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This paper will review some population projections for the United
States, the world, and selected major regions. The total population size,
the youth dependency ratio, the elderly dependency ratio, and the total
dependency ratio will receive most attention. The underlying assump-
tions regarding fertility, mortality, and migration will be reviewed.
Projections from different sources will be compared where possible.

But before looking to the future, I thought that it would be useful to
have a glimpse into the past. Two thousand years ago, we had about a
quarter of a billion people on the planet. It took sixteen to seventeen
centuries to double to about one-half billion. The next doubling took less
than two centuries, from the middle of the seventeenth century to around
1800. The next doubling took little over 100 years, and standing where we
are now and looking back, the last doubling took about thirty-nine years.
The second half of the twentieth century is the first time in all of human
history in which the Earth’s population doubled within a single lifetime.
That is a fortyfold acceleration in the population growth rate, and there is
no precedent for that.

The projections to be reviewed here were prepared by the United
Nations Population Division (1999a,b,c) (henceforth abbreviated to
UN98) and the United States Census Bureau (1998 and 2000a) (henceforth
abbreviated to US98 for the international projections, and US00 for the
domestic projections, respectively). Estimates and projections of total
midyear population for the world, 1950 to 2050, updated to May 10, 2000,

*Professor of Populations, Rockefeller University and Columbia University. The author
acknowledges with thanks the support of U.S. National Science Foundation grant DEB
9981522 and the hospitality of Mr. and Mrs. William T. Golden during this work.

Copyright © 2002 by Joel E. Cohen. All rights reserved.



are available on the web (U.S. Census Bureau 2000b) and will be cited
here when these figures replace those of US98. Table 1 summarizes some
major results for the more developed countries and the less developed
countries separately, for the years 1950, 2000, and 2050.

CAUTIONARY TALES

In April 2001, the U.S. Census Bureau announced that the total
population of the United States on April 1, 2000, was 281,421,906. The
apparent precision was entirely spurious. The Director of the Census
Bureau later remarked that the true population of the United States in
2000 is known only to within 5 million persons or so.

In the week the Census 2000 total count was announced, the Internet
web site of the Census Bureau continued to report the estimated
population of the United States in 2000 as about 275 million. This lower
figure was based on annual Census Bureau estimates of births, deaths,
and migration since the 1990 census of the United States. The estimate of
275 million differed from the counted population of 281 million in 2000 by

Table 1
Demographic Features of the More Developed Regions and the Less Developed
Regions, 1950-2050, according to the United Nations’ Medium Projection 1998
(United Nations 1999a,b,c).

Indicator More Developed Regions Less Developed Regions

Year 1950 2000 2050 1950 2000 2050

Population growth rate (%/y) �1.2 �.3 �.3 �2.0 �1.6 �.5
Total fertility rate (children) 2.8 1.6 1.8 6.2 3.0 2.1
Population size (billions) 0.81 1.19 1.16 1.71 4.87 7.75
Percent urban 54.9 76.0 83.5a 17.8 39.9 56.2a

Percent aged 0-4 years 10.0 5.5 5.0 15.1 11.1 6.8
Percent aged 60� years 11.7 19.5 32.5 6.4 7.7 20.6
Ratio 60� years/0-4 years 1.2 3.5 6.5 .4 .7 3.0
Median age (years) 28.6 37.5 45.6 21.3 24.4 36.7
Youth dependency ratio (%) 42.2 27.0 25.8 64.7 52.1 31.7
Elderly dependency ratio (%) 12.2 21.3 42.7 6.7 8.2 21.1
Total dependency ratio (%) 54.4 48.3 68.5 71.4 60.3 52.8
Females 80�/Males 80� 1.74 2.26 1.82 1.46 1.57 1.58
Net migration (millions) n.a. �2.0 �1.3 n.a. �2.0 �1.3
Population density (per km2) 15 22 22 21 59 94

Gross national product per
person (US$, 1998) $19,480 $1,260

aProjected for year 2030, not for year 2050. n.a. � not available.
Source: All estimates except percent urban are from United Nations (1999a, pp. 10-13, pp. 592-617; 1999b,
pp. 14-19). Percent urban is from United Nations (2000, p. 4). GNP per person in 1998 is from Population
Reference Bureau (2000, p. 2), attributed to the World Bank, World Development Report, 2000.
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at least as much as the 5 million estimated error of the count. Evidently
it is difficult to measure or estimate what happened recently and is
happening currently to the population of one of the richest countries
with one of the best statistical infrastructures in the world.

On a global scale, in the United Nations’ Demographic Yearbooks from
1951 to 1996, the estimate of world population in 1950 changed seventeen
times, upward thirteen times and downward four times (National
Research Council 2000, p. 42). The difficulty of ascertaining the present
and the past population compounds the difficulty of anticipating the
future population of a country, region, or the world. Errors in the base
population have been the largest component of error in past short-term
population projections (National Research Council 2000).

According to a preliminary announcement of the United Nations
Population Division (2001), the difference between the medium projected
population of the world in 2050 according to its 1998 projection (8.9
billion) and its 2000 projection (9.3 billion) is 413 million people, roughly
5 percent of the 1998 projected population size for 2050. The population
project at the International Institute for Applied Systems Analysis (Lutz,
Sanderson, and Scherbov 2001) projected a median (not medium) world
population in 2050 of 8.8 billion. These three projections for 2050 differ in
methods and assumptions. The differences in output among them of half
a billion people express demographers’ ignorance of the future, not
differences in genuine knowledge. Because the full details of the United
Nations Population Division’s 2000 projections are not yet available, this
review will rely on the 1998 projections (United Nations Population
Division 1999a,b,c).

UNCERTAINTY

The demographic present, past, and future are surrounded by
uncertainty. Population projections are uncertain for several reasons. The
initial data may be erroneous. The rates of birth, death, and migration in
cohort-component models may be projected erroneously. (Projections for
countries or small areas normally are more uncertain than those for the
world because of the greater importance of migration for local areas.)
External factors may change unexpectedly (such as AIDS, natural haz-
ards, or climate). External factors may change as expected but the
relationship between those factors and demographic rates may change.
Policies and programs may develop to influence the rates of birth, death,
and migration. Feedbacks from anticipated population change may
intervene to alter further population change in unanticipated ways (for
example, if the prospect of population decline in Italy or Japan affects the
immigration policy of those countries). The social sciences have little
ability to predict the aggregate course of the fundamental demographic
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processes of birth, death, and migration (National Research Council 2000;
Cohen 2001).

A recent report of the National Research Council (2000) gives a
sophisticated assessment and a quantitative analysis of the uncertainty of
population projections, which this brief paper will not attempt to dupli-
cate. The development of techniques to assess the uncertainty of popu-
lation projections realistically is an active area of research (Alho 1997;
Alho and Spencer 1990; Anderson, Tuljapurkar, and Lee 1999; Keilman
1990, 1997, 1998; Keyfitz 1982; Lee 1990, 1999, 2000a, b; Lee and Tulja-
purkar 1994 and in press; Lutz, Sanderson, and Scherbov 1997; Lutz,
Goujon, and Doblhammer-Reiter 1999; and Tuljapurkar and Boe 1998,
among many others).

In addition to the UN Population Division and the U.S. Census
Bureau, other agencies and organizations prepare population projections
for the United States and the world. Among these organizations are the
World Bank (World Bank 2000), the International Institute for Applied
Systems Analysis (Lutz 1996; Lutz, Sanderson, and Scherbov 2001), the
Social Security Administration of the U.S. government (Bell 1997), and
some statistical agencies of national governments. The detailed assump-
tions of the projections prepared by these organizations differ. However,
the data, methods, and assumptions used are sufficiently similar that the
global population projections prepared by different agencies normally do
not vary greatly (National Research Council 2000). This consensus should
not be taken as grounds for confidence in the results of the projections.
Demographers talk to each other and review each other’s work. Retro-
spective reviews of the accuracy of population projections indicate that
the confidence attached to many projections has been greater than the
subsequent accuracy of the projections would justify (National Research
Council 2000).

MAJOR POPULATION TRENDS IN THE NEXT HALF CENTURY

Most demographers would probably agree to four statements about
the future of global population during the next quarter- to half-century.
First, the population will be bigger than it is now. The world will be
bigger by 2 billion to 4 billion people by the middle of the century, and
nearly all of that growth will be in poor countries, not rich. Second, the
population will increase less rapidly, absolutely and relatively, than it has
recently. Whether population growth ends depends on choices that we
make right now about reproductive health, education for women, and
many other investments. Third, the population will be more urban than
it is now. Practically all of the additional people will be living in cities in
poor countries, and that will be an unprecedented epidemiological
challenge to infectious disease control. Fourth, the population will be
older than it is now. Now is probably the last time in history in which we

86 Joel E. Cohen



have more youth than aged, and the last time in which we have more
rural than urban population. From here on out it is an urban world. Here
are some details on each of these statements.

Continuing Population Growth in the Developing World

The twenty-first century is unlikely to see a reversal of world
population growth for several decades at least. More young people are
entering their childbearing years now than ever before in history. UN98
projected an increase in world population from 6.06 billion in 2000 to 8.91
billion in 2050 in its medium projection, an increase of 47 percent. The
U.S. Census Bureau (2000b) projected an increase in world population
from 6.08 billion in 2000 to 9.10 billion, an increase of 50 percent. (Here
and elsewhere, I calculated percentage increases using unrounded fig-
ures, then rounded the result.) Although US00 gave only a single
projection of global population, UN98 indicated a range in 2050 from 7.3
billion people in its low variant projection to 10.7 billion in its high
variant. If fertility were to remain constant at the levels estimated in 1998,
the year 2050 would see 14.4 billion people (Figure 1).

The long-term projections based on the UN98 low projection calcu-
lated that global population will peak near 7.5 billion around 2040 and
will fall to 5.2 billion by 2100 (United Nations 1999d, p. 29). The world
previously had 5.2 billion people between 1985 and 1990. Unless future
population growth is much lower than anticipated in the low projection,
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the twenty-first century will have billions more people than the twentieth
century.

The population of the more developed regions will decline slightly
(Figure 2) while that of the less developed regions will increase substan-
tially (Figure 3), according to the U.N.’s best guess. In the medium
projection of UN98, the population of the more developed countries will
decline between 2000 and 2050 by 3 percent from the present 1.19 billion,
while the population of the less developed countries will grow from the
present 4.87 billion by 59 percent (Figure 4). The more developed
countries comprise Northern America (the United States and Canada),
Japan, Europe, Australia, and New Zealand. The less developed countries
comprise all regions of Africa, Latin America, the Caribbean, Asia
(excluding Japan), Melanesia, Micronesia, and Polynesia. The calculations
assume that the classification of countries as more developed and less
developed will not change in the coming half-century. In this case, the
fraction of world population living in the more developed regions would
fall to under 13 percent, or approximately one person in eight.

The population of the now least developed countries, a subset of the
less developed countries, is projected in the medium variant to increase
by 132 percent, from 645 million in 2000 to 1.49 billion in 2050, surpassing
the total population of the more developed regions by 2035 (Figure 5).
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The least developed countries include thirty-three countries in Africa,
nine in Asia, one in the Caribbean, and five in Oceania.

The conclusion that the population of the more developed countries
will be a small and diminishing fraction of global population is not
sensitive to the fertility assumptions of the UN98 medium projection. In
the UN98 low projection, the population of the more developed countries
falls from 1.2 billion in 2000 to 1.0 billion in 2050, while the population of
the less developed countries rises from 4.8 billion to 6.4 billion in the same
half-century. In the constant fertility projection of UN98, the population
of the more developed countries remains flat at 1.2 billion, while the
population of the less developed countries surges to 13.3 billion by 2050.
The constant fertility projection is not realistic or plausible, but it
illustrates what could happen if fertility fails to fall as anticipated in the
other projections.

The population density in the more developed countries is currently
about 22 people per square kilometer, while that in the less developed
countries is roughly 59 people per square kilometer (UN98, pp. 10, 12).
The latter number would grow to 94 according to the medium projection,
or nearly one person per hectare. Attaining acceptable qualities of life in
developing countries at such population densities will be an even greater
challenge than it is at today’s population densities.

The population of the United States will be larger in 2050 than in
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2000 according to all projections of UN98 (Figure 6). The U.S. population
is projected to grow by 25 percent (to 349 million) in the UN98 medium
projection, 50 percent (to 419 million) in the high projection, and 6 percent
(to 293 million) in the low projection. In the low scenario, the population
would peak at 305 million in 2030, then decline.

By contrast, US00 projected roughly twice as much population
growth for the United States in its corresponding middle, high, and low
series (Figure 7): 47 percent population growth (to 404 million) by 2050 in
its middle series, 100 percent (to 553 million) by 2050 in its high series,
and 14 percent (to 314 million) by 2050 in its low series (Figure 8). All
these projections are based on an estimated 1998 population for the
United States of 270 million, leading to projected U.S. populations in 2000
of 275 or 276 million, lower than the Census 2000 count of 281 million.
The medium projection of US00 is strikingly close to the high projection
of UN98 in 2050, while the low projection of US00 is not much less than
the medium projection of UN98 in 2050. These respected agencies have
differing operational definitions of low, medium, and high projections.
According to the highest US00 scenario, by 2100, the United States would
have approximately the population of China today.

To assess the impacts on United States population growth and
dependency ratios of different assumptions about international migra-
tion, Hollmann, Mulder, and Kallan (2000, p. 29) combined the mortality
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and fertility assumpions of the US00 middle series with three other
assumptions about international migration after 1998, namely, zero
international migration, lowest migration, and highest migration (Figure
9). Assuming zero international migration, the population of the United
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States is projected to grow from 274 million in 2000 to 328 million in 2050,
an increase of nearly 20 percent. The middle series assumes that net
international in-migration per year is mainly between 900,000 and 1
million. Under this assumption, the U.S. population increases by 47
percent (to 404 million) from 2000 to 2050. Therefore, international
migration would, according to the assumptions of the middle series,
account for about 27/47 or 57 percent of projected U.S. population
growth between 2000 and 2050. Assuming the lowest level of migration
(net migration to the United States diminishing from 739,000 in 1999 to
166,000 in 2050), the U.S. population is projected to grow by 29 percent (to
353 million), a bit more than half the growth projected in the middle
series. Assuming the highest level of migration (net annual migration to
the United States increasing from 1.2 million in 1999 to 2.8 million by
2050), the U.S. population is projected to grow by 80 percent (to 498
million) by 2050. Differing assumptions about the level of international
migration have very large effects on the size of the U.S. population by
2050, and still larger effects later. The effects on dependency ratios are
described below.

Ahlburg and Vaupel (1990) independently prepared several alterna-
tive projections of U.S population, starting from a 1990 population of 250
million. Assuming an annual improvement in mortality of 1 percent, a
total fertility rate of two children per woman, and 1 million to 2 million
immigrants per year, they projected 402 million people in the United
States by 2050. With an annual improvement in mortality of 2 percent but
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other assumptions the same, they projected 430 million people by 2050.
With 2 percent mortality improvements, moderate fertility cycles, and 1
million immigrants per year, they projected 470 million people. With 2
percent mortality improvements, large fertility cycles, and 1 million to 2
million immigrants per year, they projected 553 million people by 2050.
Except for the last, these projected population sizes are generally consis-
tent with the range of population sizes projected for the United States by
Hollmann, Mulder, and Kallan (2000) and US00.

Slowing Population Growth Everywhere

In the twentieth century, world population increased 3.8-fold. World
population is very unlikely to increase 3.8-fold in the twenty-first century.
Lutz, Sanderson, and Scherbov (1997, 2001) have suggested that popula-
tion growth rates will decline so rapidly that even another doubling of the
Earth’s population is unlikely ever to occur. At the end of the twentieth
century, after thirty-five years of slowing population growth, a continued
slowing in the twenty-first century seems likely. If the rate of increase of
population continues to fall, then the twentieth century was and will be
the only century in the history of humanity to see a doubling of earth’s
population within a single lifetime. Human numbers will probably never
again nearly quadruple within a century.

Global population growth rates varied so erratically from 1950 to
2000 (Figure 10) that the expectation of a continuing smooth decline in
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population growth rates in the coming half-century seems implausible.
What is plausible is that the overall trend will continue in a downward
direction much of the time. The medium variant of UN98 projected a
decline in the population growth rate per year from 1.33 percent between
1995 and 2000 to 0.38 percent between 2040 and 2050, and a fall in the
absolute annual increment from 78 million to 33 million additional
people. The U.S. Census Bureau (2000b) International Data Base (updated
to May 10, 2000) projected a decline in global population growth rates
from 1.26 percent to 0.43 percent per year between 2000 and 2050, and a
fall in the absolute annual increment from 77 million to 39 million. The
medium UN98 projection has a slightly higher estimate of annual growth
in 2000 and a slightly lower projection of annual growth in 2050, but the
differences are immaterial considering the uncertainty of demographic
estimates and projections.

More Urbanization

In Europe, the rush of people from the countryside to cities dates
back to the eleventh century, and urbanization has occurred worldwide
for at least two centuries. During the 1990-95 period, the world’s urban
population grew by 2.4 percent per year, while rural populations grew 0.7
percent per year (United Nations 1997). Between 1995 and 2000, the
world’s urban population grew by 2.1 percent per year while rural
populations grew 0.7 percent per year. In 1999, nineteen urban agglom-
erations had 10 million people or more and 47 percent of all people lived
in cities (United Nations 2000).

The twenty-first century is unlikely to see a reversal in the relative
growth of urban population. Almost all population growth in the next
thirty years will be located in cities in the less developed regions. The
rural population of the world will remain nearly constant at around 3.2 or
3.3 billion people (United Nations 2000, p. 2). The rural population will
continue its slow decline in the more developed countries. In the less
developed countries, the rural population will peak at around 3.1 billion
people in the next decade or two, then slowly decline. If urbanization
occurs as anticipated, then the twentieth century was and will be the last
century in human history in which most people live in rural areas.

In the next century, humanity will be predominantly urban. Accord-
ing to recent projections (United Nations 2000), the urban population will
rise to 60 percent of the total by 2030 (84 percent of the population in more
developed regions, 56 percent of the population in less developed
regions). By 2030, the urban population will total 4.9 billion, 1.0 billion in
the more developed regions and 3.9 billion in the less developed regions.
The 2030 urban population in the less developed regions projected in the
1999 United Nations report on urbanization (United Nations 2000) is
smaller by 200 million people than the 2030 urban population in the less
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developed regions projected in the 1996 report on urbanization (United
Nations 1997). Evidently, the population growth rate of urban areas in the
less developed regions has dropped faster than anticipated.

US98 relied in part on the 1996 urbanization projections of the UN
(United Nations 1997) for its estimates of urban population in 1998 and
2025. US98 projected that nearly 60 percent of world population would be
urban by 2025.

These figures on urbanization disguise major ambiguities and vari-
ations among countries in definitions of “cities” and “urban.” Neither
US98 nor United Nations (2000) discusses the conceptual problems of the
numerical data on urbanization. The numbers should not be taken
literally, but the trend toward urbanization is clear.

Aging of the Population

Median age. The median age of a population is the age such that half
the people are older and half are younger. The median age of world
population rose from 23.5 years in 1950 to 26.6 years in 2000 (UN98, p. 8).
By 2050, the median age will rise to 37.8 years according to the UN98
medium projection, to 33.0 years according to the high projection, and to
43.5 years according to the low projection. The median age will increase
by 10 to 20 years in the century from 1950 to 2050. In the same century,
the median age of the more developed regions is projected to increase by
17 years while that of the less developed regions increases by 15.4 years,
even though the more developed regions started with a median age 7.3
years older than that of the less developed regions (Table 1).

For comparison, US98 (p. 33) estimated world median age in 1998 as
26 years (versus UN98’s median of 26.6 years in 2000), and projected
median ages in 2025 for the more developed countries, less developed
countries, and the world as 43, 30, and 32 years. The corresponding
projections of the medium variant of UN98 (pp. 8-12) were 43.6, 30.9, and
32.7 years. The median age is a useful single-number summary of
population age but does not make explicit the decrease in the proportion
of young people and the increase in the proportion of old people that
accompany population aging.

Proportions of young and old. In the twentieth century, the fraction of
the world’s people who were children aged 0 to 4 years gradually
declined to 10 percent in the year 2000, while the fraction of the world’s
people who were aged 60 years or more gradually increased to 10 percent
in the year 2000 (UN98). These converging trends resulted from im-
proved survival and reduced fertility. Improved survival raised the
world’s expectation of life from perhaps 30 years (a plausible guess, given
the absence of reliable global statistics) at the beginning of the twentieth
century to more than 66 years at the beginning of the twenty-first century.

96 Joel E. Cohen



Reduced fertility rates (Table 1) added smaller cohorts to the younger age
groups.

The twenty-first century is unlikely to see a reversal in the aging of
world population. UN98 projected that by 2050, the fraction of the
population aged 0 to 4 years will fall from 10 percent to less than 7
percent while the fraction of the population aged 60 years or more will
rise from 10 percent to more than 22 percent. In this projection, the ratio
of older people to young children is expected to rise from 1-to-1 now to
3.3-to-1 in half a century. In all the variant projections of UN98, the ratio
of elderly to young children is expected to grow. The lower future fertility
is, the higher the ratio of elderly people to young children will be. If the
future resembles any of the UN98 projections, then the twentieth century
was and will be the last century in human history to see younger people
outnumber older people. The next century will be a world predominantly
of older people.

Dependency ratios. Economists and some demographers prefer to
summarize the age structure of a population using dependency ratios.
The youth dependency ratio is defined as the ratio of the number of
people aged 0 to 14 to the number aged 15 to 64. The elderly dependency
ratio is defined as the ratio of the number of people aged 65 and older to
the number aged 15 to 64. The total dependency ratio is defined as the
sum of the youth dependency ratio and the elderly dependency ratio. All
three dependency ratios are normally expressed as percentages.

Assuming that the potential labor force of a population is aged 15 to
64 years, the reciprocal of the total dependency ratio may be interpreted
as the number of potential workers available per dependent person
(young or elderly). For example, if the total dependency ratio is 50
percent or 0.5 (as it nearly was in the United States in 2000), the reciprocal
1/0.5 � 2 means that the population has two potential workers for each
person of dependent age. The reciprocals of the youth dependency ratio
and the elderly dependency ratio have similar interpretations. The higher
the dependency ratios, the lower the numbers of potential workers
available to support the dependents.

Dependency ratios in the world and in major regions. In the world as a
whole, in the more developed countries, in the less developed countries,
in the least developed countries, and in the United States, the youth
dependency ratio rose with the surge of fertility that followed World War
II, peaked, and declined in the final decade or two of the twentieth
century (Figure 11). The youth dependency ratio reached its peak earliest,
around 1960, in the United States and the more developed countries, then
in the world as a whole around 1965, around 1970 in the less developed
countries, and as late as 1985 in the least developed countries. According
to the UN98 medium projection, in the twenty-first century, the youth
dependency ratio will continue to decline for the less developed and least
developed countries and for the world as a whole. The slight increase in
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the youth dependency ratio in the United States and the more developed
countries probably follows from the arbitrary assumption (see Fertility
assumptions, below) that fertility will rise in these countries from its
present levels, which are currently significantly below replacement level.
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The elderly dependency ratio rose from 1950 to 2000 at a rapid rate
in the more developed countries, slightly less rapidly in the United States,
and still less rapidly in the world as a whole. The ratio rose only slightly
in the less developed countries, and hardly at all in the least developed
countries (Figure 12). According to the UN98 medium projection, after
2010, the more developed countries, the United States, and even the less
developed countries will experience a sharp acceleration in the rate of
increase of the elderly dependency ratio. This acceleration will be greater
in the more developed countries and the United States than in the less
developed countries. The least developed countries will experience a
slow increase in the elderly dependency ratio following 2020 and by 2050
will be approaching the elderly dependency ratio of the more developed
countries in 1950.

The total dependency ratio of the world grew from 1950 to 1965-70.
It has steadily fallen since then (Figure 13). According to the medium
projection of UN98, the total dependency ratio will reach a minimum
around 2015 and then slowly ascend, as the elderly subpopulation will
increase faster than the youthful subpopulation will decrease. This total
dependency roller coaster (a pattern of a rising, falling, and again rising
total dependency ratio) is observed and projected for each region,
although the final rise for the least developed countries does not occur
before the end of the projection interval in 2045-50. The US98 (p. 36)
dependency ratios for the world, the more developed countries, and the
less developed countries projected for 2025 differ from the corresponding
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dependency ratios of the UN98 medium projection by not more than 1 or
2 percentage points, and generally much less.

The likelihood that all regions of the world will experience a total
dependency roller coaster of similar form may matter much less for the
coming two or three decades than the difference between the more
developed countries and the less developed countries in where they now
are on that roller coaster. For the first quarter of the twenty-first century,
the UN98 and US98 projections anticipate a declining total dependency
ratio in the less developed countries, but (at least after 2010) an increasing
total dependency ratio in the more developed countries. The trough in the
total dependency roller coaster corresponds to a peak in the number of
potential workers per dependent person. While the less developed
countries are approaching that peak in the number of potential workers
per dependent, commonly referred to as a “demographic bonus,” the
more developed countries are currently passing through that peak and
soon will be rapidly rolling away from it.

Dependency ratios in the United States. The UN98 and US00 estimates
of the three dependency ratios for the United States are virtually identical
for the 1990-2000 decade (Figure 14). The projected dependency ratios (in
the medium UN98 and the middle US00 projections) differ systematically
but not by more than a few percentage points for the coming half-century.
Because, as remarked above, UN98 projected less rapid population
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growth than US00 for the United States, the youth dependency ratio of
UN98 falls below that of US00. There is very little difference between the
projected elderly dependency ratios of the two projections. Consequently,
the total dependency rate of US00 exceeds that of UN98 by a few
percentage points.

US00 investigated whether four migration scenarios would greatly
affect the U.S. dependency ratios projected for the coming century,
holding fertility as assumed in the middle series. The effect of these
migration scenarios on U.S. population size, described above, is great.
The effect of these migration scenarios on the U.S. youth dependency
ratio is negligible: After a dip below 30 percent around 2010, the youth
dependency ratio will remain between 32 and 33 percent from 2030
through the end of the twenty-first century, according to all of the
migration scenarios (Figure 15). Similarly, regardless of the migration
scenarios, the U.S. elderly dependency ratio will rise sharply from 2010
until around 2035 and will gradually increase thereafter (Figure 16). By
2050, the U.S. elderly dependency ratio is projected to rise to 39 percent
with zero international migration, and to 30 percent with the highest
international migration. This gap between the elderly dependency ratios
of the zero and highest migration scenarios persists through the end of
the twenty-first century, according to US00. The total dependency ratio,
being the sum of the youth and elderly dependency ratios, dips slightly
around 2010, rises very abruptly until 2030, and then continues a more
gradual upward trend for the remainder of the century (Figure 17).
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Interpreting the dependency ratios. The interest in measuring and
projecting dependency ratios depends on the assumptions that individ-
uals aged 15 to 64 years represent the potential workers of a population,
and that the other individuals represent dependents. These assumptions
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are open to challenge (Treas 2000; Seike 2001). In many less developed
and some more developed countries, children begin working with or
without pay before age 15. In more developed countries where a high
fraction of young people pursue secondary and higher education, only a
fraction of the population aged 15 to 25 may be available to the labor
force. For women, labor force availability during the middle years
interacts with levels of fertility, institutions available locally for childcare,
and cultural restrictions on the economic activity of women. At the end of
the working interval, average ages of retirement have dropped below 65
years in some countries and some individuals continue working far
beyond age 65.

How much of an economic burden the elderly population will
represent depends substantially on the health of the elderly and on the
economic and social institutions available to support their care, to the
extent it is needed. The following observations are based on Singer and
Manton (1998). Nationally representative longitudinal surveys from 1982
through 1994 of the U.S. population aged 65 and older residing in the
community and in institutions indicated that the rate of chronic disability
could be declining among the elderly as rapidly as 1.5 percent per year.
Many risk factors for chronic diseases have been improving in the United
States since 1910, and many of the improvements are linked to education.
The proportion of people aged 85 to 89 with fewer than eight years of
education is projected to decline from 65 percent in 1980 to 15 percent in
2015. However, the beneficiary projections of the Social Security Admin-
istration and the Medicare Trust Fund do not directly represent trends in
health, education, or socioeconomic status. Singer and Manton (1998)
calculated that a fall of 1.5 percent per year in disability would keep the
ratio of economically active persons aged 20 to 64 to the number of
chronically disabled persons aged 65 and older above 22:1, the value in
1994 when the Hospital Insurance Trust Fund was in fiscal balance, until
2070. However, this same ratio would fall to 8:1, a level 63 percent below
a cash flow balance, if disability rates among the elderly did not change.

These conclusions provide a useful practical warning. Extrapolating
directly from dependency ratios to economic burdens can be hazardous.
See Lee and Tuljapurkar (in press), Lee (2001), and the paper by Ronald
Lee and Ryan Edwards in this volume.

Sex ratio among the old elderly. The sex ratio among the elderly
changed dramatically in the last half century, according to calculations
based on the UN98 estimates and projections (Table 1). In 1950, the ratio
of the number of females aged 80 and older to the number of males aged
80 and older in the more developed countries was 1.74. This ratio rose to
2.26 by 2000. In the less developed countries, the same ratio rose from 1.46
in 1950 to 1.57 in 2000. Among the elderly 80 and older everywhere in the
world, women outnumber men by more than 50 percent, and in the more
developed countries by as much as 2 to 1.
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The medium projection of UN98 indicated that by 2050 the ratio
would fall in the more developed countries and would increase only
slightly in the less developed countries. However, UN98 had information
on adult mortality referring to 1994 or later for only about one-third of all
countries or areas considered. Another one-third of countries had infor-
mation obtained before 1975 or no information at all (United Nations
1999c, p. 178). Further, the art of projecting relative mortality improve-
ments by sex has a slim scientific basis at present (see Mortality assump-
tions, below). In the absence of reliable baseline data on mortality and
adequate theory for prediction, these projected ratios deserve skepticism.
If the present imbalance by sex continues or increases, new social
arrangements among the elderly may arise.

ASSUMPTIONS OF THE PROJECTIONS

Both the UN98 projections and the Census Bureau international
(US98) and domestic (US00) projections are standard cohort-component
projections. They require two ingredients: (a) reliable data or estimates of
the present size and age composition of each population, and (b)
scenarios or predictions of future values of age-specific rates of fertility,
mortality, and migration, whether international or urban-rural.

Cohort-component projections also require a choice of the bound-
aries around the population to be analyzed. Both agencies use national
populations as the unit of estimation and projection. The practical reason
for this choice is that data are most frequently available at the national
level. For large countries with substantial local demographic heterogene-
ity, such as India, China, the United States, and Russia, it might make
more demographic sense to project local regions independently and
derive national projections by summation, just as global projections are
currently derived by summation of national projections.

The assumptions concerning fertility, mortality, and migration un-
derlying UN98 are spelled out in United Nations (1999c, pp. 178-188). The
assumptions underlying the Census Bureau’s international projections
US98 are spelled out in Appendix B of U.S. Census Bureau (1998), which
is a summary of Arriaga et al. (1995). The methodological reports of both
agencies devoted special sections to describing how the HIV/AIDS
epidemic affected mortality projections. Those specialized methods will
not be reviewed here. The assumptions underlying the Census Bureau’s
projections for the United States, US00, are spelled out by Hollmann et al.
(2000).

All these are “business as usual” projections, which assume no
exceptional surprises. External factors can affect the trajectory of a
population only by acting through fertility, mortality, and migration, and
demographic attention usually focuses on these three variables and not
on the underlying factors that may affect them. The projections assume
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implicitly (Cohen 1995, 1999, 2001) that the next century will not be
afflicted by a lethal global pandemic of a novel infectious disease, by
massively destructive warfare, or by a meteoric impact that darkens the
skies for years. They assume no abrupt shift in oceanic circulation or
global climate that melts all polar ice, raises the sea level by tens of
meters, and ends conventional agriculture (compare O’Neill et al. 2001).
All of these catastrophes are conceivable. None is especially unlikely.
Demography has little that is useful to say about their consequences.

In the last half century we have learned that such things do happen,
however. We have had surprises from persistent pesticides, from the
chlorofluorocarbons that were “wonder chemicals,” from human concen-
trations of strontium caused by above-ground tests. We have had
biological surprises—AIDS and the West Nile virus. The corn blight
knocked out one-third of our corn crop one year, and antibiotic resistance
has weakened our ability to treat some bacterial diseases. American
power plants spend millions each year to get the zebra mussels out of
their filters. Then there are the informational surprises. Nobody antici-
pated the Y2K problems, or the potentially devastating effect of informa-
tional viruses. There are military surprises—the World Trade Center
bombing and subsequent destruction, the attacks on the U.S. embassies.
And there are the economic surprises: the 1973 oil embargo, the collapse
of the former Soviet Union, the Asian financial crises.

There are two sides to the argument. You could say that when we
have populations concentrated in cities, we will get new surprises that
will be more devastating than we can anticipate. On the other hand, we
have been having these surprises for the last century and maybe they are
already built into the extrapolations that we make. I will leave the
question to others, but I do believe that we have to expect surprises and
remember that these projections are “business as usual” projections.

Major Assumptions of the United Nations Projections

The Population Division of the United Nations prepared cohort-
component projections for each of the 184 countries or areas with an
estimated population of 150,000 or more in 1995, using 5-year age groups
and 5-year time steps, from 1995 to 2050. For the remaining entities with
smaller populations, only the total population size was projected. Three
main variants (high, medium, and low) were calculated, apart from the
“constant-fertility” variant based on the fertility level estimated for 1995.

Fertility assumptions. For the medium variant, each country was
assigned a target level of fertility and a target quinquennium at which
that level would be reached. In countries with a total fertility rate greater
than 2.1 children per woman in 1990-95, fertility was assumed to decline
smoothly until the target of replacement level (that is, 2.1 children per
woman) was reached. Once the target was reached, fertility was assumed
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to remain constant at that level until the end of the projection interval in
2045-50. In countries with a total fertility rate between 1.5 and 2.1 children
per woman in 1990-95, the target level was 1.9 children per woman. In
countries with a total fertility rate less than 1.5 children per woman in
1990-95, the target level of fertility was 1.7 children per woman. Finally,
in countries with a total fertility rate of 2.1 or below in 1990-95 for which
the completed fertility of the 1962 cohort was available, the target level
was the average of that completed fertility and either 1.9 or 1.7 (according
to whether the 1990-95 total fertility was above or below 1.5 children per
woman). Thus, where recent completed fertility was available for a
below-replacement country, information about that level of fertility was
used to influence the target level.

For the low variant, in countries with a total fertility rate above 2.1 in
1990-95, the target level was 1.6 children per woman (half a child below
replacement). In countries with a total fertility rate at or below replace-
ment in 1990-95, the target level was 0.4 children below the target level for
the medium variant or the most recent level recorded, whichever was
lower.

For the high variant, in countries with a total fertility rate above 2.1
in 1990-95, the target level was 2.6 children per woman (half a child above
replacement). In countries with a total fertility rate at or below replace-
ment in 1990-95, the target level was 0.4 children above the target level
used for the medium variant.

These target levels have the virtues of being clear, consistent, and
plausible. They have the drawback of being unsupported by theory or
historical pattern. No case is yet known of a population with fertility
above replacement level that converged to replacement level and then
stayed there. There is little evidence to support the assumption that
countries with fertility below 1.5 children per woman will increase their
fertility to 1.7 children and stay there.

The target quinquennium differed from country to country, but for
each country was the same in all three variants. For countries with total
fertility above replacement in 1990-95, a target quinquennium was
selected by an essentially unrepeatable exercise of judgment (United
Nations 1999c, p. 180): “Decisions on which target period to choose were
based mainly on the level of fertility obtained by 1990-1995, taking into
account recent trends in fertility. In general, the higher the fertility level
in 1990-1995, the longer it would take a population to reach the target
fertility level.” The results of this exercise of judgment were made
available in a table (p. 181) and were compared with the judgments made
in previous revisions of United Nations projections.

The target quinquennium for countries with total fertility below
replacement in 1990-95 was established differently. In these countries,
recent data were generally available to permit estimation of a trend in
total fertility. This trend was extrapolated to the year 2000, and the value
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of the total fertility rate according to that extrapolation was used for the
projection for 2000-05. Thereafter total fertility moved toward the target
fertility at a rate of 0.07 children per quinquennium until the target level
was reached. Then fertility remained constant until the end of the
projection. The high and low variants assumed that fertility moved at 0.1
children per quinquennium, starting in 2000-05, until the target level was
reached, and then remained constant. A number of minor modifications
of these procedures were then added and reported.

Given a total fertility level for each quinquennium, age-specific
fertility rates were constructed by separate procedures for countries with
fertility above replacement and countries with fertility below replace-
ment. For countries with fertility above replacement, UN98 interpolated
between the most recently available age-specific fertility schedule for the
country (at the beginning of the projection interval) and a model fertility
schedule, which was assumed to hold at and after the target quinquen-
nium. The model fertility schedule was selected to represent early, late, or
intermediate childbearing, according to the pattern observed in the
country. For countries with fertility below replacement, the shape of the
age-specific fertility schedule estimated most recently was held constant
throughout the projection.

The high, medium, and low variants assumed that all countries
simultaneously experienced high, medium, or low fertility, respectively.
No independent fluctuations among countries were included in the
projections. Consequently there were no cancellations of high fertility in
some regions by low fertility in other regions. In apparent contradiction
to this assumption, the historical record shows that fertility levels do not
always change in synchrony in all countries.

Mortality assumptions. Each country was assigned a trajectory of
mortality that was the same for all variant projections. Life expectancy
was assumed to rise everywhere except in three classes of countries:
thirty-four countries (twenty-nine in Africa, three in Asia, two in Latin
America and the Caribbean) with 2 percent or more adult HIV prevalence
or with large numbers of HIV-infected people (Brazil and China);
countries with recent war or severe civil strife; and formerly Communist
countries with recent histories of prolonged mortality stagnation or
increase.

In countries where mortality was assumed to decline in the future, a
fast, medium, or slow pace of decline was assumed for the interval from
1995 until 2025. After 2025, a medium rate of decline was assumed. The
higher the expectation of life at birth was at the start of the projection in
1995, the lower the rate of increase in life expectancy at birth. For
example, in the medium schedule of fertility decline, a country starting
with a male life expectancy at birth of 55 years would be projected to
experience an improvement in life expectancy at birth of 2.5 years per
quinquennium, while a country with a male life expectancy at birth of 70
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years would be projected to experience an improvement in life expect-
ancy at birth of 1.0 years per quinquennium. For each pace of mortality
improvement, female life expectancy rose at the same or a faster rate than
male life expectancy. Life expectancies were translated into age-specific
survival ratios using model life tables. These life tables converged over
time to a single target life table with an expectation of life at birth of 82.5
years for males and 87.5 years for females. No country was expected to
achieve these life expectancies by 2050, but Japan came closest.

Like the fertility assumptions of UN98, these assumptions about
mortality are clear, consistent, and plausible but are unsupported by
theory or universal historical pattern. Whereas it was previously assumed
that mortality would only improve, the surprises of the HIV/AIDS
epidemic and the collapse of some Communist economies showed
otherwise. One may anticipate continuing surprises in the future courses
of both mortality and fertility. Future mortality projections may wish to
draw on recent results of Tuljapurkar, Li, and Boe (2000).

Whereas all previous United Nations population projections had
used 80-plus years as the final age group, UN98 recognized the growing
numbers of the oldest old and divided the 80-plus age group into four
quinquennial age groups and one final 100-plus age group. This exten-
sion required substantial technical innovation, too complex to report
here, because for most countries no direct information on mortality at
older ages was available.

International migration assumptions. UN98 reported candidly (United
Nations 1999c, p. 186): “International migration is the component of
population dynamics most difficult to project reliably. This occurs in part
because the data available on past trends are sparse and partial, and in
part because the movement of people across international boundaries,
which is a response to rapidly changing economic, geopolitical or security
factors, is subject to a great deal of volatility.” The demographic signifi-
cance of future international migration is virtually impossible to assess on
a global basis, although international migration is clearly likely to remain
important for some identifiable countries, including the United States.

UN98 classified countries into four groups. In the first group, 48 of
the 184 countries were assumed to have zero net migration during the
projection interval. In the second group of countries with short-term
migration only (many of them sending or receiving forced migrants),
nonzero net migration was assumed only through 2005 or 2015. This
group included half the countries in Latin America, a third of those in
Africa, and a fifth of those in Asia. A third group of 62 countries was
assumed to experience nonzero net migration until 2020 or 2025. These
countries do not have a long migration history or policies that foster
immigration or emigration. In the fourth group, 31 countries were
assumed to have nonzero net migration until 2050. These countries have
a long history of labor migration or migrant workers, either as origin or
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destination. This group includes Australia, Canada, New Zealand, and
the United States as well as one-fifth of the countries in Africa and Asia.
Models were used to distribute the total net number of migrants by age
and sex as required for a cohort-component projection, except in a few
cases where direct data on age- and sex-distributions of international
migrants were available. These distributions were kept constant through-
out the projection interval.

Major Assumptions of the U.S. Census Bureau International
Projections

US98 assigned a target level of life expectancy at birth and a target
total fertility rate for a target year in the future, determined a linear or
logistic trend of these measures between the base year and the target year,
and specified an age- and sex-pattern of mortality and a female age-
pattern of fertility. This approach completely parallels that of UN98.

In setting target levels for fertility and mortality, US98 fitted a logistic
function where estimates were available for more than one date in the
past, then used judgment to evaluate the plausibility of the target
provided by the logistic function (U.S. Census Bureau 2000, p. B-5): “For
example, for mortality, information concerning programs of public health
are [is] considered in judging the results. For fertility, factors such as
trends in age at marriage, the proportion of women using contraception,
the strength of family planning programs, and any foreseen changes in
women’s educational attainment or in their labor force participation in
the modern economic sector are considered.” This description is a rare
example where the official methodological literature of these demo-
graphic agencies explicitly recognized an impact of women’s education
on the future of population. The evidence for such linkage is substantial
(for example, Caldwell 1980; Jejeebhoy 1996; Bledsoe et al. 1999; Lutz,
Goujon, and Doblhammer-Reiter 1999; Lloyd, Kaufman, and Hewitt 1999,
2000). However, the quantitative link among the non-demographic,
including educational, factors just mentioned and the assumed targets is
not made explicit.

In establishing baselines and assumed future trends for international
migration, US98 (pp. B-4 to B-6) reported candidly: “most data on
international migration are educated guesses at best. . . . Assumptions
about future migration are generally much more speculative than as-
sumptions about fertility and mortality. International migration may
occur as a result of changing economic conditions, or as a result of
political unrest, persecutions, famines, and other extreme conditions in
the countries of origin. . . . Due to the unpredictability of conditions such
as crop failure, emerging violence, and bellicose activities, migration
forecasts are subject to large errors.” In general, where migration had a
negligible impact on a country’s current population growth rate, future
migration was assumed to be zero. Where migration was significant for a
country, the number of migrants from the recent past was held constant

WORLD POPULATION IN 2050: ASSESSING THE PROJECTIONS 109



during the near-term projected future. Projected migration was assumed
to diminish to zero in the medium- to long-term future, which was not
defined in the report.

Comparison of United Nations and Census Bureau Projections

Hollmann, Mulder, and Kallan (2000, pp. B-16 to B-18) reviewed the
extent and the origins of the differences between the Census Bureau
projections and the United Nations projections. According to their
comparison of US98 with the United Nations’ 1996 assessment, the
maximum difference in the world population between 1950 and 2050 was
smaller than 2 percent, or about 130 million people, in 2030. For
individual countries in 1990, populations differed by up to 40 percent,
and 11 countries differed by 10 percent or more. While the United Nations
generated projections for 5-year time steps and quinquennial age groups,
the Census Bureau used single years of time and age. While the United
Nations published estimates and projections every other year, the Census
Bureau has updated its International Data Base at least twice a year and
revised its projections once a year. Only the United Nations provided
demographic variables for all countries back to 1950.

Apart from the choices of time interval and frequency of revision, the
differences between the projections of the two agencies were attributed by
Hollmann, Mulder, and Kallan to differences in the availability of country
data, differences in the assessment of data quality, differences in estimates
based on country data, differences in procedures for projecting fertility,
mortality, and international migration, and differences in projection
software. National Research Council (2000) provides a more comprehen-
sive comparative analysis of major official projections.

Demographers are currently developing a wider range of demo-
graphic projection techniques than these agencies currently use, includ-
ing techniques for statistically more meaningful assessments of the
uncertainty of projections (Alho 1997; Alho and Spencer 1990; Anderson,
Tuljapurkar, and Lee 1999; Lee 1999, 2000a, 2000b; Lee and Miller 2000;
Lee and Tuljapurkar 1994 and in press; Lutz, Goujon, and Dobbelham-
mer-Reiter 1999; Lutz, Sanderson, and Scherbov 1997, 2001; Tuljapurkar
2001; Tuljapurkar and Boe 1998; Tuljapurkar, Li, and Boe 2000). The
official agencies use some recently developed techniques (such as model
life tables, model fertility schedules, and methods of estimation from
incomplete data) to supplement the limited demographic data available,
but the essential ideas of the projection techniques used are to be found
in a paper by the English economist Edwin Cannan (1895), published at
the end of the nineteenth century. It is to be hoped that some of the new
approaches to population projection developed within the last decade
will be incorporated into institutional projection procedures by the end of
the twenty-first century.
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