Population Aging
and the Rising Cost
of Public Pensions
JOHN BONGAARTS

SINCE 1950, THE MEDIAN AGE of the population in the developed world—
North America, Japan, Europe, and Australia/New Zealand—has increased
from 29 years to 37 years, and it is expected to reach 45 years in 2050 (United
Nations 2003). In contrast, the median age in the developing world—Africa, Asia (excluding Japan and Australia/New Zealand), and Latin America—
stands at only 24 years. However, declines in fertility and mortality in these
regions will inevitably also result in rapid aging, with the median age projected to reach 36 years in 2050. The developing world therefore will remain younger than the developed world, but the gap between them is closing. The present study focuses on the developed world.
Population aging has raised concerns about the sustainability of public
pension systems (OECD 1998; World Bank 1994). In the past, the limited
old-age support that existed was usually provided through informal family
and community arrangements, but these have weakened nearly everywhere.
Much of the support for the elderly in contemporary advanced societies is
provided by public and private pensions and by government health care.
These programs have been successful in closing the income gap between the
elderly and the working-age populations, and poverty rates among the elderly have declined substantially. However, expenditures by widely implemented pay-as-you-go public pensions, which rely on transfers from younger
to older generations, are becoming increasingly burdensome on the contributors and are eventually unsustainable as old-age “dependency rates” rise to
high levels. A study from the International Monetary Fund suggests that
failure to address these fiscal stresses in pay-as-you-go pension systems could
inflict “serious macroeconomic damage, both on the domestic economy and,
in the case of large industrial countries through international linkages, on
the world economy” (Chand and Jaeger 1996: 1). The need to identify and
implement reforms of public pension systems under these changing demographic conditions represents an urgent challenge for public policy.
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The first part of this study examines cross-country variation in current
levels of old-age dependency and public pension expenditures and benefits.
The second part presents projections to 2050 in demographic trends and
pension expenditures in the absence of changes in pension benefits or labor
force participation. These projections provide the basis for assessing the potential impact of policy options aimed at improving the sustainability of social security systems. The main objective of this study is to demonstrate that
current trends are unsustainable and to calculate sensitivities to policy options. Although the conventional responses are considered, particular attention is given to the demographic options of encouraging higher fertility
and permitting more immigration. This analysis is illustrated with data from
the seven largest OECD countries (Canada, France, Germany, Italy, Japan,
the United Kingdom, and the United States) for which comparable demographic, labor force, and pension system statistics are available from the UN
and the OECD (see Appendix for further details). These countries—often
called the G7—are quite diverse in terms of their current and projected demographic conditions, retirement and labor force participation patterns, and
the generosity of public pensions.

Old-age dependency
The conventional old-age dependency ratio (ODR) is defined as the ratio of
the population aged 65 years and older to the population aged 15–64. The
inverse of this ratio is called the support ratio. For the developed world as a
whole the old-age dependency ratio in 2000 stood at 0.25, which implies a
support ratio of four people of working age to every person aged 65+. The
light gray bars in Figure 1 present results for the G7 countries. The dependency ratio ranges from about 0.25 in the four European countries and Japan to about 0.19 in the United States and Canada. The similarity of the
values for the European countries and Japan reflects their broadly similar
past levels of fertility, mortality, and migration. The United States and Canada
have experienced somewhat higher levels of fertility and migration in recent decades and their ODRs are therefore lower.
The old-age dependency ratio is widely used in studies of population
aging in part because it is easy to calculate and interpret, and data on levels
and trends are available for all countries in the world from published estimates and projections of the United Nations (United Nations 2003). However, the ODR is flawed as an indicator of the demographic dimension of
the “burden” of providing pensions in countries with pay-as-you-go systems for two reasons.
First, the number of pensioners usually exceeds the population aged
65 and older. Although 65 is the standard age at which retirees qualify for
a full pension, reduced pensions are available at younger ages. The mini-
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FIGURE 1 Old-age dependency ratio and pensioner per worker ratio
in 2000
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NOTE: The old-age dependency ratio equals the ratio of the population aged 65 years and older to the
population aged 15–64. The number of pensioners is defined as the population aged 65 and older plus anyone
under age 65 who is retired and over the minimum age of eligibility for a public pension.

mum age of eligibility for public pensions is 60 years in Canada, France,
Germany, Japan, and the United Kingdom, 62 years in the United States,
and 55 in Italy (Gruber and Wise 1999). For present purposes the number
of pensioners is estimated as the population aged 65 and older plus anyone under age 65 who is retired and over this minimum age of eligibility1
(Disney and Johnson 2001). In 2000 the pensioner ratio (PR)—defined as
the number of pensioners divided by the population aged 65+—ranged
from 1.10 in the United States to 1.47 in Italy. The difference in the pensioner ratios of these two countries is largely due to the substantially higher
average age at retirement in the United States than in Italy (64 vs. 58). In
general, a higher age at retirement is associated with a lower proportion
retired below age 65 and hence a lower pensioner ratio (see Figure 2).
Second, the number of workers is smaller than the population aged
15–64. Substantial proportions of the population of working age are not
currently employed, either because of nonparticipation in the labor force
or because of unemployment. In 2000 the employment ratio (ER)—defined
as the number of employed persons divided by the population aged 15–
64—was lowest in Italy (0.55) and France (0.61) and highest in Japan (0.74)
and the United States (0.76). Employment ratios are higher for males than
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for females; in 2000 male ERs averaged 0.77 for the G7 countries, and female ERs averaged 0.57. Although age at retirement is only one of several
factors determining the employment ratio, the expected positive correlation between these variables is evident in Figure 2.
A more accurate indicator of the demographic burden of supporting
the elderly is the ratio of pensioners to workers. The dark gray bars in
Figure 1 show the pensioner/worker ratio in 2000 for each of the G7 countries. Values differ widely, from a low of 0.27 in the United States to a
high of 0.71 in Italy. This ratio is much larger than the conventional oldage dependency ratio in all seven countries, and in France and Italy the
former is more than twice the latter.
The relationship between the pensioner/worker ratio (PWR) and the
old-age dependency ratio (ODR) is summarized as
PWR = ODR x PR/ER.
The pensioner/worker ratio is directly related to the old-age dependency
ratio and the pensioner ratio, but is inversely related to the employment
ratio. For example, the highest pensioner/worker ratio value of 0.71 is observed in Italy, a country that also has the highest values for old-age de-

FIGURE 2 Relationship between pensioner and employment ratios
and mean age at retirement in 2000
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NOTE: The pensioner ratio equals the ratio of pensioners to the population aged 65 years and older. The
employment ratio equals the number of employed persons divided by the population aged 15–64. The mean
age at retirement is estimated with the method proposed by Latulippe (1996).
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pendency ratio (0.27) and pensioner ratio (1.47) and the lowest employment level (ER=0.55) among the G7 countries. In contrast, the lowest pensioner/worker ratio of 0.27 is observed in the United States, which has the
second lowest old-age dependency ratio (0.19), the lowest pensioner ratio
(1.10), and the highest employment ratio (0.76). The pensioner/worker ratio is a one of the key determinants of the overall level of expenditures on
public pensions, as discussed next.

Pension expenditures and benefits
The main objective of mandatory national public pension systems is to protect people from steep declines in income after retirement from the labor
force. This objective has now largely been achieved in OECD countries,
where people over age 65 typically have a disposable income that, on average, corresponds to 70 to 80 percent of the income of people in the later
working ages below age 65 (OECD 2001a). This estimate is based on income from all sources (public and private pensions, savings, and earnings)
and holds even though the generosity and distributive nature of public pension systems varies considerably among countries.2 The success of these programs has been achieved in part by providing increasing levels of benefits
over the past few decades. The expansion of individual benefits together
with declining age at retirement and the aging of populations has resulted
in a rapid rise in the overall cost of public pension systems.
The level of expenditures on public pensions is measured here as the
pension expenditure ratio, PER, calculated as current total annual spending
on public pension divided by current total pre-tax annual earnings of workers
(see Appendix for source of data). Expenditures include all old-age public
pension spending as well as survivor benefits and minimum social assistance pensions (OECD 2001b; Dang et al. 2001). Earnings include wages,
salaries, and self-employed income.3 In pay-as-you-go pension systems, the
pension expenditure ratio is close to the social public pension tax or contribution rate; but in some cases total annual contributions exceed expenditures, resulting in a temporary surplus that accumulates as a reserve against
future liabilities (e.g., in the United States).4 In other countries contributions fall short of pension spending, with the deficit being covered from
general government revenue (e.g., in France, Germany, and Italy).
Table 1 presents the public pension expenditure ratio in 2000 for the
G7 countries. Pension expenditures amount to 10 percent or less of earnings in Canada (10 percent), the United Kingdom (8 percent), and the United
States (8 percent), but they equal about one quarter of earnings in France
(29 percent) and Germany (24 percent), and they slightly exceed one third
of earnings in Italy (35 percent). This large variation among countries in
expenditures is in part explained by variations in benefit levels.
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TABLE 1 Estimates of public pension expenditure, benefit, old-age
dependency, pensioner, employment, and pensioner per worker ratios in 2000

United Kingdom
United States
Canada
Japan
Germany
France
Italy

Public pension
expenditure Benefit
ratio
ratio
PER
BR

Old-age
dependency
ratio
ODR

Pensioner
ratio
PR

Employment
ratio
ER

Pensioner
per worker
ratio
PWR

0.08
0.08
0.10
0.14
0.24
0.29
0.35

0.24
0.19
0.18
0.25
0.24
0.24
0.27

1.19
1.10
1.21
1.16
1.33
1.25
1.47

0.73
0.76
0.72
0.74
0.68
0.61
0.55

0.40
0.27
0.31
0.39
0.48
0.50
0.71

0.20
0.31
0.33
0.36
0.51
0.58
0.49

NOTE: Bold numerals indicate the three highest values for each ratio, except for ER.
PER equals the ratio of public pension expenditures to total pre-tax annual earnings of workers. BR equals the ratio of the
average public pension benefits per pensioner to average earnings per worker. ODR equals the ratio of the population aged 65
years and older to the population aged 15–64. PR equals the ratio of pensioners (the population aged 65 and older plus anyone
under age 65 who is retired and over the minimum age of eligibility for a public pension) to the population aged 65 years and
older. ER equals the proportion of the population aged 15–64 that is employed. PWR equals the ratio of pensioners to workers.
SOURCE: See Appendix.

The public pension benefit level is measured as the benefit ratio (BR),
which equals the average public pension (per pensioner) divided by the average earnings (per worker).5 Estimates of the benefit ratio are presented in
the second column of Table 1. Average public pension benefits are most generous in France, Germany, and Italy, where they equal or exceed half of average earnings. Benefits are lower in Canada, Japan, and the United States at
only about a third of average earnings, and they are least generous in the
United Kingdom at one fifth of average earnings. In interpreting these estimates it is important to note the following about the benefit ratio:
—No adjustments are made for taxes on earnings and pensions.6 Average tax rates are higher on earnings of workers than on the income of
retirees because incomes of workers are on average higher than those of
retirees and pensions often receive favorable tax treatment. Furthermore,
retirees do not make pension contributions. As a result, the after-tax (net)
benefit ratio is substantially higher than the (gross) benefit ratio presented
here (Disney and Johnson 2001). Unfortunately, estimates of levels and
trends in taxes are not readily available.
—Many retirees have sources of income other than public pensions,
including corporate pensions and savings. The proportion of all income that
is provided by these other sources tends to be highest in countries in which
public pensions are least generous. As a result, the total income from all
sources varies much less among countries than does the level of public pension benefits. Generous public pensions seem to “crowd out” private provisions (Disney and Johnson 2001).
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—Countries differ widely not only in the average benefit but also in
the distribution of pensions among retirees (OECD 2001a). In the United
States, the United Kingdom, and Canada, where public benefit ratios are
relatively low, public pension replacement rates are substantially higher for
workers with low than with high earnings. In contrast, in countries with
the most generous public pensions (France, Germany, and Italy) replacement rates are high regardless of individual earnings.
The public pension expenditure ratio equals the product of the benefit
ratio and the number of pensioners per worker:
PER = BR x PWR.
Figure 3 plots the country-specific relationships between the public benefit
ratio and the pensioner/worker ratio. Various combinations of the benefit
ratio and the number of pensioners per worker can produce the same value
of the expenditure ratio. For example, the public expenditure ratio in the
United States and the United Kingdom is very similar at 0.08, but the benefit ratio is substantially higher in the United States than in the United Kingdom (0.31 vs. 0.20) while the reverse is true for the pensioner/worker ratio
(0.27 vs. 0.40).
Countries with high public benefit ratios tend to have a high number
of pensioners per worker (see Figure 3). This association is likely to be the
result of two-way causation. A larger number of pensioners provides the
voting power to ensure that public benefits are high, and high public benefits induce workers to retire early.
FIGURE 3 Relationship between the public pension benefit ratio and
the pensioner/worker ratio
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Substitution of the equation for PWR derived in the preceding section
gives
PER = BR x ODR x PR/ER.
This result implies that the public expenditure ratio is determined by four
factors: the benefit, old-age dependency, pensioner, and employment ratios.7 Table 1 presents estimates of these factors with countries ordered from
lowest to highest expenditure ratio (bold indicates the three highest values
for each ratio except for the employment ratio). As noted, the highest expenditure ratio (0.35) is found in Italy. This value is the result of Italy’s
having the highest old-age dependency and pensioner ratios, the third-highest public benefit ratio, and the lowest employment ratio. The United Kingdom has the lowest expenditure ratio, which is the result of its very low
public benefit ratio, below average value for the pensioner ratio, and thirdhighest employment ratio.

Projections of public pension expenditures:
The reference scenario
The construction of a reference projection is the first step in the analysis of
future trends in public pension expenditures. The purpose of this reference
projection is not to forecast the most likely trend in public pension expenditures and related demographic factors, but rather to serve as a simple
benchmark against which alternative projections can be assessed.
The reference projections of annual public pension expenditure levels
from 2000 to 2050 are based on the following assumptions regarding the
four factors that determine the expenditure ratio.
Old-age dependency ratio
Future population trends are taken from the medium variant of the UN
population projections (United Nations 2003). These projections are based
on a number of assumptions about future levels of fertility, mortality, and
migration. The details are specific to individual countries, but in general
the UN assumes that mortality improvements will continue, that fertility
will rise appreciably in countries with very low fertility, and that the flow
of migration will remain close to current levels. Figure 4 summarizes these
projections. Trends are not linear over the next 50 years. During the next
decade the pace of aging is expected to be modest in France, the United
States, the United Kingdom, and Canada, but quite rapid in Italy, Germany, and, in particular, Japan. By 2010 Japan’s old-age dependency ratio is likely to reach about 0.35, double the level of 0.17 observed in 1990.
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FIGURE 4 Old-age dependency ratio, estimates 1970–2000 and
projections 2000–2050
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NOTE: The old-age dependency ratio equals the ratio of the population aged 65 years and older to the
population aged 15–64.
SOURCE: UN (2003).

After 2010 the pace of aging is high in all seven countries, resulting in
large increases in the old-age dependency rates by 2050. The most rapid
aging will occur in Japan and Italy, which are expected to reach old-age
dependency ratios around 0.7, nearly triple the level of about 0.25 in 2000.
Even in the countries with the least amount of aging, the old-age dependency ratio is expected to increase by more than half: from 0.19 to 0.32
in the United States, from 0.24 to 0.38 in the United Kingdom, and from
0.18 to 0.43 in Canada. The range of values of the projected old-age dependency ratio in 2050, from 0.32 for the United States to 0.72 in Japan,
is much wider than in 2000. This divergence of trends is a result of differences in the projected levels and trends in fertility, mortality, and migration and in the current population age structure. Differences in average
levels of fertility and migration during the projection interval appear to
be particularly crucial. The two countries with the lowest projected levels
of future fertility and migration (Italy and Japan) are expected to have
the highest old-age dependency ratios in 2050. In contrast, the old-age
dependency ratio in 2050 is much smaller in the United States, the country with one of the highest projected fertility and migration levels. The
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role of variation in fertility and migration in determining future levels of
old-age dependency will be examined in greater detail below.
Employment ratio
Figure 5 plots estimates in the employment ratio from 1970 to 2000, based
on available OECD data (see Appendix). These trends are determined by a
multiplicity of factors, including rising female labor force participation and
rising age at entry into the labor force as well as earlier retirement. These
partially offsetting factors have resulted in modest increases in the employment ratio where the rise in female employment has dominated (e.g., in
Canada, Japan, and the United States), or in modest declines in the employment ratio where the later entry into the labor force and declining age
at retirement have dominated (e.g., in France). In the reference projection
to 2050, I assume that age- and sex-specific employment rates will remain
invariant at levels observed in 2000 for the duration of the projection. The
future trends in the employment ratios implied by this assumption are also
plotted in Figure 5. Only minor changes in the ER are projected and these
future changes are entirely due to future changes in the age composition of
the population of working age.

FIGURE 5 Employment ratios, estimates 1970–2000 and
projections 2000–2050
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SOURCE: Up to 2000 OECD (see Appendix); 2000–50 see text.
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FIGURE 6 Pensioner ratio, estimates 1970–2000 and projections
2000–2050
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SOURCE: Up to 2000 OECD (see Appendix): 2000–50 see text.

Pensioner ratio
As shown in Figure 6 the pensioner ratios (estimated with the procedure
described earlier) changed relatively little between 1970 to 2000. Some countries (e.g., France and Germany) have experienced slight increases and others (e.g., Canada, Japan, the United Kingdom, and the United States) small
declines. These changes are the net result of trends in three underlying factors: the age at retirement, labor force participation (which affects the pensioner ratio even if the retirement age is unchanged),8 and a changing population age structure. For purposes of the reference projection, I assume that
the age and sex pattern of employment remains constant from 2000 to 2050,
which implies a fixed age at retirement. Although age at retirement has declined since 1970, this trend seems to have run its course with little change
in retirement age during the 1990s. Any changes in the pensioner ratio projected for the next half century are therefore due solely to future changes in
the age structure of the population of elderly.
Benefit ratio
Throughout the reference projection I assume that this ratio remains constant at 2000 country-specific levels. This is equivalent to indexing pensions to wages.
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In sum, the reference projection reflects fixed employment and retirement patterns by age and sex, and no change in the benefit ratio. The projections for expenditures are therefore driven by demographic trends, mostly
the rise in the old-age dependency ratio but also minor effects of the changing
age structure on the pensioner and employment ratios. The reference projection does not attempt to incorporate effects of recent policy changes that
are intended to reduce future deficits in pension systems.9
The reference projections of the pensioner/worker ratio are summarized in Figure 7. As one would expect from the upward trends in the oldage dependency ratio, the number of pensioners per worker rises sharply
by 2050 in all countries. In Italy the number of pensioners is expected to
exceed substantially the number of workers by 2050, with the PWR reaching 1.55. In 2050, Japan is projected to have an old-age dependency ratio
similar to that of Italy yet its pensioner/worker ratio remains lower (0.96)
owing to a later age at retirement in Japan. Even in the United States, the
country with the least rapid population aging, the pensioner/worker ratio
is projected to reach 0.46 in 2050, a substantial 70 percent increase from
0.27 in 2000.
The related public pension expenditure projections are presented in
Figure 8. Since benefit ratios are assumed to remain at levels observed in

FIGURE 7 Pensioners per worker, estimates 1970–2000 and
projections 2000–2050
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SOURCE: Calculated from estimates shown in Figures 4, 5, and 6.
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FIGURE 8 Public pension expenditures as a percent of earnings,
baseline projections 2000–2050
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SOURCE: Calculated from estimates in Figure 7. Estimates for 2000 from OECD (2001b) and Dang et al.
(2001). See Appendix.

2000, the projection for the expenditure ratio is proportional to the projected trend in the pensioner/worker ratio. Large increases in expenditures
are expected in all seven countries. The largest rise is projected for Italy,
where the expenditure ratio grows from 35 percent to 75 percent of earnings between 2000 and 2050. Smaller but still substantial increases are expected in the United States (from 8 to 14 percent of earnings) and the United
Kingdom (from 8 to 12 percent). These trends are clearly unsustainable over
the next few decades for Italy and other continental European countries,
and even the smaller projected growth in expenditures in the United Kingdom and the United States is often considered problematic.

Policy options
Governments of major industrial countries are urgently considering pension reform with the strong endorsement of the IMF, OECD, and World
Bank. Avoiding action is no longer a feasible option because an unprecedented and harmful accumulation of debt would then result. In the past,
the rising cost of public pension benefits has often been covered by raising
public pension tax rates. This revenue-enhancing approach has become un-
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sustainable in many countries because contributions have reached very high
levels and expenditure-reducing approaches are now given highest priority.10 Another reason for urgency is that legislative changes are usually made
many years before they have a significant impact, to allow workers and
retirees to adapt to the new policies.
A range of policy options are available to reduce or end the growth of
public pension expenditures. These options can be divided into four groups
corresponding to the four factors that determine public pension expenditures:
Counteract population aging
Since population aging is the main cause of the future deterioration of the
fiscal balance of public pension systems, it is natural to consider ways to counteract aging as a partial solution. Two demographic options are available:
Encourage higher fertility. Increasing fertility above projected levels
raises the size of younger age groups relative to the older age groups, thus
reducing the old-age dependency ratio and the number of pensioners per
worker. The size of this fertility effect is estimated with a set of alternative
hypothetical “higher fertility” projections in which half a birth per woman
is added to the fertility trajectory in the reference projection. In the reference projections the average total fertility rates (TFRs) from 2000 to 2050
are assumed by the UN to be as follows: Canada (1.6), France (1.9), Germany (1.6), Italy (1.5), Japan (1.6), the United Kingdom (1.7), and the
United States (2.0). (These projected rates are broadly similar to levels observed in the late 1990s, with small increases in Germany, Italy, and Japan).11 Figure 9 compares estimates of the expenditure ratios in 2050 in
the reference and higher-fertility projections. As expected, the pension expenditures ratio is lower in the higher-fertility than in the reference projections. For example, in Italy the reference scenario has an average TFR
of 1.5 for 2000–2050 and a projected pension expenditures ratio of 0.75 in
2050. Raising fertility by 0.5 births per woman to 2.0 between 2000 and
2050 lowers the expense ratio to 0.59 in 2050, a 20 percent reduction.
Interestingly, the lines representing the results for each country in Figure
9 are close to parallel (note logarithmic scale on the vertical axis). This
finding implies that a given absolute increase in fertility results in a proportional reduction in the expense ratio that is approximately the same for
each country. Specifically, on average for each increase in fertility of 0.1
births per woman, the expenditure ratio in 2050 declines by 4 percent.
Permit more immigration. In contemporary developed countries the average age of immigrants is lower than that of the resident population. As a
result, increasing the number of immigrants reduces both the average age
of the population and the old-age dependency ratio (United Nations 2001).
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FIGURE 9 Effect of an increase in the total fertility rate by 0.5 births
per woman (2000–2050) on the pension expenditure ratio in 2050:
Comparison of reference and higher-fertility projections
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I estimate the size of this immigration effect with a set of hypothetical
“higher-migration” projections in which the annual net migration rate in
the reference projection is raised by 2.5 net migrants per 1,000 population.
In the reference projections the average annual net migration rates for 2000
to 2050 are assumed by the UN to be as follows: Canada (4.7), France (1.2),
Germany (2.6), Italy (1.2), Japan (0.4), the United Kingdom (2.2), and the
United States (3.2). (These rates are broadly similar to levels observed in
the late 1990s).12 As shown in Figure 10, adding 2.5 per 1,000 to these migration rates reduces the expenditure ratio in 2050 in the higher-migration
projection compared to the reference projection. For example, raising Japan’s
annual net migration rate from 0.4 to 2.9 per 1,000 cuts the expenditure
ratio in 2050 from 0.35 to 0.29. As was the case for the fertility variants,
the parallel lines in Figure 10 imply that a given rise in the average migration rate reduces the pension expenditures ratio by roughly the same proportion. On average, an increase in the annual net migration rate of 1 per
1,000 population reduces the expenditure ratio in 2050 by 5 percent.
Although trends in population size are not the focus of this analysis it
is worth noting that the United Nations projects population declines between 2000 and 2050 in Germany (from 82 to 79 million), Italy (from 58
to 45 million), and Japan (from 127 to 110 million). In the higher-fertility
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FIGURE 10 Effect of an increase in the annual net migration rate by
2.5 per 1,000 population (2000–2050) on the pension expenditure ratio
in 2050: Comparison of reference and higher-migration projections
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projection population size in 2050 is higher than in the standard projection
by 22 percent on average, with relatively little variation in this fertility effect among countries (range from 20 to 23 percent). Similarly, the highermigration projection added 21 percent on average to the reference projection. An increase in fertility of half a birth per woman or an increase in the
annual migration rate of 2.5 per 1,000 would therefore be more than sufficient to prevent the population declines expected in Germany and Japan ,
but Italy’s population would still experience a small decline (by 4 percent
with a rise in fertility and by 5 percent with a rise in migration).
Increase labor force participation
A substantial proportion of males and an even larger proportion of females
between ages 15 and 64 are not currently employed. Any rise in the employment ratio would directly reduce the pensioner/worker ratio. A secondary effect of an increase in employment levels would be to reduce the
pensioner ratio by raising the number of workers above the minimum age
of pension eligibility. Future increases in labor force participation are most
feasible in countries where it is relatively low on average or where the gap
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between males and females is large. For example, the overall employment
ratio in Italy in 2000 is a relatively low 55 percent in part because of a large
gap between male and female employment ratios (0.70 vs. 0.40). If future
female labor force participation were to rise to equal that of males, the overall
employment ratio would increase from 0.55 to about 0.70. This effect alone
would cut the pensioner/worker ratio by 21 percent.
Raise the age at retirement
An increase in the age at retirement reduces the pensioner/worker ratio by
simultaneously reducing the number of retirees and raising the number of
workers. I simulate the total effect of such a shift in a set of hypothetical
“later-retirement” projections in which five years are added to the age at
retirement between 2000 and 2050 in equal increments. The results from
this projection are presented in Figure 11. The proportional effects of a shift
in retirement age are again approximately the same for the various countries. On average, a one-year increase in age at retirement reduces the pensioner/worker ratio in 2050 by 6 percent.
The trend in age at retirement over the past several decades has been
downward for two main reasons (OECD 2002a; Gruber and Wise 1999).
FIGURE 11 Effect of an increase in the retirement age by 5 years
(2000–2050) on the expenditure ratio in 2050: Comparison of reference
and later-retirement projections
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First, public and employer-provided pensions have become more generous
and the average income of retirees is now not much below that of the average worker. Second, there is usually little incentive to continue working
once a retiree qualifies for a pension because working an additional year
implies paying additional taxes supporting the public pension scheme and
forgoing a pension for that year with little or no compensatory increase in
future pensions. Eliminating this disincentive to continue working may halt
the decline in the age at retirement and will be essential to reversing this
past trend.
Reduce public pension benefits
Benefit levels are determined by rules and formulas that vary from country
to country. Most countries have earnings-related pensions whose initial value
at the time of retirement depends on the number of years worked and on
the level of past earnings with adjustments for inflation. After retirement,
pensions are adjusted annually for changes in the cost of living. Tax treatment of pensions also varies considerably among countries. Cuts in benefits
can be achieved by changing any of these rules, regulations, and adjustments either for all pensioners or for selected subpopulations such as highincome groups. The effect of a reduction in the benefit ratio on the expenditure ratio is of course straightforward to estimate because any proportional
decline in the former results in an equal proportional decline in the latter.
If these efforts to bring expenditures in line with contributions are not
successful, two other options are available: increase taxes or accept a deficit
and accumulate debt. Both alternatives are unattractive. Public pension taxes
have been raised in the past, but there is strong resistance to further increases. This is especially true in countries where tax rates are already very
high (Italy, France, Germany). It seems unwise, however, to rule out any
further tax increases as a partial solution to reducing the projected fiscal
deficits in countries such as the United States and the United Kingdom where
these taxes are still relatively low.
Table 2 compares the effects of the different options by providing an
estimate of the change in each factor that is required to bring about a 10
percent proportional decline in pension expenditures in 2050. To prevent
the large increases in expenditures expected in the reference scenario, countries can adopt one or more of these options. Relying on any one option
alone will probably not be sufficient. For example, to prevent the expenditure ratio from rising after 2000, Italy could choose to cut benefits only.
But the required cuts would be very large, reaching 55 percent by 2050.
This is likely to be politically difficult to implement, and the government
must therefore also consider other options. The most likely outcome in most
OECD countries is that the large increases in expenditures expected in the
reference projection will be avoided by taking a combination of several and
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TABLE 2 Change required in demographic, labor force, retirement,
and benefit variables to reduce pension expenditures by 10 percent in
2050 (G7 average)
Policy variable

Change required

Fertility (2000–2050)
Net migration rate (2000–2050)
Employment ratio (2050)
Mean age at retirement (2050)
Pension benefits (2050)

Increase of 0.27 births per woman
Increase of 1.8 net migrants per 1,000 population
Increase of 9 percenta
Increase of 1.6 years
Reduction of 10 percent

aThis

rise in the employment ratio also causes a 1 percent decline in the pensioner ratio.

perhaps all of the measures listed in Table 2. In addition, taxes may be raised
in some countries.

Discussion and conclusion
This study confirms findings from previous research that current public pension arrangements in the largest OECD countries are unsustainable in the
long run because they rely almost exclusively on pay-as-you-go schemes.
Without major reform, rapid population aging will lead to large increases in
pension expenses over the next several decades. For example, spending on
public pensions in Italy can be expected to require an implausible rise from
35 percent to 75 percent of earnings between 2000 and 2050 in the absence of changes in labor force participation and retirement patterns or in
the pension benefit ratio. This huge growth in pension costs is largely attributable to a more than doubling of the number of pensioners per worker
from 0.7 in 2000 to 1.5 in 2050. Very large increases in the expenditure
ratio by 2050 are also projected for France (from 29 percent to 54 percent
of earnings) and Germany (from 24 to 45 percent). The urgency to act is
greatest in these countries because aging is most rapid (owing to low fertility and migration levels), retirement ages are youngest (owing in part to
high pension benefits), employment rates are lowest (owing in part to late
entry into and early departure from the labor force and generous unemployment benefits), and public pension benefits are highest (owing in part
to the absence of employer-provided pensions and private savings). In the
English-speaking countries—the United Kingdom, the United States, and
Canada—and to a lesser extent in Japan, the future growth in pension expenses, while large, is more manageable because, relative to the large continental European countries, labor force participation and age at retirement
are higher, benefits are less generous, and retirees rely to a greater extent
on other sources of income.
Reductions in the generosity of future public pensions seem inevitable.
To maintain relative standards of living for future retirees requires that other
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sources of income be found. Many governments are now encouraging the
expansion or creation of alternative funded systems in which workers save
for their own retirement. Numerous approaches are available for implementing such systems: private or public, mandatory or voluntary, with or without
subsidies or tax incentives, employer or personal. The fiscal problems of the
current unfunded pay-as-you-go systems would have been avoided if countries had adopted funded systems in the past. Unfortunately, switching now
from unfunded to funded systems entails large transition costs. Reallocating
a portion of current contributions and investing them in private pensions is
possible, but such a diversion would make the fiscal predicament of the public system even more difficult. Governments therefore avoid this approach
and instead encourage additional contributions that complement rather than
substitute for the public pension program.
Demographic options are generally ignored in the debate about pension reform. Many governments are reluctant to support pronatalist measures because of a disinclination to interfere with personal decisionmaking
regarding family size, or because of the apparent inconsistency of advocating pronatalism at home while supporting efforts to reduce fertility in poor
developing countries; in addition, they may hope that fertility will soon increase again without intervention (Caldwell et al. 2002; Demeny 2003;
Gauthier 1996). Furthermore, low levels of recent fertility have not yet led
to declines in population size in most developed countries, because the effects of below-replacement fertility have been offset temporarily by modest
levels of immigration and population momentum. It seems likely, however,
that growing concerns about the implications of population aging will stimulate more interest in efforts to encourage higher fertility directly or indirectly. For example, family-support measures such as subsidized childcare,
reduced taxes for families with children, and paid parental leaves are widely
acceptable and could be expanded. A recent review of the impact of such
measures by Caldwell et al. (2002) concludes that they do raise fertility modestly, provided the subsidies are sufficiently large. This finding is not surprising since on average actual fertility is lower than desired family size,
and reductions in the cost of childbearing will make it easier for women to
combine a career with their preferred level of childbearing.
The migration option is often considered problematic for social, economic, and cultural reasons. For example, raising the net migration rate in
Japan from its current very low level of 0.4 per 1,000 population to 2.9 per
1,000 (which is still lower than the current rate observed in Canada and
the United States) for the next half century implies that by 2050 18 percent
of Japan’s population would consist of new immigrants and their descendants. Such a change in the population composition is and has been acceptable in countries such as the United States, Canada, and Australia, which
have experienced high immigration in the past, but it is not welcomed in
Japan and parts of Europe.
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Despite these concerns, the demographic options can make significant
contributions to the goal of creating fiscal equilibrium in public pension systems as part of a comprehensive package of reform. In addition, slower population aging brought about by higher future levels of fertility and migration
has other desirable effects that have not been considered here, including
lower future health care costs, a larger labor force, and possibly higher living standards (McDonald and Kippen 2001; United Nations 2001; OECD
1998). It therefore seems desirable to pay more attention to the demographic
options and to investigate further their cost-effectiveness compared to more
conventional measures.
Most governments of OECD countries are cognizant of the challenges
posed by population aging, and some reforms aimed at restoring fiscal balance to their pension systems have already been adopted and further changes
are planned (Disney and Johnson 2001; Feldstein and Siebert 2002; Jackson 2002). These efforts focus on achieving reductions in future benefits,
even though this option is difficult politically because large proportions of
pensioners receive most of their incomes from public pensions. In addition,
efforts are being considered to encourage later age at retirement by removing incentives to early retirement. Reforms adopted in recent years are generally phased in slowly thus leaving current pensioners largely unaffected
and their impact will therefore be felt mainly by future retirees. Today’s
workers will have to save more, work longer, retire later, receive less generous benefits, and perhaps pay more taxes. The modest ongoing reforms
are a step in the right direction but they are far from adequate.

Appendix: Data sources
Population. Estimates (1970–2000) and projections (2000–2050, medium variant)
of population by age (5-year age groups) and sex as well as total fertility rates and
migration rates from United Nations (2003). These data are available online at http://
esa.un.org/unpp/.
Employment. Estimates of employment and labor force participation rates by age
and sex from 1970 to 2000 from OECD web site http://www1.oecd.org/scripts/
cde/. Proportion of total employment that is self-employed from same source.
Earnings. Wages and salaries and GDP from OECD National Account Statistics (OECD
2002b). Self-employed income estimated by assuming that average earnings per
self-employed worker equal the average earnings of employees.
Pension expenditures and benefits. Estimates of pension spending as a proportion of
GDP in 2000 from OECD (2001b) and Dang et al. (2001). Total benefits in 2000
are assumed to equal total pension expenditures.
Mean age at retirement. Estimated from labor force participation rates by age and sex
with method proposed by Latulippe (1996).
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Notes
1 Estimates of the number of pensioners
are not entirely accurate because some retirees may elect to delay accepting benefits or
may not qualify for pensions even if they are
past the minimum age of eligibility. In addition, some pensioners continue to work while
receiving benefits. Estimates of these partly offsetting effects are not readily available, and no
effort at correction is made here.
2 The most generous public pension systems tend to be the least redistributive. As a
result, variation in generosity of public pensions is reflected primarily in differences in the
entitlements of high-income workers. Benefits
of poor workers are more similar across countries (OECD 2001a).
3 Employers’ public pension contributions
are not included in earnings.
4 Administrative costs are another reason
why contributions exceed pension expenditures.
5 An alternative indicator of relative benefits is the so-called replacement rate, which
compares pensions of retirees with the incomes
they received before retirement. Estimates of
replacement rates are difficult to obtain because they require income data from household surveys.
6 In addition, no adjustments are made for
differences in household composition between
pensioners and workers.

7 A similar decomposition of public pension expenditures into four components is presented by Dang et al. (2001). The main difference between their decomposition and the one
used here is that the former uses GDP rather
than earnings in the denominators of the pension expenditure ratio and in the benefit ratio.
8 A rise in the overall level of labor force
participation reduces the number of pensioners because it reduces the number of people
under age 65 who are retired and above the
minimum age of eligibility for public pensions.
This effect is independent of changes in the
mean age at retirement or the age of eligibility.
9 Dang et al. (2001) summarize official
country projections that include the impact of
these reforms, which vary widely in nature and
scope among countries. See Jackson (2002) for
a criticism of these official projections.
10 Nevertheless, further increases in public pension taxes are planned in Japan and
Canada (Jackson 2002).
11 Estimated total fertility rates for 1995–
2000 are: Canada 1.6, France 1.8, Germany
1.3, Italy 1.2, Japan 1.4, United Kingdom 1.7,
and United States 2.1 (United Nations 2003).
12 Estimated annual net migration rates
for 1995–2000 are: Canada 5.1, France 0.7,
Germany 2.6, Italy 2.0, Japan 0.4, United Kingdom 2.0, and United States 4.5 (United Nations 2003).
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