry, beef and dairy cattle
that are on feed, and farmed fish typically
depend on soybean meal in their diets.

Although the soybean originated in China,
it has found a welcome home in the United
States, where the value of the harvest now
exceeds that of wheat.7 The United States
produced roughly half of the 1998 world crop
of 155 million tons.8 Brazil produced just
under a quarter, and Argentina and China
most of the rest.9

Production of soybeans has been declining
in China in recent years.10 As the nation has
made an all-out effort to maintain self-suffi-
ciency in grain, it has sacrificed soybean pro-
duction. As a result, the harvest dropped
from 16 million tons in 1994 to 13.5 million
tons in 1998.11 Over the last four years, China
has gone from being a small net exporter of

soybeans to the world’s largest importer of
soybeans, meal, and oil.12

Since 1950, the world soybean harvest has
expanded from 17 million tons to 155 million
tons, a staggering ninefold increase.13 By com-
parison, during the same period, the oceanic
fish catch—another major source of high-qual-
ity protein—expanded from 19 million tons to
94 million tons, a fivefold gain.14 And while
the fish catch has been leveling off during the
1990s, the soybean harvest continues to climb.

How long this rapid growth can continue
remains to be seen. While growth in the grain
harvest has come overwhelmingly from rais-
ing land productivity, that of the soybean har-
vest has come more from expanding the area
planted.15 With the soybean area doubling
over the last 25 years, part of the growth has
come by converting grainland to soybeans.16

Most of the world’s exports of soybeans,
meal, and oil come from the western hemi-
sphere, while Europe, North Africa, the Mid-
dle East, and Asia are the principal importers,
with most of the meal going to Europe and
most of the oil going to Asia.17

The principal exporter of whole soybeans
is the United States, accounting for 23 million
tons of the 39 million tons traded in 1998.18

The United States is not only the world’s
breadbasket, it has become its bean basket as
well. Among importers, the leaders are Japan,
the Netherlands, China, and Germany.19

The pattern with soybean meal exports is
somewhat different, with both Argentina and
Brazil actually edging out the United States.20

The largest soybean meal importer in the
world today is China, followed by France and
Germany.21

With soybean oil, Argentina leads both the
United States and Brazil on the export side of
the equation. Among importers, China ranks
first here too, at 1.75 million tons—far more
than any other country.22

Barring a major global recession in the
years ahead, world soybean production and
exports are both likely to continue increasing,
driven by the rising demand for oil for
human consumption and meal for livestock
and poultry consumption.
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Soybean Harvest Down

WORLD SOYBEAN PRODUCTION,
1950–98

YEAR TOTAL PER PERSON
(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 22.8
1997 156 26.6
1998 (prel) 155 26.1
SOURCES: USDA, Production, Supply, and Distribution, 
electronic database, February 1999; USDA, FAS, Oilseeds:
World Markets and Trade, February 1999.
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Figure 2: World Soybean Production Per Person, 1950–98
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Meat Production Growth Slows Lester R. Brown

World meat production in 1998 totaled 216
million tons, up 2.4 percent from the 211 mil-
lion tons of 1997.1 (See Figure 1.) Meat pro-
duction per person continued to rise, but
much more slowly, going from 36.1 kilograms
in 1997 to 36.4 in 1998, a gain of 1 percent.2
(See Figure 2.)

Growth in output of the three leading
meats ranged widely in 1998. (See Figure 3.)
Beef output remained essentially the same as
in 1997 at 54 million tons.3 But production of
pork expanded by 3.5 percent to 91 million
tons, further widening the excess over beef
and, for the first time in years, growing faster
than poultry.4

Beef production is growing at a snail’s
pace in part because the world’s rangelands
are being pushed close to their limits or
beyond, so additional gains must now come
largely in feedlots.5 Here the relatively ineffi-
cient conversion of grain into meat by cattle
compared with pigs or chickens gives the lat-
ter a strong advantage.

In Argentina, a major beef producer and
exporter, the expansion of grain production in
recent years has come in part from plowing
up some of the country’s better rangelands,
forcing cutbacks in cattle numbers.6 Indeed,
Argentina’s cattle herd in 1998 was the small-
est in 25 years.7

In Russia, the herd liquidation under way
for the last eight years as the country’s ineffi-
cient producers lost out to imports may final-
ly be ending.8 China, meanwhile, continues to
push ruminant production, including sheep
and goats as well as cattle, partly as a way of
using large supplies of crop residues, includ-
ing the wheat straw, rice straw, and corn
stalks that are so abundant in villages.9

Beef trade is down as the economies of
key importers, like South Korea and Russia,
actually shrank in 1998.10 In South Korea,
where the devaluation of the won raised the
price of imported beef, consumption has fall-
en 12 percent and the import beef market has
virtually collapsed.11 In Russia, as the shrink-
ing economy is reducing purchasing power,
the devaluation of the ruble has led to a sus-
pension of beef imports.12

Japan, where imports account for two
thirds of total beef consumption, is one excep-
tion to this trend.13 Here both consumption
and imports are continuing to rise, reflecting
a westernization of the diet.14

Growth in pork production in 1998 was
concentrated in the United States, the Euro-
pean Union, and China.15 The growth in
China, which went from 42.5 million tons to
44 million tons, is still 85 percent backyard
production.16 Although larger commercial
operations are expanding rapidly, they
account for a minor share of pork output.17

In Europe, the Netherlands—one of the
region’s larger producers—is facing potential-
ly unmanageable problems in disposing of
hog manure.18 As a result, the industry is fac-
ing a government-imposed requirement to
reduce the pig herd 25 percent by the year
2000.19 In Russia, the production and con-
sumption of pork declined in 1998, continu-
ing a trend of the 1990s.20

The production of poultry, the fastest
growing source of meat in many developing
countries, has slowed markedly as financial
turmoil has dampened demand in key coun-
tries, such as Indonesia.21 After expanding at
5 percent or so per year for more than a
dozen years, growth in production was cut
more than half in 1998.22 Poultry output,
which surpassed beef in 1995 for the first
time and which was gaining on pork, actually
lost ground to the latter in 1998.23

In 1998, production of poultry continued
to expand in both the United States and
China, the two leading producers, which
together account for nearly half of world
poultry output.24 The two big importers—Rus-
sia and China, including Hong Kong—are
both cutting back imports, contributing to an
actual decline in world poultry trade.25 After
growing at double-digit rates for many years,
world poultry exports declined in 1998.26

In looking ahead, there is more uncertain-
ty in the world meat market today than at
any time in recent years. It is quite possible
that the slowdown in growth of production in
1998 could deepen in 1999.
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Meat Production Growth Slows

WORLD MEAT PRODUCTION,
1950–98

YEAR TOTAL PER PERSON
(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 211 36.1
1998 (prel) 216 36.4

SOURCES: FAO, 1948–1985 World Crop and Livestock Statis-
tics (Rome: 1987); FAO, FAO Production Yearbooks
1988–1991 (Rome: 1990–1993); USDA, FAS, Livestock and
Poultry: World Markets and Trade, October 1998.
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Fisheries Falter Anne Platt McGinn

The world fish catch from marine and inland
waters fell slightly to 93.7 million tons in
1997, the latest year for which global data are
available.1 (See Figure 1.) Although world
supplies dropped by 1 percent from the all-
time high in 1996, per capita supplies
declined by 2.4 percent to 16 kilograms per
person.2 (See Figure 2.)

Preliminary reports for 1998 indicate an
even steeper decline due to a strong El Niño,
which brought warmer waters to the western
coast of South America. Chile’s landings of
anchoveta (Peruvian anchovy)—the world’s
number one species by volume caught—plum-
meted by 73 percent in 1998, while those of
Chilean jack mackerel, which ranks third,
dropped by 47 percent.3 These two stocks
accounted for 14 percent of world marine
catches in 1996, the latest year for which
species catch data are available.4 The 1997–98
season for the global fish meal and oil indus-
tries was the worst ever on record, with pro-
duction expected to drop by more than half.5

An estimated 73 percent of the world’s
major fishing areas and 70 percent of the
world’s major fish species are at peak produc-
tion or in decline.6 After a record catch of 5.4
million tons in 1988, landings of Japanese
pilchard fell by 92 percent in just eight years,
to 0.4 million tons.7

Landings of the most commercially valu-
able species have dropped by one fourth since
1970.8 To maintain landings, fishers now cap-
ture less valuable species, such as pollock and
hake, which account for a growing share of
the global catch.9 This trend cannot continue
indefinitely unless fishing is reduced. The
barndoor skate, for instance, is now quickly
fading to extinction as a result of indiscrimi-
nate trawling.10

Depleting fisheries has ripple effects
throughout the marine food chain. In Alaska,
for example, pollock catches have nearly
tripled since 1986.11 But since the late 1970s
the population of Steller sea lions, which feed
on pollock, has plummeted by 90 percent in
western Alaska.12 In 1990, the National
Marine Fisheries Service designated the
species as threatened under the Endangered

Species Act, and in May 1997 the designation
was changed to endangered, an even more
serious category.13 Loss of sea lions has
deprived killer whales of their primary source
of food. In turn, the whales are now eating
sea otters, a leaner and bonier mammal. And
as a result, sea otter populations have
declined by 90 percent since 1990, triggering
a surge in their prey, sea urchins.14

In 1997, there was a 10-percent escalation
in piracy and armed robberies directed
toward ships, many of them fishing vessels.15

Most attacks occurred in national waters of
the South China Sea, the Indian Ocean, and
off East and West Africa and South America.16

Illegal fishing is still found in the North
Pacific, where three Chinese fishing trawlers
using driftnets—which were banned from use
in international waters in 1992—were appre-
hended by Russian and U.S. fisheries enforce-
ment officers in May 1998.17

A growing problem is the practice of regis-
tering a vessel in a country that is not mem-
ber to a particular treaty, thus allowing the
owner to fly a “flag of convenience” and evade
responsibility. Between 1991 and 1995, an
estimated 13 percent of the vessels added to
the global fleet were registered in Honduras
and Liberia, two leading “flag of convenience”
nations.18 None of the 195 vessels were built
in these countries, nor are they owned by
companies based there.19 Such arrangements
complicate efforts to crack down on overfish-
ing. For instance, Korean- and Taiwanese-
owned trawlers are registered in Oman and
fish illegally in Pakistani waters.20

To address some of these concerns, the
U.N. Food and Agriculture Organization has
organized high-level consultations on the
issues of fishing capacity and seabird and
shark mortality. Nonbinding action plans were
approved in February 1999.21 Even before
then, with salmon populations dropping to
dangerously low levels, all seven members of
the North Atlantic Salmon Conservation Orga-
nization agreed to shut down commercial
salmon fishing in the region for 1998.22

Unless depleted stocks are allowed to recover,
fishers worldwide face a similar prospect.



Vital Signs 1999   37

Fisheries Falter

WORLD FISH CATCH, 1950–97

YEAR TOTAL PER PERSON
(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 78 16.3
1985 79 16.3
1986 85 17.1
1987 85 16.9
1988 89 17.4
1989 89 17.2
1990 86 16.3
1991 85 15.9
1992 86 15.8
1993 87 15.8
1994 93 16.5
1995 93 16.4
1996 95 16.4
1997 94 16.0

SOURCES: FAO, Yearbook of Fishery Statistics:
Catches and Landings (Rome: various years);
1990–97 data from FAO, Rome, e-mail, 
19 November 1998.
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Grain Stocks Down Slightly Lester R. Brown

World carryover stocks of grain in 1999 are
estimated at 313 million tons, the equivalent
of 62 days of consumption.1 (See Figures 1
and 2.) Down from 64 days in 1998, this is
the third lowest level in 25 years.2 The only
years since 1974 that were lower were 1996
at 53 days and 1997 at 58 days.3

World grain stocks go up when production
exceeds consumption, and of course they go
down when the opposite occurs. In each of
the last two years, world grain production
exceeded consumption by roughly 35 million
tons, leading to two consecutive annual
increases in stocks.4 In 1998, consumption
rose from 1,842 million tons to 1,856 million
tons.5

Defined as the amount of grain in the bin
when the new harvest begins, the level of 
carryover stocks is the most sensitive of all
food security indicators. While few of those
living in affluent societies ever think about
grain stock levels, for the billion poorest 
people in the world, having enough grain to
make it to the next harvest is often a major
preoccupation.

In an unusual situation, Russia faces this
concern in 1999.6 With its 1998 grain harvest
reduced by some 39 percent due to severe
heat and drought and economic mismanage-
ment, it has turned to the outside world for
help, requesting food aid from both the Euro-
pean Union and the United States.7

Among the big three grains, stocks of
wheat and rice—the world’s principal food
staples—were both down, while those of
corn—the principal grain fed to livestock and
poultry—were up.8 Wheat carryover stocks in
1999 at 78 days are expected to be the third
lowest on record, exceeded only by the 70
days each year in 1996 and 1997.9

Rice stocks are down to 42 days of con-
sumption, matching the all-time low in
1973.10 Although the 1998 rice harvest was
down from 1997, consumption rose again,
marking the twenty-sixth consecutive year of
increasing world rice consumption.11

Corn stocks are up quite a bit in 1998,
climbing from 86 million tons in 1997 to 98
million tons in 1999, a gain of 14 percent.12

Consumption and production of corn both
increased in 1998, but production increased
more.13

As a general matter, wheat and corn stocks
need to be higher than those of rice simply
because with most of the rice crop irrigated,
year-to-year variability in the harvest rarely
exceeds 2 percent.14 With wheat and corn,
both of which are largely rain-fed, worldwide
year-to-year swings of 10 percent are not
uncommon.15

Normally when carryover stocks drop
below 60 days of consumption, prices become
highly volatile and can easily double from
one year to the next, as they did when wheat
prices jumped from $1.90 per bushel in 1972
to $3.81 in 1973.16 To maintain price stability
in world markets and to cushion the effects of
a poor harvest, world carryover stocks of at
least 70 days are needed.

The role of carryover stocks of grain in
ensuring food security has become even more
important during the late 1990s since the
United States dismantled its agricultural com-
modity supply management programs, which
paid farmers to set aside part of their crop-
land each year. In 1995, the last year before
the program was dismantled, U.S. farmers
were paid to idle just over 7 million
hectares.17 Assuming average grain yields,
this land could produce, when returned to
production, roughly 35 million tons of grain—
enough to feed the world for seven days at
the current consumption rate of 5 million
tons per day.18 Without this major reserve,
the world is in a much more vulnerable posi-
tion in the event of a poor harvest.

No one knows what the future will bring,
but we do know that there is little cropland
remaining that can easily be brought under
production and there is little additional irriga-
tion capacity that can be easily developed. In
addition to these land and water constraints,
record high temperatures in recent years and
more extreme climate events could combine
to undermine food security as the world
enters the twenty-first century.
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WORLD GRAIN CARRYOVER STOCKS,
1961–991

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 297 64
1991 339 72
1992 326 69
1993 363 76
1994 318 66
1995 306 63
1996 255 53
1997 291 58
1998 324 64
1999 (prel) 313 62

1Data are for year when new harvest begins.
SOURCES: USDA, Production, Supply and Distribution, elec-
tronic database, February 1999; USDA, FAS, Grain:
World Markets and Trade, February 1999.
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Irrigated Area Up Gary Gardner

World irrigated area rose by 4 million
hectares in 1996, the last year for which glob-
al data are available.1 (See Figure 1.) The 1.7-
percent increase over 1995 is the largest
increase this decade, but it still runs well
behind the peak growth rates of the 1970s.2
The reported growth may reflect statistical
adjustments to national data as much as actu-
al changes in physical area, but it is consis-
tent with the relatively slow growth
worldwide since the early 1980s.

Expansion of irrigated area peaked in the
mid-1970s at 2.3 percent per year, but has
slowed this decade to 1.4 percent.3 On a per
capita basis, the slowdown is more marked:
after peaking in 1978, irrigated area per per-
son fell more than 4 percent by 1988.4 It
recovered a bit around 1990, and has been
roughly stable in the 1990s at 45.8 hectares
per thousand people—the same as in 1974 and
3.5 percent below its peak.5 (See Figure 2.)

Nearly all the expansion in 1996 was
reported in developing countries. Asia, with
70 percent of world irrigated area, saw the
fastest growth—some 2.4 percent.6 India
alone registered a 3-million hectare expan-
sion, accounting for 75 percent of the global
increase.7 Irrigated area in Africa and Latin
America remained virtually unchanged, while
industrial countries experienced a slight con-
traction.8 The biggest losers were countries in
transition, whose irrigated area declined by
1.1 percent in 1996, the sixth straight year of
decline.9

Irrigated area is important because it is
especially productive land. Some 40 percent
of the world’s food comes from the 17 per-
cent of global cropland that is watered artifi-
cially.10 Irrigation is credited with more than
half of the growth in agricultural output
between the mid-1960s and the mid-1980s,
and its importance is expected to grow in
coming decades.11 By one estimate, the share
of the world’s crop water provided by irriga-
tion as opposed to rainfall may need to rise
from 28 percent today to 46 percent in
2025.12

Despite its growing importance, irrigation
faces a host of challenges, the most critical

being water availability. Signs of shortages are
already apparent. Several major agricultural
regions pump groundwater faster than it is
recharged by rainfall, an unsustainable prac-
tice that could well curtail output once
aquifers are depleted or become too expen-
sive to pump. The International Water Man-
agement Institute (IWMI) estimates that
Indian grain production could fall by 25 
percent when it finally brings groundwater
withdrawals into line with the rate of
recharge.13 Other major agricultural regions
that rely on overpumped groundwater include
the north China plain (which produces some
40 percent of China’s grain), the southern
U.S. Great Plains, and most of the Middle
East and North Africa.14

One reason for rapidly falling water tables
is that groundwater has become easy to
extract. Inexpensive pumps have dramatically
increased the capacity of poor farmers to get
to groundwater.15 Today, India irrigates more
land using small pumps than through all sur-
face irrigation systems combined.16 But ease
of access carries a stiff price: aquifers are
being pumped at about twice the rate of
recharge in India, causing water tables to fall
some 1–3 meters a year.17

Other threats to irrigation include salina-
tion, the gradual salt buildup that occurs on
irrigated land as water evaporates, and water-
logging, the saturation of cropland as perco-
lating irrigation water raises the level of water
tables. Salination is severe enough on an esti-
mated 10 percent of world irrigated area to
reduce crop yields; losses from salination off-
set some of the gains in irrigated area that are
achieved each year.18

As population growth and prosperity drive
up food demand in coming decades, the pres-
sure to expand irrigation is likely to increase.
To meet projected crop water requirements in
2050, irrigation capacity may need to more
than triple, a quantity equal to the annual
flow of 24 Nile Rivers.19 But the water may
not be available where it is needed. IWMI
estimates that more than a billion people will
be living in countries facing absolute water
scarcity by 2025.20
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WORLD IRRIGATED AREA, 1961–96
YEAR TOTAL PER PERSON

(mill. (hectares per 
hectares) thousand)

1961 139 45.0
1962 141 44.9
1963 144 44.9
1964 147 44.8
1965 150 44.9
1966 153 44.9
1967 156 44.8
1968 159 44.9
1969 164 45.1
1970 167 45.2
1971 171 45.3
1972 174 45.2
1973 180 45.8
1974 183 45.8
1975 189 46.3
1976 194 46.7
1977 198 47.0
1978 204 47.4
1979 207 47.4
1980 209 47.1
1981 213 47.1
1982 215 46.6
1983 216 46.2
1984 221 46.4
1985 224 46.2
1986 225 45.8
1987 227 45.3
1988 230 45.1
1989 236 45.5
1990 241 45.8
1991 245 45.9
1992 248 45.7
1993 252 45.7
1994 255 45.7
1995 259 45.6
1996 263 45.8

SOURCES: FAO, FAOSTAT Statistics Database, Rome;
USDA, Agricultural Resources and Environmental Indicators
(Washington, DC: 1996–97).
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Growth in Fossil Fuel Burning Slows Christopher Flavin

Growth in the use of fossil fuels in 1998 fell
to the lowest rates since the early 1990s. (See
Figure 1.) Use of oil increased by a meager
0.8 percent in 1998, while coal use actually
fell 2.5 percent.1 With China’s coal burning
now declining, along with that of most indus-
trial countries, use of coal—the most environ-
mentally damaging fossil fuel—is likely near
its historical peak.

Growth in the use of oil, which accounts
for 30 percent of world energy use, was held
back by a 3.5-percent decline in Japan in
1998, and by slower growth throughout Asia.2
The stronger economies of Europe and North
America, on the other hand, continued to
expand their use of oil, particularly in the
United States, where ever-larger sports utility
vehicles are driving gasoline use up.

The combination of slower demand growth
and a major increase in Iraq’s oil production,
under a humanitarian sales program super-
vised by the United Nations, drove oil prices
in 1998 to the lowest levels (measured in real
inflation-adjusted dollars) since the 1973 Arab
oil embargo, more than a quarter-century
ago.3 (See Figure 2.) The average oil price of
$12 per barrel in 1998 represented an 80-per-
cent decline in real oil prices since the peak
levels of the 1980s.4

Although low oil prices were a boon to
consuming industries, they created consider-
able havoc for producers—both governments
and companies. The severe economic crises
that rocked exporters Indonesia and Russia in
1998, for example, were caused in part by
falling oil prices, which greatly reduced for-
eign exchange earnings.5

At the corporate level, falling prices cut
sharply into revenues, lowering the profits of
the world’s largest oil company—Royal Dutch
Shell—by half, and driving share prices
down.6 One publication described 1998 as the
year that “will live in infamy for oil produc-
ers.”7 One consequence of falling prices was a
wave of mergers as the major oil companies
sought to reduce costs by consolidating and
laying off redundant workers. Early in the
year, British Petroleum joined with U.S.-based
Amoco, and at the end of 1998 two U.S.

giants, Exxon and Mobil, tied the knot.8
Although low oil prices signal a temporary

glut in world oil markets, they may in fact
bring the next crisis closer, reducing invest-
ment in marginal areas where oil prices of
$12 per barrel are insufficient to cover costs.9

Natural gas markets were steadier than oil
markets in 1998, as gas use grew by 1.6 per-
cent, including a strong rebound in Europe,
coupled with slower growth in crisis-plagued
Asia.10 Natural gas remains a popular fuel for
power generation, as well as for industrial
and residential use, propelled by the fact that
it is the least polluting of the fossil fuels.
Major gas discoveries in China’s Tarim Basin
in 1998 may help clear the air in one of the
world’s most polluted countries.11

The weakest of the fossil fuels in 1998 was
the dirtiest of the three. Coal saw its first
decline since the collapse of the Soviet coal
industry in the early 1990s.12 The use of coal
dropped both in the European Union and
Russia, while the United States saw modest
growth estimated at 1.7 percent.13

But the big surprise of 1998 was China,
the world’s leading coal burner, where use of
the fuel fell 7 percent, continuing a slowdown
that began in 1997.14 Although the cause of
the decline is uncertain, the government has
reduced its coal subsidies in recent years, and
China’s transportation infrastructure may be
showing the strains of moving such vast
quantities of this solid fuel, chiefly by rail.15

The shift in China’s coal markets may por-
tend a broader transition. A growing number
of energy analysts and industry officials now
argue that energy markets are beginning the
inevitable long-run shift away from fossil
fuels. In a remarkable speech in Houston in
early 1999, Mike Bowlin, Chairman and CEO
of the ARCO oil company said, “We’ve
embarked on the beginning of the Last Days
of the Age of Oil.” Bowlin went on to say that
the world is moving “along the spectrum
away from carbon, and headed toward hydro-
gen and other forms of energy.”16
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WORLD FOSSIL FUEL USE, BY TYPE,
1950–98

YEAR COAL OIL NATURAL
GAS

(mill. tons of oil equivalent)

1950 1,043 436 187

1955 1,234 753 290

1960 1,500 1,020 444

1965 1,533 1,485 661
1966 1,559 1,591 721
1967 1,480 1,696 774
1968 1,554 1,849 847
1969 1,601 2,025 928
1970 1,635 2,189 1,022
1971 1,632 2,313 1,097
1972 1,629 2,487 1,150
1973 1,668 2,690 1,184
1974 1,691 2,650 1,212
1975 1,709 2,616 1,199
1976 1,787 2,781 1,261
1977 1,835 2,870 1,283
1978 1,870 2,962 1,334
1979 1,991 2,998 1,381
1980 2,021 2,873 1,406
1981 1,816 2,781 1,448
1982 1,878 2,656 1,448
1983 1,918 2,632 1,463
1984 2,001 2,670 1,577
1985 2,100 2,654 1,640
1986 2,135 2,743 1,653
1987 2,197 2,789 1,739
1988 2,244 2,872 1,826
1989 2,269 2,914 1,909
1990 2,241 2,958 1,945
1991 2,186 2,955 1,980
1992 2,167 2,980 1,983
1993 2,157 2,953 2,011
1994 2,168 3,011 2,017
1995 2,200 3,235 2,075
1996 2,275 3,325 2,179
1997 2,293 3,396 2,175
1998 (prel) 2,236 3,423 2,210

SOURCE: Worldwatch estimates based on UN,
BP, DOE, EC, Eurogas, PlanEcon, IMF, and LBL.
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Figure 1: World Fossil Fuel Use, by Type, 1950–98

Figure 2: Real Price of Oil, 1950–98
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Nuclear Power Declines Slightly Nicholas Lenssen

Between 1997 and 1998, total installed
nuclear generating capacity declined for only
the second time since the 1950s. The decline
was just 175 megawatts, to 343,086
megawatts.1 (See Figure 1.) Since 1990, global
capacity has risen only 4.4 percent.2

Even though capacity is likely to rise mar-
ginally in the next year or two, it will almost
certainly decline thereafter as the construc-
tion pipeline dries up and the closure of
older, uneconomic, and politically unpopular
reactors accelerates. A few governments still
support nuclear power, but the number is
dwindling with each passing year.

Construction started on five reactors in
1998 (see Figure 2)—two each in India and
South Korea, and one in Japan—bringing the
total being built to 33, with a combined
capacity of 25,018 megawatts.3 Of these, 14
may never be completed.4

Three new reactors—two in South Korea
and one in the Slovak Republic—were con-
nected to the grid in 1998, and two reactors—
one each in the United States and
Japan—were permanently closed.5 This brings
to 94 the number of reactors that have been
retired after an average service life of less
than 18 years.6 (See Figure 3.) By the end of
1998, 429 reactors were operating—one less
than five years earlier.7

In Western Europe, only one reactor is 
still under construction: the French reactor,
Civaux 2, was scheduled to open in 1998, but
a design fault delayed the opening until 1999.8

Political changes in Europe have set the
stage for a shift away from nuclear power.
The new German government of Socialist and
Green parties has a goal of phasing out the
country’s 19 nuclear power reactors.9 The
debate is now focused on how quickly this
will happen.

Sweden’s government held fast to its 1994
decision to begin shutting down the country’s
reactors—and won reelection in 1998.10 How-
ever, the owner of the first reactor targeted,
Sydkraft, has taken the government to court
and delayed closure until at least 1999.11

In Belgium, the government has convened
an expert commission to study reorienting the

country’s electricity supply away from
nuclear power, and it has canceled a contract
for reprocessing nuclear fuel in France.12

Even in France, some officials have called for
less dependence on nuclear power.13

North America also appears close to aban-
doning its existing nuclear plants, though this
is due to the high cost rather than the unpop-
ularity of nuclear power. The gradual opening
of electricity markets to competition led to
another U.S. closure in 1998, the Millstone 1
plant in Connecticut, and more are expected.14

Asia still remains the last region of growth
for nuclear power, though the pace continued
to slow in 1998. South Korea has the world’s
most active construction program, but eco-
nomic difficulties—and political reforms—are
taking a toll even while construction started
on two more reactors at Ulchin. The country’s
economic crisis depressed demand growth and
drove up the costs of financing capital-inten-
sive nuclear projects.15 And the 1998 election
of President Kim Dae Jung led to additional
cutbacks in the country’s plans.16

Elsewhere in Asia, Japan approved the
construction of a new nuclear power plant for
the first time in 10 years, at Higashidori in
Aomori.17 It was partly offset by the closure
of a reactor, Tokai I.18

China currently has three operating
nuclear reactors and six under construction,
with probably overly ambitious plans to build
some 50 additional reactors by 2020.19 Mean-
while, India launched construction on a new
project—its first since 1990.20 India’s new
coalition government, led by the Hindu
nationalist Bharatiya Janant Party, more than
doubled the budget for nuclear power in
1998.21 Still, nuclear energy only supplies 2
percent of the country’s power.22

Construction projects are frozen in both
Russia and Ukraine as funds for work have
dried up.23 Ukraine remains hopeful, though,
that it will be able to obtain western money
to complete two stalled projects in a contro-
versial exchange for closing the final operat-
ing reactor at the Chernobyl station.24
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WORLD NET INSTALLED
ELECTRICAL GENERATING CAPACITY
OF NUCLEAR POWER PLANTS, 
1960–98

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 343
1998 (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, 1960–98

Figure 3: Cumulative Generating Capacity 
of Closed Nuclear Power Plants, 1964–98

Figure 2: World Nuclear Reactor 
Construction Starts, 1960–98
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Wind Power Blows to New Record Christopher Flavin

The world added 2,100 megawatts of new
wind energy generating capacity in 1998.1
This is a new all-time record, and 35 percent
more capacity than was added in 1997. The
new wind turbines pushed overall wind gen-
erating capacity worldwide to 9,600 mega-
watts at the end of 1998—double the capacity
in place just three years earlier.2 (See Figures
1 and 2.)

These wind turbines will generate an esti-
mated 17 billion kilowatt-hours of electricity
in 1999—worth $1.2 billion, and enough to
meet the needs of 3.4 million homes.3 Wind
power has become one of the most rapidly
expanding industries, with sales of roughly $2
billion in 1998.4 The wind industry is creating
thousands of manufacturing jobs.

The 1998 boom in wind energy was led by
Germany, which added 790 megawatts, push-
ing its wind energy capacity over 2,800 mega-
watts.5 (See Figure 3.) Germany’s wind
industry, which is only seven years old, is
now producing more than 1 percent of the
nation’s electricity, and has reached 11 per-
cent in the northernmost state of Schleswig-
Holstein.6

Spain also emerged as a major player in
1998. The nation added 380 megawatts of
wind power, pushing its overall capacity up
84 percent to 830 megawatts.7 In the northern
industrial state of Navarra, 20 percent of elec-
tricity already comes from wind turbines,
most of them manufactured in local assembly
facilities that employ hundreds of workers in
the area around Pamplona.8

Wind power installations grew rapidly in
the United States in 1998, with some 226
megawatts of new capacity added in 10 differ-
ent states.9 The surge in U.S. wind invest-
ment, the largest since 1986, was spurred by
efforts to take advantage of a wind energy tax
credit scheduled to expire in June 1999. The
largest projects are a 107-megawatt wind farm
in Minnesota, one of 42 megawatts in Wyo-
ming, and one of 25 megawatts in Oregon.10

Denmark continued as a leader in the glob-
al wind power industry, adding 308 megawatts
of capacity.11 Some 1,400 megawatts of wind
power now generate more than 8 percent of

the country’s electricity.12 And Denmark’s
wind companies export heavily, accounting for
more than half the new wind turbines
installed worldwide in 1998.13 Danish compa-
nies have formed joint venture manufacturing
companies in nations such as India and Spain.
Altogether, the Danish wind industry had
gross sales of just under $1 billion in 1998—
roughly equal to the combined sales of the
nation’s natural gas and fishing industries.14

The developing world could benefit most
from further growth of the wind industry.
India is the leader so far, with more than 900
megawatts of wind power in place, but wind
development has slowed dramatically there in
the last two years due to suspension of gener-
ous tax breaks enacted in the mid-1990s.15 In
response, the Ministry of Non-Conventional
Energy Sources introduced new wind energy
incentives, and projects that 14 domestic
manufacturers will be building large wind
turbines in India within five years.16

China is a potential wind superpower—
with a resource large enough to double its
current electricity supply, which comes main-
ly from coal. Unlike India, China has not yet
established a solid legal basis for a sustained
wind power industry, but with the help of
foreign aid, a growing number of wind pro-
jects have been installed, including the first
commercial wind farm, a 24-megawatt Dutch
project opened in July 1998.17

The dramatic growth of wind power in the
1990s stems from the introduction of support-
ive government policies in countries such as
Germany and Spain. Most important to date
are laws that guarantee access to the grid for
wind generators at a legally set price for the
electricity they produce.

Larger turbines, more efficient manufactur-
ing, and careful siting of wind machines have
brought wind power costs down precipitous-
ly—from $2,600 per kilowatt in 1981 to $800 in
1998.18 New wind farms have now reached
economic parity with new coal-based power
plants. And as the technology continues to
improve, further cost declines are projected,
which could make wind power the most eco-
nomical source of electricity in many countries.



YEAR ANNUAL ADDITION
(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 1,566
1998 (prel) 2,100
SOURCES: Preliminary figure based on sources in
leading countries; BTM Consult, International Wind
Energy Development: World Market Update 1997
(March 1998).
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Figure 1: World Wind Energy Generating Capacity, 1980–98

Figure 2: Annual Addition to World Wind Energy 
Generating Capacity, 1980–98

Figure 3: Wind Generating Capacity in Germany,
the United States, Denmark, and Spain, 1980–98

WORLD WIND ENERGY
GENERATING CAPACITY, TOTAL
AND ANNUAL ADDITION,
1980–98
YEAR TOTAL

(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 7,630
1998 (prel) 9,600
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Solar Cells Continue Double-Digit Growth Molly O’Meara

Shipments of solar photovoltaic (PV) cells
neared 152 megawatts in 1998, up 21 percent
from 1997.1 (See Figure 1.) Sales of these sili-
con-based semiconductors, which turn sun-
light directly into electricity, have grown an
average 16 percent a year in the 1990s.2

The United States remained the world’s
largest PV producer in 1998, with 54
megawatts.3 Japan shipped 49 megawatts, led
by Kyocera, which surpassed Siemens, a Ger-
man-owned company in the United States, to
become the world’s top PV seller.4 Europe
produced 30 megawatts.5 Other countries
with growing solar industries include Aus-
tralia, India, China, and Taiwan, with com-
bined production of 19 megawatts.6

Solar cells, which unlike most energy tech-
nologies are lightweight and modular, are
competitive for many applications. About half
the world market for PVs is for remote non-
residential power supply: highway signals,
radios, and water pumps and purification sys-
tems.7 Another 20 percent goes to small
devices such as calculators and watches.8

Electrical generation for individual build-
ings accounts for the remaining 30 percent of
PVs.9 Solar cells have long been the most eco-
nomical power source in remote parts of the
developing world.10 But in areas served by
electric lines, solar power is still two to five
times more expensive than grid power.11

Some industrial-country governments have
strengthened support for PVs in the 1990s to
stimulate further cost reductions. Installation
of grid-connected rooftop systems has explod-
ed as a result.12 (See Figure 2.) And in 1998
the average factory price for solar cells
dropped below $4 per watt.13 (See Figure 3.)

Japan’s rooftop program has prompted the
current boom. Between 1994 and 1998, some
12,000 customers took advantage of that gov-
ernment’s cash subsidy for PVs.14 The gov-
ernment broadened the program in 1998,
allowing customers to buy larger systems and
to make more than one purchase, and permit-
ting housing projects and businesses to apply
for the subsidy.15 More than 6,800 systems
were installed in 1998.16

In the past two years, the European Union

and the United States have each announced
Million Roofs programs, which include solar
heating as well as solar electric systems, to be
completed by 2010 (although half the Euro-
pean program involves roofs in developing
countries).17 Germany, Switzerland, Norway,
and the Netherlands have long-standing solar
incentives in place, and Italy recently joined
the club with a five-year 10,000 Roofs pro-
gram.18 Germany plans to launch the largest
effort to date, a 100,000 Roofs Program
expected to spur installation of 300
megawatts of PVs over six years.19

More than 70 percent of solar cells pro-
duced in the United States continue to be
sent abroad.20 The new initiative to boost
U.S. sales will rely on partnerships between
the federal government and electric utilities,
nonprofit organizations, and state and local
governments.21 Proposed policy changes
include a federal tax credit for 15 percent of
the cost of a new system.22

Solar-powered buildings are becoming easi-
er to build, as PVs are now directly integrated
into roofing shingles, tiles, and even window
glass.23 A Japanese company offers a pre-
designed home that can be assembled in eight
hours, complete with a solar roof.24 Techno-
logical advances hold promise for such appli-
cations. The newer “thin film” cells, unlike
conventional crystalline cells, do not need to
be rigidly encased and can be made into
large, flexible sheets ideal for incorporating
into building materials.25

Certification and financing mechanisms
are developing to boost the rooftop market.26

In 1998, parallel global efforts to verify the
quality of PV systems and to certify solar
technicians and training courses gained
momentum.27 A key financial incentive avail-
able in Japan, Switzerland, and half of the
states in the United States is “net metering,”
in which electric companies purchase elec-
tricity produced by individual solar rooftops
at the same price they charge consumers.
Other new tools include the solar loans
offered by a large U.S. mortgage corporation
and several Japanese banks.28
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WORLD PHOTOVOLTAIC
SHIPMENTS, 1971–98

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 125.8
1998 (prel) 151.7
SOURCE: Paul Maycock, PV News, 
various issues.
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Figure 1: World Photovoltaic Shipments, 1971–98

Figure 2: PVs in Buildings, Grid-
Connected and Off-Grid, 1990–97
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Global Temperature Goes Off the Chart Christopher Flavin

The average temperature of the atmosphere
at Earth’s surface jumped dramatically to a
new high of 14.57 degrees Celsius in 1998,
according to NASA’s Goddard Institute for
Space Studies.1 (See Figure 1.) The increase of
0.17 degrees was unusually large, particularly
given the fact that it immediately followed a
new record set the previous year.2

Although the El Niño warming of the trop-
ical Pacific exacerbated the temperature rise,
particularly in the first half of 1998, it did not
fully explain it.3 The rapid warming of the
last 25 years is greater than that of any period
since the beginning of instrumental tempera-
ture measurements.4 NASA scientists believe
that the accelerated buildup of greenhouse
gases in the atmosphere is the best explana-
tion for the warming.5

The global average surface temperatures
released by NASA are based on thousands of
measuring devices scattered around the world
for the broadest possible coverage. The fig-
ures are adjusted to take account of local
effects, such as the heating up of urban
areas.6

The data gathered for 1998 indicate that
the greatest temperature increases occurred
over continents, while the air over the oceans,
which warm more slowly, showed less of an
increase. The greatest temperature increases
occurred at high latitudes, which is consistent
with the effects of increased greenhouse gas
concentrations as predicted by computer
models. North America saw some of the
largest temperature rises in 1998—the highest
temperatures in 40 years, and close to those
of the Dust Bowl year of 1934.7

One indirect measure of climate change is
loss of ice in high-altitude and polar regions.
Scientists reported accelerated melting of
glaciers in many parts of the world last year—
in the Arctic and Antarctic, as well as in
many mountainous regions such as the Andes
and the Qinghai-Tibet plateau.8 A new study
published in early 1999 indicates that the
huge Greenland ice sheet has been shrinking
rapidly, losing nearly 1 meter (3 feet) just
since 1993 in some areas.9

A report published in the journal Nature in

1998 used tree rings and lake sediments to
push the temperature record back a full 600
years—and came to the conclusion that the
last decade of soaring temperatures represents
the warmest seen during that entire period.10

The higher temperatures of 1998 were
accompanied by unusually severe weather in
many parts of the world.11 Scientists also
reported that the warmer ocean temperatures
led to massive, unprecedented damage to the
world’s coral reefs, which they link specifical-
ly to global warming and the stronger El
Niños it has spawned.12

In earlier years, some scientists questioned
the reliability of the surface temperature
record by pointing to seemingly contradictory
satellite-based microwave measurements of
temperatures high in the atmosphere.13 But
this slender straw was swept away in 1998 by
a report in Nature by scientists Frank Wentz
and Matthias Schabel.14 It demonstrated that
the satellite data were skewed by the failure to
account for the predictable gravity-induced
decay in the orbits of the satellites. Once this
is corrected, the satellite data correspond more
closely to the ground-level measurements.

The sharp jump in temperatures in 1998
was accompanied by the largest jump in the
global concentration of carbon dioxide (CO2)
since data were first collected.15 (See Figure
2.) Although CO2 concentrations have risen
throughout this century—due primarily to fos-
sil fuel combustion—they increased last year
by much more than usual, nearly 3 parts per
million (ppm), to 366.7 ppm.16 (See Figure 3.)

The increase in CO2 concentrations in
1998 appears to have been an indirect out-
growth of the temperature rise. Scientists
monitoring the CO2 data attribute the rise in
part to the extensive burning of tropical
forests that accompanied the strong 1997–98
El Niño, which released hundreds of millions
of tons of carbon.17 Although a single year of
data is inadequate to establish a trend, the
accelerating rise in CO2 concentration pre-
sents the risk of a positive feedback loop if
rising temperatures lead to a runaway green-
house effect.18
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Global Temperature Goes Off the Chart

GLOBAL AVERAGE TEMPERATURE,
1950–98, AND ATMOSPHERIC
CONCENTRATIONS OF CARBON
DIOXIDE, 1960–98

YEAR TEMPERATURE CARBON DIOXIDE
(degrees Celsius) (parts per mill.)

1950 13.84 n.a.

1955 13.91 n.a.

1960 13.96 316.8

1965 13.88 319.9
1966 13.96 321.2
1967 14.00 322.0
1968 13.94 322.9
1969 14.03 324.5
1970 14.02 325.5
1971 13.93 326.2
1972 14.01 327.3
1973 14.11 329.5
1974 13.92 330.1
1975 13.94 331.0
1976 13.81 332.0
1977 14.11 333.7
1978 14.04 335.3
1979 14.08 336.7
1980 14.18 338.5
1981 14.30 339.8
1982 14.09 341.0
1983 14.28 342.6
1984 14.13 344.2
1985 14.10 345.7
1986 14.16 347.0
1987 14.28 348.8
1988 14.32 351.3
1989 14.24 352.8
1990 14.40 354.0
1991 14.36 355.5
1992 14.11 356.3
1993 14.12 357.0
1994 14.21 358.9
1995 14.38 360.9
1996 14.32 362.7
1997 14.40 363.8
1998 (prel) 14.57 366.7

SOURCES: Surface Air Temperature Analyses, Goddard
Institute for Space Studies, New York, 26 February
1999; Scripps Institution of Oceanography, August
1998 and January 1999.

13.8

14.0

14.2

14.4

14.6
Degrees Celsius

1950 1960 1970 1980 1990 2000

Source: Goddard Institute for Space Studies

0

0

300

320

340

360

380
Parts Per Million

Source: Scripps

1950 1960 1970 1980 1990 2000

-0.5

0.0

0.5

1.0

1.5

2.0

2.5

3.0
Parts Per Million

Source:  Scripps

1950 1960 1970 1980 1990 2000

Figure 2: Atmospheric Concentrations of Carbon 
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Figure 1: Average Temperature at Earth’s 
Surface, 1950–98
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Carbon Emissions Dip Seth Dunn

Global emissions of carbon from fossil fuel
combustion fell 0.2 percent in 1998, to just
below 6.4 billion tons.1 (See Figure 1.) Despite
the drop, the annual total was the second
highest on record.2 Human activity has now
added more than 200 billion tons of carbon to
the atmosphere since 1950.3

Among industrial nations, responsible for
45 percent of global carbon emissions, output
increased 8.1 percent between 1990 and
1998.4 (See Figure 2.) The United States, the
world’s leading emitter with 23 percent of the
overall total, saw output rise 11.8 percent
between 1990 and 1998.5 In the European
Union, output rose only 3.1 percent—due
mostly to declines in Germany, the United
Kingdom, and France.6 Carbon emissions in
Japan shot up 5.9 percent during this period.7

In former Eastern bloc countries, which
account for 14 percent of emissions, output
fell 32.5 percent between 1990 and 1998.8 In
Russia and the Ukraine, output has fallen 28
and 44 percent, respectively, due mostly to
the region’s economic downturn.9 Under the
1997 Kyoto Protocol to the U.N. Framework
Convention on Climate Change, industrial
and former Eastern bloc nations are commit-
ted to collectively cutting carbon and other
greenhouse gas emissions 5.2 percent below
1990 levels between 2008 and 2012.10 As of
1997, the overall carbon output from these
countries was 4.7 percent below 1990 levels.11

Developing countries hold a 41-percent
share of global carbon emissions, and saw a
39.1-percent rise in output between 1990 and
1998.12 But the convergence of industrial and
developing-country shares masks major dis-
parities in historical and per capita rates.13

Industrial and former Eastern Bloc nations
remain responsible for 75 percent of the car-
bon emitted into the atmosphere since 1950.14

The average emissions of 1 American equal
those of 7 Chinese, 24 Nigerians, 31 Pakista-
nis, or hundreds of Somalis.15 The richest
fifth of the world accounts for 63 percent of
emissions; the poorest fifth contributes just 2
percent.16

The burning of coal, oil, and natural gas
releases carbon into the atmosphere, where it

reacts with oxygen to form carbon dioxide
(CO2). These activities are understood to be
enhancing the widely established greenhouse
effect, by which CO2 and other gases trap ther-
mal radiation that is emitted from Earth’s sur-
face and would otherwise escape into space,
causing atmospheric temperatures to rise.17

Since preindustrial times, atmospheric CO2

levels have risen 32.5 percent, from 276.7 to
366.7 parts per million in 1998—their highest
point in 160,000 years.18 (See Figure 3.)

Scientists project that a doubling of pre-
industrial atmospheric CO2 concentrations
would raise surface temperatures 1–3.5
degrees Celsius over the next century, leading
to a broad array of adverse impacts on human
health, socioeconomic, and natural systems.19

A November 1998 article in Science added 
further evidence of human-induced climate
change, accounting for the natural influences
of sunspots and volcanic events and still
detecting a significant “human fingerprint.”20

New research also sheds light on the limit-
ed capacity of oceans and terrestrial ecosys-
tems to serve as “sinks,” cycling carbon out of
the atmosphere.21 Recent studies suggest that
rising surface temperatures may over time
greatly diminish the CO2-absorbing ability of
both oceans and forests.22 While warming
appears to be increasing carbon uptake in
North America, recent El Niños have caused
Amazon forests, normally CO2 sponges, to
release large amounts of carbon.23

Carbon sinks, emissions trading, and a
“clean development mechanism” for carbon-
saving projects were the focus of the first
round of climate talks since the Kyoto pact,
held in November 1998 in Buenos Aires.24

More than 160 nations adopted a “plan of
action,” with a two-year deadline, for setting
rules on these issues.25 In addition, Argentina
announced it would voluntarily commit to
limiting its greenhouse gas emissions, and the
United States became the protocol’s sixtieth
signatory.26 But as a series of articles in
Nature observed, carbon-cutting strategies
have yet to address the need for major energy
innovation and adaptation measures.27
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WORLD CARBON EMISSIONS FROM
FOSSIL FUEL BURNING, 1950–98

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 5,156
1981 4,984
1982 4,947
1983 4,933
1984 5,098
1985 5,271
1986 5,453
1987 5,575
1988 5,799
1989 5,892
1990 5,946
1991 6,021
1992 5,928
1993 5,896
1994 6,034
1995 6,212
1996 6,316
1997 (est) 6,394
1998 (prel) 6,381
SOURCES: Worldwatch estimates based on ORNL, 
BP, DOE, EC, Eurogas, PlanEcon, IMF, and LBL.
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Global Economic Growth Slows Lester R. Brown

The global economy continued to grow in
1998, expanding by 2.2 percent despite the
economic turmoil in East Asia, Russia, and
Brazil.1 This growth, down by nearly half from
the 4.2-percent global expansion in 1997, is
the slowest since the 1.8 percent registered in
1991.2

The slower growth in 1998 stands in con-
trast to the last several years, when the global
economy was growing easily twice as fast as
population.3 Thus the rise in average global
income last year was nominal. The change in
income per person among countries varied
more widely than ever before, ranging from a
drop of 17 percent in Indonesia and 10 per-
cent in Thailand to a climb of 10 percent in
Georgia and 6.6 percent in Ireland.4

Using the purchasing power parity method
of aggregating gross national product data
among countries instead of the traditional
market exchange rate method, the global eco-
nomic output of 1998 totaled $39.3 trillion.5
(See Figure 1.) Per person this comes to
$6,638, up from $6,583 in the preceding
year—the smallest gain since early in the
decade.6 (See Figure 2.)

Among the major industrial countries, the
United States remained the pacesetter,
expanding by 3.6 percent.7 At the other end of
the spectrum, the Japanese economy contract-
ed by 2.8 percent.8 Growth in the major coun-
tries in Europe was somewhat slower than in
the United States—3.0 percent in France, 2.7
percent in Germany, 2.6 percent in the United
Kingdom, and 1.3 percent in Italy.9

Some of the world’s most dynamic
economies in 1998 were in Central and East-
ern Europe.10 Poland, Latvia, Lithuania, and
Estonia each expanded by roughly 6 per-
cent.11 Bulgaria and Hungary grew at 5 per-
cent.12 In contrast, Romania declined by 
6 percent, its second consecutive decline.13

The Central Asian and Trans-Caucus region
also chalked up impressive economic gains in
1998. Demonstrating a strong recovery, the
region was led by rates of roughly 6–8 percent
in Armenia, Azerbaijan, and the Kyrgyz
Republic.14

Asia recorded 2.6-percent growth in 1998,

well below Africa’s 3.6-percent growth. Some
countries are still expanding at a steady rate,
such as India at 4.7 percent, with similar
rates in Pakistan and Bangladesh. In East
Asia, however, the International Monetary
Fund (IMF) estimates that contrary to official
claims of 8-percent growth, China’s economy
likely grew only 7.2 percent in 1998.

Economic conditions vary widely within
Asia. Several economies in the region are
shrinking, including Indonesia (–15 percent),
Thailand (–8 percent), Malaysia (–8 percent),
and South Korea (–7 percent).15 Other
economies continued to expand. Taiwan and
Viet Nam each grew at roughly 4 percent.16

After lagging for many years in its develop-
ment, Africa registered 3.6-percent growth in
1998, a rate somewhat faster than the growth
of its population.17 Several countries were in
the 5–7 percent category, including
Cameroon, Côte d’Ivoire, Ghana, Morocco,
Sudan, Tunisia, and Uganda.18

In the Middle East, a region whose econo-
my suffered from low oil prices, economic
growth averaged only 3.3 percent in 1998, the
slowest of any region.19 Egypt at 5 percent
and Turkey at just over 4 percent were among
the stronger economies there.20

Aside from the slowdown in global eco-
nomic growth itself, perhaps the most distin-
guishing feature of 1998 is the difference in
performance of regions compared with a few
years ago. For example, Asia, the regional
pacesetter in economic growth for many
years, dropped from the average of close to 8
percent to 2.6 percent.21 Meanwhile, some of
the world’s highest national growth rates
were recorded in Africa and Eastern
Europe.22

What lies ahead? In late 1997, the IMF
estimated the 1998 growth would be at 3.5
percent and it actually came in at 2.2
percent.23 This year, the IMF’s October 1998
growth estimate for 1999 of 2.5 percent was
lowered to 2.2 percent by December.24 With
Asia's economy projected to expand by 4.3
percent in 1999 as recovery in the region con-
tinues, the prospects for achieving this global
rate of growth are encouraging.
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GROSS WORLD PRODUCT, 1950–98

YEAR TOTAL PER PERSON
(trill. 1997 dollars) (1997 dollars)

1950 6.4 2,503

1955 8.1 2,912

1960 10.0 3,275

1965 12.7 3,795
1966 13.4 3,921
1967 13.9 3,986
1968 14.6 4,119
1969 15.5 4,258
1970 16.2 4,381
1971 16.9 4,465
1972 17.7 4,585
1973 18.9 4,794
1974 19.3 4,811
1975 19.6 4,785
1976 20.5 4,936
1977 21.4 5,062
1978 22.3 5,181
1979 23.0 5,261
1980 23.5 5,276
1981 24.0 5,292
1982 24.2 5,261
1983 25.0 5,320
1984 26.1 5,465
1985 27.0 5,557
1986 27.9 5,650
1987 28.9 5,754
1988 30.1 5,900
1989 31.0 5,974
1990 31.6 5,993
1991 31.8 5,927
1992 32.1 5,902
1993 33.0 5,971
1994 34.3 6,115
1995 35.5 6,245
1996 37.0 6,412
1997 38.5 6,583
1998 (prel) 39.3 6,638

SOURCES: Worldwatch update of Angus Maddison,
Monitoring the World Economy 1820–1992 (Paris: OECD,
1995); updates and deflator indexes from IMF, World
Economic Outlook tables.
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Third World Debt Still Rising Lisa Mastny

The indebtedness of developing countries
rose to $2.2 trillion in 1997, the latest year for
which figures are available—up from $2.1 
trillion in 1996.1 (See Figure 1.) Some 52 per-
cent of this was owed to commercial credi-
tors, 31 percent to other governments, and 17
percent to multilateral creditors, including the
International Monetary Fund (IMF) and the
World Bank.2

Developing countries spend a large share
of their annual export revenues servicing
their growing debts—diverting scarce
resources from other vital investments. In
Kenya, for instance, some 25 percent of gov-
ernment revenue is spent on debt service pay-
ments, compared with 6.8 percent on
education and 2.7 percent on health.3 In total,
developing countries paid $269 billion in debt
service in 1997, up from $191 billion in
1990.4 (See Figure 2.)

The debt burden can also have serious
implications for the environment. As govern-
ments seek to obtain the foreign investment
and hard currency needed to service debts,
they may tap the natural wealth in their
countries to generate commodities for
export—cutting trees for timber and clearing
land for cash crops.5

Another way to measure the severity of
the debt burden is to compare the level of
indebtedness to a nation’s gross national
product (GNP). From this perspective, the
debt situation has grown considerably worse
in areas such as sub-Saharan Africa, where in
1997 debtor countries owed an amount equal
to more than 70 percent of the region’s annu-
al income. (See Figure 3.) Latin America, in
contrast, has seen an improvement in its debt
situation over the past decade, with debt lev-
els now equaling only around 38 percent of
the region’s GNP.

Although the debt burden has eased in
some countries, in much of the developing
world the money will likely never be repaid.
With this in mind, bilateral creditors have
rescheduled debt payments by lowering inter-
est rates or extending due dates, and some
have even canceled debts. For example,
between 1990 and 1997 the U.S. government

forgave $2.3 billion—about 37 percent—of
loans to the world’s most indebted countries.6

In 1996, the World Bank and the IMF
launched the Highly Indebted Poor Countries
(HIPC) Initiative, the first effort to include all
creditors in addressing the repayment prob-
lems of the 40 most indebted nations. Its goal
has been to reduce the debts of these coun-
tries—some $214 billion, or 9 percent of total
developing-country debt—to “sustainable” lev-
els, enabling governments to make payments
on time and without rescheduling.7

But the HIPC Initiative has been criticized
for doing “too little, too late.”8 To qualify for
relief, countries must not only face an
unmanageable debt burden, they must also
establish a six-year record of economic
reform through structural adjustment pro-
grams—which often impose strict conditions
such as currency devaluation, cuts in govern-
ment spending, and privatization of industry.9
These conditions, critics argue, put economic
priorities above social needs and penalize
nations that are unprepared to implement
rigid reforms.10

As of late 1998, only 10 of the 40 designat-
ed highly indebted countries had been consid-
ered under the HIPC Initiative, and only 7
were actually deemed eligible for debt relief.11

Mozambique has been promised nearly $3 bil-
lion in relief over time—the equivalent of
more than 70 percent of its 1997 GDP. But its
accumulated debt is so large that it will likely
still spend as much on debt servicing as on
health and education combined.12 Thus, while
the initiative expects to deliver some $20 bil-
lion in total debt relief, it is unclear whether
this will lead to genuine social progress in the
world’s poorest nations.13

Alternatively, the outright cancellation of
debt payments in these countries could lead to
investments that in Africa alone would save
the lives of 7 million children per year by
2000 and provide 90 million females with
access to basic education.14 And forgiving this
debt would cost industrial nations relatively
little—for the United States, roughly the equiv-
alent of two B-2 bombers, or the accounting
errors in one year of the Pentagon’s budget.15
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Third World Debt Still Rising

EXTERNAL DEBT AND DEBT SERVICE
OF ALL DEVELOPING COUNTRIES,
1971–97

YEAR DEBT DEBT SERVICE
(bill. 1997 dollars)

1971 277 32
1972 312 37
1973 354 46
1974 405 52
1975 493 56
1976 566 62
1977 707 76
1978 827 103
1979 973 133
1980 1,115 169
1981 1,171 178
1982 1,260 190
1983 1,313 172
1984 1,319 180
1985 1,428 186
1986 1,533 190
1987 1,701 187
1988 1,646 206
1989 1,668 193
1990 1,720 191
1991 1,746 183
1992 1,776 182
1993 1,899 187
1994 2,015 203
1995 2,119 238
1996 2,134 267
1997 2,171 269

SOURCE: World Bank, Global Development Finance 1998,
electronic database, Washington, DC, 1998.
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Figure 1: External Debt of Developing Countries, 1971–97

Figure 2: Developing-Country Debt Service, 1971–97
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World Trade Declines Hilary French

World exports of goods declined 3.8 percent
in 1998, falling to $5.4 trillion in value (in
1997 dollars), according to preliminary Inter-
national Monetary Fund estimates. (See Fig-
ure 1.)1 This was a sharp reversal from the
8.4-percent growth rate recorded the previous
year.2 The decline can be traced largely to
lower demand in Japan and other parts of
East Asia as a result of the region’s economic
slump.3

Sharply declining commodity prices over
the last few years have cut steeply into the
export earnings of many countries, particular-
ly those in the developing world. The World
Bank estimates that between October 1997
and October 1998, fuel prices fell by 26 per-
cent, agricultural prices by 18 percent, and
metals and minerals by 16 percent.4 The price
drops had several causes, including stagnating
demand as a result of the economic crisis 
as well as an oversupply of some commodi-
ties. This oversupply was due in part to the
flooding of markets by goods made cheap 
by depreciating currencies in crisis-ridden
countries.5

Growth in trade has generally outpaced
overall economic growth for the past 250
years. An important exception was the period
between 1913 and 1950, when two World
Wars and the Great Depression brought inter-
national commerce nearly to a standstill. But
the downturn reversed by 1950.6 Between
1950 and 1997, exports increased 15-fold,
while the world economy expanded sixfold.7
While exports of goods accounted for only 6
percent of the gross world product in 1950,
by 1997 this figure had climbed to 15 per-
cent.8 (See Figure 2.) In 1998, however,
exports dropped to 14 percent of the world
economy.9

The growing volume of world trade over
the last half-century has led to burgeoning
international transport. Measured by weight,
the amount of merchandise shipped interna-
tionally grew 10-fold between 1948 and
1998—to 5,064 million tons.10 Transporting
this cargo requires the equivalent of some 1.6
billion barrels of oil annually—slightly more
than used each year in th entire Middle

East.11 Though far more goods are sent by
ship than air, the volume of international air
freight has also increased rapidly in recent
years, climbing from just 6 million tons in
1970 to 24 million tons in 1997.12 Air trans-
port is far more energy-intensive than ship-
ping: it takes nearly 50 times as much energy
to carry a ton of goods a given distance by air
as it does by boat.13 Yet merchandise sent by
ship uses nearly nine times as much energy
overall due to the far larger volume.14

The composition of world trade by eco-
nomic sector has shifted substantially during
the postwar period. Agricultural products
accounted for some 47 percent of all exports
of goods in 1950; by 1997, their share had
fallen to 11 percent.15 Manufactured goods,
on the other hand, increased from 38 percent
of exports in 1950 to 74 percent in 1997.16

Mining products, including nonferrous metals
and fuel, account for most of the remainder.
Their share of the total has remained relative-
ly stable.17

Recent decades have seen rapid growth in
international commerce in commercial ser-
vices, such as tourism, transportation, and
banking. According to the World Trade Orga-
nization, world exports of such services grew
from $467 billion in 1980 to $1.3 trillion in
1997 (in 1997 dollars)—an average annual rate
of some 6 percent.18 (See Figure 3.) In 1997,
services accounted for nearly a fifth of total
world trade.19

The rapid growth of world trade since
1950 was no accident. Rather, it was the
deliberate result of tariff and quota reduc-
tions through eight rounds of trade negotia-
tions pursued under the General Agreement
on Tariffs and Trade (GATT).20 Last year was
GATT’s fiftieth anniversary. (It was trans-
formed into the World Trade Organization in
1993.) In November 1999, trade ministers will
gather in the United States, where they are
likely to launch a “millennium round” of glob-
al trade talks.21 Reconciling efforts to further
free international trade with the growing
urgency of preserving the ecological integrity
of the planet merits a prominent place on
their agenda.
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World Trade Declines

WORLD EXPORTS OF GOODS AND
EXPORTS AS SHARE OF GROSS
WORLD PRODUCT, 1950–98

SHARE OF GROSS
YEAR EXPORTS WORLD PRODUCT

(trill. 1997 dollars) (percent)

1950 0.4 6

1955 0.5 6

1960 0.7 7

1965 1.0 8
1966 1.0 8
1967 1.1 8
1968 1.2 8
1969 1.4 9
1970 1.5 9
1971 1.6 9
1972 1.7 10
1973 2.0 10
1974 2.0 11
1975 2.0 10
1976 2.2 11
1977 2.3 11
1978 2.4 11
1979 2.6 11
1980 2.6 11
1981 2.6 11
1982 2.5 10
1983 2.4 10
1984 2.7 10
1985 2.8 10
1986 2.8 10
1987 3.0 10
1988 3.2 11
1989 3.5 11
1990 3.7 12
1991 3.8 12
1992 4.0 12
1993 4.2 13
1994 4.6 13
1995 5.0 14
1996 5.2 14
1997 5.6 15
1998 (prel) 5.4 14

SOURCE: IMF Statistics Division, e-mails, 25 January and
4 March 1999.
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Product, 1950–98

1950 1960 1970 1980 1990 2000
0

300

600

900

1200

1500
Billion Dollars

Source: IMF

(1997 dollars)

Figure 3: World Exports of Commercial Services,
1980–97



Notes

173

WO R L D  T R A D E  D E C L I N E S  
(pages 68–69)

1. Figures are Worldwatch estimates derived using
export values and the export unit value index
(EUVI) supplied by Neil Austriaco, Research
Assistant, International Monetary Fund (IMF)
Statistics Division, e-mails to Lisa Mastny,
Worldwatch Institute, 25 January and 4 March
1999. Note that exports and EUVI figures for
1998 are preliminary. The EUVI reflects price
changes over time in a typical basket of inter-
nationally traded goods.

2. Austriaco, op. cit. note 1.
3. World Trade Organization (WTO), WTO Annual

Report 1998—Special Topic: Globalization and
Trade (Geneva: 1998).

4. World Bank, Global Economic Prospects for
Developing Countries, 1998/99 (Washington, DC:
1999).

5. Ibid.
6. Historical information from WTO, op. cit. 

note 3.
7. Growth in exports is a Worldwatch Institute

estimate based on Austriaco, op. cit. note 1;
growth in world economy from Worldwatch
data series for gross world product based on
purchasing power parity, derived from Angus
Maddison, Monitoring the World Economy,
1820–1992 (Paris: Organisation for Economic
Co-operation and Development (OECD), 1995),
from Angus Maddison, Chinese Economic
Performance in the Long Run (Paris: OECD,
1998), and from IMF, World Economic Outlook
and International Capital Markets Interim
Assessment, December 1998 (Washington, DC:
1998).

8. Figures are derived from exports and gross
world product times series documented in notes
1 and 7. The two series are deemed comparable
based on the assumption that market exchange
rates are a reasonable proxy for purchasing
power in the tradable sector of the economy. It
is worth noting, however, that the average price
of tradable goods has risen more slowly over
time than have prices throughout the economy.
For this reason, the percentages obtained when
measuring exports as a share of gross world
product in constant dollars vary from those
obtained in current dollars. Current price ratios
have the effect of understating the change in
relative volumes. Constant dollar ratios vary
somewhat from year to year depending on the
chosen base year.

9. Austriaco, op. cit. note 1; IMF, op. cit. note 7.
10. Figure for 1948 from WTO, op. cit. note 3; 1998

estimate from U.N. Conference on Trade and
Development, “World Seaborne Trade Slows,”
press release (Geneva: 22 February 1999).

11. Energy used in shipping is a Worldwatch
Institute estimate, based on Stacy C. Davis,
Transportation Energy Data Book: Edition 18 (Oak
Ridge, TN: Oak Ridge National Laboratory,
1998), and on United Nations, Review of
Maritime Transport 1997 (New York: 1998); 
energy equivalents from British Petroleum, 
BP Statistical Review of World Energy 1997
(London: Group Media & Publications, 1998). 

12. Figures obtained from Attilio Costaguta,
Statistics & Economic Analysis Section,
International Civil Aviation Organization
(ICAO), Montreal, e-mails to Lisa Mastny,
Worldwatch Institute, 22 October 1998 and 5
March 1999.

13. Average energy intensity of shipping versus air
freight is a Worldwatch Institute estimate based
on Davis, op. cit. note 11, and on data supplied
by Costaguta, op. cit. note 12. The estimate is
based on energy intensities for shipping and air
freight as of 1996, the most recent year for
which comparable estimates could be obtained.

14. Energy used in shipping versus air freight is a
Worldwatch Institute estimate based on Davis,
op. cit. note 11, on data supplied by Costaguta,
op. cit. note 12, and on United Nations, op. cit.
note 11.

15. WTO, op. cit. note 3.
16. Ibid.
17. Ibid.
18. Services data obtained from Andreas Maurer,

WTO, e-mail to Lisa Mastny, Worldwatch
Institute, 20 January 1999; figures deflated
using the export unit value index supplied by
Austriaco, op. cit. note 1. Although the EUVI is
based on prices of tradable goods rather than
services, it is used here as a proxy for price
shifts over time in international trade.

19. Worldwatch estimate, based on data provided
by Austriaco, op. cit. note 1, and by Maurer, op.
cit. note 17, as well as on IMF, op. cit. note 7.

20. ”Border Battles” and ”Time for Another Round,“
in Where Next? A Survey of World Trade, special
issue of The Economist, 3 October 1998.

21. ”WTO Members Raise Possible New Issues for
Millennium Round,” Bridges Weekly Trade News
Digest (International Centre for Trade and
Sustainable Development, Geneva), 8 February
1999.



70

World Ad Spending Climbs Payal Sampat

Worldwide, a record-breaking $413 billion—
more than 1 percent of global economic out-
put—was spent on advertising in 1998.1 (See
Figure 1.) Since mid-century, advertising
expenditures have swelled ninefold, growing
one third faster than the global economy.2 (All
data are in 1997 dollars.) On average, $70
worth of advertisements appeared per person
in 1998, almost four times the figure for
1950.3 (See Figure 2.)

Advertising’s power to persuade has made
it a primary vehicle to promote consumer
spending. Resource-intensive consumption,
however, has serious implications for environ-
mental and human health. For example, auto-
mobiles, the planet’s most heavily marketed
product—4 of the world’s 10 top-spending
advertisers are auto companies—are also
among the fastest-growing emitters of carbon,
a contributor to human-induced climate
change.4 And of public health concern is the
aggressive marketing of cigarettes and junk
food worldwide: tobacco giant Philip Morris
and fast-food vendors McDonald’s and Coca
Cola, for instance, are also among the world’s
top 10 advertisers.5

The United States has historically dominat-
ed world advertising, absorbing three fourths
of ad budgets in 1950 and almost half of the
total—some $199 billion—today.6 In this peri-
od, U.S. ad spending grew nearly sixfold.7
(See Figure 3.) The next three major
spenders—Japan, the United Kingdom, and
Germany—together accounted for another
one fourth of global budgets in 1998.8

In recent years, ad expenditures have sky-
rocketed in the Third World, growing fourfold
in developing Asia and 5.6-fold in Latin
America in the last 10 years. 9 In 1998, 8 of
the top 20 spenders were developing nations,
whereas a decade earlier, just 3 were.10 Brazil
leads this group, with $8.7 billion spent on
ads in 1998.11 Colombia, where ad budgets
grew 15-fold between 1988 and 1998, spends
more on advertising relative to its gross
domestic product—2.5 percent in 1995—than
any other nation.12

Mexico, another fast-emerging ad market,
spent $7 billion on ads in 1998, up 22 percent

from 1997; India and China each expanded
their ad budgets by 12 percent in 1998.13 This
growth kept developing-country ad budgets
buoyant in 1998, despite shock waves sent by
the global financial crisis. Ad spending plum-
meted in nations at the epicenter of the crisis,
however, falling by 20 percent in Malaysia,
by almost 30 percent each in Thailand and
Indonesia, and by 42 percent in Russia.14

While commercial advertising dates back
at least 2,000 years, when it was first record-
ed in Chinese literature, the scale, diversity,
and wide reach of advertising this century is
unprecedented.15 Today the average American
adult is exposed to 254 advertisements daily,
transmitted through a range of media.16 More
than 40 percent of these are television com-
mercials; another 45 percent are print ads.17

Like television advertising in its early days—
surging 40-fold in the United States between
1950 and 1998—advertising on the Internet is
growing rapidly.18 By one estimate, spending
on Internet advertising worldwide is project-
ed to jump 10-fold between 1998 and 2003, to
$15 billion.19

Social marketing campaigns, although a
tiny fraction of global ad budgets, have been
successful in many parts of the world in get-
ting people to change their behavior in line
with various societal goals. Within the first
six months of initiating a child immunization
ad campaign in the Philippines, for example,
vaccination rates rose by 14 percent.20

Aggressive anti-smoking campaigns and bans
on televised cigarette ads in several industrial
countries have helped reduce their per capita
cigarette use.21

In many parts of the world, advertisers
finance commercial media to a considerable
extent: in the United States, ads cover more
than 60 percent of the cost of periodicals, 70
percent of newspapers, and almost 100 per-
cent of radio and network television costs.22
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World Ad Spending Climbs
WORLD ADVERTISING
EXPENDITURES, 1950–98

YEAR TOTAL PER PERSON
(bill. 1997 dollars) (1997 dollars)

1950 45 18

1955 70 25

1960 87 29

1965 113 34
1966 120 35
1967 121 35
1968 123 35
1969 128 35
1970 127 34
1971 132 35
1972 137 36
1973 151 38
1974 150 37
1975 145 35
1976 155 37
1977 165 39
1978 185 43
1979 196 45
1980 203 46
1981 201 44
1982 198 43
1983 204 44
1984 215 45
1985 224 46
1986 252 51
1987 285 57
1988 310 61
1989 316 61
1990 328 62
1991 322 60
1992 332 61
1993 329 60
1994 351 63
1995 383 67
1996 394 68
1997 398 68
1998 (prel) 413 70

SOURCE: McCann-Erickson, letter to author, 
6 January 1999.
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Figure 1: World Advertising Expenditures, 1950–98

Figure 2: World Advertising Expenditures 
Per Person, 1950–98
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U.N. Finances Decline Further Michael Renner

The approved regular budget for the United
Nations amounted to almost $1.3 billion in
1998.1 In nominal terms, this represents con-
tinued growth from past years, but taking
inflation into account, budgets have been flat
since 1995.2 (See Figure 1.) Actual expendi-
tures, meanwhile, declined 19 percent (after
inflation) during this time.3

The regular budget supports headquarters
in New York; offices in Geneva, Vienna, and
Nairobi; and the operations of five regional
commissions. The U.N.'s specialized agencies
and other organs, funded separately from the
regular budget, had a combined budget of
$9.5 billion in 1997 (the most recent year
available), a decline in real terms of 6 percent
since 1992.4 (See Figure 2.)

The United Nations has spent the past
decade mired in financial crisis. Collectively,
its member states have failed to make pay-
ments for the budgets they approve.5 At the
end of 1998, they owed $413 million in regu-
lar budget payments. Still, this is 29 percent
below the record $585 million in 1995.6 (See
Figure 3.)

During the past few years, most members'
payment habits actually improved dramatical-
ly. During 1998, 117 countries paid their reg-
ular budget dues before the end of the year,
up from only 75 countries in 1994.7 A total of
32 member states fully met their 1999 obliga-
tions by paying up at the beginning of the
year, compared with 22 for 1998.8 The num-
ber of states that owed more than a year's
worth of assessments decreased from 75 in
1994 to 49 in 1997, while the number that
made no payments at all fell from 39 to 17.9

Of 68 states with outstanding arrears in
1998, 53 owed less than $1 million each.10

Another 13 owed $1–10 million each.11 Brazil,
the second-largest debtor, is $31 million
behind in its payments.12 The single largest
contributor, the United States, is also the
largest debtor: at $313 million, it accounted
for 76 percent of all arrears.13 Since 1980, the
United States has on average paid about 90
percent of the money it owes, compared with
an average of 99 percent for all other U.N.
members combined.14

The United States is now the only U.N.
member that withholds legally owed pay-
ments for national policy reasons.15 And it is
currently the only permanent member of the
Security Council to be in arrears on regular
budget dues.16

Since the early 1980s, the United States
has paid late (in October, for assessments due
in January) and has withheld portions of its
dues to express dissent on some specific poli-
cies and to impose broader reform measures
unilaterally.17 During 1998, Congress provid-
ed roughly adequate funding to cover current-
year U.S. dues. But a congressional deal to
pay off a large portion of arrears unraveled
due to controversial abortion politics linked to
the arrears plan.18

Being the leading deadbeat has not come
without cost. In November 1996, the United
States lost its seat on a key U.N. budget com-
mittee, a decision reaffirmed in November
1998.19 And a U.S. demand that its share of
the regular budget be reduced from 25 to 22
percent, and eventually to 20, was rejected.20

The United States only narrowly avoided los-
ing its vote in the General Assembly in late
1998, when it made a last-minute payment.21

As a consequence primarily of U.S. delin-
quency, the United Nations now runs out of
cash near the end of each summer; for sever-
al years it has run negative year-end cash bal-
ances. These deficits grew to a record $197
million in 1996.22

In past years, the United Nations has been
able to cover its operating expenses only by
borrowing money from peacekeeping opera-
tions—deferring reimbursements due to coun-
tries that contribute troops and equipment to
these missions. But this is a fast-disappearing
option as peacekeeping budgets are shrinking
dramatically.23 In addition to regular budget
arrears, members owe about $1.6 billion for
specialized agency budgets.24
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U.N. Finances Decline Further

UNITED NATIONS REGULAR
BUDGET, 1971–98

YEAR AMOUNT
(mill. 1997 dollars)

1971 598
1972 614
1973 649
1974 768
1975 702
1976 843
1977 792
1978 1,003
1979 924
1980 983
1981 898
1982 1,002
1983 961
1984 1,001
1985 968
1986 1,003
1987 973
1988 974
1989 951
1990 998
1991 1,145
1992 1,124
1993 1,120
1994 1,155
1995 1,225
1996 1,132
1997 1,112
1998 1,255

SOURCES: Global Policy Forum Web site, 
various pages; U.N. General Assembly,
November 1998.
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Weather-Related Losses Hit New High Seth Dunn

Economic losses from weather-related natural
disasters reached $92 billion in 1998, accord-
ing to the Germany-based Munich Reinsur-
ance Company.1 (See Figure 1.) This exceeded
by 53 percent the previous annual record of
$60 billion, set in 1996, and the inflation-
adjusted weather-related damages during the
entire decade of the 1980s.2 As many of the
disasters hit poor, uninsured regions, insured
losses totaled only $15 billion—still a fourth-
highest total.3 (See Figure 2.) In comparison to
the 1960s, during the 1990s the number of nat-
ural catastrophes tripled, while economic costs
increased ninefold and insured costs, 15-fold.4

The human toll of these weather-related
disasters was also severe. At least 41,000 lives
were lost in storms, heat waves, fires, floods,
and drought.5 In addition, an estimated 300
million people were displaced from their
homes by weather-related events.6

The remarkably strong and prolonged
1997–98 El Niño, dominated by warm, dry
weather, contributed to the record.7 The Unit-
ed States and Canada endured a powerful ice
storm—the strongest in Canadian history—
and suffered $2.5 billion in economic losses,
$1.1 billion in insured losses, and 23 deaths.8
Spring and summer heat waves and forest
fires in the United States added another 130
deaths and $4.3 billion in damages.9

Further loss came with a subsequent and
pronounced La Niña phase, which was associ-
ated with exceptionally heavy rainfall in
Asia.10 The economically costliest event of
1998 was the extended summer flooding of
China’s Yangtze River basin, causing $30 bil-
lion in economic losses and 3,656 deaths.11 A
tropical cyclone ravaged the Indian province
of Gujarat, killing some 10,000 and leaving
$1.7 billion in economic losses.12 India and
Bangladesh were both swamped by delayed,
severe monsoon flooding, which killed an
estimated 4,500 people, displaced 55 million,
and left $5 billion in damages.13

El Niño and La Niña also influenced an
unusually late, active, and destructive hurri-
cane season. Japan was hit by Typhoon Vicki,
which killed 18 people and left $1.5 billion in
economic losses.14 Hurricane Georges swept

through the United States and several
Caribbean nations, delivering some $10 bil-
lion in total damages and $3.3 billion in
insured losses—the largest of the year—and
taking an estimated 4,000 lives.15 The largest
loss of life occurred with Hurricane Mitch,
the deadliest Atlantic storm in two centuries,
which dumped an average of nearly 65 cen-
timeters of rain on Central America in the
space of a week.16 Mitch killed more than
11,000 people, displaced 3 million, and
caused at least $5 billion in economic losses.17

Many disasters hit regions made increas-
ingly vulnerable due to human activity. The
Yangtze River basin has seen a half-century of
rampant clear-cutting of upstream slopes,
which buffer against runoff. In September
1998 the Chinese government acknowledged
a human hand in the floods’ severity,
announcing a ban on the logging of old-
growth forest in the upper watershed.18

Central America, one of the world’s most
deforested regions, is losing 48 hectares of
forest cover per hour, increasing the risk of
flooding and mudslides.19 Honduran officials
are considering a 10-year logging
moratorium.20

The upward trend in weather-related disas-
ters has occurred in tandem with a rise in
global average surface temperatures, which
scientists observe may increase the frequency
and intensity of extreme events, including the
wind speed of tropical storms.21 Recent
research suggests a potential feedback, as
more intense storms roil oceans and cause
them to release heat-trapping carbon dioxide
into the atmosphere.22

Gerhard Berz, a geoscientist with Munich
Re, believes continued climate change will
almost inevitably yield increasingly extreme
natural events and large catastrophic losses.23

This may make some vulnerable regions unin-
surable, particularly low-lying islands and
coastal regions in or along the Caribbean,
Indian, and Pacific Oceans.24 Andrew Dlu-
golecki of the U.N. Environment Programme’s
insurance initiative is “quite certain that there
are some areas which will be unprotectable
and may disappear.”25
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ECONOMIC LOSSES FROM WEATHER-
RELATED NATURAL DISASTERS
WORLDWIDE, TOTAL AND INSURED,
1980–98

YEAR TOTAL LOSSES
(bill. dollars)

1980 2.8
1981 13.2
1982 3.3
1983 9.4
1984 3.4
1985 7.1
1986 9.3
1987 12.9
1988 4.2
1989 12.0
1990 17.9
1991 30.9
1992 40.2
1993 24.2
1994 23.9
1995 39.9
1996 61.1
1997 30.0
1998 (prel) 92.0
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Figure 1: Economic Losses from Weather-Related
Natural Disasters Worldwide, 1980–98

Figure 2: Insured Losses from Weather-Related 
Disasters Worldwide, 1980–98

YEAR INSURED LOSSES
(bill. dollars)

1980 0.1
1981 0.6
1982 1.5
1983 4.4
1984 1.5
1985 2.8
1986 0.4
1987 5.8
1988 1.0
1989 5.6
1990 11.9
1991 9.2
1992 25.1
1993 5.7
1994 1.9
1995 9.3
1996 9.2
1997 4.5
1998 (prel) 15.0

SOURCES: Munich Re, “Weather-Related 
Natural Disasters 1998” (9 February 1999);
Munich Re database.
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Roundwood Production Levels Off Janet N. Abramovitz

In 1997, according to the U.N. Food and Agri-
culture Organization, global production of
roundwood—the logs that become fuel, lum-
ber, paper, and other wood products—reached
3.36 billion cubic meters.1 Since 1983, produc-
tion has exceeded 3 billion cubic meters every
year, more than double the amount harvested
in the 1950s.2 (See Figure 1.) The relentless
upward trend in production has leveled off
since 1990, however, in large part because pro-
duction in the former Soviet Union plummet-
ed from a peak of 386 million cubic meters in
1990 to just 111 million cubic meters by 1997,
due to the economic transition.3

About 55 percent of the roundwood cut
today is used directly for fuelwood and char-
coal, with the other 45 percent becoming
“industrial roundwood”—the logs that are cut
into lumber and panels for construction pur-
poses or ground into pulp to make paper.4

Developing countries produce about 90
percent of wood cut directly for fuel.5 (See
Figure 2.) In 1996, about 47 percent of the
world’s fuelwood was produced in India,
China, Indonesia, Brazil, and Nigeria.6 Yet
these figures understate the importance of
wood fuel in industrial countries. In many
nations, wood byproducts (such as chips and
sawdust) are burned to fuel the lumber and
paper mills. These secondary sources add
close to 300 million cubic meters of wood to
the 173 million consumed directly for fuel in
industrial countries.7 In the United States, for
example, while only 18 percent of wood is
harvested directly for fuel, when residues are
included the proportion used for energy is
actually 27 percent.8

Five countries produced about 57 percent
of the world’s industrial roundwood harvest
in 1996.9 The United States, Canada, and Rus-
sia have remained among the top five produc-
ers for at least 40 years, while China and
Brazil joined this group in the 1970s.10

Together, the top 10 (which includes Sweden,
Finland, Malaysia, Germany, and Indonesia)
account for about 71 percent of production.11

While tropical forests receive the most public
attention, temperate and boreal forests actual-
ly account for 83 percent of the total volume

of industrial roundwood produced.12

A disproportionate share of the world’s
industrial roundwood is consumed in indus-
trial nations. (See Figure 3.) In fact, 77 per-
cent of the world’s timber harvested for
industrial purposes is used by the 22 percent
of the world’s population who live in these
nations.13 Although developing nations have
been increasing their share of consumption in
recent decades, they are still well below the
levels found elsewhere. Indeed, consumption
per person in industrial nations is 12 times
higher than in developing ones.14 Fuelwood is
the only wood product that developing
nations use more of, and even then their con-
sumption per person is less than twice that in
industrial nations, despite the fact that it is
the dominant industrial and household energy
source in some developing nations.15

Production of some wood products has
grown more quickly than others in recent
decades. Paper now accounts for the largest
single share of industrial wood use. Paper
production has grown by 189 percent since
1965.16 Directly or indirectly (through the use
of mill residues), paper production accounted
for 40 percent of industrial roundwood use in
1993.17 Sawnwood, the lumber used for con-
struction and so forth, accounted for 29 per-
cent of production in 1995, down from 34
percent in 1965.18 Sawnwood production
increased by only 11 percent since 1965.19 On
the other hand, production of wood panels
such as plywood jumped 248 percent in that
time, now accounting for 10 percent of pro-
duction, up from 4 percent in 1965.20

Wood products originating in well-man-
aged forests are increasingly available,
although still only a small portion of the mar-
ket. By the end of 1998, nearly 11 million
hectares in 27 countries had been certified by
the Forest Stewardship Council (FSC, the
largest and most credible third-party certifi-
er), double the area of a year earlier.21 FSC
certification can help ensure consumer confi-
dence and improve market access for timber
from well-managed forests around the world.
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WORLD PRODUCTION OF
ROUNDWOOD, 1950–97

YEAR TOTAL
(mill. cubic meters)

1950 1,421

1955 1,496

1960 1,753

1965 2,232
1966 2,289
1967 2,322
1968 2,362
1969 2,401
1970 2,459
1971 2,488
1972 2,503
1973 2,584
1974 2,608
1975 2,575
1976 2,681
1977 2,701
1978 2,784
1979 2,873
1980 2,920
1981 2,920
1982 2,918
1983 3,030
1984 3,140
1985 3,167
1986 3,253
1987 3,342
1988 3,397
1989 3,449
1990 3,447
1991 3,343
1992 3,279
1993 3,277
1994 3,301
1995 3,348
1996 3,358
1997 (prel) 3,359

SOURCE: FAO, FAOSTAT Statistics Database, Rome.

1950 1960 1970 1980 1990 2000
0

1000

2000

3000

4000
Million Cubic Meters

Source: FAO

1960 1970 1980 1990 2000
0

500

1000

1500

2000
Million Cubic Meters
Source: FAO

Developing Countries

Industrial Countries

1960 1970 1980 1990 2000
0

400

800

1200

1600
Million Cubic Meters

Source: FAO

Industrial Countries

Developing Countries

Figure 1: World Roundwood Production, 1950–97

Figure 2: Fuelwood and Charcoal Production,
1961–97

Figure 3: Industrial Roundwood Production,
1961–97
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Paper Production Inches Up Ashley T. Mattoon

According to preliminary figures from the
U.N. Food and Agriculture Organization
(FAO), world production of paper and paper-
board rose from approximately 282 million
tons in 1996 to 298 million tons in 1997.1 (See
Figure 1.) Since 1950, production has
increased more than six times and per capita
consumption has leapt from approximately 18
kilograms to 51 kilograms.2 By 2010, produc-
tion is projected to reach 396 million tons and
per capita use will be nearly 58 kilograms.3

The United States, Japan, and China are
the world’s leading paper producers, account-
ing for 31, 11, and 9 percent, respectively, of
total world production.4 These three countries
are also the world’s leading consumers, each
using about the same proportion as they pro-
duce.5 Industrial nations use the lion’s share
of the world’s paper—close to 75 percent in
1996—and will continue to do so well into the
future.6 But consumption is growing at a
faster rate in developing nations, and by 2010
these countries are expected to use almost 33
percent, up from 15 percent in 1980.7

Differences in per capita consumption are
even more pronounced. (See Figure 2.) Per
capita consumption in industrial countries
was roughly 160 kilograms in 1996, compared
with 17 kilograms in developing nations.8 In
the United States, the per capita figure is over
330 kilograms per year, while in more than
20 African nations it is less than 1 kilogram
per year.9

International trade in pulp and paper has
increased gradually in recent decades. In the
1960s roughly 16 percent of the world’s pro-
duction of wood pulp and 17 percent of its
paper and paperboard production were traded
internationally.10 Today, these figures are 21
and 26 percent.11 Together these products
represent close to 44 percent of the total
value of world forest products exports.12

Last year was a dramatic one for the paper
industry, as consolidation trends accelerated
and the industry struggled with weakened
Asian markets. Several significant mergers
occurred, including that of Sweden’s Stora
and Finland’s Enso—a multibillion-dollar
union that displaced International Paper as

the world’s largest paper and board suppli-
er.13 Asia has been the fastest-growing market
in recent years—increasing by about 10 per-
cent annually.14 In 1998, however, demand
for paper and board in the region was expect-
ed to fall by 2–3 percent, the first decline
since 1981.15

About 40 percent of the world’s industrial
wood harvest is used to make paper.16 This
virgin wood fiber represents approximately
55 percent of the total fiber inputs for
paper.17 The sources of this wood fiber are
old-growth forests, primarily in boreal regions
(17 percent); secondary forests (54 percent);
and tree plantations (29 percent).18 North
America and Scandinavia have long been the
world leaders in wood pulp production, but
the role of countries such as Brazil, Chile,
Indonesia, and South Africa is expanding with
the proliferation of fast-growing plantations.19

Recycling has seen a major upsurge in the
last two decades, rising from 23 percent of
fiber supply in 1970 to 36 percent today.20

FAO predicts that by 2010, recycled paper
will account for over 45 percent of the fiber
supply for paper.21 Although this will reduce
demand for wood pulp, consumption will
continue to rise about 1 percent a year due to
increases in population and per capita con-
sumption.22

Nonwood fibers constitute close to 9 per-
cent of the total fiber supply for paper.23 Two
main types are used for paper: agricultural
residues from crops such as wheat and rice,
and crops grown specifically for pulp, such as
kenaf and industrial hemp. Developing
nations account for 97 percent of the world’s
nonwood pulp production and use.24

Aside from raw material use, the paper
industry has many other environmental
impacts. In the United States, for example,
the industry ranks third in the release of toxic
chemicals (behind the chemical and primary
metals sectors).25 In addition, paper and
paperboard account for more than 38 percent
of the municipal solid waste generated in the
United States, and 30–40 percent in Europe.26



Vital Signs 1999   79

Paper Production Inches Up

WORLD PAPER AND PAPERBOARD
PRODUCTION, 1961–97

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

1961 78 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 130 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 252 46
1994 277 49
1995 282 50
1996 282 49
1997 (prel) 298 51

SOURCE: FAO, FAOSTAT Statistics Database, Rome.
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Automobile Production Dips Seth Dunn

Worldwide passenger car production fell 1.9
percent in 1998, to approximately 38 million.1
(See Figure 1.) Automobile sales declined 2.3
percent, to 37 million, but pushed the world
car fleet up 2.1 percent, to 508 million.2 (See
Figure 2.) The ratio of people to cars stayed
flat, at 11.7.3 (See Figure 3.)

Europe, the world’s leading car producer,
accounts for 33 percent of global output and
37 percent of its fleet.4 In Western Europe,
carmakers produced 30 percent more than
they sold, and increased output 6 percent,
with rises of 12 and 10 percent in Germany
and France, the region’s top producers.5 In
Eastern Europe and the former Soviet Union,
carmaking grew 8 percent, increasing 20 and
24 percent in Poland and the Czech Republic,
but plummeting 15 percent in Russia.6

Asia produced 31 percent of the world’s
cars and has 17 percent of the global fleet.7
Asia’s automotive overcapacity reached 35 per-
cent prior to the 1998 recession, contributing
to an 11-percent production drop in 1998, with
output by the two largest producers—Japan
and South Korea—falling 9 and 26 percent.8
China, the region’s third-leading carmaker,
saw only a 4-percent rise, while output
declined 55 percent in Thailand—where sales
have fallen 63 percent since 1996.9

North America is responsible for 30 per-
cent of global carmaking and 29 percent of
the world’s autos.10 Output dropped 1 percent
in 1998, with a 5-percent fall in the United
States, the world’s leading producer, accom-
panied by gains of 5 and 19 percent in Cana-
da and Mexico.11 The U.S. carmaking decline
masks, however, a growing output of sport-
utility vehicles, minivans, and trucks—all of
which are classified as light trucks and now
account for half of new family vehicle sales.12

In Latin America, with 5 percent of global
car production and 8 percent of the world car
fleet, output declined 17 percent.13 This was
largely due to a 28-percent decline in Brazil,
the region’s top manufacturer.14 In Argentina,
the second leading carmaker, output
increased by only a tenth of 1 percent.15

Overcapacity, the desire to minimize pro-
duction costs, and an increasingly global mar-

ket continued to push large automakers
toward mergers.16 Daimler-Benz and Chrysler
completed a $40-billion consolidation that
resulted in DaimlerChrysler, the world’s fifth
largest carmaker.17 This led to the dissolution
of the American Automobile Manufacturers
Association, the main lobbying arm of Gener-
al Motors, Ford, and Chrysler.18

Several industrial nations renewed efforts
to improve fuel economy in 1998. The Japan-
ese government announced it would submit
in 1999 plans to require improved fuel effi-
ciency.19 European officials and carmakers,
meanwhile, agreed to cut carbon emissions 25
percent by 2008.20 While European opera-
tions of Ford and General Motors supported
this plan, their North American branches
have resisted attempts to increase the far
worse automotive efficiency on that conti-
nent. This reflects the higher gasoline prices,
greater awareness of global warming, and
preference for small cars in Europe, as well
as the heavy profits enjoyed by U.S. carmak-
ers selling inefficient sport-utility vehicles,
minivans, and pickup trucks.21 In November,
however, Californian regulators voted to
require that these vehicles meet the more
stringent emissions standards of cars.22

Scientific developments added to the accel-
erating push to move beyond the internal
combustion engine. One U.S. government
study found that catalytic converters, which
are designed to cut smog, also increase emis-
sions of nitrous oxide—a greenhouse gas 300
times as potent as carbon dioxide.23 Two oth-
ers revealed that diesel engines, while more
efficient than gasoline ones, release more par-
ticulates—aggravating asthma and possibly
contributing to cancer.24

The race to market hybrid-electric cars—
which combine a gasoline engine and an elec-
tric motor—continued to speed up. Toyota
announced that its model—which is twice as
efficient as the average U.S. car—will be
offered in North America and Europe by
2000.25 Honda revealed plans to launch its
version—with two-and-a-half times the aver-
age U.S. fuel economy—nationwide in the
United States in late 1999.26
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WORLD AUTOMOBILE PRODUCTION
AND FLEET, 1950–98

YEAR PRODUCTION FLEET
(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 37 486
1997 38 498
1998 (prel) 38 508

SOURCES: American Automobile Manufacturers 
Association; Standard & Poor’s DRI.
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Figure 1: World Automobile Production, 1950–98

Figure 2: World Automobile Fleet, 1950–98

Figure 3: People Per Automobile, 1950–98
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Bicycle Production Down Again Gary Gardner

Global bicycle output dropped to 94 million
units in 1997, the last year for which global
data are available.1 (See Figure 1.) The 5-per-
cent decrease came on top of a 7-percent
decline in 1996, when excess inventories
stalled production.2 The sagging output of
recent years is attributed to increased protec-
tionist measures in some countries and to
growing interest in motorized transportation
in others.

China saw output drop by 21 percent in
1997 because of its shift away from state-
owned factories, the ongoing replacement of
bicycles with motorbikes, and protectionist
tariffs against Chinese exports.3 Yet China
remains the world leader, with 30 million
bicycles produced in 1997, well ahead of Tai-
wan, which built 11.9 million. Just behind
Taiwan is India, with 11.5 million units, mak-
ing Asia home to well over half of world pro-
duction. The European Union, the United
States, and Japan claimed the next 23 percent
of global production, with the balance split
among dozens of others. Of the major produc-
ers, only Taiwan saw substantial increase in
output in 1997; production there surged some
61 percent.4

On a brighter note, production of electric
bicycles, a relatively new technology, jumped
16 percent in 1998—reaching 328,000 units
globally.5 (See Figure 2.) Japan is the leading
producer, with more than a quarter of global
sales, but interest is growing rapidly in
Europe as well. Electric bikes use a small
rechargeable motor to help riders pedal,
thereby reducing rider effort and increasing
the bicycle’s attractiveness as a commuter
vehicle. The biggest drawback is price: at
$500–2,000 per bike, the market is limited.6
Improvements in battery technology, howev-
er, could lower prices and expand the role of
the bicycle in city transport substantially.7

Asia leads the world in bicycle use as well
as production, with cycling in some cities
accounting for more than half of all trips.8
But in many Asian cities bicycle use has
diminished with increased use of motorbikes
and cars and in response to official catering
to autos. Several cities in Asia, including

Jakarta, Shanghai, and Ho Chi Minh City,
have restricted bicycle use in an effort to
reduce congestion resulting from an influx of
private automobiles.9 In 1998, Beijing also
introduced some restrictions on cycling in a
busy shopping district.10

Many European cities have long made
room for bicycles in urban transportation,
which is partly why bikes account for a
respectable 20–30 percent of trips in some
North European cities.11 Copenhagen’s City
Bike program, which provides bicycles for
cross-town use for a refundable fee, has more
than doubled the fleet size, to 2,300 bikes,
between 1995 and 1997.12 In the Netherlands,
some companies reduce parking and health
care expenses by encouraging employees to
cycle to work. For each kilometer cycled,
companies contribute to a fund that under-
writes climate-friendly investments in devel-
oping countries.13 And in France, several
cities banned cars for a day in September
1998 to promote alternative transport modes.

In the United States, cycling accounts for
less than 1 percent of all trips, in part
because of the low-density, sprawling devel-
opment.14 But public commitment to bicycle
use has recently risen sharply. Federal trans-
portation funding in 1991 added greatly to
funding for cycling, resulting in a large
increase in bikeways and in other measures
designed to facilitate cycling.15 The result has
been a 29-percent rise in the tiny share of
urban trips made by bicycle between 1991
and 1997, from 0.7 to 0.9 percent.16 Yet fund-
ing for automobile infrastructure was far
more generous, and the car’s share of trips
climbed from 87 to 89 percent.17

The growing interest in the automobile,
often at the expense of bicycles, is not sus-
tainable in much of the world. If every nation
had cars at the U.S. rate, the world fleet
would be 5 billion—10 times larger than
today. With many cities already reeling from
the pollution and congestion created by cars,
such a figure is incomprehensible. As this
reality dawns on urban planners, alternative
forms of transportation are likely to get a
more favorable review.
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WORLD BICYCLE PRODUCTION, 
1950–97

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 94
1991 100
1992 103
1993 109
1994 107
1995 107
1996 99
1997 (prel) 94

SOURCES: United Nations, The Growth of 
World Industry 1969 Edition, Vol. I, Yearbooks
of Industrial Statistics 1979 and 1989 Editions, and
Industrial Commodity Statistics Yearbook 1996;
Interbike Directory, various years.
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Figure 1: World Bicycle Production, 1950–97

Figure 2: World Electric Bicycle Production, 1993–98
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World Air Traffic Soaring Lisa Mastny

World air travel increased 2 percent in 1998,
reaching an all-time high of 2.6 trillion pas-
senger-kilometers (a measure of passenger
traffic that takes into account distance
flown).1 (See Figure 1.) This was a slowdown
from the 6-percent growth of the previous
year, and can be traced largely to a decline in
the traffic of Asian carriers.2 For similar rea-
sons, air cargo transport fell slightly in 1998,
to 99 billion ton-kilometers.3 (See Figure 2.)

But as the global economy picks up, the
worldwide demand for aviation services is
expected to take off again. Air travel has
grown nearly 100-fold since 1950, at an 
average annual rate of some 9 percent. This
trend will continue well into the next century,
with world air traffic expected to increase
another 10-fold by 2050—mostly in develop-
ing countries.4

To accommodate this growth, aircraft man-
ufacturers predict delivery of some 600 new
planes a year for the next 15 years.5 By 2016,
the world air fleet is expected to consist of
some 23,000 planes, twice as many as in
1996.6

The International Air Transport Association
attributes the continued growth in air traffic
to low inflation and strong economic condi-
tions in regions where the demand for air
travel is highest, including North America and
Europe.7 Moreover, the cost of flying has fall-
en significantly in recent years, increasing the
demand for air travel. In the past two decades
alone, the number of passengers flying world-
wide has more than doubled—from 679 mil-
lion in 1978 to almost 1.5 billion in 1998.8

The rising demand for air travel comes at
an increasingly high cost, however—particu-
larly to the natural environment. Aviation
accounts for at least 5 percent of annual
world oil consumption and about 12 percent
of the refined petroleum products used by the
entire transport industry.9 It is the most pol-
luting form of transport per kilometer trav-
eled, especially for short distances.10

Aircraft emissions play a significant—and
growing—role in global climate change. They
release carbon dioxide (CO2) and nitrous
oxides (NOx), and they create vaporous jet
plumes—all of which contribute to climate

change.11 On average, a single DC 10-30 flight
from Los Angeles to Tokyo emits 266 tons of
CO2—or 1.8 tons per passenger if 150 people
are on board.12 In total, worldwide civilian air
transport consumed 176 million tons of
kerosene in 1990, releasing 550 million tons of
CO2 and more than 3 million tons of NOx.13

At present, aviation accounts for only
about 3 percent of human-caused CO2 emis-
sions and 2 percent of  global NOx emissions,
but these could rise to as high as 11 percent
and 6 percent respectively by 2050.14 By
then, aircraft emissions as a whole could be
responsible for as much as 17 percent of total
climate change, up from only 4 percent in
1990.15

Concerns about aviation’s environmental
impact, and the desire to cut costs, have led
manufacturers such as Boeing/McDonnell
Douglas and General Electric to invest in
more fuel-efficient, low-emissions aircraft
engines in recent decades.16 Aircraft energy
efficiency has improved at an average annual
rate of 3–4 percent, and the world’s airlines
now use only about half as much fuel to
carry a passenger a set distance as they did in
the mid-1970s.17

Air travel is growing so rapidly, however,
that overall emissions output is still likely to
double by 2010—suggesting the need for other
means of lessening the environmental
impact.18 One solution at Swiss airports has
been to levy an extra tax of as high as 40 per-
cent of the usual landing fees on aircraft that
do not meet set NOx emissions standards.19

And in 1997 Denmark introduced an environ-
mental charge of about $15 per trip on domes-
tic flights, which has encouraged heavier rail
travel and led to a 12–57 percent decline in
air passengers, depending on the route.20

Somehow avoiding delays at airports—dur-
ing which planes remain idle on the ground
or circle in the air longer than necessary—
could further reduce aviation’s environmental
impact, cutting emissions by as much as 12
percent.21 Finally, the promotion of high-
speed rail as an alternative for the inefficient,
short-haul air routes of less than 500 miles
could lead to significant reductions in the
demand for air travel.22
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WORLD AIR TRAVEL AND FREIGHT,
1950–98

YEAR PEOPLE FREIGHT
(bill. passenger- (bill. ton- 

kilometers) kilometers)

1950 28 0.7

1955 61 1.2

1960 109 2.0

1965 198 4.8
1966 229 5.7
1967 273 6.5
1968 309 8.2
1969 351 9.8
1970 460 12.0
1971 494 13.2
1972 560 15.0
1973 618 17.5
1974 656 19.0
1975 697 19.4
1976 764 21.5
1977 818 23.6
1978 936 25.9
1979 1,060 28.0
1980 1,089 29.4
1981 1,119 30.9
1982 1,142 31.5
1983 1,190 35.1
1984 1,278 39.7
1985 1,367 39.8
1986 1,452 43.2
1987 1,589 48.3
1988 1,705 53.3
1989 1,774 57.1
1990 1,894 58.8
1991 1,845 58.6
1992 1,929 62.6
1993 1,949 68.4
1994 2,100 77.2
1995 2,248 83.1
1996 2,426 89.2
1997 2,570 99.8
1998 (prel) 2,621 99.0

SOURCE: International Civil Aviation Organization, 
Montreal.
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Figure 1: World Air Travel, 1950–98

Figure 2: World Air Freight Carried, 1950–98
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Satellite Launches Get a Boost Molly O’Meara

A total of 140 satellites were launched in
1998, up from 133 in 1997.1 (See Figure 1.)
This figure includes satellites for communica-
tions, Earth observation, science research,
navigation, and military surveillance.2

Rivalry between the Soviet Union and the
United States spurred the first satellite
launches in the late 1950s.3 Europe and Japan
joined the space race in the 1960s, followed
by China, India, and Indonesia in the 1970s.4
Yet Soviet launches continued to dominate
the world total through the 1980s until they
plummeted at the end of the cold war.5 (See
Figure 2.)

Today, satellite launches are booming
again, led by private companies.6 Until the
1990s, commercial satellites accounted for no
more than 10 percent of annual launches.7
But between 1994 and 1998, this figure rock-
eted from 20 percent to more than 70 percent
as commercial communications satellites
eclipsed government satellites used for mili-
tary and other purposes.8 (See Figure 3.)

Historically, communications satellites
have been “geostationary”—that is, they orbit
some 36,000 kilometers above the equator,
where their velocity matches that of the Earth
so that the satellite always “sees” the same
one fourth of the planet.9 When a telephone
call is routed through one of these satellites,
conversation is delayed by a fraction of a sec-
ond as the signals travel to and from the
satellite. These satellites are better suited to
radio, television, or data transmission. In
1998, a private venture, WorldSpace,
launched the first of three such satellites
intended to provide digital radio service to
underserved populations in Africa, Asia, and
Latin America.10

A new generation of communications satel-
lites that travels closer to the Earth’s surface
to eliminate the time lag in transmission has
the potential to expand telephone and Inter-
net access.11 Iridium, a constellation of 66
such satellites completed in 1998, is the first
global satellite phone network.12 At $3,000
per handset and $1–3 per minute, its use is
limited to wealthy business travelers.13 But
more modest 1-satellite systems, which allow

Internet links for just two hours a day, are
already being used to transmit medical infor-
mation in Africa.14

Another class of satellites, for Earth obser-
vation, is also finding new uses and commer-
cial interest. While these satellites accounted
for just 4 percent of total launches in 1998,
their data are being used for a growing num-
ber of scientific endeavors.15 In July 1998, the
European Union, Russia, and three private
companies announced plans for a global ser-
vice that would provide data and maps for
nature preservation, regional planning,
forestry, agriculture, and emergency manage-
ment.16 The first Earth Observing System
satellite, to be launched in 1999, will detect
and track on a global scale humans’ changes
to the land, ocean, and atmosphere.17 The
resulting long-term data set is expected to 
revolutionize global climate models.18

Earth observation satellites are particularly
well suited to aid in disaster alerts. Satellite
surveillance of the oceans helps scientists pre-
dict El Niño weather patterns.19 The U.N.
Food and Agriculture Organization uses satel-
lite images to assess crops and provide early
warning of famine conditions in Africa.20 Uni-
versity of Hawaii researchers have used satel-
lite data to detect impending volcanic
eruptions and monitor forest fires.21 And
satellite images of the Great Barrier Reef
obtained from U.S. satellites will be sent over
the Internet to Australian authorities to pro-
vide early warning of coral bleaching.22

The latest satellite boom brings both
opportunities and dangers. For instance, as an
industry once dominated by a few govern-
ments opens up to private enterprise, satellite
data may increasingly be used to irresponsi-
bly exploit forests, mineral reserves, and
other natural resources. Also, several inci-
dents in 1998 underscored the high-risk
nature of the space business. Among the high-
profile launch failures that year was the loss
of 12 communications satellites on a single
rocket.23



Vital Signs 1999   91

Satellite Launches Get a Boost

SATELLITE LAUNCHES
WORLDWIDE, 1957–98

YEAR TOTAL
(number)

1957 2

1960 16

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 133
1998 (prel) 140

SOURCES: Jos Heyman, Spacecraft Tables 
1957–1997 (Riverton, Australia: Tiros Space
Information, 1998); Jos Heyman, e-mail to
author, 4 January 1999.
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Figure 1: Satellite Launches Worldwide, 1957–98
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States, Russia, and Rest of World, 1957–98
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Notes

182

SAT E L L I T E  L AU N C H E S  G E T  A
B O O S T  (pages 90–91)

1. Jos Heyman, Spacecraft Tables 1957-1997
(Riverton, Australia: Tiros Space Information,
1998); Jos Heyman, Astronautical Society of
Western Australia, e-mail to author, 4 January
1999.

2. The total does not include failed satellite
launches or crewed, interplanetary, or lunar
spacecraft.

3. John Bray, The Communications Miracle: The
Telecommunication Pioneers from Morse to the
Information Superhighway (New York: Plenum
Press, 1995).

4. Heyman, Tables, op. cit. note 1; Heyman, e-
mail, op. cit. note 1.

5. Heyman, Tables, op. cit. note 1; Heyman, e-
mail, op. cit. note 1.

6. Theresa Foley, “Commercial Spacefarers,” Air
Force Magazine, December 1998; Jeff Zins-
meister, “Private Space: A Free-Market
Approach to Space Exploration,” Harvard
International Review, spring 1998.

7. Marco Caceres, “Commercial Satellites Surge
Ahead,” Aerospace America, November 1998.

8. Ibid.; Marco Caceres, Teal Group Corporation,
Fairfax, VA, letter to author, 2 February 1999.

9. Heather E. Hudson, Communication Satellites:
Their Development and Impact (New York: The
Free Press, 1990).

10. “African Radio Satellite Launched,” Reuters, 29
October 1998; Austin Bunn, “New Media:
Information Affluence,” Wired, February 1998.

11. John V. Evans, “New Satellites for Personal
Communications,” Scientific American, April
1998.

12. “Iridium Kicks Off Satellite Service,” PC Week,
9 November 1998; David S. Bennahum, “The
United Nations of Iridium,” Wired, October
1998.

13. International Telecommunication Union, World
Telecommunication Development Report 1998
(Geneva: 1998).

14. Ibid.
15. Heyman, e-mail, op. cit. note 1; Claire L.

Parkinson, Earth From Above: Using Color-Coded
Satellite Images to Examine the Global Environ-
ment (Sausalito, CA: University Science Books,
1997).

16. “EU, Russia Team Up with Companies on
Creation of Global Satellite Data Source,”
International Environment Reporter, 5 August

1998.
17. Charles F. Kennel, Pierre Morel, and Gregory 

J. Williams, “Keeping Watch on the Earth: 
An Integrated Global Observing Strategy,”
Consequences, vol. 3, no. 2 (1997); National
Aeronautics and Space Administration (NASA),
Goddard Space Flight Center, The First EOS
Satellite: NASA’s Earth Observing System, EOS
AM-1 (Greenbelt, MD: 1998).

18. NASA, op. cit. note 17.
19. J.M. Wallace and S. Vogel, Reports to the Nation

on Our Changing Planet: El Niño and Climate
Prediction (Boulder, CO: National Oceanic and
Atmospheric Administration, 1994).

20. Lara Santoro, “Hunger Fight Takes Modern
Twist in Sudan,” Christian Science Monitor, 4
June 1998.

21. “Satellite Used to Detect Impending Volcanic
Blast,” Associated Press, 9 December 1998.

22. Liz Tynan, “Closing the Net on Coral
Bleaching,” New Scientist, 9 January 1999.

23. Foley, op. cit. note 6; “Pie in the Sky,” Total
Telecom, 1 January 1999.



92

Telephone Network Keeps Growing Molly O’Meara

The number of lines that link telephones
directly to the global phone network
increased 5 percent, to 781 million, in 1997,
the latest year for which data are available.1
(This figure does not include cellular tele-
phones.) (See Figure 1.) The fixed-line net-
work has expanded steadily at 4–7 percent a
year for the past four decades.2

Most people in industrial nations take the
benefits of telephone access for granted.
Phones connect far-flung family members,
link businesses to customers, and help save
lives in emergencies.3 In 1997, the growing
importance of information technology to
human development led the United Nations
to commit countries to the goal of access to
basic communication services for all.4

Yet disparities in telephone access remain
stark. Just 23 industrial countries account for
62 percent of all phone lines, even though
they are home to less than 15 percent of the
world’s people.5 Only 16 percent of homes in
the developing world have a phone, whereas
the household average is more than 90 per-
cent in high-income nations, yielding a ratio
of 40–70 phones per 100 people.6 Variations
within countries are often just as great, with
urbanites better connected than rural people.
For example, the region around Johannesburg
and Pretoria has 22 phone lines per 100 peo-
ple, more than 10 times the number in South
Africa’s most rural province.7

In the last decade, the pace of phone pene-
tration has picked up. The number of phone
connections per 100 people in developing
countries rose from one to two between 1975
and 1985, but jumped to six by 1997.8 Most
of the gains have occurred in parts of Latin
America and East Asia, however, and the gap
between telephone-poor countries and tele-
phone-rich ones has actually widened.9

Policy changes now under way may nar-
row this gap. From Asia to Africa, govern-
ments in the 1990s have been dismantling
state-run phone monopolies and opening their
markets to competition.10 Since 1996, Côte
d’Ivoire, Ghana, and South Africa have sold
parts of their phone networks to private com-
panies, which must expand service substan-

tially to fulfill their contracts.11 Similar poli-
cies have succeeded in Mexico and Argentina,
which were among the first Latin American
countries to privatize in the 1990s.12

Technological change is also expanding the
network.13 As the Internet explodes in size,
transmission of data is expected to surpass
voice calls within the next few years.14 The
systems that are being built to meet this
demand allow phone service to be provided
in new ways—for instance, bundled together
with cable television.15 The cost of installing
a new line can be defrayed by payments for
both telephone and another service.16

Cellular phones, which use radio waves
rather than an installed line, are another
boost to the network.17 Subscribers increased
48 percent in 1997, to 214 million.18 (See Fig-
ure 2.) The distribution of cell phones is even
more skewed than that of the fixed-line net-
work: some 84 percent are in industrial coun-
tries.19 But while these are a supplemental
means of communication in well-wired
nations, they are often substitutes for a con-
ventional line in developing countries. 

Wireless technology is particularly well
suited to remote locales, as it is usually quick-
er and cheaper to set up radio antennae for
cellular systems than to string wire from
poles or bury it underground. Yak caravans in
the mountains of Laos and Burma now use
cell phones to find the best route to market
during the rainy season.20 In Bangladesh, the
world’s largest wireless pay phone project
allows villagers to purchase cellular phones
on a lease program and then sell calls to their
neighbors.21 Farmers use the phone to check
on the price of crops in Dhaka to avoid being
cheated by intermediaries.22

Elsewhere, cell phones have aided
activists. Native Americans have used them to
enlist the support of widely scattered tribes in
demonstrations against nuclear disposal on
tribal land.23 And when students and busi-
nessmen wielding cellular phones flooded the
streets of Bangkok to protest Thailand’s mili-
tary government in May 1993, the local press
called it mob mue thue, “the cellular phone
revolution.”24



Vital Signs 1999   93

Telephone Network Keeps Growing

1960 1970 1980 1990 2000
0

200

400

600

800
Million

Source: ITU

0

50

100

150

200

250
Million

Source: ITU

1985 1990 1995 2000

TELEPHONE LINES AND
CELLULAR PHONE SUBSCRIBERS
WORLDWIDE, 1960–97

CELLULAR
TELEPHONE PHONE

YEAR LINES SUBSCRIBERS
(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 0.7
1986 426 1.4
1987 446 2.5
1988 469 4.3
1989 493 7.3
1990 519 11.2
1991 545 16.2
1992 573 23.2
1993 606 34.2
1994 646 55.3
1995 692 88.8
1996 741 144.2
1997 (prel) 781 213.8
SOURCES: ITU, World Telecommunication Indicators 
on Diskette (1996); ITU, Challenges to the Network
(September 1997); ITU “Telecommunications 
Industry at a Glance,” December 1998.

Figure 1: Telephone Lines Worldwide, 1960–97

Figure 2: Cellular Mobile Telephone Subscribers 
Worldwide, 1985–97
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Internet Continues Rapid Expansion Payal Sampat

In 1998, some 43 million host computers
wired an estimated 147 million people to the
Internet.1 (See Figure 1.) Since 1995, the
Internet has grown roughly 50 percent each
year, after 15 years of more than doubling in
size annually.2 Today 1 in every 40 people on
the planet has access to this global electronic
network.3

The United States, where the military first
developed the Internet in the late 1960s, still
leads the overall tally.4 It is home to more
than half of all Internet users—some 76 mil-
lion people—although its share has fallen
from 61 percent in 1997.5 Japan, with almost
10 million users, comes a distant second, fol-
lowed by the United Kingdom and Germany,
with 8 million and 7 million people online.6

The Internet has primarily been used in
wealthy nations for most of its decade-long
public existence (see Figure 2), and even
today, 9 out of 10 users live in the industrial
world.7 On a per capita basis, this disparity is
even more stark—whereas 1 in 4 Australians
or Swedes is online, India has just 1 Internet
user per 2,070 people; the ratio in Africa
(excluding South Africa) is 1 to 4,000.8

Yet the Internet has made rapid inroads in
some parts of the developing world in recent
years. China has the largest online population
in this group, with 1.6 million users—twice as
many as in 1997.9 Analysts predict this figure
will multiply severalfold in the next few years
as China expands its Internet capacity and
lowers access fees.10 By 2002, China may
have more Internet users than car owners.11

Latin America wired itself faster than any
other region in 1998, almost doubling its per
capita host count.12 (See Figure 3.) Much of
this growth was driven by Mexico and
Argentina, where the host computer counts
tripled.13 Brazil, home to almost one fourth of
Latin America’s 4.5 million Internet users, is
still the regional leader.14

Africa’s online population inched past 1
million in 1998; nearly 85 percent of users
there live in South Africa.15 A few nations
outstripped the continent’s sluggish 20-per-
cent growth rate in 1998: Namibia, for
instance, quadrupled its host computer count,

while Nigeria’s grew almost eightfold.16

Reportedly 47 of 54 African capital cities now
have some Internet access, but most have a
user base of fewer than 2,000 people.17

In recent years, the Internet has become far
more multilingual: an estimated 71 million
people use the World Wide Web in languages
other than English.18 Spanish and German are
the most popular, with 14 million users each.19

Why are so many people going online? The
Internet is a fast and cost-effective way to
communicate: it costs 35 times less to send
the same data from Accra, Ghana, to Amster-
dam by e-mail than by fax.20 It is also a vast
information store, although the quality of the
contents is often questionable. At 12.5 trillion
bytes, the Web’s holdings are comparable to
those of the U.S. Library of Congress—which
houses some 20 trillion bytes of print
records—while occupying a tiny fraction of
the physical space.21 And every day, 1.5 mil-
lion new pages are added to the Web’s exist-
ing collection, estimated at 829 million pages
in August 1998.22

The Internet increasingly serves as a global
marketplace. In 1998, almost $33 billion was
spent online, nearly three times as much as in
1997.23 Analysts predict Internet commerce
will expand another 13-fold by 2002.24

When harnessed for sustainable develop-
ment, the Internet has proved a potent tool.
Environmental activists in the United States,
Australia, and Canada, for instance, use it to
get information about toxic emissions from
local industries.25 Similar online databases are
being put together in Mexico, South Africa,
and the Czech Republic.26

Medical students and doctors in
Bangladesh, where up-to-date medical infor-
mation is scarce, now receive the latest inter-
national health journals online through the
efforts of a local nonprofit called Medinet. 27

In remote Niger, Touareg tribesfolk sell their
crafts worldwide in a Canadian-funded “cyber-
mall.”28 And some 6,000 students in various
parts of Africa get reading materials, join dis-
cussion groups, and submit assignments over
the Internet, as part of the University of South
Africa’s “Students On-line” program.29
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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
1998 43,230,000
SOURCE: Network Wizards, “Internet Domain 
Surveys, 1981–1999,”<http://www.nw.com>, 
updated January 1999.

Figure 1: Internet Host Computers, 1981–98

Figure 2: Internet Host Computers in North
America, Australia, and Europe, 1991–98
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World Population Swells Brian Halweil

The world’s population swelled to 5.92 billion
in 1998, adding 78 million people—slightly
fewer than the previous year, but still the
equivalent of another Germany.1 (See Figures
1 and 2.) Nearly all these people were added
in developing nations, already home to 4.85
billion people—more than 80 percent of the
world.2

As human numbers soar toward 6 billion,
population growth is slowing. Worldwide, the
annual growth rate peaked at 2.2 percent in
1963, and has since slowed to 1.4 percent—
the lowest level since a great famine in China
sharply dropped the rate in 1960.3 (See Figure
3.) Nevertheless, although the annual addition
is less than the peak of 87 million reached in
1989, it is still more than twice as many peo-
ple as were added annually at mid-century.4

Global data obscure wide regional discrep-
ancies. In Europe and Japan, population is
stable or declining, as the number of children
each woman bears has fallen well below 2.1—
the “replacement fertility” level necessary to
offset deaths.5 In dozens of African nations, in
contrast, the average woman bears more than
6 children, leading to annual grow rates of 3
percent and a population doubling time of
just over two decades.6

Worldwide, two out of five people live in
nations where fertility has dropped to
replacement level.7 These nations will grow
for some time before stabilizing, however,
due to the disproportionately large share of
the population entering their childbearing
years—the result of past high fertility levels.8
Included in this group are China and the
United States, the first and third largest
nations, home to a combined 26 percent of
the world.9

The latest U.N. projections put world pop-
ulation in 2050 at 8.9 billion, a substantial
reduction from the previous estimate of 9.4
billion, due to increased estimates of the lives
AIDS will take in Africa and lowered esti-
mates of birth rates in Nigeria.10 According to
these latest projections, the global population
will hit 6 billion on 12 October 1999.11

Population growth accelerated following
World War II, when public health measures,

such as child vaccination programs, and
improved nutrition reduced mortality levels
throughout the world.12 Since a concurrent
reduction in fertility did not accompany these
health gains, the population growth rate—the
result of birth rate minus death rate—surged
to unprecedented levels.13

In the 1960s and 1970s, however, birth
rates began to decline almost everywhere as
urbanization, increased female literacy, and
contraception prevailed.14 In South Korea, for
example, fertility levels dropped from 7 chil-
dren per woman in 1970 to 1.7 children
today.15 And in Bangladesh, the average
woman today bears 3.3 children—compared
with 7 children as recently as 1975.16 Africa
has seen less substantial decreases.17

Decreases in fertility can result from a
variety of factors, especially educational and
economic opportunities for women, which
alter values and aspirations while expanding
lifestyle options. In every nation where data
are available, the more schooling a woman
has, the fewer children she chooses to bear.18

Family planning programs—which provide
contraception and reproductive health ser-
vices—afford couples increased control over
their reproductive destinies. In Egypt, the
decline of children per woman from 5.2 in
1980 to 3.3 in 1997 coincided with a doubling
of contraceptive use by married couples.19

To mark the fifth anniversary of the 1994
International Conference on Population and
Development in Cairo, the U.N. General
Assembly will meet in 1999 to evaluate
progress on the plan of action agreed to there,
which established—among other things—the
goal of closing the gender gap in educational,
economic, and other spheres.20 Cairo also
called for universal access to family planning
by 2015, with industrial nations committing
to bear one third of the cost.21

Unfortunately, support for international
family planning programs has slumped in
recent years as industrial nations have
reneged on their promises.22 Most recently,
the U.S. Congress cut all U.S. funding for the
U.N. Population Fund—the principal provider
of global population assistance.23
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WORLD POPULATION, TOTAL AND
ANNUAL ADDITION, 1950–98

ANNUAL
YEAR TOTAL ADDITION

(billion) (million)

1950 2.556 38

1955 2.780 53

1960 3.039 41

1965 3.345 70
1966 3.416 70
1967 3.485 72
1968 3.557 75
1969 3.631 75
1970 3.707 77
1971 3.784 77
1972 3.861 76
1973 3.937 76
1974 4.013 73
1975 4.086 72
1976 4.158 72
1977 4.231 72
1978 4.303 75
1979 4.378 76
1980 4.454 76
1981 4.530 80
1982 4.610 80
1983 4.690 79
1984 4.770 81
1985 4.851 82
1986 4.933 86
1987 5.018 86
1988 5.105 86
1989 5.190 87
1990 5.277 82
1991 5.359 82
1992 5.442 81
1993 5.523 80
1994 5.603 80
1995 5.682 79
1996 5.761 80
1997 5.840 78
1998 (prel) 5.919 78

SOURCE: U.S. Bureau of the Census, International 
Data Base, electronic database, Suitland, MD, 
updated 30 November 1998.

Figure 1: World Population, 1950–98

Figure 2: Annual Addition to World Population,
1950–98

Figure 3: Annual Growth Rate of 
World Population, 1950–98
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Life Expectancy Extends to New High Brian Halweil

Global life expectancy crept to a new high of
66.0 years in 1998, meaning that the average
person born then will die in the year 2064.1
(See Figure 1.) Each year since mid-century,
global average life expectancy at birth has
increased. A person born today will live 20
years—43 percent—longer than a person born
in 1950.2 Nonetheless, the increase of just 0.2
years over 1997 continues the recent slow-
down in gains, as humans approach possible
biological limits to life extension.3

Though this upward trend prevails for
most nations, global data mask wide regional
disparities. Also, there is evidence that as
national life spans are beginning to converge,
internal disparities among population groups
are widening.4

While life spans in industrial nations have
extended nine years since 1950, developing
nations have added 24 years (nearly 60 per-
cent)—demonstrating the rapid pace of early
gains in life expectancy. Life expectancy in
the industrial world stands at 75 years, com-
pared with 64 years in poorer nations.5 (See
Figure 2.)

Growth in the world’s poorer regions has
been unequal as well. Since 1950—when the
average person born in both Asia and Africa
lived roughly 40 years—Asians have added
some 25 years to their lives, while Africans
have added just over 10.6 And in many
African nations raked by hunger, disease, and
social turmoil, people on average can expect
to live only 45 years.7

The average life expectancy in Asia is 65
years, though life spans in this massive region
range from 80 in Japan—the world leader for
longevity—to 61 in India and just over 40 in
Afghanistan.8

In general, life expectancy correlates with
income level, though some poorer nations—
such as Cuba, where life span tops that of the
United States—defy this pattern.9 Moreover,
life expectancy does not always correlate with
health. Those with long life spans may simul-
taneously suffer from chronic conditions that
reduce the quality of life, as in North Ameri-
ca, where life span averages 75 years while
half the populace is clinically overweight.10

Worldwide, women outlive men by nearly
5 years.11 This phenomenon holds across
nations, and explanations range from the anti-
aging properties of estrogens to the evolution-
ary importance of female longevity for raising
offspring.12

The extension of life span is largely attrib-
uted to improvements in water quality, diet,
and sanitation services, as well as in access to
health care and education.13 Modern public
health measures, such as immunization, have
drastically reduced infant and child mortality,
which can greatly distort life expectancy.14

For instance, the phenomenal 30-year gain in
Chinese life span since 1950 was largely due
to a slashing of infant mortality from 195
deaths per 1,000 births to 38 deaths.15 Beyond
these factors, medical advances, such as dis-
ease-fighting drugs and treatments, have
reduced the burden of infectious diseases and
postponed the fatality of chronic illness.

Nevertheless, several nations have bucked
the historic trend in reduced mortality. The
collapse of health care systems following the
1990 breakup of the Soviet Union has driven
life expectancy in Russia below 1950 levels.16

AIDS has trimmed two decades from life
spans in the hardest hit African nations.17

(See Figure 3). Resistance to antibiotics, the
emergence of new diseases, and numerous
unexpected crises—such as lethal arsenic lev-
els found recently in large portions of
Bangladesh’s groundwater—threaten to stall
future gains worldwide.18

As life spans extend, the human popula-
tion is aging. The share of the world’s popula-
tion over the age of 60 will more than
double—from 9 percent to 21 percent—by
2050, with this share reaching 40 percent in
several industrial nations.19 The changing age
structure may strain resources in many of the
world’s poorer nations confronted with grow-
ing elderly populations even as they struggle
with massive populations of youth, while in
industrial nations, a declining work force rela-
tive to a swelling retired population may pre-
cipitate a pension crisis.20
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WORLD AVERAGE LIFE EXPECTANCY,
1950–98
YEAR LIFE EXPECTANCY

(years)

1950 46.5

1955 49.6

1960 52.4

1965 56.0
1966 56.4
1967 56.8
1968 57.2
1969 57.6
1970 58.0
1971 58.3
1972 58.7
1973 59.0
1974 59.4
1975 59.8
1976 60.1
1977 60.4
1978 60.7
1979 61.0
1980 61.4
1981 61.7
1982 62.0
1983 62.4
1984 62.7
1985 63.1
1986 63.3
1987 63.5
1988 63.7
1989 63.9
1990 64.1
1991 64.4
1992 64.6
1993 64.9
1994 65.1
1995 65.4
1996 65.6
1997 65.8
1998 (prel) 66.0

SOURCE: United Nations, World Population Prospects: The
1998 Revision (New York: December 1998).

Figure 1: World Average Life Expectancy, 1950–98

Figure 2: Life Expectancy in Industrial and
Developing Countries, 1950–98

Figure 3: Life Expectancy in Zimbabwe
and Botswana, 1950–98
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HIV/AIDS Pandemic Decimates Brian Halweil

Since the beginning of the AIDS epidemic in
the early 1980s, the number of people infect-
ed with HIV—the virus that causes AIDS—
has climbed to nearly 50 million.1 (See Figure
1.) Nearly 6 million people were infected in
1998, and 2.5 million people died from
AIDS.2 (Each year since 1980, there has been
a record number of new infections and AIDS
deaths.)3 Cumulative AIDS deaths stand at
over 14 million (see Figure 2), and given that
34 million people currently have HIV, the
number is expected to keep climbing.4

Spurred by poverty and lack of widespread
prevention efforts, the virus continues to rake
across sub-Saharan Africa—where 7 of 10
global HIV infections and 9 of 10 global AIDS
deaths occur.5 In a dozen African nations, at
least 10 percent of the adult population carries
the virus.6 And in the hardest hit nations, such
as Zimbabwe and Botswana, one of four adults
is infected and average life expectancy has
been cut to pre-1950 levels.7 Barring a medical
miracle, future AIDS deaths in these nations
will bring population growth to a halt.8

Though infection rates in Asia remain low,
the total number of people infected expands
rapidly.9 Thriving commercial sex industries
and growing drug use fuel the epidemics in
many nations, including Myanmar, Viet Nam,
and Cambodia—Asia’s most infected country,
where 2.4 percent of adults test positive.10

In India and China, the virus continues to
spread beyond high-risk urban populations,
such as prostitutes and intravenous drug
users, to the general population, where it is
more difficult and costlier to contain.11 India
is home to an estimated 4 million infected
individuals—more than any other nation.12

And in early 1998, the Chinese Ministry of
Health noted that HIV has now been reported
in every province.13

Since 1994, the number living with HIV in
Eastern Europe has surged nearly sevenfold.14

General collapse of economic and health care
systems—on top of soaring drug use—fuels
the epidemic in the former Soviet bloc.15

With the help of antiviral drugs that pro-
long the onset of the disease, AIDS deaths
have declined in the United States and West-

ern Europe, though new HIV infections rise
steadily as risky behaviors persist.16 In the
United States, 64 percent of new infections
occur in blacks and Hispanics, who account
for just 24 percent of the population.17

In contrast to other epidemics in human
history, which predominantly affected the
young and the elderly, AIDS strikes hardest at
the economically active population—the cor-
nerstone of a nation’s development.18 At the
household level, as wage-earners die off, fam-
ilies struggle to find alternate sources of
income.19 The millions of children orphaned
by AIDS attest to the profound effects on
those not directly infected.20

Health care systems—along with national
budgets—are being overwhelmed by the epi-
demic.21 The cost of providing antiviral treat-
ment to all infected individuals in Malawi,
Mozambique, Uganda, and Tanzania dwarfs
those countries’ gross national products.22

The 12th Annual World AIDS Conference
in July 1998 shone the spotlight on “the have-
nots of the epidemic”: the vast majority of
those infected who are unable to enjoy the
benefits of pharmaceutical treatment.23 Partic-
ipants cast HIV spread as a symptom of
socioeconomic discrimination—stemming
from inadequate access to health care and
education—and urged a renewed response to
the pandemic as a development issue.24 For
example, in Latin America—as in other
regions—infection rates and spread are most
severe in impoverished nations, such as
Bolivia and Honduras.25

At the same time, infection rates have
slowed or declined in several nations that
adopted strong prevention programs, includ-
ing Senegal, Tanzania, Thailand, and Ugan-
da.26 Successful efforts have included free
distribution of condoms, needle exchange pro-
grams, sex education at all levels of schooling,
and support from religious and civil leaders.27

And in roughly half of the developing
world, the epidemic still has not spread wide-
ly in the general population or even high-risk
groups, providing an opportunity for govern-
ments that realize that prevention now costs a
fraction of treatment later.28
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Figure 1: Estimates of Cumulative HIV Infections
Worldwide,1980–98

Figure 2: Estimates of Cumulative AIDS Deaths
Worldwide, 1980–98

CUMULATIVE HIV INFECTIONS
AND AIDS DEATHS
WORLDWIDE, 1980–98

YEAR HIV INFECTIONS
(million)

1980 0.1
1981 0.3
1982 0.6
1983 1.1
1984 1.9
1985 2.8
1986 3.9
1987 5.3
1988 6.9
1989 8.9
1990 11.5
1991 14.4
1992 17.8
1993 21.6
1994 25.9
1995 30.6
1996 35.8
1997 41.4
1998 (prel) 47.2

YEAR AIDS DEATHS
(million)

1980 0.0
1981 0.0
1982 0.0
1983 0.0
1984 0.1
1985 0.2
1986 0.3
1987 0.5
1988 0.8
1989 1.3
1990 1.8
1991 2.5
1992 3.4
1993 4.6
1994 5.9
1995 7.6
1996 9.5
1997 11.8
1998 (prel) 14.3
SOURCE: Neff Walker, UNAIDS, Geneva, e-mail
to author, 11 December 1998.
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Polio Nearly Eradicated Lisa Mastny

Reported polio cases worldwide dropped to
just over 3,600 in 1998—the lowest case-count
on record, according to the World Health
Organization (WHO).1 (See Figure 1.) Overall,
reported polio cases have declined a remark-
able 90 percent since 1988, when WHO
launched its global vaccination campaign to
eradicate wild polio virus by 2000.2 The actu-
al number of polio cases worldwide is
thought to be about 10 times the figure
reported.3

For much of this century, and particularly
prior to discovery of the polio vaccine in the
1950s, poliomyelitis was considered one of the
most deadly and crippling diseases of our time.
Today some 10–20 million people worldwide—
including many children in the developing
world—remain paralyzed from the virus,
unable to walk or breathe without the help of
leg braces or devices such as the “iron lung.”4

Polio is one of very few diseases that can
actually be wiped out because the virus is
transmitted only through person-to-person
contact. Moreover, there exists a highly effec-
tive and cheap (about $1 per dose, or $3 per
child) oral vaccine, which usually provides
lifelong immunity to polio.5

The disappearance of polio is the result of
strong social and political commitment by
national governments and the international
community. By 1998, 118 countries had con-
ducted at least one round of National Immu-
nization Days, during which all children
under five are given two doses of oral polio
vaccine one month apart—compared with
only 21 countries a decade earlier.6 (See Fig-
ure 2.) In 1997 alone, 450 million children—
about two thirds of the world’s under-five
population—were immunized during cam-
paigns in 80 countries.7

Widespread child immunization has signif-
icantly altered the geography of polio trans-
mission. Whereas 10 years ago polio
circulated freely on all continents except Aus-
tralia, in 1998 a record 188 countries reported
zero cases—up from only 94 a decade earlier.8
(See Figure 3.) The only region with official
“polio-free” status is the Americas, but the
Western Pacific, Eastern and Western Europe,

and parts of Northern and Southern Africa
are also now considered polio-free following
eradication efforts.9

Despite the worldwide decline, 27 coun-
tries—primarily in South Asia and Africa—
were still reporting polio transmission as of
late 1998.10 Obstacles to eradication include a
lack of basic health infrastructure for vaccine
distribution and the crippling effects of civil
war. In countries such as Angola and Somalia,
internal conflict has meant the suspension of
immunization programs, severance of vaccine
supply lines, and destruction of health ser-
vices.11 In some war-torn countries, howev-
er—including Sudan and Sri Lanka—
immunization efforts have actually led to
momentary cease-fires, as weapons are laid
down to allow health workers to reach and
vaccinate young children.12

As the target year for polio eradication
nears, WHO and its partners in the global
effort are worried that support for the project
may wane before the biggest hurdles are
overcome. Funds are still lacking for the Ini-
tiative’s challenging final phase—door-to-door
“mopping-up” campaigns to immunize chil-
dren in high-risk districts. Although 50–80
percent of the costs are covered by the coun-
tries themselves, WHO estimates that an
extra $370 million in international support
will be needed before 2001.13

If all goes well, the world will achieve offi-
cial “polio-free” status at the earliest by 2005,
and global child immunization will end after
another five years.14 From that point on,
countries will begin to realize the tremendous
benefits of no longer having to immunize
infants or to treat or rehabilitate people
affected by polio, saving an estimated $1.5
billion per year.15 Western Europe alone will
save about $200 million annually, and the
United States will save about $230 million.16

In addition to financial savings, successful
polio eradication will leave behind a legacy of
effective international health cooperation, as
well as a global disease prevention network
that can be used to combat other common
childhood killers—including measles, tetanus,
tuberculosis, whooping cough, and diphtheria.
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REPORTED POLIO CASES
WORLDWIDE, 1975–98

YEAR TOTAL

1975 49,293
1976 44,390
1977 40,832
1978 47,950
1979 48,107
1980 52,552
1981 66,052
1982 51,900
1983 40,219
1984 35,345
1985 38,637
1986 33,038
1987 39,866
1988 35,251
1989 26,207
1990 23,484
1991 13,508
1992 14,777
1993 10,487
1994 8,641
1995 7,035
1996 4,074
1997 (prel) 5,186
1998 (prel) 3,624

SOURCE: World Health Organization,
February 1999.
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Figure 1: Reported Polio Cases Worldwide, 1975–98

Figure 2: Countries That Have Conducted
National Immunization Days, 1988–98

Figure 3: Countries Reporting Zero Polio Cases,
1981–98
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Refugee Numbers Drop Again Michael Renner

As of January 1998, 22.4 million people quali-
fied for and received refugee assistance,
according to the U.N. High Commissioner for
Refugees (UNHCR).1 (See Figure 1.) This is
the third consecutive year in which the offi-
cial refugee numbers declined. They fell by
less than 2 percent between January 1997 and
January 1998, but are now down 19 percent
from the January 1995 peak of 27.4 million.2

Out of the 22.4 million total population 
“of concern” to UNHCR, just under 12 mil-
lion people were recognized refugees, about 
1 million asylum seekers, 3.5 million recent
returnees who continue to need assistance,
and about 6 million internally displaced 
persons and “others of concern.”3

In 1997, Afghanistan continued to be by far
the most important country of origin: more
than 2.6 million Afghans have found asylum
in Iran, Pakistan, India, and Western Europe.4
Iraq, Somalia, Burundi, and Bosnia-Herzegov-
ina each have generated refugee populations
of more than a half-million people.5

Asian countries provided asylum to the
largest number of refugees receiving UNHCR
assistance—7.5 million.6 (See Figure 2.) Africa
was a close second with 7.4 million, followed
by Europe (6.1 million).7 Iran carried the
heaviest burden, with about 2 million
refugees in its territory, followed by Rwanda
(1.6 million), Bosnia-Herzegovina (1.3 mil-
lion), and Pakistan (1.2 million).8 The far rich-
er United States and Germany hosted 1.2
million and 1.1 million refugees.9

The UNHCR figures do not cover everyone
uprooted and in need of assistance. First of
all, they do not include an estimated 3.2 mil-
lion Palestinians who are cared for by the
U.N. Relief and Works Agency for Palestine
Refugees in the Near East (UNRWA).10

In addition, there are perhaps as many as
30 million internally displaced persons, their
plight distinguished from that of international
refugees only by the fact that they did not
(and often were not able to) cross a border.11

Thus they are not protected under interna-
tional refugee law and may receive assistance
only with the consent of their own govern-
ments. Although UNHCR’s involvement with

the internally displaced has increased sub-
stantially in recent years, its assistance
extends only to about 4.5 million of them.12

Finally, there are people in “refugee-like
situations.” Typically, they live in conditions
similar to those of refugees, but do not meet
the narrow official definition. Estimates of
their numbers are rough, but the U.S. Com-
mittee for Refugees believes there were at
least 3.9 million at the end of 1997.13

All in all, there may be some 56 million
refugees and internally displaced persons.14

During 1997, an estimated 900,000
refugees—less than half as many as in 1996—
repatriated either with UNHCR’s help or on
their own.15 The largest repatriations took
place in Rwanda (220,000), Bosnia-Herzegov-
ina (109,000), and Burundi (89,000).16 Other
significant return flows occurred in
Afghanistan, Sudan, Angola, Somalia, and
Congo, but ongoing or renewed armed con-
flict in these countries makes it unclear
whether returnees will remain safe.17

Many richer nations have tightened their
legal provisions in recent years, leading to
concern by refugee assistance groups that the
principle of asylum is being eroded.18 From
1988 to 1997, 6 million asylum applications
were submitted in 22 western countries and 4
East European nations.19 During the same
period, only 605,000 asylum-seekers were rec-
ognized under the 1951 U.N. Refugee Con-
vention; another 413,000 were granted
humanitarian status.20 Several tens of thou-
sands of people worldwide were returned
forcibly or expelled  during 1997.21

Although they close the doors on asylum
seekers with increasing frequency, industrial
countries still account for 18 of the top 20
donors that provided $1.1 billion in 1997 to
UNHCR, UNRWA, and the International
Organization for Migration.22 In absolute
terms, the United States provided the most
aid ($353 million), but in per capita terms
Norway was dominant.23 Overall, however,
donor governments have chronically failed to
provide adequate support for refugees.
UNHCR, UNRWA, the Red Cross, and others
face ongoing funding shortfalls.
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REFUGEES RECEIVING
U.N. ASSISTANCE,
1961–981

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 22.7
1998 (prel) 22.4

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 2: Refugees Receiving U.N. Assistance in Asia,
Africa, and Europe, 1981–98
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Cigarette Production Falls Lester R. Brown

The world produced 5.61 trillion cigarettes in
1998, down from 5.64 trillion in 1997.1 (See
Figure 1.) This second straight annual decline
dropped production by more than 1 percent
from the historical high of 5.68 trillion ciga-
rettes in 1996.2

Cigarette production per person in 1998
fell 2 percent from the preceding year, contin-
uing a decade-long trend.3 (See Figure 2.)
After peaking in 1990 at 1,027 cigarettes per
person, production has fallen to 948 per per-
son, a drop of nearly 8 percent or 1 percent
annually.4

Total production has fallen in the last few
years in both China and the United States,
the two biggest manufacturers. In China,
overproduction and the buildup of cigarette
stocks led to a government reduction of pro-
duction quotas. Since peaking in 1995 at 1.74
trillion cigarettes, production there has
dropped to 1.68 trillion, a decline of more
than 3 percent.5

In the United States, where both smoking
and cigarette exports are falling, production
dropped from 758 million in 1996 to 716 mil-
lion in 1998, a decline of nearly 6 percent.6
The number of cigarettes smoked per person
has fallen from 2,940 in 1981 to 1,739 in
1998—a drop of 41 percent.7 (See Figure 3.)

In Japan, the third largest consumer, ciga-
rette smoking is also declining. It dropped by
2 percent in 1998 in response to greater
awareness of the links between cigarette
smoking and health and to a tax increase
imposed in 1997.8 Future tax hikes are
expected to reinforce the declining consump-
tion trend.

The fall in U.S. consumption is expected to
continue as cigarette prices rise in response to
an agreement by the tobacco industry to
reimburse state governments for Medicare
costs of treating smoking-related illnesses in
recent decades. The industry agreed in 1998
to pay state governments $251 billion—nearly
$1,000 for every American.9 This payment, to
be spread out over the next 25 years, is forc-
ing cigarette prices upward. Between January
1998 and January 1999, the cost of a pack of
cigarettes went up by roughly half.10 Further

price hikes will be needed to cover the reim-
bursement to the states.

In addition to state lawsuits to cover costs,
the Department of Justice has assembled a
task force to file a lawsuit to recover federal
Medicare costs associated with smoking. Early
indications are that it will seek from $250–500
billion in compensation from the industry.11

Six other national governments—those of
Bolivia, Guatemala, the Marshall Islands,
Nicaragua, Panama, and Venezuela—have
now filed lawsuits against the U.S. tobacco
industry in U.S. courts that are also designed
to recover the costs of treating smoking-relat-
ed illnesses.12 And Brazil has announced
plans to file suit to recover $51 billion in
health care expenditures.13

Awareness of the disease and death toll of
cigarette smoking is rising. Smoking has been
identified as the known or probable cause of
at least two dozen diseases or groups of dis-
eases. Prominent among these are cardiovas-
cular disease, including both heart attacks
and strokes; several forms of cancer, most
notably lung cancer; and various respiratory
illnesses, including emphysema, bronchitis,
and pneumonia.14

An estimated 400,000 Americans die each
year from smoking-related causes—more than
eight times as many as die in automobile acci-
dents.15 Worldwide, the World Health Organi-
zation (WHO) projects that the number of
smoking-related deaths will increase from an
estimated 3 million to 10 million over the
next generation as smoking spreads in devel-
oping countries.16 Smoking fatalities of 3 mil-
lion rival those from AIDS, at 2.5 million and
growing.17

Some 35 years have passed since the first
U.S. Surgeon General’s Report on Smoking and
Health was published, which put the issue of
smoking firmly on the public agenda.18 With
the United States leading the way, the world
appears to be crossing a threshold on smok-
ing. In early 1999, WHO announced that it
would seek a worldwide ban on tobacco
advertising and was considering seeking a
similar prohibition on smoking in public.19
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WORLD CIGARETTE PRODUCTION,
1950–98

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 1002
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 5,250 1,026
1989 5,258 1,013
1990 5,419 1,027
1991 5,351 998
1992 5,363 985
1993 5,300 960
1994 5,478 978
1995 5,599 985
1996 5,681 986
1997 5,643 966
1998 (prel) 5,609 948

SOURCE: USDA, FAS, World Cigarette Database, elec-
tronic Database, February 1999; data for 1950–58 are
estimates based on U.S. data.
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Wars Increase Once Again Michael Renner

The number of wars worldwide rose to 31 in
1998, up from 25 in 1997, according to AKUF,
a study group at the University of Hamburg.1
(See Figure 1.) This was an increase of 24 per-
cent—the first since 1992.2 In addition, 18
armed conflicts took place during 1998 that
were below the definitional threshold of war,
compared with 21 such conflicts in 1997.3

Due to definitional and methodological
reasons, other analysts report somewhat 
different numbers. The Conflict Data Project
at the University of Uppsala, Sweden, puts
the number of armed conflicts for 1997 (the
most recent year they report) at 33—of which
21 were “major armed conflicts” and 12
“minor.”4 (See Figure 2.) And Project Plough-
shares in Waterloo, Canada, reports 37 armed
conflicts for 1997.5

Of the total of 49 wars and armed conflicts
active in 1998, as identified by AKUF, 26 had
their origin during the 1990s, and another 8
during the 1980s. But some conflicts are far
more protracted: 8 started during the 1970s, 5
during the 1960s, and 1 goes back to the late
1940s.6

With just one exception—the fighting in
Serbia’s Kosovo province—all armed conflicts
are now taking place in developing countries.7
According to the Uppsala Conflict Data Pro-
ject, Africa and Asia have by far the highest
number—14 each in 1997. Africa is the only
region where armed conflicts have been on
the upswing in recent years.8 (See Figure 3.)

The Uppsala team reports 103 armed con-
flicts in 69 different locations during 1989–97.
Of these, 45 percent were minor conflicts and
55 percent major ones.9 The vast majority—97
of the 103—took place exclusively within the
boundaries of a single country. The remaining
6 involved wars between opposing states; of
these, just one—between India and Pakistan—
remained active in 1997.10

The fact that almost all contemporary vio-
lent conflicts are being waged on the territory
of a single state does not mean that there is
no international dimension. The Uppsala
team identified 9 cases of intrastate conflict in
which foreign interventions occurred.11 More-
over, in many cases there are a variety of con-

nections among internal wars within a region.
For example, the civil wars in Rwanda and
Burundi mutually influenced each other to
some degree, and the Rwandan genocide of
1994 had a powerful spillover effect on the
former Zaire, including the overthrow of the
Mobutu dictatorship and a new insurrection
against the Kabila regime that has drawn six
neighboring countries into the fray.12

Among the costliest ongoing wars, in terms
of human lives lost, are those in Afghanistan,
Algeria, Sri Lanka, and Sudan.13

The analysts at the Universities of Ham-
burg and Uppsala and those at Project
Ploughshares include in their tallies only con-
flicts that involve government forces among
the protagonists, at least on one side. Increas-
ingly, however, fighting involves opposing
warlords, ethnic militias, criminal organiza-
tions, and others that do not have the trap-
pings of sovereignty and whose fighters do
not wear a state’s uniforms and badges.

Researchers with the PIOOM Foundation
in Leiden, Netherlands, use far broader crite-
ria in order to capture these nonstate conflicts
in their statistics.14 It is not surprising, then,
that they report far higher numbers. PIOOM
data suggest that while high-intensity con-
flicts—major wars—have indeed declined in
recent years, low-intensity conflicts and vio-
lent political conflicts have sharply increased
in number—from 84 in 1993 to 144 in 1997.15

At least part of this increase is explained
by improved monitoring and data gathering,
as well as by greater disaggregation—counting
conflicts rather than conflict locations. (In
some countries, such as India, several local
conflicts are going on at the same time and
PIOOM now counts these separately instead
of simply recording India as a single conflict
location.)16

Although the PIOOM data are far from
definitive—as the project itself acknowl-
edges—they point to the need to devote
greater resources to monitoring the many
cases of low-intensity conflicts and near-con-
flict situations. Without such early conflict
warning, it will be exceedingly difficult to
make conflict prevention more successful.
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Figure 3: Armed Conflict Trends by Region,
1989–97

ARMED CONFLICTS, 1950–98
YEAR 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
1998 31

SOURCE:  Arbeitsgemeinschaft Kriegsurachenforschung,
Institute for Political Science, University of Hamburg.
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U.N. Peacekeeping Expenditures Drop More Michael Renner

Projected expenditures for U.N. peacekeeping
stood at $852 million for the period July 1998
to June 1999, down from $992 million a year
earlier.1 (See Figure 1.) This is a 14-percent
reduction, and a decline of 76 percent from
the peak in 1995 (after inflation). The number
of soldiers, military observers, and civilian
police in the service of peacekeeping missions
stood at 14,398 at the end of October 1998,
down from almost 80,000 in 1994.2 (See 
Figure 2.)

Last year marked the fiftieth anniversary
of U.N. peacekeeping. Only 13 operations
were established during the first 40 years,
compared with 36 in the past decade alone.3
More than 750,000 persons from 110 coun-
tries have served in all U.N. peacekeeping
missions.4 Of the 49 missions to date, 17 were
dispatched to countries in Africa, 9 each to
Europe and the Middle East, 8 to Central
America and the Caribbean, and 7 to Asia.5

During 1998, a total of 17 missions were
active; 12 of them came into existence during
the 1990s, 2 in the 1970s, 1 in the 1960s, and
2 date back to the very origins of peacekeep-
ing in 1948 and 1949—one in the Mideast; the
other in Kashmir.6 The U.N. Security Council
approved two new missions during 1998, one
in the Central African Republic (taking over
from a regional peacekeeping force) and a
small observer mission in Sierra Leone.7 In
the last few years, however, Council members
(and the United States in particular) have on
the whole shown a strong aversion to getting
involved in several conflicts, preferring inac-
tion or contracting the task out to ad hoc
“coalitions of the willing.”8

A number of existing missions have been
reduced in size during the last few years—
primarily because the Security Council is
reluctant to commit resources and personnel.9
In 1999, the presence in Angola was termi-
nated, amid indications that full-scale war
will return, and a mission in Macedonia
ended when China vetoed its extension.10

Most of the remaining missions now
resemble more closely the limited peacekeep-
ing model of the cold war years (focused on
monitoring ceasefires and troop withdrawals,

and creating buffer zones) than the more
complex and ambitious operations of the
early 1990s (that involved such tasks as the
disarmament and demobilization of former
combatants, electoral assistance, and monitor-
ing of human rights compliance).11

At the end of 1998, the largest missions
were those in Lebanon (with about 4,500 
personnel) and Bosnia (close to 2,000); five
other missions (in Cyprus, on the Golan
Heights, at the Iraq-Kuwait border, in Angola,
and in the Central African Republic) each
deployed about 1,000 peacekeepers.12

As of 31 December 1998, U.N. member
states owed a total of $1.6 billion for peace-
keeping operations, or roughly two years’
worth of operations.13 (See Figure 3.) The
United States remained by far the largest
debtor, with $976 million in unpaid dues—61
percent of the total.14

In some conflicts, U.N. operations have
been deployed alongside non-U.N. forces, and
in others the “coalitions of the willing”—dis-
patched by regional organizations or com-
posed of ad hoc coalitions of states—have
entirely replaced the United Nations.15 This
has raised questions about in whose interest
these forces are acting and whether they can
be held accountable.

By far the largest non-U.N. operation
remains SFOR, the NATO-led force in Bosnia.
It deploys about 33,000 soldiers and cost an
estimated $4 billion in 1998.16 Others include
the Multinational Force and Observers (MFO)
in the Sinai (started in 1982; annual cost $51
million), the Peace Monitoring Group BELISI
in Bougainville (1998; $24 million), and the
Military Observer Mission MOMEP at the
Ecuador-Peru border (1995; $15 million).17

Russia runs four peacekeeping operations in
conflict-ridden former Soviet republics, and
the Organization for Security and Co-opera-
tion in Europe maintains 12 observer mis-
sions, primarily in Eastern Europe.18

Altogether, at least 29 non-U.N. observer,
peacekeeping, and peace enforcement mis-
sions were active in 1997.19
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Figure 1: U.N. Peacekeeping Expenditures, 1950–98

Figure 2: U.N. Peacekeeping Personnel, 1950–98

U.N. PEACEKEEPING
EXPENDITURES, 1986–98
YEAR EXPENDITURE

(mill. 1997 dollars)

1986 335
1987 323
1988 345
1989 789
1990 552
1991 561
1992 1,971
1993 3,324
1994 3,547
1995 3,490
1996 (Jan.–June) 754
1996* 1,324
1997* 992
1998* 852

*July to June of following year.
SOURCES: U.N. Department of Peacekeeping 
Operations; Office of the Spokesman for the 
U.N. Secretary-General.
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Nuclear Arsenals Shrink Michael Renner

The number of nuclear warheads worldwide
declined from 39,807 in 1996 to 36,110 in
1997, a drop of 9 percent.1 (See Figure 1.) Of
these, about 20,000 are actively deployed,
about 14,000 await eventual dismantlement,
and the remainder are held in reserve.2 Since
its 1986 peak, the size of the global nuclear
arsenal (strategic and tactical warheads) has
declined by 48 percent.3

The United States retains 12,000 warheads,
while Russia has 23,000.4 The other three
long-standing nuclear powers—France, China,
and the United Kingdom—have a little more
than 1,000 warheads combined.5

During the 1970s and 1980s, the Soviet
Union and the United States deployed as
many as 4,500 strategic “launchers” (bombers,
land-based missile silos, and submarine mis-
sile tubes) to fire off these warheads. Now,
the number of launchers on both sides has
fallen to about 2,500.6

The United States is now the only nation
with nuclear weapons outside its borders, but
the number has shrunk from a peak of about
10,000 in 1975 to some 150.7

The START treaties between Russia and
the United States require cutting the numbers
of missiles, submarines, and bombers, but
they do not mandate the destruction of war-
heads removed from the launchers. Still, both
have dismantled a significant number of war-
heads: the United States took apart 10,482
warheads in 1990–97.8

All the same, the nuclear era is far from
over. U.S. warhead production stopped in
1990, but new design work continues. U.S.
explosive testing stopped in 1992 (and in 1990
in Russia), but new “subcritical” tests and
computer simulations may yield much of the
same information. And sizable arsenals will
be retained. Of 85 tons of U.S. weapons-grade
plutonium, 47 tons are to be kept for
weapons purposes.9 Russia is the only coun-
try still producing new warheads, but the age
of its arsenals and its lack of financial
resources may nevertheless translate into a
sharp decline of its nuclear stockpile in com-
ing years.10

Since 1945, seven countries have conduct-

ed a total of 2,051 tests in 24 different loca-
tions.11 (See Figure 2.) Of these, 26 percent
took place in the atmosphere, with the
remainder underground. The United States
carried out more than half the total (1,030),
the Soviet Union 715, France 210, and China
and the United Kingdom 45 each.12

In 1997, it seemed as though nuclear tests
had finally been banished for good worldwide
when, for the first time since 1959, not a sin-
gle bomb was exploded. And the 1996 Com-
prehensive Nuclear Test Ban Treaty has
attracted growing numbers of signatures (151
so far, though not of all the countries
required to bring the treaty into force).13 But
in May 1998, India and Pakistan conducted
several tests. India claimed to have detonated
five devices and Pakistan claimed a total of
six, though analysts suspect that these are
both exaggerations.14

From the beginning of the atomic age to
1996, the United States has spent a conserva-
tively estimated $5.6 trillion (in 1997 dollars)
on nuclear weapons and weapons-related pro-
grams.15 Producing the warheads—a total of
70,299 from 1945 to 1990—claimed $417 bil-
lion of this sum, while producing and deploy-
ing the weapons systems that carry the
warheads cost about $3.3 trillion. The United
States manufactured 6,135 intercontinental
missiles, more than 18,000 shorter-range bal-
listic missiles, and more than 50,000 nuclear-
capable nonballistic missiles, as well as 4,680
nuclear-capable bombers and 191 nuclear-
powered submarines.16 Targeting and control-
ling the weapons absorbed another $845
billion, and a variety of programs to defend
against Soviet nuclear weapons took $954 bil-
lion. Some $33 billion went to dismantling
warheads. Waste management and environ-
mental cleanup efforts have received $67 bil-
lion so far, but will require at least $300
billion more during the next 75 years, accord-
ing to official estimates.17

There are no corresponding figures for the
other nuclear powers. One rough estimate,
though extremely conservative, suggests an
expenditure of $8 trillion worldwide.18
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Nuclear Arsenals Shrink

WORLD NUCLEAR ARSENALS,
1945–97

YEAR NUCLEAR WARHEADS
(number)

1945 6

1950 374

1955 33,267

1960 32,069

1965 37,741
1966 38,738
1967 39,186
1968 38,257
1969 37,465
1970 37,776
1971 39,445
1972 41,817
1973 44,414
1974 45,818
1975 46,841
1976 47,536
1977 48,544
1978 50,064
1979 52,485
1980 54,329
1981 55,658
1982 57,507
1983 59,686
1984 61,447
1985 63,223
1986 69,075
1987 67,302
1988 65,932
1989 63,450
1990 60,642
1991 57,017
1992 53,136
1993 49,612
1994 46,247
1995 42,976
1996 39,807
1997 36,110

SOURCE: Robert S. Norris and William 
M. Arkin, Bulletin of the Atomic Scientists,
November/December 1997. 
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Figure 1: World Nuclear Arsenal, 1945–1997

Figure 2: Nuclear Warhead Tests, 1945–98
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The global area planted to transgenic crops
shot up to 28 million hectares in 1998—
nearly three times the area in the preced-

ing year, and more than 15 times as much as
in 1996.1 (See Table 1.) By comparison, 225
million hectares around the world are planted
in wheat—the most widely cultivated crop.2

Also known as genetically modified or
genetically engineered crops, transgenic crops
have been altered by inserting genes to
express a desired trait, such as herbicide tol-
erance or increased oil content.3 Unlike crop
varieties developed through traditional plant
breeding, transgenics often contain genes
from unrelated species—of plant, animal, bac-
teria, or other origin—with which the crop
could not reproduce naturally.4

Though several European governments
have called for a moratorium on commercial
planting of these crops pending further
assessment of possible health and ecological
risks, the global area planted to transgenics
stands to soar in the near future.

Since a 1986 field trial of tobacco engi-
neered to resist viruses, more than 60 trans-
genic crops—ranging from corn to straw-
berries, from apples to potatoes—have been

tested in at least 45 countries.5 In 1992, China
became the first nation to grow transgenics
for commercial use, though industrial nations
have dominated the harvest ever since.6

Farmers in the United States sowed their
first transgenic crop in 1994, followed by
farmers in Argentina, Australia, Canada, and
Mexico in 1996.7 By 1998, 9 nations were
growing transgenics, and that number is
expected to reach 20–25 by 2000.8

The United States has dominated the
explosive growth in genetically modified
crops, with 74 percent of global acreage.9
Argentina and Canada trail a distant second
and third.10 Only in these three nations do
transgenics constitute a substantial share of
any crop harvest. In 1998, more than a third
of the American soybean crop was transgenic,
as was nearly one quarter of the corn and 20
percent of the cotton.11 Roughly 55 percent of
the Argentine soybean crop was transgenic, as
well as 45 percent of the Canadian crop of
rapeseed, which is crushed to produce canola
oil.12

Since the Flavr-Savr tomato—engineered
for delayed ripening—appeared in American
supermarkets in 1994, genetically modified

foods have infiltrated the
global food supply.13 In
the United States, where
transgenic corn and soy-
beans show up as high
fructose corn syrup or
soybean oil in processed
foods, an estimated 70
percent of such foods
already contain some
genetically modified
ingredients—though it is
not labeled as such.14

Transgenic foods are like-
ly on the shelves in many
nations that do not even
grow modified crops, as
the United States is the
source of roughly half of
global corn and soybean
exports as well as a large

Transgenic Crops Proliferate Brian Halweil

TABLE 1: GLOBAL AREA OF TRANSGENIC CROPS,
1996–981

SHARE OF GLOBAL
COUNTRY 1996 1997 1998 ACREAGE, 1998

(million hectares) (percent)

United States 1.5 8.1 20.5 74
Argentina 0.1 1.4 4.3 15
Canada 0.1 1.3 2.8 10
Australia <0.1 0.1 0.1 1
Mexico <0.1 <0.1 0.1 1
Spain – – <0.1 <1
France – – <0.1 <1
South Africa – – <0.1 <1
Total 1.7 11 27.8 100

1China is not included because the accuracy of acreage data has been questioned.
SOURCE: Clive James, Global Review of Commercialized Transgenic Crops: 1998 (Ithaca,
NY: International Service for the Acquisition of Agri-biotech Applications, 1998).
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Transgenic Crops Proliferate

share of processed food exports.15

While an array of transgenic crops are now
grown commercially, 52 percent of the global
area of transgenics is planted in soybeans and
30 percent in corn.16 Cotton—almost entirely
on U.S. soil—and rapeseed in Canada account
for most of the remaining hectares.17

The most prevalent traits in the global
transgenic harvest are “input” traits, which
facilitate or replace the use of agrochemical
inputs such as pesticides and fertilizers.18 For
example, 7 out of 10 transgenic hectares
worldwide are planted in crops that tolerate a
specific herbicide—allowing farmers to eradi-
cate weeds without killing the crop.19 And Bt-
crops—corn, cotton, and potatoes endowed
with genes to churn out the pest-killing
Bacillus thuringiensis toxin and therefore
require fewer pesticide applications—account
for nearly all the remaining transgenic area.20

In contrast, the future harvest will likely
emphasize “output” traits tailored to post-har-
vest uses, such as high-oil corn designed for
fattening livestock.21 Other modifications will
fuel the production of designer foods with
altered flavor, color, or nutrient content.22

Moreover, the growing number of transgenic
varieties engineered with more than one
desired trait—for example, high-oil, Bt-corn
that also tolerates herbicides—reflects the
dominant trend toward “trait stacking.”23

The swift acceptance of transgenics in
North America stands as the exception to the
global rule. From England to India, farmers
and activists have destroyed transgenic test
plots in protest. Many governments have
exercised caution over possible risks to eco-
logical and human health.

The range of novel substances in transgen-
ics—including pesticides, viral proteins, and
compounds never before part of the human
diet—raises the fear of widespread food aller-
gies, for instance.24 Indeed, in 1996 test-mar-
keting, a soybean modified with a Brazil nut
gene provoked an unexpected allergic response
in those with nut allergies.25

Pesticide-producing crops have been
shown to harm nontarget insects, and may
harm other organisms as pesticide-laden

residues persist in the soil.26 Weeds that
acquire pesticide-producing abilities through
cross-pollination with neighboring transgenics
may upset insect and animal populations.27

Last year, Canadian farmers reported
weeds that had acquired herbicide tolerance
from neighboring transgenic crops, confound-
ing weed control efforts and confirming fears
of genetic pollution just two years after com-
mercialization.28 And weeds with newly
acquired traits that outcompete surrounding
plants may threaten biodiversity—a special
concern in global centers of crop diversity.

Moreover, the debut of transgenic crops
has unleashed a stampede of gene patenting
by companies craving control over potentially
lucrative crop traits, with related concerns
that a once-common resource is being ceded
to exclusive corporate control.29 Further, the
integration of genetic traits that demand the
use of specific agrochemicals—such as
Monsanto’s Round-Up Ready soybeans that
tolerate Monsanto’s Round-Up herbicide—
allows agribusiness corporations substantial
control over farming practices.

Proprietary agreements attached to trans-
genic seeds often restrict farmers from trad-
ing, selling, or replanting seed.30 And a
recently conceived seed sterilization technolo-
gy—billed as a patent protection system by its
developers, but dubbed the Terminator gene
by its critics—that prevents replanted seed
from germinating will transform proprietary
agreements into a biological reality.31

Signatories to the United Nations
Convention on Biological Diversity met in
February 1999 to finalize the Biosafety
Protocol—an international accord governing
the safe transfer, handling, and use of geneti-
cally modified organisms, including trans-
genic crops.32 The talks broke down when
food exporters—primarily industrial nations—
refused to agree to labeling requirements and
to responsibility and redress clauses for possi-
ble ecological or health damage caused by
transgenics, which were favored by most
developing countries.33
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Insects, plant diseases, and weeds continue
to dodge farmers’ best efforts to kill them
by evolving resistance to pesticides. Today

nearly 1,000 major agricultural pests—includ-
ing some 550 insect and mite species, 230
plant diseases, and 220 weeds—are immune
to pesticides, a development almost unheard
of at mid-century.1 (See Figure 1.) As modern
agriculture leans heavily on pesticides,
spreading resistance threatens to increase
pest-induced crop losses and weaken food
security.

Pesticide resistance is a textbook example
of life adapting under the pressures of natural
selection. In a genetically diverse pest popula-
tion, a few individuals will likely be able to
survive exposure to a given pesticide.
Repeated pesticide use kills the vast majority
of the population, giving the resistant few a
survival advantage by exposing so much new
terrain to their offspring. Resistance, however,
is largely the result of pesticide overuse.
Attempts to eradicate every last pest rather
than just control the population accelerates
the resistance process by allowing the resis-
tant few to dominate.2

The incidence of pesticide-resistant organ-
isms began to rise after World War II when
farmers throughout the industrial world start-
ed using synthetic pesticides to eliminate agri-
cultural pests.3 It accelerated in the 1960s with
the development and dissemination of Green
Revolution crop varieties heavily dependent
on chemical fertilizers and pesticides.4

The first modern pesticides—organochlo-
rine insecticides, such as DDT—were intro-
duced in the 1940s, and initially helped
farmers cut crop losses dramatically.5 But the
first DDT-resistant insects were reported short-
ly thereafter, in 1947, and since then insects
and mites have acquired resistance to each
successive generation of insecticides with
remarkable speed and persistence.6 In fact,
reports are beginning to trickle in of resistance
to nicotine-analogue insecticides introduced
only a few years ago to deal with insects resis-
tant to all previous classes of pesticides.7

By 1990, the rate at which resistance was

spreading to new insect species had begun to
decrease, largely due to a drop in the number
of insecticides coming to market as environ-
mental concerns and regulations boosted the
cost of developing new chemicals. And the
latest highly species-specific insecticides do
not provoke the same widespread resistance
problems as earlier insecticides. In addition,
after a half-century of heavy pesticide use,
industrial nations have in effect exhausted
their stock of nonresistant species—resistance
has already been reported in nearly all major
agricultural pests.8

Many pests are now resistant to several
pesticides—a trend for which data are still
spotty, though multiple resistance is known to
be soaring. Major pests of pesticide-intensive
crops, like cotton and certain vegetables, are
resistant to a dozen different classes of insec-
ticides. And today some insects, such as the
diamondback moth and palm thrips, resist all
insecticides that farmers can legally spray on
them.9 In the former Soviet Union, Colorado
potato beetles resistant to all available chemi-
cals decimate the region’s staple food.10

Herbicides and chemicals used to control
plant diseases—introduced later than insecti-
cides—have fared no better. Weeds resistant
to all available herbicides, such as annual rye-
grass and canary grass, choke fields from
Australia to India.11 The global apple harvest
depends on just a few fungicides still effective
against the fungi causing the devastating
apple scab.12 And antibiotics used against bac-
terial plant diseases have been losing effec-
tiveness since the late 1950s—mirroring the
struggle to control human bacterial
infections.13

Once pests become resistant, farmers often
throw even more pesticides—or more toxic
compounds—on their crops, which in turn
may encourage subsequent resistance, the
beginnings of a cycle known as the “pesticide
treadmill.”14 The long-term results include
higher costs of production, as well as yield
declines from pest-induced crop losses.15

Resistance transforms minor crop pests
into major headaches. In recent years, white-
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flies—a once-negligible group of
pests that acquired resistance in
the 1980s—have inflicted tens of
millions of dollars of crop damage
in California and forced the aban-
donment of over 1 million
hectares of South American 
cropland.16

Resistance costs the United
States an estimated $1.5 billion
each year in increased pesticide
expenses and reduced crop
yields.17 And in cotton-growing
areas around the Aral Sea in
Russia, resistance led to increased
pesticide use, drops in yield, soar-
ing production costs, and the near
collapse of ecological and human
health in the region.18

In these ways, pesticide resistance drives
the paradox of modern pest control: despite
enormous increases in pesticide use since
mid-century, the share of crops lost to pests
has not changed substantially, and has even
increased in some regions.19 In the United
States, for example, while pesticide use
jumped 10-fold from the 1940s to the 1990s,
the share of crop lost to pests actually rose
from 30 to 37 percent.20

Most resistance problems have occurred in
the industrial world—where roughly 80 per-
cent of pesticides are used—though as devel-
oping nations mimic the chemical-intensive
model of pest control, resistance problems
will likely follow there too. In China, cotton
yields already fell by one third between 1991
and 1993, largely due to cotton bollworm
resistance.21 And in India, resistance in a bug
that preys on chickpeas and pigeonpeas—two
essential food crops—has surfaced in recent
years.22

The rapid commercialization of genetically
modified crops also threatens to exacerbate
resistance trends.23 Bt-crops—engineered to
churn out large quantities of the pesticidal Bt
toxin throughout the growing season—will
likely encourage resistance, endangering use
of this relatively safe and highly effective pes-
ticide.24 And varieties engineered to tolerate

glyphosate herbicide have already spread this
trait via pollen to nearby weeds, rendering
them immune to glyphosate.25

Fortunately, pesticides are not the only
option for pest control. Farmers can often
prevent pest outbreaks through such practices
as crop rotations, intercropping, and release
of beneficial insects.26 And integrated pest
management (IPM)—which combines a diver-
sity of nonpesticidal tactics with sparing pes-
ticide use—can slow the spread of resistance
by reducing selection pressures.27

In 1986, with rice fields plagued by pesti-
cide-resistant brown plant hoppers, the
Indonesian government withdrew $100 mil-
lion in annual pesticide subsidies, banned 57
pesticides, and launched a national IPM pro-
gram.28 Since then, pesticide use has fallen by
60 percent, while the rice harvest has
increased some 25 percent.29 And in Sinaloa,
Mexico, an IPM program for tomatoes—
emphasizing release of natural enemies and
better timing of pesticide applications—boost-
ed yields and grower income, though pesti-
cide use dropped by half.30

Still, in most nations, pesticide subsidies,
the political clout of agrochemical interests,
and other institutional mechanisms continue
to encourage excessive pesticide use and to
deter safer, more effective alternatives.31
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In coastal ecosystems worldwide, algae car-
rying biological toxins are working their
way into previously unharmed waters.

Although they are a naturally occurring phe-
nomenon, the frequency and severity of
harmful algal blooms (HABs) has increased in
the past couple of decades, as has the appear-
ance of novel toxic species.1

Since 1986, China’s State Oceanographic
Administration has reported five major “red
tide” episodes (with two in 1998), each affect-
ing more than 500 square kilometers.2 Hong
Kong harbor experienced its first red tide in
1977. Within a decade, the area averaged 35
episodes a year.3

One reason for the upswing is an ever-
growing wash of nutrients from land, com-
bined with degraded habitat areas, which
offer prime staging grounds for HABs. 

The vast majority of algae are beneficial,
even necessary to life on the planet.
Technically known as phytoplankton, algae
form the base of the marine food chain and
help regulate climate.4 Through photosynthe-
sis, they take carbon dioxide from the atmos-
phere and convert it into simple sugars to be
consumed by marine animals and oxygen that
maintains a livable atmosphere.5

Of the roughly 4,100 phytoplankton, about
300 produce characteristic “red tides,” which
actually range from green to brown or red 
in color, depending on the species.6 Of this
group, only 60–80 are known to contain
biotoxins that can poison marine species 
and sometimes people. The problem is that
once algae take hold, they are very difficult 
to contain.

Some algae become harmful by virtue of
their biomass—golden-brown algae, for exam-
ple, produce 1–2 million cells per milliliter of
seawater.7 Growing over vast areas of surface
water, blooms block sunlight and air
exchange. When the algae die, they sink to
bottom waters where bacteria digest them,
consuming more oxygen in the process. Even-
tually, the bacteria-laden waters become so
depleted of oxygen (hypoxia) that they suffo-
cate fish, forcing them to either flee or die.8

During the past 30 years, the number of oxy-
gen-depleted coastal water bodies has tripled
worldwide.9 In the Gulf of Mexico, this process
rendered 16,000 square kilometers of water
biologically dead in 1997.10 Large portions of
the Adriatic, Baltic, and Black Seas also suffer
from seasonal hypoxic events, prompting
beach closures, loss of tourism revenue, and
massive fish kills.11

Most experts link HAB outbreaks to
increasing quantities of nitrogen and phos-
phorus in coastal areas, largely from nutrient-
rich wastewater and agricultural runoff.12

These two nutrients are necessary for life,
and in proper quantities they help plants
grow faster. But in areas with limited water
flows, the waters can suffer from overenrich-
ment (eutrophication), which triggers the oxy-
gen depletion that is conducive to blooms.13

Between 1976 and 1986, for example, the
population of Tolo harbor, Hong Kong,
increased sixfold, while nutrients tripled and
the incidence of HABs rose eightfold.14

Biotoxins associated with HABs are often
consumed by zooplankton, larvae, and small
fish, and then work their way up the food
chain to fish, marine mammals, and people
who eat them.15 Among the human diseases
connected with HABs are paralytic, diarrhet-
ic, and neurotoxic shellfish poisoning and
ciguatera fish poisoning. The latter afflicts
10,000–50,000 people each year.16

As the harmful blooms spread, so do the
associated costs. (See Table 1.)17 Since 1991,
economic losses from fish kills, public health
problems, and losses in tourism revenues
from harmful algae have totaled an estimated
$280 million in the United States.18 In spring
1998, a red tide wiped out more than $10 mil-
lion worth of high-value fish in Hong Kong’s
mariculture industry.19

More than 100 endangered Mediterranean
monk seals—one third of the world’s popula-
tion—were found dead along the West African
coast in late spring 1997, a die-off researchers
have linked to algal toxins.20

Between 1970 and 1990, the number of
areas recording cases of paralytic shellfish
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poisoning (PSP) doubled worldwide.21 Until
1970, cases of the PSP were limited to North
America, Europe, and Japan.22 Twenty years
later, blooms of PSP-producing algae
appeared in communities across the southern
hemisphere, including Australia and South
Africa, where they are thought to have been
released from ships’ ballast water tanks.23 In
September 1997, a PSP outbreak in Kerala,
India, forced authorities to shut down shell-
fish beds and ban sales, leaving nearly 1,000
families without work.24

Habitat alteration and changes in ocean
temperatures are also responsible for the
spread of HABs.25 Ciguatera poisoning, for
example, tends to flare up in the wake of 
careless tourists, hurricanes, and El Niño, all
of which can disturb coral reefs and allow
dangerous algae to expand their range, thus
increasing the chances that fish will eat
them.26 Cases of PSP in Borneo, Papua 
New Guinea, and the Philippines rise during
El Niño years, as
the warmer waters
favor growth of
algae and their 
toxins.27

Not only are
HABs occurring in
new places, they
are also becoming
more dangerous.
Officially recog-
nized as a public
health problem in
California in 1927,
scientists recorded
a threefold increase
in the average toxin
concentration of
PSP between
1964–75 and
1980–1991.28

Some HABs are
new to science.
More than 60
harmful algal toxins
are identified today,
compared with just

22 in 1984.29 Many of them exhibit unique
traits. In 1991, for example, thousands of
menhaden suddenly died in the Pamlico-
Albemarle Sound of North Carolina, the sec-
ond largest nursery area for marine fish on
the U.S. Atlantic seaboard. A toxic phyto-
plankton, Pfiesteria piscicida, was identified as
the cause.30 Its human health effects range
from respiratory distress to memory loss and
learning impairment.31 Pfiesteria has since
spread to other estuaries, including the
Chesapeake Bay.32

Several new technologies are used in the
fight to control HABs, including satellite mon-
itoring, which can detect the emergence and
movement of blooms, and weather-tracking
systems that predict the conditions favorable
to blooms.33 Reducing the inputs of pollution
may help, but perhaps the best insurance
against the spread of HABs is the protection
and rehabilitation of coastal habitat areas that
act as nature’s filter zone.34

Harmful Algae Blooming Worldwide

TABLE 1: ECONOMIC LOSSES FROM RED TIDES IN FISHERIES
AND AQUACULTURE FACILITIES, 1972–98
DATE LOCATION SPECIES LOSS

(mill. dollars)

1972 Japan Yellowtail ~47
1977 Japan Yellowtail ~20
1978 Japan Yellowtail ~22
1978 Korea Oyster 4.6
1979 Maine Many species 2.8
1980 New England Many species 7
1981 Korea Oyster >60
1985 Long Island, NY Scallops 2
1986 Chile Red salmon 21
1987 Japan Yellowtail 15
1988 Norway and Sweden Salmon 5
1989 Norway Salmon, rainbow trout 4.5
1989–90 Puget Sound, WA Salmon 4–5
1991 Washington state Oysters 15–20
1991–92 Korea Farmed fish 133
1996 Texas Oysters 24
1998 Hong Kong Farmed fish 32

SOURCE: See endnote 17.
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Air pollution continues to exceed health
guidelines in many cities, particularly in
the developing world, according to recent

data compiled by the World Resources
Institute and earlier numbers submitted 
from national and local authorities to the
Global Environment Monitoring System
(GEMS/AIR).1 This joint project of the World
Health Organization (WHO) and the U.N.
Environment Programme ran from 1975
through 1996; it introduced pollution moni-
toring technology to developing countries and
served as an information clearinghouse.2

Sulfur dioxide and particulate matter are
the most commonly recorded pollutants. A
corrosive gas, sulfur dioxide is released main-
ly by burning coal and fuel oil, as well as by
industrial activities such as metal smelting,
oil refining, and paper manufacturing.3 Fossil
fuel combustion is also the principal human
source of particulates, which include dust,
soot, and other particles that become sus-
pended in the atmosphere.4

Sulfur dioxide and particulates present a
widespread threat to human health. Alone or
in combination, these pollutants cause cough-
ing and lung damage and aggravate existing
respiratory problems.5 Daily particulate levels
closely track hospital admissions and death
rates.6 Long-term exposure to fine particu-
lates, which transport toxic substances deep
into the lungs, may increase the risk of can-
cer.7 In addition, particulate matter reduces
local visibility, while acidic sulfur compounds
corrode buildings and monuments, and drift
beyond cities to damage forests, lakes, and
crops.8 Both sulfur dioxide and particulate
matter remain above safe levels in a number
of major cities.9 (See Figures 1 and 2, which
illustrate trends in selected cities for which
long-term records exist.)

At one time or another, more than 80 cities
in 50 countries contributed to the GEMS/AIR
network.10 Many were sporadic or short-term
participants, however, so data from 1985 to
1995 only exist for a few urban areas.11 In
1980, 40 countries were reporting data, but by
1995 that number had dropped to 2, although

in 1996 it rose again to 25.12 Moreover, the
recorded data may be flawed, and differences
in monitoring methods make city-to-city com-
parisons difficult.13 A new program run by
WHO, the Air Management Information
System, aims to overcome these problems.

Over the past several decades, clean air
laws have prompted declines in sulfur and
particulate levels in most industrial nations.
Building on a 1979 treaty to combat trans-
boundary air pollution, a number of
European countries and Canada forged pro-
gressively stricter agreements on sulfur emis-
sions, the most recent of which went into
force in 1998.14 Although the United States
dropped out of that international process,
pressure from environmentalists and Canada
resulted in domestic legislation that spurred a
35-percent drop in sulfur emissions between
1970 and 1998.15

Sulfur dioxide and particulate levels alone,
however, do not give a complete picture of
urban air pollution. Expanding vehicle fleets
are keeping nitrogen oxides, hydrocarbons, and
carbon monoxide at high levels in many
cities.16 In sunlight, nitrogen oxides and hydro-
carbons react to form ozone, which harms
human health and constitutes the main ingre-
dient in smog.17 According to a survey in the
early 1990s, more than 80 percent of people in
105 European cities were exposed to unhealthy
ozone levels at least once a year.18 In 1997, the
United States strengthened rules on ozone and
smaller particulates; in part because of the
tougher guidelines, 129 metropolitan areas—
home to 107 million Americans—did not meet
national standards that year.19

The whole suite of air pollutants plagues
cities in the developing world.20 Coal burning
for industry, electricity generation, and house-
hold use contributes to dramatically high lev-
els of sulfur and particulates in urban China
and India.21 Among the world’s most polluted
cities in the mid-1990s were Chonqing, China,
which exceeded the WHO standard for sulfur
dioxide by nearly seven times, and Kanpur,
India, with particulates at five times the health
standard.22 Cooking or heating with coal,
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wood, or other biomass can make air even
dirtier indoors. These traditional home fuels
are used in some cities but are more common
in rural areas, where indoor air pollution may
take 1.8–2.8 million lives each year.23

In addition to high levels of sulfur and par-
ticulates, traffic pollution is blanketing devel-
oping cities, particularly in Asia and Latin
America. Vehicles contribute an estimated
60–70 percent of key urban air pollutants in
Central America and 50–60 percent in
India.24 In 1995, ozone levels in Mexico City
exceeded the national standard on 324 days;
during the same year, the hourly
standard in Santiago, Chile, was sur-
passed 404 times.25

Another pollutant that often
comes from vehicles is lead. Some
90 percent of atmospheric lead
comes from leaded gasoline.26 This
toxic metal impairs the kidneys,
liver, reproductive system, and
blood-forming organs, and causes
irreversible brain damage at high
levels.27 Recent studies suggest that
64 percent of children in Delhi and
65–100 percent of children in
Shanghai have unhealthy blood lev-
els of lead.28 In Cairo in early 1999,
worsening traffic contributed to
atmospheric lead levels in the city’s

industrial areas that exceeded WHO
guidelines by a factor of 11.29

As more people live in polluted
cities, dirty urban air takes more
lives. Cities in developing countries
hosted nearly 60 percent of the 1.3
billion people added to the world
population between 1980 and
1995.30 Researchers estimate that air
pollution in 36 large Indian cities
killed some 52,000 people in 1995, a
28-percent increase from the early
1990s.31 China reported at least 3
million deaths from urban air pollu-
tion between 1994 and 1996.32 The
World Bank calculates that 178,000
lives would have been saved in 1995
if China’s 30 largest cities had met

national “Class 2” air quality standards, which
are a bit less stringent than WHO guidelines.33

Children, whose developing lungs are espe-
cially vulnerable, are increasingly at risk. A
recent examination of 207 cities ranked Mexico
City, Beijing, Shanghai, Tehran, and Calcutta
as the five worst in terms of exposing children
to air pollution.34 These cities are home to the
largest population of young children choking
on the worst combination of sulfur dioxide,
particulates, and nitrogen oxides. Just by
breathing, these children inhale the equivalent
of two packs of cigarettes each day.35
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In 1995, according to the International
Energy Agency (IEA), the world’s use of bio-
mass energy—fuelwood, agricultural

residues, animal waste, charcoal, and other
chemical fuels derived from the sun through
photosynthesis and stored in organic plant
matter—stood at the equivalent of 930 million
tons of oil, accounting for approximately 14
percent of final energy use.1 (See Table 1.)
Widely relied upon for millennia by preindus-
trial societies, biomass energy was a domi-
nant source among most industrial nations
until the late nineteenth century.2 Although
its global share of final energy use has since
declined, more energy is derived from bio-
mass than from coal and about as much as
from natural gas.3

Recent growth in the use of biomass for
energy is attributed primarily to population
growth in developing countries and increased
use in industrial countries. Other trends
include a stable global per capita rate; a grad-
ual shift away from more primitive forms,
such as use of dung and straw for cooking,
toward more modern applications, including
for heat and power generation; increased
energy efficiency through, for example,
improved cooking stoves; and a renewed
interest among policymakers in both tradi-
tional and modern biomass energy due to

growing population needs, technological
advances, and environmental concerns.4

The relative importance of biomass energy
varies considerably between rich and poor
nations. In industrial countries, former
Eastern Bloc nations, and the Middle East, it
provides just 2–3 percent of total energy.5 In
Africa, Asia, and Latin America, however,
biomass accounts for a full third of overall
energy use.6

Indeed, 90 percent of biomass energy use
is in the developing world.7 Several of the
poorest countries—Angola, Bangladesh, the
Congo, Ethiopia, Mozambique, Myanmar,
Nepal, and Tanzania—rely on this source for
80–90 percent of their energy.8 For an esti-
mated 2 billion people—one third of the
world—biomass provides the main source of
household energy.9 Some 80 percent of the
rural population and 20 percent of city
dwellers in developing countries depend on
it—mostly in the form of woodfuel—for their
cooking and heating needs.10 Biomass energy
also serves as a major fuel input for many tra-
ditional and agricultural industries such as
baking, brewing, textile manufacturing, tobac-
co and tea-curing, fish-smoking, and brick-
making.11

The remaining 10 percent of biomass ener-
gy use, in the industrial world, accounts for 3

Biomass Energy Use Growing Slowly Seth Dunn

TABLE 1: BIOMASS ENERGY USE, WORLD AND BY REGION, 1995

REGION/COUNTRY BIOMASS ENERGY USE SHARE OF TOTAL ENERGY
(mill. tons of oil equivalent) (percent)

Africa 205 60
South Asia 235 56
East Asia 106 25
China 206 24
Latin America 73 18
Industrial countries 81 3
Other developing countries 24 1

World 930 14

SOURCE: International Energy Agency (IEA), World Energy Outlook 1998 (Paris: Organisation for Economic Co-operation and
Development (OECD)/IEA, 1998); IEA, Biomass Energy: Data, Analysis, and Trends (Paris: OECD/IEA, 1998).
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percent of that region’s overall energy, mainly
from household wood burning, district heat-
ing, and combined use of heat and power in
industry.12 The United States, the largest
industrial country user, relies on biomass for
4 percent of its energy; in Austria, Sweden,
and Finland, the figures are 12, 18, and 23
percent.13 In Western Europe, biomass
accounts for about 3 percent of total energy, a
figure the European Union aims to increase
to 8.5 percent by 2010.14

In developing countries, reliance on tradi-
tional biomass traps people in poverty by sad-
dling women and children with burdensome
time commitments for fuelwood gathering.15

Cooking with biomass also releases suspended
particulates, carbon monoxide, methane, and
organic compounds; extended exposure to
these can result in respiratory infections, lung
cancer, and blindness, and can endanger preg-
nancies.16 These hazards can be lessened by
improving ventilation, introducing more-effi-
cient stoves, using cleaner fuels, increasing
awareness of the health effects of biomass
burning, and centralizing conversion
facilities.17

Interest in “modernizing” biomass energy
is evident in developing-country efforts to
increase biomass conversion for liquid and
gaseous transport fuels and the cogeneration
of heat and electric power. Examples include
the use of ethanol fuel from sugarcane
residues in Brazil, the use of solid waste and
animal manure in biogas digesters in India
and China, and sugarcane bagasse–derived
cogeneration in Brazil, India, Thailand, and
Mauritius.18

Recent concerns have centered on potential
ecological impacts of energy crops and forest
plantations, including loss of biodiversity, soil
nutrient loss and erosion, and water pollution.
Guidelines for less destructive use of biomass
have been spelled out in Austria, Sweden, the
United Kingdom, and the United States, and
are under development for Europe.19

Despite these concerns, it is generally rec-
ognized that biomass energy’s environmental
impacts are less than those from fossil fuels,
and that biomass energy crops can be man-

aged in ways that are less ecologically damag-
ing than intensive agriculture.20 Experts point
to the potential role of bioenergy in providing
a “carbon dioxide–neutral” form of energy,
sequestering carbon in forest “sinks,” and
substituting directly for fossil fuels.21 And
interest in the economic benefits of modern
biomass—rural employment, energy self-suffi-
ciency, lower pollution—is transforming the
traditional view of biomass as a noncommer-
cial, “poor man’s” transition to fossil fuels
into one of a potentially important twenty-
first century energy source.22

Projections of the future role of biomass in
world energy supply range widely. The Shell
International Petroleum Company projects a
biomass share of 14–22 percent by 2060; the
Intergovernmental Panel on Climate Change
projects a 25–46 percent share by 2100.23

These scenarios assume greater recognition of
biomass’s environmental and economic bene-
fits, modern technological improvements—
such as biomass gasification and the use of
fuel cells—that raise efficiency from 20 to as
much as 60 percent, and extensive use of
degraded forestland in developing countries
and idled cropland in industrial nations.24 The
IEA, however, assumes more limited techno-
logical change and an income-driven switch
to conventional fuels, projecting an average
annual growth rate for biomass of 1 percent
between 1995 and 2020.25

While its overall use is likely to increase in
coming years, biomass energy still faces two
major ecological constraints: high water
requirements and low photosynthetic efficien-
cy.26 These limit biomass production to
regions where rainfall is sufficient to support
crop yields and force it to compete with other
potential land uses, including food produc-
tion, carbon sequestration, and habitat protec-
tion.27 A 1997 study in BioScience argues that
land, labor, and water requirements make
large-scale biomass use unlikely, concluding
that as major improvements are made in
energy efficiency and the use of other alterna-
tive energy sources, biomass will be needed
to support humans by stabilizing the bios-
phere’s natural ecosystems.28

Biomass Energy Use Growing Slowly
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Just as a human body relies on its network
of vessels to circulate blood to its organs, a
city depends on its transportation system

to move people and goods to jobs, schools,
and stores. Researchers Peter Newman and
Jeff Kenworthy have examined transportation
trends between 1970 and 1990 in 47 major
metropolitan areas to reveal differences in the
“health” of urban transportation in Asia,
Australia, Europe, and North America.1

One measure of a robust transportation
system is the diversity of travel modes. U.S.
cities are dominated by a single mode: the
private car. On average, each person in the
U.S. cities sampled in 1990 logged 10,870
kilometers (6,750 miles) of city driving—more
than a round trip across North America.2
Growth in car use in the U.S. cities between
1980 and 1990 was 2,000 kilometers per per-
son, nearly double the increase in the
Canadian cities, which have the next highest
driving level.3 (See Figure 1.) 

In industrial countries, urban car use has
tended to rise as population density has
declined.4 U.S. cities have led the trend
toward dispersed, low-density development.5

Between 1983 and 1990, the average
roundtrip commute to work in the United
States grew 25 percent, to 17 kilometers (11
miles).6 As cities sprawl, cars become essen-
tial while transit, bicycling, and walking
become less practical. Compact Asian and
European cities thus have the highest levels
of nonmotorized transport.7

As car use rises, car-related problems
mount. Fatal crashes, for example, increase.8
The exception is cities in developing coun-
tries, where low car use is offset by poor sig-
nals and safety regulations.9 Nonetheless,
highly car-reliant U.S. cities exceed even
developing Asian cities in per capita traffic
fatalities.10 (See Table 1.) Worldwide, traffic
accidents kill some 885,000 people each
year—equivalent to 10 fatal jumbo jet crashes
per day—and injure many times more.11

Car-choked cities also lose time and money
in traffic jams.12 Wasted fuel and lost produc-
tivity cost $74 billion annually in U.S. metro
areas.13 But new roads attract more cars, so
regions that have invested heavily in road con-
struction have fared no better at easing con-
gestion than those that have invested less.14

Building more roads also
worsens environmental damage.
Cars burn more fossil fuels per
person than any other type of
urban transport. Toxic ingredi-
ents in car fumes—carbon
monoxide, sulfur dioxide, nitro-
gen oxides, fine particles, and
sometimes lead—are a major
source of urban air pollution.15

Nitrogen and sulfur that travel
beyond the city acidify lakes,
forests, and farms, while carbon
contributes to global climate
change.16 And cars devour not
just energy, but land. Each car
needs as much road as 4–8
bicycles and as much parking as
20 bikes.17 Roads and parking
may pave over as much as one
third of car-reliant cities.18 A
city’s water quality and quanti-
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ty suffer in proportion to the amount of
paved roads and parking that cover its water-
shed.19

A recent World Bank study suggests that
the high costs of automobile dependence out-
weigh the benefits of car transportation, erod-
ing economic development.20 In the United
States, a 1998 survey of leading real estate
investors and analysts came to a similar con-
clusion: denser cities that boast alternatives to
the car are better investment bets than
sprawling suburban agglomerations.21

Coordinated transportation and land use
policies, both local and national, can lessen
the need for travel and boost transportation
options. In the Netherlands, for instance,
cities follow a national “ABC” policy to steer
new development to easily accessible “A” loca-
tions, which are the best served by public
transit and bicycle paths.22

Local and national governments can also
adjust road and parking fees to reflect the
high cost of car use and limit unnecessary
trips.23 For more than 20 years, downtown-
bound drivers in Singapore have paid a fee
that rises during rush hours; since 1998, the
fee has been automatically deducted from an
electronic card.24 In the United States, state
and national policies are beginning to target
parking subsidies, worth $31.5 billion a

year.25 A 1992 California law requires
employers who offer free parking to also pro-
vide a cash alternative; this spurred a 17-per-
cent drop in solo driving at several firms.26 In
1998, a national transportation act changed
the tax code to support these “cash-outs.”27

Decoupling car ownership from car use
removes incentives to drive. Once a person
pays for a car, he may want to use it as much
as possible to get his money’s worth.28 New
car-sharing networks eliminate that desire by
providing easy access to a car, without the
costs of owning or the hassles of renting.29

More than 100,000 people participate in car
sharing in Germany, Austria, Switzerland, and
the Netherlands.30 Italy is set to join the club
in 1999 with national incentives for cities to
organize electric car-sharing services.31

Such innovations are becoming more
important as we approach the point, some-
time during the next decade, when more than
half the world will live in urban areas.32

Nearly 90 percent of the 2.7 billion people
due to be added to world population between
1995 and 2030 will live in cities of the devel-
oping world.33 Car-reliant U.S. cities have the
greatest potential to diversify. At present,
they offer a poor model for the many cities
that will be building and expanding their
transportation systems in the years to come.

Transportation Shapes Cities

TABLE 1: TRANSPORTATION INDICATORS IN SELECTED CITIES, BY REGIONAL
AVERAGE, 1990

COMMUTE TO WORK TRANSPORT
REGION DRIVING PUBLIC TRANSPORT WALKING/CYCLING DEATHS

(percent) (per hundred thousand)

United States 86.4 9.0 4.6 14.6
Australia 80.4 14.5 5.1 12.02

Canada 74.1 19.7 6.2 6.53

Western Europe 42.8 38.8 18.4 8.8
Developing Asia1 38.4 35.7 25.8 13.7
Wealthy Asia 20.1 59.6 20.3 6.6

1Does not add to 100 due to rounding.   2Excludes Canberra.   3Toronto only.
SOURCES: Peter Newman and Jeff Kenworthy, Sustainability and Cities: Overcoming Automobile Dependence (Washington, DC:
Island Press, 1999); Jeff Kenworthy et al., An International Sourcebook of Automobile Dependence in Cities 1960–1990 (Boulder,
CO: University Press of Colorado, in press).
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Large corporations are powerful actors in
many national economies, and they are
strong moving forces behind the growing

trend toward global economic integration. By
dint of their size and global reach, they play
an important role in worldwide production
and consumption trends. Their power and
influence rivals or surpasses that of many
national governments. Not all transnational
corporations (TNCs) are large, and not all
large companies are necessarily transnational
in their operations, but the overlap between
both categories is substantial.

A growing number of companies are oper-
ating in more than one country, and some
have a globe-spanning presence. In 1970,
there were some 7,000 TNCs.1 Today, by the
count of the United Nations Conference on
Trade and Development (UNCTAD), there are
at least 53,607, with at least 448,917 foreign
subsidiaries.2 (Because of incomplete data, the
actual numbers may be even higher.) Some 81
percent of the parent companies are based in
industrial countries.3 Among the 100 largest
firms, just two—Daewoo of South Korea and
Petróleos de Venezuela—are from developing
countries.

The leading companies clearly pack a pow-
erful economic punch in terms of assets and
sales. Fortune magazine reports that the 500
largest corporations had assets worth $34 tril-
lion in 1997, brought in $452 billion of profits
on $11.5 trillion of revenues, and employed
36.8 million people.4 The Economist calculated
in 1993 that the world’s 300 largest corpora-
tions controlled about 25 percent of the
world’s productive assets.5

In order to analyze the international reach
of major companies, UNCTAD compiles data
on the foreign subsidiaries of the leading 100
TNCs. (These figures exclude the parent com-
panies and hence understate the extent of cor-
porate economic power.) Their combined
capital assets grew fourfold between 1982 and
1997 (in constant 1997 dollar terms); their
sales doubled.6 The subsidiaries‘ net contribu-
tion to the world economy—their value
added—amounts to 7 percent of the gross

world product.7
The role of TNCs as job creators is com-

paratively anemic. TNCs worldwide were
estimated by UNCTAD in 1994 to employ
some 73 million people, of which 60 percent
were at parent companies and the remainder
at subsidiaries.8 As UNCTAD explains, these
workers “belong to the core workforce in
modern, technologically advanced activities.”
Nevertheless, they account for only 3 percent
of the global work force.9 And social activist
David Korten notes that the Fortune 500
firms shed nearly 4.4 million jobs from 1980
to 1993,or more than a quarter of their total
work force.10 During the same period, sales of
these companies grew 1.4 times and their
assets, 2.3 times.11

Transnational corporations rely not only on
exports to serve markets in foreign countries
but also, with the help of foreign direct
investment (FDI), on production within those
countries. The subsidiaries’ share of world
exports has ranged from one quarter to one
third during the 1980s and 1990s.12 But
TNCs’ sales outside their home countries are
growing 20–30 percent faster than their
exports, and sales of goods and services by
foreign subsidiaries—valued at $9.5 trillion in
1997—surpass worldwide exports of goods
and services by about 50 percent.13

During the past two decades, through for-
eign investments, many companies have
rapidly increased the degree to which they
are international in their operations. As barri-
ers to international capital movements have
been abolished or reduced in many countries,
the annual flow of foreign direct investment
has surged upward, causing FDI stock to
grow 3.7-fold between 1980 and 1997, to 
$3.5 trillion or about 9 percent of gross world
product.14 Not even the Asian economic crisis
interrupted this trend. Capital formation due
to foreign investment is growing two to three
times faster than capital formation as a
whole, indicating, as UNCTAD puts it, ”an
increasing internationalization of national 
production systems.”15

Out of the world’s top 100 TNCs, 31 oper-
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ated in 50 or more countries in 1996 (and 9 in
at least 75 countries); in 49 companies, for-
eign assets account for 50 percent or more of
the total corporate assets; in 65 firms, the for-
eign sales constitute at least 50 percent of the
total sales. In 53 TNCs, at least half their
employees are based in foreign countries.16

Even as companies increasingly interna-
tionalize, they also grow bigger through
takeovers. Indeed, the corporate world is
undergoing swift change as mergers and
acquisitions are exploding both in number
and in monetary value. Between 1980 and
1998, a total of 217,948 merger and acquisi-
tion deals were announced worldwide, for a
combined value of $11.9 trillion.17

The value of worldwide mergers rose from
about $33 billion in 1980 to $2.5 trillion in
1998 (in 1997 dollars).18 (See Figure 1.) Most
deals in 1998 took place among U.S. compa-
nies (worth $1.7 trillion, the equivalent of 20
percent of U.S. gross national product),
although the merger wave is expected to
sweep over Europe during 1999.19 The biggest
takeover deal was announced in
December 1998, combining the oil
giants Exxon and Mobil for about
$80 billion.20 Other huge combina-
tions were announced in the
telecommunications, auto, and
financial industries.21 Roughly one
quarter of all mergers involve
takeovers across international bor-
ders, growing from $6 billion
worth in 1980 to $680 billion in
1998 (in 1997 dollars).22

After the record mergers in
1998, most industry analysts
believe that “the sky is the limit”
in coming years. Even large-scale
business operations are increasing-
ly seen as insufficiently large in a
globalizing world. And company
executives may regard a rival‘s
acquisitions as an incentive or a warning sig-
nal to pursue their own takeovers.

One result of combining corporate giants
into even larger organizations is a shrinkage
in the number of major manufacturers in

some industries. For example, the number of
major automobile producers may fall from
the current 15 worldwide to perhaps 5–10 by
2010. The pharmaceutical industry is already
highly concentrated, with just seven domi-
nant firms.23 The oil industry is also undergo-
ing a major consolidation. But mergers are
not just transforming extractive and manufac-
turing industries; in fact, the dollar value of
cross-border mergers and acquisitions in the
services sector (banking, finance and insur-
ance, and telecommunications) has been larg-
er than in the manufacturing sector every
year since 1995.24

Putting together corporate giants of
unprecedented size may or may not make
business sense.25 But the larger implications—
for employment, environmental impact, tech-
nological change, corporate political
influence, and corporate accountability—are
worth pondering for governments and soci-
eties at large.26
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Government corruption—the abuse of pub-
lic office for private gain—is widespread,
according to surveys and polls collected

by the Berlin-based group Transparency Inter-
national (TI).1 These surveys, conducted by
organizations ranging from the World Bank to
Gallup International, ask in-country business
people or randomly chosen citizens to gauge a
nation according to criteria such as perceived
prevalence of bribe-taking among legislators.
TI collates the surveys each year and reports
average scores for 85 nations.2 (See Table 1.)

The term “corruption” encompasses embez-
zlement, kickback schemes in the assignment
of government contracts, and bribery of officials
ranging from parliamentarians to bureaucrats.3
TI’s efforts to document an ancient problem
have heightened awareness of corruption as a
major barrier to economic development.4

Notably, at the World Bank’s annual 
meeting in 1996, Bank President James
Wolfensohn declared war on the “cancer of
corruption.”5 In 1996 and 1997, the Bank and
the International Monetary Fund set prece-
dents in delaying loans to Afghanistan,
Cambodia, Congo, Kenya, Nigeria, Papua
New Guinea, and Sudan over concerns that
corruption was diverting funds and subvert-
ing the purposes of the loans.6

Data from the surveys have also aided sta-
tistical analysis of links between corruption
and development. Some researchers have sug-
gested that “low-level” corruption among
bureaucrats who have the power to block
business projects might make doing business
easier in some countries, aiding develop-
ment.7 But the first systematic, international
comparative study, by economist Paulo
Mauro, found a negative correlation between
the level of reported corruption in a country
and its economic rate of growth.8

Another study found that prevalence of
corruption appears to deter foreign invest-
ment: an increase in corruption from the level
of Singapore to that of Mexico had the same
dampening effect as raising taxes on foreign
investment 21–24 percentage points over the
long run.9 That result, released in May 1997,

may have seemed an aberration when boom-
ing but relatively bribe-ridden nations were
the darlings of investors—but within weeks,
the Thai baht entered a free fall, casting a
new light on the matter. Corruption alone
should not be blamed for the global economic
crisis; nevertheless, nations scoring low on
TI’s list, including Brazil, Russia, Thailand,
and Indonesia, have generally fared worse
than those scoring higher, including Chile,
Hong Kong, Malaysia, and Taiwan.10

Corruption contributes to other ills.
Another study by Mauro found that more-cor-
rupt governments spend less on education.11

They may divert funds toward projects such
as roads, which harbor more opportunities for
kickbacks. Yet cutting education hinders eco-
nomic growth and increases inequities by
blocking an escape route from poverty.

Corruption is also implicated in govern-
ment moves that harm the environment and
violate human rights. Payoffs to factory
inspectors, for example, undermine enforce-
ment of pollution regulations.12 In Malaysia,
Indonesia, and other Asia-Pacific nations, top
officials have granted domestic or foreign
businesses rights to log tropical forest land
occupied by indigenous hunter-gatherers or
pastoralists.13 This has led to the displace-
ment and impoverishment of thousands of
people even as it has channeled billions of
dollars in profits into private bank accounts
of both the officials and the loggers.14

One technique for fighting corruption is to
make sure that government officials are paid
well, in order to reduce the appeal of bribes.15

In the Philippines’ Department of Environ-
ment and Natural Resources, for example, low
pay has contributed to rampant corruption
among logging concession administrators.16

Adoption and enforcement of strong anti-
corruption laws, periodic auditing of officials,
and an independent judiciary are also essen-
tial; enforcement will never stamp out cor-
ruption completely, but it will increase the
risks for bribe-takers.17 Reducing the discre-
tion of bureaucrats and making their actions
public—say, by instituting public, competitive
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bidding for government contracts—will help
too.18 Perhaps the most effective tool to that
end is passing “freedom of information laws”
that give citizens access to most government
documents. Eight of the 10 highest-scoring
countries on TI’s list have such laws.19

One danger in focusing on nations where
bribe-taking is common is that it can over-
shadow similar problems in more-developed
nations. Japanese timber importers, for exam-
ple, ought not be blind to the logging-related
corruption that they indirectly finance.20 In
the United States, campaign donations equaled
$2.4 billion in the 1996 federal election
cycle.21 That money, most of it from large cor-
porations, inevitably influenced government
actions to favor special over public interests.

In addition, many bribes taken by officials
in developing countries are given by compa-

nies based in industrial ones. One analysis
has pinpointed the major trading partners of
the most corrupt countries—partners that are
therefore probably home to major bribe-
givers.22 (See Table 2.) The prominence of
nations such as France and Italy on this list is
not surprising: in most industrial countries,
bribes to foreign officials are legal and tax-
deductible.23

In a promising move, the world’s industri-
al democracies have signed a “soft law” treaty
to outlaw bribes to foreign officials.24 It went
into force in early 1999, but is less binding
than most international accords, and enforc-
ing it will be hard since companies often dis-
guise bribes as consulting fees.25 Few
governments have yet passed the domestic
laws needed to implement the treaty; the
United States, however, has effectively done
so with a law enacted in 1977.26 But if
enough governments implement the treaty
aggressively, it could become a useful step
toward reducing corruption worldwide.

TABLE 1: PERCEIVED LEVEL OF
CORRUPTION IN SELECTED COUNTRIES, 1998

AVERAGE SCORE FROM
COUNTRY SURVEYS AND POLLS1

(lower score=more reported bribe-taking)

Nigeria 1.9
Indonesia 2.0
Colombia 2.2
Russia 2.4
Kenya 2.5
India 2.9
Thailand 3.0
Mexico 3.3
China 3.5
Brazil 4.0
South Korea 4.2
Italy 4.6
Hungary 5.0
Malaysia 5.3
Taiwan 5.3
Japan 5.8
Chile 6.8
United States 7.5
Hong Kong 7.8
Germany 7.9
Singapore 9.1
Canada 9.2
Denmark 10.0

1A lower score indicates more bribe-taking, but a score
of 10.0 does not imply complete lack of corruption.
SOURCE: Transparency International, “1998 Corruption
Perceptions Index” (Berlin: 22 September 1998).

TABLE 2: APPARENT TENDENCY OF
SELECTED MAJOR EXPORTING COUNTRIES
TO BRIBE, EARLY 1990S

RELIANCE ON EXPORTS TO NATIONS
COUNTRY WHERE BRIBERY IS COMMON1

(lower score=more apparent bribe-giving)

Belgium & Luxembourg2 –8.0
France –7.2
Italy –6.8
South Korea –5.7
United Kingdom –5.3
China & Hong Kong2 –4.5
Germany –2.6
Singapore –2.5
Japan –1.7
United States 0.7
Sweden 6.5
Malaysia 6.7

1Scores—not on a simple 0-to-10 scale—result from a
statistical analysis of trade data and the previous edi-
tion of the data referenced in Table 1. The analysis con-
trols for distance between importer and exporter,
composition of exports, and other factors.   2Treated as
one country statistically.
SOURCE: Johann Graf Lambsdorff, “An Empirical
Investigation of Bribery in International Trade,”
European Journal of Development Research, June 1998.
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In modern economies, wage employment is
the main source of income for the vast
majority of people. Quantitative and qualita-

tive trends in employment are thus important
determinants of economic equality and well-
being and, in a larger sense, social stability.

Worldwide, at least 150 million people
were unemployed at the end of 1998—some
for so long that they are considered “unem-
ployable.”1 In addition, as many as 900 mil-
lion people are “underemployed”—involun-
tarily working substantially less than full-
time, or earning less than a living wage.2
Altogether, about 35 percent of the world’s
labor force is affected.3

Furthermore, considerable numbers of
“discouraged” workers have given up hope of
finding work and are usually not even count-
ed as unemployed.4 In Germany, for instance,
in addition to the 4.4 million unemployed in
1997, another 1.9 million workers were “dis-
couraged” and 700,000 more were in various
“make work” schemes camouflaging unem-
ployment, for a total of 7.0 million.5

The world’s labor force—the part of the
population working or available for work—
has grown from 1.2 billion people in 1950 to
an estimated 2.9 billion in 1998, outstripping
the growth in job creation.6 During
the next half-century, the world will
need to create more than 1.9 billion
jobs, as some 40 million people will
enter the labor force each year.7

Rapid technological change and
globalization have contributed to a
growing gap in job security and pay
between skilled workers—profession-
als and technicians in particular—and
those lacking skills or possessing
outdated ones. For example, manu-
facturing employment in western
industrial countries stayed roughly
even for skilled workers between
1970 and 1994, but declined 20 per-
cent for unskilled workers.8

Technological development and
increased capital mobility have
allowed growing numbers of 

companies to embrace measures such as tem-
porary or part-time hiring, parceling out com-
ponents of the work process (“outsourcing”),
and replacing domestic work forces with a
large pool of cheap labor in developing coun-
tries. Particularly for lower-skilled workers,
job tenure and income security are more ten-
uous as a result.9

Among the advanced industrial countries,
Japan has managed to keep joblessness rela-
tively low. But the unemployment rate has
been climbing there too, rising above 4 per-
cent in 1998 for the first time since the end of
World War II.10 In most other industrial coun-
tries, the figure has been considerably higher.
This is particularly true in the European
Union, where about 10 percent of the work
force—some 18 million people—are unem-
ployed.11 (See Table 1.)

By contrast, the United States has managed
to reduce its unemployment rate. But higher
job creation has come at a cost: U.S. manufac-
turing workers are the only ones among
advanced industrial countries to suffer real
wage losses. Between 1978 and 1997, real
wages for production or nonsupervisory work-
ers (excluding agriculture) declined by 9 per-
cent.12 In the first half of the 1990s, 80 percent

Unemployment Plagues Many Nations Michael Renner

TABLE 1:  UNEMPLOYMENT RATES BY REGION
AND SELECTED COUNTRIES, 1987 AND 1997
REGION OR COUNTRY 1987 1997

(percent)

Western Europe 10.4 10.51

Japan 2.8 3.4
United States 6.2 4.9
Latin America and

Caribbean 5.72 7.4
China 2.0 3.03

India 3.4 2.34

Other Asian Countries 4.32 4.23

Central and Eastern Europe 7.24 9.63

110 percent in late 1998.  21990.  31996.  41993.
SOURCES: International Labour Office,  World Employment Report 1998–99
(Geneva: 1998); “The Main EU Statistical Indicators On-Line,” EUROSTAT
Web site, <http://europa.eu.int/en/eurostat/indic/indic14.htm>, viewed 23
December 1998. No comprehensive data are available for Africa.
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of male workers and 60 percent of female
workers saw their wages decline.13 Almost 29
percent of all U.S. workers now have jobs that
pay wages at or below the poverty level.14

Since the end of the cold war, Eastern
Europe and the states of the former Soviet
Union have seen a rapid rise in unemploy-
ment, from about zero to an average of close
to 10 percent.15 The United Nations reported
an unemployment rate of 11.5 percent in
Russia as of mid-1998.16 Only the Czech
Republic, Belarus, Azerbaijan, and Uzbekistan
have fared somewhat better. Joblessness has
been accompanied by lower real wages and
dramatic increases in income inequality.

The East Asian economic crisis has so far
added at least 10 million people to the world’s
unemployment rolls.17 It is estimated that the
unemployment rate in Indonesia could hit 15
percent, and an additional 20 percent of the
population—some 40 million people—are
expected to fall into poverty.18 In South Korea,
unemployment rose from 2 percent in 1996 to
7 percent in 1998, and is expected to reach
8–9 percent or higher.19 In Thailand, unem-
ployment may rise to 6 percent, up from 2
percent in 1996, increasing the poverty rate
from 16 percent to 28 percent.20 Unemploy-
ment benefits and other protective measures
are sparse in most Asian countries.21

Other Asian countries—those in transition
to a market economy (Cambodia, China, Laos,
Mongolia, and Viet Nam)—all face serious
labor market problems resulting from their
vast amount of excess labor in state and col-
lective enterprises.22

In China, perhaps as many as 30 million
workers will lose jobs as the pruning of state
industries continues.23 It is estimated that lay-
offs in 1998 alone affected 3.5 million work-
ers, bringing the official unemployment rate
to 5–6 percent.24 The government announced
that 400,000 coal mining jobs will be lost in
1999 as small mines are closed.25 Laid-off
urban workers increasingly compete with a
“floating” population of some 100 million peo-
ple migrating to cities from rural areas.26 In
1997, women accounted for 39 percent of
China’s work force but 61 percent of its laid-

off workers.27 Three quarters of all laid-off
women are still unemployed after one year.28

Latin American countries have seen little
improvement in their employment situation
despite an upturn in their macroeconomic
performance. The restructuring of the public
sector that has taken place in many countries
has been accompanied by massive layoffs.
Real wages have deteriorated.29 The Inter-
national Labour Organization (ILO) notes that
demand for unskilled labor in the formal sec-
tor has fallen considerably, pushing workers
into the informal sector. This is the underbel-
ly of the economy—where working conditions
are typically unregulated and poor, social
security is mostly nonexistent, and wages are
mostly very low.30

In sub-Saharan Africa, the labor force is
growing at 2.9 percent a year.31 Since job cre-
ation in the formal sector is limited, most
employment necessarily takes place in the
informal sector.32 According to the ILO, in
sub-Saharan Africa the informal sector
employed more than 60 percent of the urban
work force in 1990, mostly at wages below
the official minimum wage.33 Each year, some
8.7 million persons enter the labor market.34

One of the most unsettling aspects of the
jobs crisis is large-scale youth unemployment,
which virtually everywhere is substantially
higher than for the labor force as a whole. The
ILO estimates there are about 60 million peo-
ple between the ages of 15 and 24 who are in
search of work but cannot find it.35 Of these,
11 million are in western industrial countries.36

High rates of population growth in many
developing countries translate into massive
pressure on job markets there. In China, 26
percent of the population is age 15 or younger;
in Latin America, the figure is 34 percent; in
South and Southeast Asia, 36 percent; and in
Africa, 44 percent.37 The economically active
population in developing countries is set to
grow by about 685 million people between
1995 and 2010—96 percent of the growth in
the world labor force.38 People’s well-being,
the social fabric of many nations, and peace
within societies will depend on most of these
new job seekers finding gainful employment.

Unemployment Plagues Many Nations
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In the past four decades, NGOs have experi-
enced a dramatic surge in number, diversity,
and influence worldwide.1 These not-for-

profit, nongovernmental organizations are
now influencing decisions and helping to set
agendas that were once determined solely by
governments and corporations—from policies
on international trade and investment to ini-
tiatives on literacy, international aid, and
human rights. Perhaps the most striking
example of the growing efficacy of NGOs was
the Nobel Prize–winning campaign by more
than 350 NGOs in 1997 that pushed through
an international treaty banning landmines
despite opposition from the United States.2

NGOs espouse an incongruous set of ide-
ologies, agendas, and causes—from promoting
women’s rights, organizing labor, and provid-
ing humanitarian aid to setting up neighbor-
hood watch groups, advocating public safety
and health measures, and organizing educa-
tional, recreational, or cultural events.3 As
such, creating a broad definition for this
“wild assortment” of organizations—in differ-
ent contexts referred to as private voluntary
organizations, civil society, and the nonprofit
sector—is no simple task.4 Compiling accurate
data on NGOs is further complicated by the
varying roles and legal definitions of nonprof-
it organizations in different countries.

The Yearbook of International
Organizations documented 985 active
“international NGOs” (groups oper-
ating in at least three countries) in
1956.5 By 1996 that number had
increased to more than 20,000.6 (See
Figure 1.) The number of NGOs
operating within countries has
grown even more quickly. Half of all
NGOs in Europe have been founded
in the past decade.7 The number of
NGOs in the United States is now
estimated at 2 million.8

This growth has been more dra-
matic in the developing world. In
India, which has a tradition of com-
munity voluntarism inspired by
Mahatma Gandhi, more than a mil-

lion independent groups now take part in
grassroots development efforts.9 NGOs have
traditionally proliferated in countries with
less-centralized governments and larger mid-
dle classes, and they are now making striking
inroads in former Eastern bloc countries,
where more than 100,000 nonprofit groups
were set up between 1988 and 1995.10 These
groups have even begun to take hold in China,
despite the country’s restrictive state control.11

In 22 industrial and developing countries
studied by Johns Hopkins University’s Center
for Civil Society Studies, the nonprofit sector
in 1995 spent in excess of $1.1 trillion (equal
to the gross domestic product (GDP) of the
United Kingdom), employed 19 million work-
ers, and used 10 million volunteers.12 On
average, the sector accounted for 5.7 percent
of GDP and employed 5 percent of the work
force (not including agriculture).13

In most countries the majority of NGOs
provide education, health, and social services.
(See Table 1.) Two thirds of all nonprofit
employment is devoted to efforts to facilitate
such services as primary and secondary edu-
cation, hospital and health care, income sup-
port, and emergency aid and relief.14

Political scientists attribute the rise in
prominence of NGOs in part to a shifting 
economic and political architecture.15
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Globalization—including the liberalization of
capital and trade flows as well as the spread
of new technologies—has significantly altered
the role of governments and economic mar-
kets.16 Political shifts such as the collapse of
state socialism, chronically slow development
in impoverished nations, and a rethinking of
social welfare policies in industrial countries
have forced nations to redirect their ener-
gies.17 Traditional priorities of national securi-
ty, such as military protection, are becoming
less compelling in light of social and environ-
mental problems threatening “human securi-
ty,” including a lack of access to food, shelter,
employment, education, and health services.18

In many cases, NGOs have proved more
adept than both governments and the free
market at responding to these human security
needs.19 In Bangladesh, where 5,000 NGOs are
involved with literacy programs, a child is
more likely to learn to read with the assistance
of an NGO than through a state organization.20

Worldwide, NGOs now deliver more develop-
ment assistance than the entire U.N. system.21

The proliferation of inexpensive informa-
tion technologies has also boosted the power
and presence of NGOs, allowing people to
mobilize and organize cheaply and effectively.
Human rights activists prevented what could
have been a violent crackdown at the start of
the Chiapas rebellion in 1994 by using the
Internet and worldwide media attention to
monitor and limit the Mexican government’s
response.22 In 1995, Greenpeace garnered
worldwide support in its campaign to halt
Shell Oil’s ocean dumping of the Brent Spar
oil rig by using a satellite uplink to show
footage of its activists on board the rig.23

NGOs have used their flexibility, small
scale, technical expertise, and connections to
the grassroots to spark something of an “orga-
nizational revolution”—forging an effective
middle ground between the state and the free
market.24 However, these groups serve a huge
range of interests, and whether they promote
the interests of one person, an industry, or an
entire country, they are subject to relatively
little scrutiny.25 A growing number of non-
profit organizations are funded and controlled
by corporate interests.26 Indeed, nonprofit
industry and trade groups employ four times
as many people as environmental groups do.27

Due to the free-form nature of NGOs,
there is increasing concern within the non-
profit sector over the potential for abuse.
There are no laws or international conven-
tions requiring NGOs to disclose their fund-
ing sources. Many NGOs now operate as little
more than industry front groups, such as the
Global Climate Coalition (which was set up
by the fossil-fuel industry to stifle climate-
change negotiations).28 And even well-inten-
tioned NGOs are not immune: in the recent
Rwandan genocide, warring factions forced
aid workers supplying and operating refugee
camps to assist soldiers.29

Surprisingly little NGO funding comes from
foundations and organized philanthropy—an
average of 11 percent in the 22 countries sur-
veyed by the Center for Civil Society Studies.30

On average, NGOs receive 47 percent of their
income from fees for services rendered, and
42 percent from public support.31

NGOs Proliferate Worldwide

TABLE 1:  NGO EMPLOYMENT, BY
SECTOR, MID-1990S1

SECTOR SHARE
(percent)

Education and research 23.1
Social services 20.6
Culture, sports, and recreation 18.9
Health care 15.7
Business and professional

associations, unions 6.3
Development and housing 6.1
Other 3.5
Law, advocacy, and politics 3.0
Environmental protection

and education 2.5
Philanthropic foundations 1.2
International (human rights,

relief, and aid groups) 1.0

1NGOs have 29 million people on staff (10 million of
whom are volunteers) in the 22 countries surveyed.
SOURCE: Lester M. Salamon and Helmut K. Anheier, The
Emerging Sector Revisited: A Summary of Initial Estimates
(Baltimore, MD: The Johns Hopkins University Center for
Civil Society Studies, 1998).
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Nearly 1 billion people worldwide do not
get enough to eat each day, and several
billion get enough calories but their poor

diets fall short in providing basic nutrients.1
At the same time, an estimated 600 million
people worldwide—mostly in North America
and Europe—are overnourished and over-
weight.2 Accordingly, the World Health
Organization estimates that nearly half of the
population in just about every country suffers
from some form of malnutrition—whether it
is undernutrition or overnutrition.3

Malnutrition is a pathological condition in
which the intake of calories, protein, or other
essential micronutrients does not balance with
needs.4 When intake falls below a person’s
needs on a chronic basis, the result is an
underweight person; excessive intake results
in overweight. Regardless of the form it takes,
malnutrition levies a heavy toll on human
health, leading to increased susceptibility to
disease, reduced levels of energy and produc-
tivity, and increased morbidity and mortality.5

Roughly one out of five people in the
developing world—an estimated 828 million,
primarily women and children—goes hungry
every day, lacking enough calories and protein
to satisfy basic body requirements.6 The great-
est concentration of these less fortunate people
is in South Asia and sub-Saharan Africa.7 More
than 20 percent of South Asia’s population is
starving, with rates as high as 30 percent in
Bangladesh and 70 percent in impoverished
and war-torn Afghanistan.8 Some 200 million—
over one out of five people—go hungry in
India alone.9 South Asia is home to about half
of the world’s starving children.10

In sub-Saharan Africa, widespread poverty
and conflict combine to deny nearly 40 per-
cent of the population—more than 200 mil-
lion people—adequate food.11 East African
nations, such as Somalia, Ethiopia, and
Mozambique, are hit hardest, with over 60
percent of their populations going hungry.12

Weather-related crop failure or food short-
ages related to violent conflict significantly
exacerbate hunger, but overall starvation most
often stems from poverty.13 The world’s

undernourished are concentrated in the poor-
est regions and poorest nations, since the
poor lack the purchasing power to obtain
food.14 For instance, while just over 10 per-
cent of the people in Chile and Costa Rica go
hungry, in poorer Western Hemisphere
nations like Bolivia and Haiti, the figures are
30 and 70 percent, respectively.15

In addition, billions of poor people get
enough total calories, but lack essential
micronutrients, such as iron or Vitamin A.16

Stemming from overly monotonous diets, these
deficiencies represent the most widespread
form of malnutrition worldwide—though less
recognizable than hunger or obesity.17 Iron
deficiency affects nearly 3.6 billion worldwide
(leading to energy-sapping anemia in 2 billion
people); nearly 840 million lack sufficient
iodine, and Vitamin A deficiency affects over
40 percent of children worldwide.18

Undernourished children are at a higher
risk for most infectious diseases—including
pediatric killers like diarrhea and
pneumonia.19 About half the deaths in chil-
dren worldwide are associated with malnutri-
tion—more than 6 million deaths each year.20

Since inadequate food intake in childhood
leads to permanent mental and physical
stunting, underweight children today repre-
sent a potent barrier to a nation’s social and
economic progress.21 (See Table 1.)

A different situation prevails in wealthy,
industrial nations, where sedentary lifestyles
combine with excessive consumption of high-
fat and high-sugar foods to create overweight
populations.22 (See Table 2.) In the United
States, 55 percent of adults—nearly 100 mil-
lion people—are overweight, with a slightly
smaller share in Canada, Scandinavia, and
West European nations.23 In Eastern Europe
and the former Soviet bloc, the incidence of
being overweight has long been above 50 per-
cent, although the recent economic downturn
in Russia has plunged tens of millions into
poverty and boosted rates of hunger.24

Despite a surge in weight-loss programs and
diet book sales, industrial-world diets continue
to deteriorate along with exercise regimens,

Malnutrition Still Prevalent Brian Halweil
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boosting the prevalence of overweightness and
obesity dramatically in recent decades.25 The
share of the U.S. population that is overweight
has doubled since the 1960s, while the per-
centage of obese people—those most severely
overweight—in England and Canada doubled
in the last 10 years alone.26

In the developing world, too, the wide-
spread decline of physical activity as nations
urbanize, combined with rising intake of
high-fat livestock products and convenience
foods, promotes soaring levels of lifestyle
malnutrition.27 Cities throughout the develop-
ing world host an ironic coexistence of under-
weight and overweight people.28 In several
Latin American nations, such as Brazil and
Colombia, the prevalence of overweight peo-
ple—at 30 and 40 percent—approaches that in
some European nations.29

Being overweight or obese is a significant
risk factor for most chronic noncommunica-
ble diseases, including diabetes, cardiovascu-
lar disease, stroke, and various cancers.30 A
recent survey indicated that roughly 70 per-
cent of diabetes cases could be averted if
patients were not overweight.31 And debilitat-
ing conditions—like asthma, arthritis, osteo-
porosis, and back pain—disproportionately
afflict the overweight.32

Despite excessive food intake, the over-
weight also suffer from diet-related deficien-

cies. Sugar- and fat-rich foods—high in calories
but low in fiber, calcium, iron, Vitamin C, and
other essential nutrients—squeeze out more
nutritious food items, leading to nutrient star-
vation masked by weight gain.33 And diets
high in processed foods often provide some
micronutrients, such as sodium, in amounts
far greater than is healthy.34

Illnesses related to being overweight con-
sume a growing share of health care costs in
industrial nations.35 A 1990 estimate put the
costs of obesity in the United States at $69
billion—7 percent of national health care
expenses.36 The soaring incidence of over-
weight children in the industrial world sug-
gests a dismal nutritional future.37

Likewise, the nutrition transition under
way in developing nations ushers in a costly
epidemiological transition, as these nations
become home to more victims of heart
attacks, stroke, and other diseases of afflu-
ence.38 In China, the incidences of coronary
illness and diabetes have surged in step with
decreasing intake of dietary fibers and a dou-
bling of meat consumption following rapid
income growth in recent decades.39 Even as
the developing world struggles to control
waterborne infections and other diseases of
poverty, these countries face soaring health
care costs related to affluent malnutrition.40

Malnutrition Still Prevalent

TABLE 1:  SHARE OF CHILDREN UNDER
FIVE YEARS OF AGE WHO ARE
UNDERWEIGHT, SELECTED COUNTRIES,
MID-1990S

COUNTRY SHARE
(percent)

Bangladesh 56
India 53
Ethiopia 48
Viet Nam 45
Nigeria 35
Indonesia 34

SOURCE: M. de Onis et al., “The Worldwide Magnitude of
Protein-Energy Malnutrition: An Overview from the WHO
Global Database on Child Growth” (Geneva: WHO, January
1998).

TABLE 2:  SHARE OF ADULTS WHO
ARE OVERWEIGHT, SELECTED
COUNTRIES, MID-1990S

COUNTRY SHARE
(percent)

United States 55
Russian Federation 54
United Kingdom 51
Germany 50
Colombia 43
Brazil 31

SOURCE: WHO, “Obesity: Preventing and Managing the
Global Epidemic,” Report of a WHO Consultation on
Obesity, Geneva, 3–5 June 1997; NHLBI, “Clinical
Guidelines on the Identification, Evaluation, and Treatment
of Overweight and Obesity in Adults” (Bethesda, MD:
National Institutes of Health, 17 June 1998).
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The average sperm count—the number of
individual sperm in a given volume of
semen—of men in the United States and

Europe has plummeted by over 50 percent
since the late 1930s, according to a recent
analysis.1 The finding fuels ongoing concerns
that male reproductive health may be deterio-
rating, and that environmental pollutants may
be the cause.2

Based on 61 studies published since 1938—
involving a total of nearly 15,000 subjects—
average sperm counts among healthy
American men dropped from 120 million
sperm per milliliter of semen in 1938 to just
under 50 million in 1988, a decline of 1.5 per-
cent a year.3 In Europe, sperm counts fell by
roughly the same amount between 1971 and
1990, though twice as fast—by 3.1 percent
each year.4 (See Figure 1.)

Though only one sperm is required to fer-
tilize an egg, once sperm count drops below a
certain level, infertility becomes increasingly
common.5

Concerns of declining human sperm
counts were first voiced in the mid-1970s,
and since then several studies have suggested
a substantial drop since mid-century.6 A study
of 1,350 Parisian men showed sperm counts
declining from 89 million per milliliter in
1973 to 60 million in 1992—a 2.1-
percent drop per year—and studies
from Canada, Sweden, Greece,
Italy, Belgium, and other European
nations found similar declines in
recent decades.7

Though a scientific consensus is
emerging that sperm counts have
decreased in certain areas, contro-
versy remains over the global
extent of the problem.8 Indeed,
there appears to be considerable
geographic variation in sperm
counts.9 While declines have been
demonstrated in Danish men, for
instance, Finnish sperm counts
appear unchanged.10 Studies from
men in four U.S. cities show con-
siderable variation in average

sperm count.11 And a recent study suggests
that sperm counts may vary considerably
even within the city of London.12

Nonetheless, other distressing signs of
deteriorating male reproductive health have
surfaced in the last half-century.13 Since 1960,
rates of testicular cancer have grown two- to
fourfold in Great Britain, the Nordic and
Baltic countries, Australia, New Zealand, and
the United States, while the incidence of mal-
formed sperm, undescended testicles, and
other disorders of the male reproductive sys-
tem has also soared in industrial nations.14

Considerable controversy revolves around
the proposed causes of declining sperm
counts, though the prevailing explanation—
the endocrine disruption hypothesis—impli-
cates environmental chemicals that
masquerade as hormones.15 Since hormones
such as estrogen or androgen orchestrate the
development and everyday function of organ-
isms, exposure to hormone-mimicking chemi-
cals can disrupt these development signals.

Specifically, synthetic chemicals that
mimic the female sex hormone estrogen—
known as “environmental estrogens”—may
influence male organisms in utero or early in
development, when hormone sensitivity is
high and when proper function of the male
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reproductive tract can be easily derailed.16

Abundant clinical evidence supports this
hypothesis, indicating that lab animals
exposed to even traces of estrogen-mimicking
chemicals develop reproductive disorders,
ranging from testicular cancer to infertility.17

For example, exposing pregnant laboratory
rats to dioxins—pervasive pollutants generat-
ed in paper production and waste incinera-
tion—resulted in testicular abnormalities,
feminine sexual behavior, and reduced or no
sperm production in male offspring.18

Similar results have been reported for
phthalates, another group of ubiquitous envi-
ronmental contaminants commonly used in
products ranging from food and beverage con-
tainers to fabrics, and widely detected in
drinking water and cows’ milk.19 Male mice
exposed in utero to butyl benzyl phthalate, a
component in many plastics, had substantially
reduced testis size and up to 20 percent less
sperm production in adulthood than mice
whose mothers were not exposed.20

Information on the human health effects
of environmental estrogens comes from
accounts of maternal exposure to diethyl-
stilbestrol—a synthetic estrogen routinely
administered to pregnant women from the
1940s to the 1970s.21 While the female off-
spring of these women suffer a high inci-
dence of many rare genital diseases, the male
offspring have an increased incidence of geni-
tal malformations, including small testes and
penises and reduced sperm counts.22

Exposure to various pesticides with known
estrogenic activity has been associated with
reduced sperm production and infertility in
agricultural workers.23 And human studies
have also demonstrated decreased sperm
function with increased semen concentrations
of two estrogenic pollutants: polychlorinated
biphenyls and a metabolite of the pesticide
DDT.24

Examples of similar reproductive havoc in
wildlife populations have also been attributed
to estrogen-mimicking chemicals.25 In one of
the best documented cases, alligators in
Florida’s Lake Apopka, contaminated with
organochlorine insecticides with known estro-

genic properties, were severely demasculin-
ized—with greatly reduced fertility and with-
out proper male sexual organs.26

From the United Kingdom to the United
States, male fish living in waterways polluted
with environmental estrogens are born with
ovaries and eggs rather than sperm ducts.27

Abnormal reproductive development and
reduced fertility have coincided with expo-
sure to estrogen-like compounds in mammals
as diverse as otters, polar bears, and
panthers.28

Currently, endocrine-disruptive activity has
been demonstrated for roughly 60 chemicals,
though only a tiny fraction of the estimated
80,000 manufactured chemicals in use today
have been screened for endocrine-disrupting
effects.29 These common chemicals include
certain pesticides, such as endosulfan, the
most widely used insecticide in North
America; the components in plastics, deter-
gents, cosmetics, and fabrics; and other indus-
trial products and by-products.30

Detection of these chemicals in our food
and drinking water as well as in seemingly
remote locales has led some to describe our
environment as “a virtual sea of estrogens.”31

And while many of the chemicals now known
to disrupt reproductive and hormone systems
have been banned in the industrial world,
their use grows in developing nations—though
insufficient data prevent historical sperm
count analyses for these nations.32

Pinning down the extent—and possible caus-
es of—sperm count decline requires better data
on sperm counts as well as on human exposure
to endocrine disruptors. The International
Study of Semen Quality in Partners of Pregnant
Women—started in 1997, with study centers in
four European cities, four U.S. cities, and one
city in Japan—aims to identify geographic vari-
ation in sperm counts and possible environ-
mental drivers.33 In late 1998, Japan’s Ministry
of Health and Welfare initiated a major
research project to examine trends in sperm
counts of Japanese men.34 And by congression-
al mandate, the U.S. Environmental Protection
Agency is currently testing 15,000 chemicals
for possible effects as endocrine disruptors.35
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Fast-food restaurants are multiplying rapid-
ly worldwide, the result of a confluence of
social, economic, and cultural trends. Fast

food now accounts for roughly half of restau-
rant revenues in the United States—triple its
share in the early 1970s—and the industry
continues to expand there and in other indus-
trial countries.1 But some of the most rapid
growth is found in prospering developing
countries, where demographic and sociologi-
cal changes are altering the way people eat.

As used here, “fast-food restaurants” refers
to chain outlets that primarily offer drive-
through, carryout, counter, or delivery food
service. The industry leader is McDonald’s,
which operates more than 23,000 restaurants
in 113 countries; in 1997, McDonald’s opened
five new restaurants a day.2 The company
accounts for 45 percent of global brand name
fast-food establishments and 60 percent of the
sales.3 But McDonald’s faces stiff competition
from a host of other chains. The next nine
largest U.S.-based chains operate a total of
more than 75,000 restaurants—three times as
many as McDonald’s.4 The growth of these
10 companies over the last decade has been
phenomenal. (See Figure 1.)5

Data for the U.S. chains’ share of the glob-
al fast-food market are not available, but it is
likely to be high: McDonald’s alone reports
having the highest market share in the “great
majority” of the countries in which it oper-
ates.6 The global reach of these restaurants is
a relatively new phenomenon: overseas out-
lets owned by the top 50 U.S. restaurant
chains grew from 900 in the early 1970s to
more than 32,000 in 1997.7 McDonald’s and
Kentucky Fried Chicken (KFC) now generate
about half of their revenues from their non-
U.S. operations, and 85 percent of
McDonald’s 1997 openings took place outside
the United States.8

Fast-food outlets trace their roots to the
drive-in restaurants—where “carhops” served
people in their parked cars—that thrived in
southern California in the 1940s and 1950s.9
But the first true fast-food restaurant opened
in 1948, when the McDonald brothers 

remodeled their hamburger drive-in restau-
rant in San Bernardino around the core char-
acteristics of fast-food chains: self-service,
disposable dinnerware, and quick service.10

Once strategic franchising was added to the
mix in 1955 and the keys to McDonald’s suc-
cess were copied by other restaurant chains,
fast-food outlets of all kinds spread rapidly
throughout the United States and, later, the
world.11

The emphasis on speedy delivery of food
is a response to changing societal conditions.
The rise in single-person households and sin-
gle-parent families and the increase in the
ranks of working women in the postwar era
have together reduced the time available for
meal preparation and placed a premium on
convenience.12 By one estimate, most of the
meals eaten in the United States today are
prepared outside the home and are often
eaten while on the go: the second most popu-
lar place for Americans to eat breakfast is in
their car.13 In addition to these changes in
lifestyle, increases in disposable income in
many countries and heavy advertising—
McDonald’s is the world’s nineteenth largest
advertiser—have helped boost fast-food
sales.14

One reason these trends are worrisome is
the health effects of fast food, which is often
high in calories, sodium, fat, and cholesterol.
At many fast-food restaurants, a single meal
gives a disproportionate share—and some-
times more than 100 percent—of the recom-
mended daily intake of these elements.15

Excessive consumption of fast food produces
a diet high in saturated fats and low in fruits
and vegetables, which increases the risk of
obesity, coronary heart disease, hypertension,
diabetes, and several forms of cancer.16 Fifty-
five percent of Americans are considered
overweight or obese, the result of poor eating
habits (often including excessive consumption
of fast food) and a sedentary lifestyle.17 In
developing countries, too, the prevalence of
obesity, hypertension, and coronary heart dis-
ease are all much greater in urban areas—
where fast food and street vendors are
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commonly found—than in rural areas.18

The global expansion of American fast
food also has far-ranging cultural effects.
Hamburgers, pizza, chicken, and cheese are a
growing part of diets even in countries previ-
ously unfamiliar with them. Many chains
alter their menus to some degree to cater to
local tastes, but most companies strive for
consistency of products and services across
countries. Management strategies are also
standardized to ensure consistency.
McDonald’s now offers its “Hamburger
University” management training curriculum
in 24 languages, and Tricon Global
Restaurants disseminates a “brand toolkit” of
marketing materials that help build a consis-
tent image globally for its Pizza Hut, KFC,
and Taco Bell restaurants.19

The cultural impact of fast-food outlets
often extends beyond the restaurant industry.
McDonald’s and Burger King have both
teamed with Walt Disney Productions for
joint promotions of fast food and new movies,
thereby pushing American entertainment as
well as diet into markets worldwide.20 In June
1998, McDonald’s and Disney launched their
first global promotion, offering McDonald’s
customers a toy—packaged for 38 different

language markets—depicting a character from
the new Disney movie Mulan.21 McDonald’s
is now experimenting with “video walls” in a
few of its restaurants to show Disney films.22

The huge volume of food purchased by
fast-food restaurants also affects agriculture.
Some 28 percent of U.S. potato production in
1997, for example, became french fries—the
vast majority of which were used in fast-food
restaurants.23 Such a large market presence
allows fast-food chains to bargain for the low-
est potato prices. Those who can supply pota-
toes cheaply are large-scale farmers and
processors, who can capture significant
economies of scale. Partly as a result of these
dynamics, potato farming in Idaho has
become more concentrated over the past
quarter-century: the area devoted to potato
production has increased by a third, but the
number of farmers has fallen by half.24

While growth in fast food is brisk, some
consumers are looking for higher quality alter-
natives. Rushed American consumers are
turning to supermarkets for prepared foods
such as rotisserie chicken and selections from
salad bars; sales of these “home meal replace-
ments” surged 13 percent between 1996 and
1997, and are projected to more than triple

between 1997 and 2005.25

Those in less of a hurry are
also finding alternatives. Fresh
organic foods are increasingly
popular in Europe, Japan, and
the United States. And a “slow
food” movement founded in
1986 in Italy to promote appre-
ciation of food and the cultural
experience of shared meals
now claims 60,000 members in
400 clubs worldwide.26

Whether these trends will
dampen the rapid expansion of
fast food remains to be seen.

People Everywhere Eating More Fast Food
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Figure 1: Estimated Number of Restaurants Worldwide of the
Top 10 U.S. Fast-Food Chains with International Operations
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The devastating impact of so-called small
arms and light weapons—weapons that
can be carried by an individual or a pack

animal—is attracting growing attention world-
wide.1 Some 500 million military-style small
arms are believed to be in circulation.2

The domestic and international prolifera-
tion of small arms has encouraged an impul-
sive reliance on violence to settle unresolved
disputes. These weapons are used both in
wars that pit nations against one another and
in the far greater number of “civil wars”
involving ethnic militias, private armies,
insurgent groups, and criminal organizations.

There is far more capacity in the world to
produce small arms than to manufacture
major weapons such as tanks or jet fighters.
The United Nations Institute for Disarmament
Research (UNIDIR) in Geneva has identified
close to 300 companies in 52 countries that
were manufacturing small arms and related
equipment in 1994.3 And the number of coun-
tries had increased by 25 percent since the
mid-1980s.4 A more recent count, based on
the 1998–99 edition of Jane’s Infantry Weapons,
comes up with 377 companies in 49 countries.5

The United States, Russia, China,
Germany, Belgium, Italy, Switzerland, Austria,
the Czech Republic, Bulgaria, and Israel are
among the most important producers and
exporters of small arms.6

Small arms production is taking place
under license in at least 24 developing coun-
tries, many of which are also exporting
weapons.7 Prominent among them are Brazil,
Chile, Egypt, Iran, South Africa, Turkey,
India, Indonesia, North and South Korea,
Pakistan, and Singapore.8

The Soviet/Russian Kalashnikov assault
rifle (AK-47) has been sold around the world
in such enormous quantities that it has
become the premier symbol of the small arms
trade. At least 50 million and perhaps as
many as 70 million copies have been pro-
duced to date.9 They have been adopted by
the national armed forces of some 78 coun-
tries.10 (See Table 1.) But in addition, as Jane’s
explains, “practically all communist-influ-

enced guerrilla and nationalist movements of
recent decades seem to have obtained…stocks
of AK-47s.”11 A dozen countries have pro-
duced Kalashnikov rifles. And weapons
whose design is based on the Kalashnikov
have been manufactured in Israel, South
Africa, Croatia, Finland, and India.12

Adopted by the armies of 94 countries, the
Belgian FN-FAL rifle is the most widely dis-
tributed military rifle.13 Another weapon
found in many arsenals around the world is
the German G-3; it has been produced in 12
other countries in addition to Germany.14

Many of these licensed producers have been
granted marketing rights, so G-3 rifles may be
found almost anywhere, according to Jane’s.15

Assault rifles are among the most mass-
produced weapons. Worldwide, it is estimated
that at least 100 million are in circulation.16

At least 79 companies in 50 countries produce
assault and sniper rifles, or have done so
recently.17 Some 111 models of military rifles
are currently in production.18 Another 10 are
classified as “available” (that is, production
could be geared up in response to orders).
And 37 models are no longer in production,
though in same cases large stocks still exist.19

Meanwhile, five new types are currently in
development or nearing production.20

Other small arms, too, are available in
bewildering variety. For instance, 64 different
models of submachine guns are now produced,
or were recently produced, by 45 companies in
29 countries; similarly, 91 models of machine
guns have been manufactured by 46 companies
in 30 countries.21 And a total of 54 firms in 30
countries are identified as makers of pistols.22

Recent years have witnessed a growing
number of initiatives to stop the proliferation
of small arms. Most governmental efforts
have emphasized cracking down on illegal
production and transfers. The Organization of
American States, for example, passed a con-
vention toward that end in November 1997.23

A growing list of organizations is joining the
bandwagon: among them are the European
Union, the Group of Eight industrial nations,
the North Atlantic Treaty Organization, the

Small Arms Found in All Nations Michael Renner
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Organisation for Economic Co-operation and
Development, and the World Customs
Organization.24 But it is rapidly becoming
clear that legal transfers must attract greater
scrutiny as well.25

Many different departments and agencies
of the United Nations have become involved
because small arms violence undermines
their objectives—whether it be peacekeeping,
humanitarian assistance, child welfare, or
social development. In June 1998, the United
Nations launched an effort to better coordi-
nate these endeavors.26

Pursuing weapons collection efforts, the
U.N. system kicked off a “weapons for devel-
opment” program in Albania in early 1999.27

It also provided support for arms collection in
Mali and helped bring about a three-year

moratorium on the import, export, and manu-
facture of small arms in West Africa endorsed
by 16 states in the region.28 Elsewhere on the
continent, South Africa became a leader by
pledging to destroy its 260,000 surplus small
arms instead of selling them off cheaply, as is
still standard practice.29

Nongovernmental organizations have
played a critical role from the very start, and,
along with like-minded governments, their
prodding will continue to be indispensable. In
early 1998, a Web-based organization called
“Prep Com” was set up to facilitate exchange
of information; by early 1999, it had 173
members from more than 60 countries.30 In
1999, Prep Com will become the International
Action Network on Small Arms, to coordinate
the many small arms–related campaigns.31

Small  Arms Found in All Nations

TABLE 1: PRODUCTION AND DISTRIBUTION OF SELECTED SMALL ARMS

TYPE OF NUMBER COUNTRIES PRODUCING COUNTRIES WITH
WEAPON PRODUCED THE WEAPON WEAPON IN INVENTORY

(million) (number) (number)

Assault Rifles
AK-471, AK-74
(Soviet Union/Russia) 50–70 12 78

M-16 (United States) 8 6 67
G-3 (Germany) 7+ 13 64
FN-FAL (Belgium) 5–7 12 94
Galil (Israel) n.a. 2 14

Submachine Guns
Uzi (Israel) 10 4 47
HK MP5 (Germany) n.a. 7 42
Sterling1

(United Kingdom) n.a. 3 40
Beretta M121 (Italy) n.a. n.a. 24

Machine Guns
FN-MAG (Belgium) 0.2 6 81
RPD, RPK2 (FSU/Russia) n.a. 7 46
MG32 (Germany) n.a. 7 13
Bren L42

(United Kingdom) n.a. 4 22

1No longer in production.  2No longer in production in country of origin, but still manufactured elsewhere under license.
SOURCES: Terry J. Gander, ed., Jane’s Infantry Weapons 1996–97 and Jane’s Infantry Weapons 1998–99 (Coulsdon, U.K.: Jane’s
Information Group Ltd., 1996 and 1998); U.N. General Assembly, “Report of the Panel of Governmental Experts on Small
Arms” (New York: 27 August 1997).
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