
Longer and Increasingly Unequal Lifespans in OECD Countries:
Implications for Social Security and Retirement Policy†

Frank W. Heiland‡

September 26, 2013

(Preliminary and incomplete. Do not share without the explicit permission of the authors.)

Abstract

This paper analyzes the trends in retirement lifespans in 26 OECD countries in the context of the ongoing
efforts to reform public pensions. We investigate mean remaining years of life and lifespan inequality at age
60 across birth cohorts 1900-1960. In most countries life expectancy is increasing rapidly and the distribution
of retirement lifespan is widening. We analyze how policy makers can balance the demographic trends by ad-
justing the entitlement age for full pension benefits. For selected countries (United States, Germany, Japan and
Belgium), we derive the inter-generationally fair entitlement ages and compare them to the actual adjustments
(if any) that have been implemented.

Keywords: Public Pensions, Entitlement Age Reform, Mortality, Inequality, OECD Countries.

JEL classification: J11, J26, H55.

†The paper was prepared for the Conference on Policy for an Aging Society held at the University of Ghent, Belgium,
July 1-2, 2013. I am grateful to Na Yin, Warren Sanderson, Gabriel Movsesyan, Sanders Korenman, and Shiro Horiuchi for
helpful suggestions and discussions. Financial support through PSC-CUNY Award 60121-40 41 and from the Social Security
Administration through the Michigan Retirement Research Center Grant 3002516538UM13-02 is acknowledged.

‡Heiland: Associate Professor, School of Public Affairs, Baruch College, CUNY, The Graduate Center of CUNY (Eco-
nomics), and CUNY Institute for Demographic Research, 1 Bernard Baruch Way, Box D-901, New York, NY 10010, phone:
(646) 660-6868, fax: (646) 660-6871, e-mail: frank.heiland@baruch.cuny.edu



1 Introduction

Clear signs of population aging, such as a rising median age and old-age dependency ratios, are now

evident in most countries. This trend is expected to accelerate dramatically in the coming decades,

especially in developed and transition countries (e.g., Bloom and Canning, 2008).1 Longer average

lifespans for each successive cohort due to declining mortality profiles are contributing to this aging

phenomenon (e.g., Yin and Bennett, 2012).

The amount of resources societies will have to make available for future generations of retirees will

crucially depend on the distribution of remaining lifespans at retirement age. For example, estimates for

the United States suggest that every year in life expectancy increases the outlays of the Social Security

program by approximately 1 billion dollars. Without adjustments, the Trustees of Social Security expect

that over a 75-year period, the program would require additional revenue equivalent to $8.6 trillion in

present value dollars to pay all scheduled benefits (SSA-T 2012).

Looking at average life expectancy, however, provides an incomplete picture of how mortality at old

age is affecting individuals’ retirement well-being and, in turn, the finances of public pension programs.

Individuals who live longer tend to be healthier and have higher lifetime earnings (e.g., De Nardi et al.

2009). Consequently, they also have a greater (annual) claim on pension wealth compared to individ-

uals with average mortality from the same birth cohort.2 For that reason, the variation or inequality of

remaining lifespan is of particular interest.

In this paper we investigate the changing distribution of (remaining) lifespan at retirement age and

the challenges for public pension systems that flow from the demographic trends. We employ estimates

of cohort mortality for 26 OECD countries and predict the distribution of the remaining years of life at

age 60. In most countries, age 60 is an important milestone in the life course. Labor force participation

rates tend to fall rapidly after age 60 and workers gain eligibility to collect (reduced) retirement benefits

around this age (Gruber and Wise 2005; SSA 2008/2009).3 Many countries have responded to rising

1Estimates for the US suggest that there are currently 2.8 workers for each Social Security beneficiary. By 2033 there will
be 2.1 workers for each beneficiary.

2We note that the health-earnings relationship is thought to be bi-directional.
3For example, in the U.S. workers are eligible for early benefits at age 62.
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retirement lifespans with increases in the Full Retirement Age (FRA), the age at which public pension

beneficiaries are eligible for their full benefits. We will analyze to what extent the FRA are sufficient,

adopting the perspective of inter-generational actuarial fairness. We will also analyze the implications of

rising inequality in retirement lifespans on public pensions.

Demography has a long tradition of analyzing the distribution of lifespan at birth. The seminal work

in this area shows a pattern of rising average lifespan with declining variability over time as advances in

medicine and hygiene significantly lowered mortality risks early in life (Fries 1980; Myers and Manton

1984; Wilmoth and Horiuchi 1999; Kannisto 2000, 2001).4 Using historic data on Sweden, Japan and

the United States, Wilmoth and Horiuchi (1999) compare 10 measures of (absolute) variability and show

their close correlation.5 The remaining lifespan at traditional retirement ages (age 60 or 65) and its

variability has received less attention. Research on mortality among the oldest old shows significant

extensions in longevity over time; however, the pace of longevity progression differs greatly within

countries (e.g., across gender lines) and across (Thatcher et al., 1998).

Individuals who reach retirement age are a more homogenous group as a result of mortality selection

(Vaupel et al. 1979). However, the composition of the population of individuals who reach a given

(nominal) longevity milestone, say age 60, has changed (e.g., Sanderson and Scherbov 2010). Due

to medical advances in the treatment of many cancers and the treatment of cardiovascular disease, as

well as changes in health behaviors (most notably a decline in smoking), the chances of survival to

an older age for all individuals have improved considerably (e.g., Preston et al. 2012). As a result,

the distribution of remaining length of life at that age may have become more unequal across cohorts

(Heiland and Movsesyan, 2013), contrary to the documented trend of increasing mortality compression

when the entire life course is considered (or after age 10).6

4Evidence from in-depth studies on selected countries is also available. See, for example, Nusselder and Mackenbach
(1996) for evidence from the Netherlands, Paccaud et al. (1998) for Switzerland, and Cheung and Robine (2007) for Japan.

5The pattern of declining inequality in length of life has also been found in studies of lifespan past age 10 (“adult mortal-
ity”) (Edwards and Tuljapurkar 2005; Edwards 2011).

6Previous evidence from the analysis of deaths in the United States is consistent with the idea that the spread of the
lifespan distribution at retirement age may not be narrowing. Myers and Manton (1984) report that the standard deviation of
deaths above age 60 in the US increased between 1962 and 1979. Subsequent research on the ages at death between 1962 and
1984 by Rothenberg et al. (1991) showed the same pattern. Whether remaining lifespans are becoming more concentrated is
important for the ongoing debate on the existence of a limit to human longevity (Fries 1980; Olshansky et al. 1990; Oeppen
and Vaupel 2002). In light of the US evidence, Wilmoth and Horiuchi (1999, p.476) wrote: A fixed maximum human lifespan
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2 Trends in Age 60 Mortality in OECD Countries

2.1 Demographic Data and Methodology

We analyze trends in the distribution of retirement lifespan in 26 OECD countries for birth cohorts

1900-1960. We employ single year death rates at ages 60-110 for male and female cohorts from the

Human Mortality Database (www.humanmortality.org), the premier source of historic mortality data.7

We combine the death rates observed up to year 2009 with projected death rates thereafter to construct

complete age-specific mortality profiles for all cohorts. For example, for the 1930 birth cohort in the

United States (US), we combine the observed death rates up to age 78 with the projected values for ages

79 to 110. For generations born after 1948, the survival curves are entirely based on projected values.

Using the survival curves for each cohort, we obtain the distribution of the remaining years of life at age

60 which is used to calculate the mean and the standard deviation of the remaining lifespan.

The projected death rates are the predicted values from a modified logistic mortality model. Specif-

ically, we assume that the death rate, µa(i), at exact age a for the average individual in birth cohort i

(cohort 1900 is denoted by i = 1) takes the form:

µa(i) =
βγaiδ

1+βγaiδ
. (1)

The underlying logistic form (also known as the Kannisto model) goes back to Perks (1932) and fits

mortality at older ages particularly well (e.g., Thatcher et al., 1998). Following Heiland and Movsesyan

(2013), we have enhanced the basic model with a quadratic age term and a cohort trend to account for

mortality declines across generations. Convenient for estimation, the logit of µa(i) is linear in age, age

squared, and cohort:

logit(µa(i)) = ln(β)+ ln(γ1) ·a+ ln(γ2) ·a2 + ln(δ) · i = β′+ γ′1 ·a+ γ′2 ·a2 +δ′ · i (2)

must result in a continued compression of mortality as death rates decline; therefore the failure to observe such a compression
suggests either that no limit exists or that it is not currently in sight.

7As explained in the notes accompanying the files, single year data are sometimes the product of aggregate raw data
which have been split into single years of age using the methods described in the Methods Protocol. The original raw data
are available for download from the HMD website.
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where β′ ≡ ln(β),γ′1 ≡ ln(γ1),γ′2 ≡ ln(γ2) and δ′ ≡ ln(δ) are parameters to be estimated.

Heiland and Mosesyan (2013) provide OLS estimates of this model for 28 countries by sex based on

HMD data (cohorts 1900+, age 60+). For the US, the estimated coefficients (standard errors in paren-

theses) for men are β′
M = −4.27665 (0.23952), γ′M,1 = −0.03217 (0.00644), γ′M,2 = 0.00074 (0.00004)

and δ′M =−0.01843 (0.00014), and for women β′
W =−5.03173 (0.10002), γ′W,1 =−0.04329 (0.00265),

γ′W,2 = 0.00090 (0.00002), and δ′W = −0.09984 (0.0002). R-squared (adjusted) is 0.996 for males and

0.998 for females, indicating a very strong model fit. (See Heiland and Mosesyan, 2013, Table 5.)

Using actual and predicted death rates, we construct lifetables for remaining lifespans at age 60

for cohorts 1900-1960. The life tables are used to calculate the average lifespan at age 60 (e60) and

the standard deviation (s60). The standard deviation is a measure of how dispersed or “unequal” the

lifespans are distributed about the average remaining life expectancy.8

Figure 3 provides a comparison between the actual and projected probabilities of dying for the 1900

and the 1930 cohort in the US (men and women combined). Death rates are observed up to age 108 for

the 1900 cohort and age 78 for the 1930 cohort. The modified logistic model fits the 1930 cohort data

very well. For the 1900 cohort, the model predicts slightly greater mortality than observed during ages

78-98. The model accurately captures the key change in the US age-mortality pattern: a proportional

decline in age across cohorts, that is, mortality rates are lower overall for the 1930 cohort but also rise

more slowly with age than the 1900 cohort. (A shift down in the mortality profile implies longer life

expectancy.)

2.2 Distribution of Retirement Lifespan

We present the results using a series of graphs, one for each country, showing the mean and the stan-

dard deviation of the remaining lifespan for birth cohorts 1900-1960. We also provide summary tables

for means and standard deviation (see Tables 1 and 2). For males and females combined, we also re-

port the mean and standard deviation when imputing unobserved death rates using observed mortality

8Studies on the compression of mortality have used the standard deviation to describe changes in the inequality of lifespan
(e.g., Myers and Manton 1984; Rothenberg et al. 1991; Wilmoth and Horiuchi 1999; Edwards 2011).
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of preceding cohorts. This assumes no declines in mortality after 2009, providing a useful reference

scenario.

For those born in 1900 the mortality experience is all but complete. For the 1930 cohort the mortality

risk profile is observed up to age 78, or 18 years past age 60, which is approximately equal to the average

remaining lifespan of individuals born in 1900. Thus, when looking at our results for the 1930 cohorts, it

is important to remember that a significant part of the mortality trajectory has been realized; death rates

after age 78 obtained from out-of-sample forecasts. The results for the 1960 cohorts are entirely based

on predicted death rates.

Northern Europe: Finland, Iceland, Norway and Sweden

As shown in Figure 7(d), the Swedish 1900 birth cohort has an average remaining lifespan at age 60

of 19.7 years (17.7 for men and 21.6 for women). We predict that this number will increase to 23.3

years (21.2 for men and 25.1 for women) for the 1930 cohort and 27.1 years (25.5 for men and 28.3 for

women) for the 1960 cohort.

The standard deviation for men and women combined is expected to increase from 9.3 to 10 years

between the birth cohorts 1900 and 1930. We project a further increase to 10.5 years by the 1960 cohort.

The increase is driven to a large extent by the variability of age at death among Swedish men who are

experiencing an increase in the standard deviation from 8.8 to 9.8 years across the 1900-1930 cohorts

and who are predicted to see their remaining years at age 60 deviate by 10.4 years from the average

life expectancy by the 1960 cohort. For women the variability around the mean is forecast to increase

slightly from 9.4 to 9.7 years across the 1900-1930 cohorts and is predicted to reach 10.1 years for the

1960 cohort.

The distributions of remaining lifespan in Norway and Iceland are fairly similar to those of Sweden.

As shown in Figure 7, Iceland displays greater average lifespans and standard deviations than Sweden

and Norway but the differences are projected to narrow across cohorts. Some notable differences exist

between Finland and the other nordic countries. While the levels of (absolute) variation as measured

by the standard deviation are comparable to Sweden and Norway, remaining life expectancy at age 60
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is significantly greater in Finland. As a result, the lifespan distribution is relatively more dispersed in

Finland.

Western Europe I: Ireland and United Kingdom

As shown in Figure 10(b), the cohort born in 1900 in the UK has an average remaining lifespan at age 60

of 17.9 years (15.2 for men and 20.3 for women). We predict that life expectancy at age 60 will rise to

22.1 years (20.2 for men and 23.7 for women) for the 1930 cohort and 27 years (26.2 for men and 27.5

for women) for the 1960 cohort. The standard deviation for men and women combined is expected to

increase from 9.5 to 10.5 years between the birth cohorts 1900 and 1930. We project a further increase to

11.3 years by the 1960 cohort. The increase in variability around the average remaining lifespan reflects

a trend apparent in both male and female old-age mortality. For men, the standard deviation of lifespans

is projected to increase to 10.2 years among those born in 1930 from 8.7 years for those born in 1900.

British men born in 1960 are predicted to see their remaining years at age 60 deviate by 11.5 years from

the average life expectancy. For women the variability is predicted to increase from 9.5 to 10.2 years

across the 1900-1930 cohorts and is projected to reach 10.7 years by the 1960 cohort.

As shown in Figure 10, the (projected) trend in the lifespan distribution in Ireland is similar to that

in the UK. Average remaining lifespans are lower across cohorts in Ireland than in the UK, while the

standard deviations are similar in magnitude up to, approximately, the 1920 cohort. By the 1960 cohort,

however, we project that average life expectancy will be almost equal between the two countries, as a

result of rapid improvements in longevity among Irish females.

Western Europe II: Austria, Germany and Switzerland

As shown in Figure 5(a), the cohort born in 1900 in Austria has an average remaining lifespan at age 60

of 17.5 years (15.1 for men and 19.5 for women). We predict that life expectancy at age 60 will rise to

22.7 years (20.1 for men and 25.1 for women) for the 1930 cohort and 28.2 years (26 for men and 30.4

for women) for the 1960 cohort.

The standard deviation for men and women combined is expected to increase from 9 to 10.3 years
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between the birth cohorts 1900 and 1930, and reach 10.9 years by the 1960 cohort. The predicted increase

in variability around the average lifespan reflects rising heterogeneity in old-age mortality, especially

among Austrian men. The latter experience an increase in the standard deviation from 8.5 to 10.2 years

across the 1900-1930 cohorts and are predicted to reach a standard deviation of 11.1 years by the 1960

cohort. For women the variability about the mean is predicted to increase from 9 to 9.9 years across the

1900-1930 cohorts and is projected to reach 10.5 years by the 1960 cohort.

As shown in Figure 5, the (projected) trends in the lifespan distribution in Germany and Switzerland

are very similar to those in Austria. Average remaining lifespans are significantly higher in Switzerland

and slightly lower in Germany. The early birth cohorts in Switzerland have higher standard deviations

but we project a slower rise in (absolute) variability compared to Austria and Germany. By the 1960

cohort, we project that all three countries will have similar levels of dispersion in retirement longevity.

Western Europe III: Belgium, Denmark, Luxembourg and Netherlands

As shown in Figure 6(d), the cohort born in 1900 in the Netherlands has an average remaining lifespan

at 60 of 19.5 years (17.2 for men and 21.6 for women). We predict that this number will increase to 22.1

years (19.7 for men and 24.2 for women) for the 1930 cohort and 25.3 years (23.5 for men and 26.6 for

women) for the 1960 cohort.

The standard deviation for men and women combined is predicted to rise from 9.4 to 9.9 years

between the birth cohorts 1900 and 1930. A further increase to 10.3 years by the 1960 cohort is projected.

The increase is driven almost entirely by Dutch men who are experiencing an increase in the standard

deviation from 8.9 to 9.6 years across the 1900-1930 cohorts and whose distribution is predicted to reach

a standard deviation of 10.2 years by the 1960 cohort. For women the variability around the mean is

predicted to increase marginally from 9.4 to 9.6 years across the 1900-1930 cohorts and is projected to

increase to 9.8 years by the 1960 cohort.

As shown in Figure 6, the distributions of remaining lifespan across generations in Denmark are very

similar to those in the Netherlands. Belgium and Luxembourg are noticeably different but similar to each

another. The latter have lower lifespans and variability for the 1900 cohort but are expected to see more
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rapid increases in the mean and the standard deviation of age at death compared to Denmark and the

Netherlands. We forecast that Belgium and Luxembourg will reach average life expectancy of 28 years

by the 1960 cohort, compared to 23 and 25 years for Denmark and the Netherlands. The corresponding

standard deviations for the 1960 cohorts in Belgium and Luxembourg are projected to be 11.0 and 11.2

years, compared to 10.2 and 10.3 years in Denmark and the Netherlands.

Southwestern Europe: France, Italy, Portugal and Spain

As shown in Figure 9(a), the cohort born in 1900 in France has an average remaining lifespan at 60 of

19 years (16.3 for men and 21.5 for women). We predict that life expectancy at age 60 will rise to 24.3

years (21.1 for men and 27.2 for women) for the 1930 cohort and 29.4 years (26.5 for men and 32 for

women) for the 1960 cohort.

The standard deviation of remaining years of life for men and women combined is expected to in-

crease from 9.7 to 10.8 years between the birth cohorts 1900 and 1930. We project a further increase to

11.4 years by the 1960 cohort. The increase in variability around the average remaining lifespan reflects

greater variability in lifespans among both the male and the female population. For men, the standard

deviation of lifespans is projected to increase to 10.5 years among those born in 1930, up from 9.1 years

for those born in 1900. French men born in 1960 are predicted to see their remaining years vary about

the average life expectancy by 11.2 years. For women the standard deviation is predicted to gradually

increase from 9.6 to 10.9 across the 1900-1960.

As shown in Figure 9, the (projected) trends in the lifespan distribution in Italy, Spain and Portugal

are quite similar to those in France. The average remaining lifespan is lower in Portugal, and the gap is

expected to widen across generations. Inequality in lifespans is widening in all countries. We predict that

the standard deviation for the population overall will range between 10.94 years in Portugal and 11.41

years in France.
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Central Europe: Czech Republic, Poland, Slovakia and Estonia

As shown in Figure 8(b), the average lifespan of the 1900 birth cohort in Poland is 18.1 years (15.9 for

men and 19.8 for women). This number is expected to increase to 19.3 years (16.4 for men and 22 for

women) for the 1930 cohort and 21.2 years (17.8 for men and 24.6 for women) for the 1960 cohort.

The standard deviation for men and women combined increased from 8.9 to 9.9 years between the

birth cohorts 1900 and 1930. We project a further increase to 10.1 years by the 1960 cohort. The increase

is driven by male and female mortality which are experiencing increases. For men the standard deviation

is forecast to increase from 8.5 to 9.5 years across the 1900-1930 cohort and is predicted to remain at 9.5

years by the 1960 cohort. The standard deviation among the female population is expected to reach 9.7

years for the 1930 cohort and 10.1 years for the 1960 cohort, compared to 8.9 years for the 1900 cohort.

The trend in the distribution of remaining lifespan in Slovakia and Estonia is similar to that in Poland.

As shown in Figure 8, Slovakia and Estonia display similar levels of longevity for the initial cohort but

slightly less dispersion. While the mean and the spread are predicted to rise across cohorts, we predict

that the levels remain below those of Poland.

More notable differences exist between Poland and the Czech Republic. While the average lifespans

are lower for the 1900 cohort in the Czech Republic than in Poland, they are projected to be greater by

the 1960 cohort. The standard deviation is lower initially and comparable to levels predicted for Poland

by the 1960 cohort.

North America: Canada and the United States

As shown in Figure 4(b), the average lifespan of the 1900 birth cohort in the US is 18.6 years (15.9 for

men and 21 for women). This number is expected to increase to 22.3 years (20.5 for men and 23.8 for

women) for the 1930 cohort and 25.9 years (25.1 for men and 26.1 for women) for the 1960 cohort.

The standard deviation for men and women combined increased from 10.3 to 10.6 years between the

birth cohorts 1900 and 1930. We project a further increase to 11.2 years by the 1960 cohort. The increase

is driven by male mortality which is experiencing an increase in the standard deviation from 9.5 to 10.4

years across the 1900-1930 cohort and is predicted to reach 11.3 years by the 1960 cohort. For women
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the variability declined slightly from 10.4 to 10.3 years across the 1900-1930 cohorts but is projected to

increase to 10.6 years by the 1960 cohort.

As shown in Figure 4, the (projected) trends in the lifespan distribution in Canada are very similar to

those in the US. The average remaining lifespans and standard deviations are projected to rise more in

Canada than in the US. As in the US, we project a gradual increase in the dispersion of the distribution

across cohorts.

Asia Pacific: Australia, New Zealand and Japan

As shown in Figure 11(c), the cohort born in 1900 in Japan has an average remaining lifespan at age 60

of 18.8 years (16.8 for men and 20.8 for women). We predict that life expectancy at age 60 will rise to

25.6 years (22.1 for men and 29 for women) for the 1930 cohort and 30.9 years (27.6 for men and 32.3

for women) for the 1960 cohort. The latter levels are the highest found among the set of developed and

transition countries studied here.

The standard deviation for men and women combined is expected to increase from 9.8 to 11.2 years

between the birth cohorts 1900 and 1930. We project a further sizeable increase to 12.8 years by the 1960

cohort. The increase in variability around the average lifespan is largely attributable to greater variability

in female old-age mortality. The standard deviation of the lifespan of Japanese women is projected to

reach 11.1 years among those born in 1930, up from 9.6 years for those born in 1900. Women born in

1960 who reach age 60 are predicted to see their remaining years deviate from average (remaining) life

expectancy by 14.8 years. This is the greatest variability found in any of the 28 countries investigated

here. For Japanese men the variability is predicted to increase from 9.2 to 12 years across the 1900-1960

cohorts.

Average remaining lifespans among the 1900 cohorts in Australia and New Zealand are lower than in

Japan and we predict that this pattern will persist across cohorts (see Figure 11) despite rapid increases

(especially in Australia). The (predicted) distributions in Australia and New Zealand also tend to be

more concentrated around the mean, suggesting greater homogeneity in age-at-death here compared to

Japan.
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3 Mortality Trends and Pension Benefit Adjustment Policy

3.1 Background

Most public pension systems are built around a Full Retirement or Entitlement Age (FRA), at which

workers with sufficient contributions (often measured on the basis of durations of covered employment).

Many countries also allow workers to take up reduced benefits at some Early Retirement Age (ERA)

and offer credits for postponed benefit take-up up to some Maximum Retirement Age (MRA). The

adjustments to benefits are typically measured in constant (monthly or annual) percentage reductions or

credits that accumulate depending on the duration between actual age at take-up and FRA.

The adjustment rules applicable to a particular cohort (in some countries also sex) can be summarized

in an “adjustment schedule.” Given information on a person’s pension value at ERA, and assuming that

this value does not change meaningfully after ERA because of covered employment, the adjustment

schedule provides individuals with the economically relevant parameters of their pension. Figure 12

details ERA, FRA, MRA, the penalty structure and the credit structure for selected cohorts under U.S.

Social Security. All covered workers born prior to 1937 faced an FRA of exact age 65. In 1956 (1961

for men) Social Security introduced an ERA of 62 for women. A delayed retirement credit applies up to

an MRA of age 70. ERA has remained constant but FRA has increased across cohorts and is scheduled

to be 67 years for those born in 1960 and thereafter. Figures 1-2 provide OECD-wide information on the

adjustment schedules as of 2006 and the long-term trends in the FRA.9

Changes in the adjustment schedule may be motivated by actuarial considerations. Comparing bene-

fit contributions to receipts across generations (“fairness of return”), an appropriate increase in the FRA

can offset the effect of longer lifespans on lifetime benefit receipt (outlays). Looking at the present value

of benefits at different take-up ages for a given demographic or at the same take-up age across differ-

ent generationswithin generations), an appropriate decrease in the degree of convexity of the adjustment

schedule can maintain the equality of lifetime benefits across take-up ages for (average-mortality) indi-

viduals (“fairness of adjustment schedule”). In this paper, we are only concerned with the latter kind

9The table contains some inaccuracies. For example, the FRA listed for the U.S. is 67, while it should be 66.
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of actuarial fairness. Some authors refer to this fairness of the adjustments as actuarial equivalence or

neutrality (e.g., Duggan and Soares, 2002; Queisser and Whitehouse, 2006).

Studies have generally concluded that benefits are close to actuarially fair for average-mortality ben-

eficiaries (Myers and Schobel, 1990; Duggan and Soares, 2002; Munnell and Sass, 2012; Heiland and

Yin, 2013).10 Figure 13 shows the annual average real interest rate of long-dated treasuries between 1954

and 2010. The long-term trend is positive but the series is quite volatile (the linear trend only explains

6.7% of the variation in the interest rate) and the trend reversed to negative in the mid 1980s. For ex-

ample, Heiland and Yin (2013) estimate that the deviation from the fair age-related adjustment has been

reduced from 4-5% for average-mortality beneficiaries born in 1917 to less than 1% for average retirees

born after 1942. This is primarily the result of the expansion of the Delayed Retirement Credit (DRC)

and the increase in the Full Retirement Age (FRA). The increases in the DRCs and the increases in the

FRA from age 65 to 66 have resulted in a steeper adjustment schedule, one that is more consistent with

actuarial fairness for average-mortality claimants.

Choosing a benefit adjustment schedule that is actuarially fair to Social Security means that the

present value of lifetime benefit payouts is invariant to age at take-up for (average-mortality) benefi-

ciaries from the asset value perspective of Social Security. Whether adjusting benefits at rates that are

actuarially fair for average-longevity beneficiaries in this sense also minimizes the variance of Social

Security outlays is unknown. In preparation to answer this question within the framework developed

below, we briefly describe the main properties of actuarially fair adjustment schedules.

3.2 Actuarial Fairness

Discounting to the ERA at instantaneous rate r > 0, the condition for actuarial fairness of the adjustment

schedule in the sense of equal cash values across take-up ages for a given demographic can be formally

written in terms of present values of annuities with different start dates:11

10This characterization of the findings is correct when considering discount rates consistent with values used by the Social
Security actuaries based on long-dated treasury bonds. When higher discount rates—more in line with individual subjective
time discount rates—are applied, then Social Security’s adjustment schedules tend to be too flat to be actuarially fair for
average beneficiaries (see Heiland and Yin, 2013).

11This continuous time analysis is adopted from the discrete time version presented in Heiland and Yin (2013).
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PV ERA
f air ≡

∫ ERA+D

FRA
PIA ·e−r(a−ERA)p(a)da≡

∫ ERA+D

c
(1+R f (c))PIA ·e−r(a−ERA)p(a)da, ∀c∈ [ERA,MRA].

(3)

In Eqn. (3), ERA+D denotes some oldest age, that is D may be thought of as the maximum remaining

lifespan at ERA. Since full benefits are obtained at the FRA, the age at which actual and fair benefits

must be equal, we impose R f (FRA) = 0 (i.e., AF(FRA) = 1). We also set p(ERA) = 1 since we focus on

individuals who are eligible to claim old-age benefits. The set of age-related adjustments R f (.) implied

by Eqn. (3) is the fair adjustment schedule. PV ERA
f air is the present value of lifetime benefits (discounted

to ERA) if the age-related adjustments are actuarially fair.

Equation (3) defines how the fair adjustments depend on the ERA, the FRA, the survival schedule,

p(a), and the discount rate, r. The choice of the value for the discount rate may differ depending on

whether we take the perspective of Social Security or the population of beneficiaries. The importance of

that distinction will become clear in the next section.

Since R f is constant given c, we can easily derive the fair schedule from Eqn. (3). For any claiming

age c ∈ [ERA,MRA] the fair adjustment factor, AFf , is:

AFf (c) = 1+R f (c) =
∫ ERA+D

FRA e−r(a−ERA)p(a)da∫ ERA+D
c e−r(a−ERA)p(a)da

−1. (4)

Inspecting Eqn. (4), we observe two key properties of the schedule of the fair adjustment factor. First,

it increases at an increasing rate in the take-up age. This implies, for example, that the (cumulative)

penalty for early take-up increases by smaller amounts for each additional period (month) of earlier take-

up before FRA. The (strictly) convex shape of the fair schedule makes sense because if an individual

takes up benefits at an earlier age, the increase in the monthly penalty can be smaller since it will be

applied over a longer period. Second, as the probability of survival to the next age, p(.), increases, the

fair adjustment schedule becomes flatter, rotating clockwise at the FRA (see Heiland and Yin 2013 for

a proof). Intuitively, if life expectancy increases, actuarial fairness of the adjustment schedule requires

that the penalty for early take-up be lowered because the same penalty reduces the present value of the
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lifetime benefit stream more (relative to take-up at FRA) for a person with a longer (expected) lifetime.

Also, an increase in the discount rate, r, has the opposite effect of a decline in mortality; as the discount

rate increases (time value of money rises), earlier benefits become more valuable and hence must be

penalized more heavily to achieve actuarial fairness across take-up ages.

Equation (4) requires data on age-specific mortality rates. An important special case arises when we

focus on a (average) person with remaining life expectancy at age ERA of D years. This implies setting

p(a) = 1 for a ≤ ERA+D and p(a) = 0 for a > ERA+D. The fair adjustment schedule simplifies to:

AFD
f (c) =

e−r(FRA−ERA)− e−rD

e−r(c−ERA)− e−rD
. (5)

Notice that AFD
f (c = FRA) = 1 by construction. For illustration, suppose ERA = 62, FRA = 66, D = 20,

and r = 0.03. For these individuals who have a remaining life expectancy at age 62 of 20 years, the fair

Adjustment Factor for take-up at age 62 is 0.7494. In other words, from their present value perspective

at age 62, getting 75% of PIA and collecting benefits immediately is equivalent to waiting for four years

and getting 100% of PIA starting at age 66.

3.3 Intergenerational Fairness

As shown above, holding ERA and FRA constant, actuarially fair benefit adjustment require that the

schedule is flatter for individuals with lower mortality. In the context of declining old-age mortality

across generations, it is easy to see that the application of this type of adjustment schedule would result

in rising (real) benefit levels across cohorts for everyone who optimally (i.e., taking their longevity into

account) claims between ERA and FRA (at least).

Building on the analytical framework introduced above, we incorporate the idea of intergenerational

fairness of benefits into the analysis of the adjustment schedule. Intergenerational fairness requires that

the present value of lifetime benefits for take-up at any (nominal) age c is the same across cohorts for

average-mortality individuals (given PIA and discount rate, r). Adjustment schedules that are intergener-

ationally fair may not also be actuarially fair in the sense of equalized pension cash values across take-up
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ages. However, since it is arguably desirable to have adjustment schedules that satisfy both principles,

it presents an important situation. If schedules meet both criteria (in expectation), then the present val-

ues of lifetime benefits are the same across take-up ages (“actuarial fairness”) and across generations

(“generational fairness”) for average mortality individuals.

The question for policy makers is how to set the adjustment schedule to achieve intergenerational

fairness? Assuming that the adjustments are also actuarially fair, we can answer this questions by de-

termining the value for FRA that equalizes the present values of lifetime benefits across the generations

for average mortality beneficiaries. Formally, given the (projected) survival functions for the baseline

generation, p0(a), and the comparison generation, p1(a), this condition can be stated as follows:

PV ERA
f (c = FRA0|p0)≡

∫ ERA+D

FRA0

PIA · e−r(a−ERA)p0(a)da ≡
∫ ERA+D

FRA1

PIA · e−r(a−ERA)p1(a)da, (6)

where FRA0 and FRA1 denote the baseline and the comparison FRA, respectively. It is easy to

see that the intergenerationally fair FRA increases as mortality decreases (survival increases) in the

comparison population. For the special case of a constant mortality hazard, µ(a) = µ > 0, so that

p(a) = e−
∫ a

ERA µ(u)du = e−µ·(a−ERA), a closed-form solution for FRA1 exists:

∫ ERA+D

FRA0

PIA · e−r(a−ERA)p0(a)da ≡
∫ ERA+D

FRA1

PIA · e−r(a−ERA)p1(a)da∫ ERA+D

FRA0

PIA · e−r(a−ERA)e−µ0(a−ERA)da ≡
∫ ERA+D

FRA1

PIA · e−r(a−ERA)e−µ1(a−ERA)da

FRA1 =− 1
r+µ1

ln
[

e−(r+µ1)(ERA+D)− r+µ1

r+µ0
e−(r+µ0)(ERA+D)+

r+µ1

r+µ0
e−(r+µ0)FRA0

]
.

(7)

The effect of an increase in mortality on FRA is found to be:

dFRA1

dµ1
=

[
1+(ERA+D)(r+µ1)

(r+µ1)2

]
e−(r+µ1)(ERA+D−FRA1)− 1+FRA1(r+µ1)

(r+µ1)2 . (8)

It can be shown that the sign of this expression is negative if ERA+D>FRA1, which is true in all pension

systems. (Recall that ERA+D denotes some maximum age in the life table.) This analysis confirms that

intergenerational fairness implies that the adjustment schedule shifts out as death risk decreases. Policy
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makers can use Eqn. 8 to approximate the increase in FRA that is required to maintain balanced benefit

levels across generations with different mortality. Closer investigation of this derivative also shows that

it is greater (implying more responsiveness to demographic changes) at a lower discount rate. Intuitively,

at a lower discount rate the survival risk rationale becomes relatively more important.

3.4 Application and Case Studies

Over the past three decades, many developed countries have implemented changes to their public pension

systems to deal with the ever-longer retirement lifespans of their populations. In most cases, reforms

passed years ago are only now taking effect as the targeted generations are reaching retirement age.

While each country’s mandatory pension system has unique characteristics, in most cases the changes

are either ad-hoc adjustments of the FRA or “demographic factors” embedded in the benefit formula,

resulting in shifts in the adjustment schedule discussed above (Whitehouse, 2010).

In this section, we analyze the pension reform developments in four OECD countries (U.S., Germany,

Japan and Belgium) in the context of the demographic trends and the principle of intergenerational

fairness. We perform a series of calculations to determine the intergenerationally fair FRA in each

country. In keeping with the analysis of mortality trends in Section 2, we highlight the birth cohorts

1900, 1930 and 1960, which cover 60 years of demographic experience. We use the old-age survival

curve for the 1900 cohort (men and women combined) to calculate baseline cash pension values for

take-up at FRA under different discounting assumptions. Given this reference value, and applying a

numerical approach to solve Eqn. 6, we obtain the intergenerationally fair FRAs for cohorts 1930 and

1960, overall and for each sex separately, and compare them to the actual (planned) FRAs.12

We present results for three alternative (constant) discount rate (r) scenarios. Our baseline case is

an annual rate of 2.68%. The value is chosen to be consistent with averages used by the U.S. Actuarial

Office of Social Security based on (real) yields of long-dated U.S. treasury bonds (see Girola, 2005).

The value is calculated from 1954-2012 time series data on average annual yields of 20-year treasuries

12For consistency across cohorts, all lifetime benefit flow calculations are discounted by time opportunity cost and mortality
risk to the earliest retirement age available to workers in the 1900 cohort (i.e., ERA or the youngest FRA if there is no early
take-up adjustment provision). For U.S. cohorts that is age 62, while it is age 60 in Germany, Japan and Belgium.
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available from the Federal Reserve (www.federalreserve.gov), deflated by the Consumer Price Index

(CPI-U), shown in Figure 13. We contrast the results for this rate with a low interest rate scenario of 0%,

based on current rates, and a high discounting scenario of 9%.13

A few caveats are in order. The analysis abstracts from inter-cohort changes in program generosity

unrelated to entitlement age.14 The choice of the 1900 birth cohort (age 60 in 1960) as reference gen-

eration is somewhat arbitrary. As discussed above, one advantage of choosing an early cohort is that

mortality is basically complete. By anchoring the comparison around a very early generation, the anal-

ysis sets up for dramatic effects. However, this is only the case because of the rapid mortality declines

that are affecting the pension systems. Also, reporting the “interim” cohort of 1930 (age 60 in 1990)

allows for very interesting comparisons to the 1960 cohort (age 60 in 2020). As discussed in more detail

below, in most countries retirees from the 1930 cohort were unaffected by the first wave of entitlement

age reform while they enjoyed much longer lifespans than their counterparts born in 1900. By the time

the 1960 cohort will reach retirement age, on the other hand, significant increases in the retirement age

will have taken place. By looking at the change in the intergenerationally fair FRA across cohorts 1960

and 1930, even if the levels may be exacerbated because of early baseline cohort, we can meaningfully

evaluate whether entitlement age reforms are progressing at an demographically correct pace.

United States

Individuals aged 62 or older who had earned income subject to the Social Security payroll tax for at

least 10 years (if born in 1929 or later) are eligible for retirement benefits under the Social Security

Old Age (SSOA) benefits program. Earnings are subject to the tax up to an income maximum that is

13The high discounting scenario is meant to better capture the subjective time preferences of typical retirees. It is motivated
by evidence on the distribution of discount rates provided by Gustman and Steinmeier (2002). They estimate a life cycle model
of retirement using data from the Health and Retirement Study and allowing individuals to be risk-averse. They find that 21%
of respondents have rates between 5% and 10%, the range that contains the median value. Close to 40% of respondents have
time preference rates below 5%.

14For example, the average SSOA pension wealth has increased somewhat in real terms over time. This is primarily due to
real wage gains, rising labor force participation (especially among women), and program expansion. Benı́tez-Silva and Yin
(2009, p.7, Table 3) report that the average monthly benefits (in constant 2005 dollars) among retirees of age 62 increased
from $1,066 in 1994 to $1,135 in 2004.
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updated annually according to increases in the average wage.15 To determine the benefit amount, the

Social Security Administration calculates the Primary Insurance Amount (PIA) of a worker as a convex

piece-wise linear function of the worker’s average earnings subject to Social Security taxes taken over

her 35 highest earnings years.

The traditional FRA in the U.S. has been age 65. The option to collect early reduced benefits at

age 62 was introduced in 1956 for women (1961 for men). Delay of take-up past FRA earns Delayed

Retirement Credits up to age 70. The benefit adjustment schedule of the system has been modified

several times (e.g., Myers, 1994; Heiland and Yin, 2013). Most importantly for the present analysis,

the amendments passed in 1983 have extended the FRA from exact age 65 for cohorts born before 1938

to exact age 66 for cohorts born in 1943-1955. The 1-year increase was phased in in 2-months steps

across successive cohorts 1938-1943. The Greenspan reform will result in an additional similar one-year

increase in the FRA, to be phased in across birth cohorts 1954-1960, reaching FRA of exact age 67 for

beneficiaries born in 1960 and thereafter. The 1983 deliberations left the ERA unchanged at age 62,

owing to the popularity of early take-up, but the shift in the adjustment schedule of course meant lower

payout rates at all ages (e.g., Myers, 1994).

Further adjustments to the FRA are currently being debated. For example, in December 2010, Pres-

ident Obama’s National Commission on Fiscal Responsibility and Reform (NCFRR, 2010) proposed

steps to address the long-run solvency problems of Social Security. The commission recommended that

retirement benefits be reduced by indexing the retirement ages to approximate gains in life expectancy.

Specifically, the NCFRR suggested that the ERA and the FRA be increased by one month every two years

after FRA reaches age 67 under current law. According to their calculations, the ERA would increase to

63 by 2046 and 64 by 2070, while the FRA would reach 68 and 69 in those years.

Table 4 lists the actual and generationally fair FRAs for birth cohorts 1900, 1930 and 1960 by coun-

try (U.S., Germany, Japan and Belgium) and discount rate scenario (low discounting: 0%; moderate

discounting: 2.68%; high discounting: 9%). Consistent with the previous discussion, the first three

columns in the top panel list the FRA for U.S. beneficiaries born in 1900 and 1930 as 65, and, for those

15Six percent of the 162.5 million workers with Social Security taxable earnings in 2008 had earnings at or above the
maximum amount (SSA-S, 2010, Table 4.B1).
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born in 1960, as 67. In the remaining columns, we report the estimated generationally fair entitlement

ages for beneficiaries overall (columns 4-5), for average male beneficiaries (columns 6-7), and for aver-

age female beneficiaries by birth cohort. Given that the SSOA adjustment schedule is not gender-specific,

the results based on the overall average mortality patterns are particularly instructive.

Our baseline moderate discount rate scenario suggests that to maintain actuarial balance in entitle-

ments across cohorts 1900-1930, the FRA needed to increase from age 65 to age 67 and 6 months. Of

course, the FRA in the U.S. did not increase at all across these cohorts that saw life expectancy at age 60

rise by 3.75 years (see Table 1). Retirement lifespans are predicted to lengthen by another 31
2 years, on

average, across cohorts 1930-1960, translating into an additional increase in the fair FRA by 2 years and

4 months under baseline discounting. The scheduled 2-year increase in the FRA across cohorts 1930-

1960 is a step in the right direct, but our analysis suggests that a much larger increase in the FRA may

be needed to bring the benefit structure back into long-term generational balance.

Looking across the range of discount rate scenarios, it is clear that the fair FRA is sensitive to the

level of the discount rate. If interest rates were to stay low for a long period, then same-sized mortality

changes would require greater increases in the FRA to maintain intergenerational balance. For example,

at 0% discount rate, we predict that the (projected) 31
2 -years gains in longevity across cohorts 1930-1960

can be balanced with an increase in FRA by 3 years and 9 months, compared to just nine more months in

the high discount rate scenario (9%). Across gender lines, the results for the U.S. illustrate what impact

unequal progress in longevity has on the pace of intergenerationally fair adjustment. As discussed above,

recent generations of males in the U.S. have been experiencing more rapid gains in old-age longevity than

their female counterparts. This explains the greater demographically adjusted FRAs among men shown

in Table 4.

Germany

The German old-age pension insurance system (Federal Republic of Germany before 1991) is more

differentiated than SSOA historically, but a 1992 reform similar to the 1983 SSOA amendments has

made the systems more comparable in terms of retirement ages and benefit adjustment (Börsch-Supan
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and Wilke, 2003). Prior to 1972 reform legislation, the normal retirement age for workers with at least

five years of service was age 65. Certain groups were excepted, most notably, women with 15 years of

contributions could claim full benefits at age 60 (similarly for workers with long unemployment spells

or who suffered a work disability). In 1973 greater flexibility in benefit take-up was granted to a wider

group. Workers with 35 or more covered years became eligible to take up full benefits as early as age 63.

As a result, 63 became the effective FRA for male workers.16 Unlike in the U.S., there was no option

to collect earlier reduced benefits at that time but individuals who continued to work received a delayed

retirement credit of 0.6 percent for each month worked after age 65 up to age 67.

A major reform package passed in 1992 that raised the FRA for all pension types (other than disabil-

ity) to age 65 and established systematic (actuarial) adjustments before and after FRA using the prior

minimum eligibility ages (age 60 for eligible women; age 63 for longtime insured workers) as ERAs

(see Börsch-Supan and Wilke, 2003). Subsequent reforms in 1999 and 2007 have resulted in gradual

increases in the FRA(s) and ERA(s). Most importantly, the ERA for women will increase to 65 and the

FRA for all workers but the longtime insured will increase by 1 month per birth year across cohorts

1947-1958 and by 2 months per year across cohorts 1959-1964, reaching age 66 in 2024 and age 67 in

2031.

The second panel in Table 4 shows the results of the generational fairness analysis. We note that until

recently male and female workers faced different entitlement ages; as a result, meaningful comparison

also has to be gender-specific. The results for Germany show dramatic increases in the intergenera-

tionally fair FRA across cohorts due to ever-lower old-age mortality. Unlike in the U.S., however, the

effective FRA was actually reduced across male cohorts 1900-1930. This resulted in an unusually large

discrepancy between actual (effective) FRA and our fair FRA among male workers (5 years and 3 months

at 2.68% discount rate). However, the measures put in place over the past two decades, such as increasing

the FRA from 60 for women born in 1930 to 66 and 4 months for women born in 1960, turn out to be

the most aggressive corrective steps observed in this comparative analysis. Under baseline discounting,

we predict that the intergenerationally balanced FRA for female beneficiaries born in 1960 will be 65

16For workers with comparable earnings histories, the incentive to continue working is likely stronger in the German
scheme since workers collect pension points for each year of service. SSOA considers the 35 highest earnings years.
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and 8 months, which is close to the actual value of 66 and 4 months. For men, however, the discrep-

ancy between actual and fair values is very high. We predict a fair FRA of 72 and 3 months for male

beneficiaries born in 1960 under baseline discounting, compared to an actual age of entitlement for full

benefits of 66 years and 4 months.

Japan

The national pension system of Japan consists of a flat-rate scheme, “Old-Age Basic Pension”, supple-

mented by an earnings-related pension component, “Old-Age Employee Pension.” The current NRA for

the basic pension is 65 for men and 63 for women. For the earnings component the NRA is currently

61 for men and 60 for women. Traditionally, the NRAs were 60. The basic pension NRA is increasing

from 60 to 65 between 2001 and 2013 for men and between 2006 and 2018 for women. The NRA of the

earnings part is increasing from 60 to 65 by 2025 for men and by 2030 for women. No further increases

in the NRA are scheduled at this time but the previous government debated further increases in the FRA.

Early benefit take-up at a reduced rate at age 60 and delayed benefit take-up with a credit is (or will be)

possible in both pensions.

As discussed above, old-age mortality has been declining rapidly across the cohorts studied here.

This is especially true for Japanese women. On the other hand, Japan also instituted one of the largest

(gradual) increases in the FRA (5 years). The results in Table 4 suggest that for men the FRA reform

will likely keep the gap between the actual and the theoretically fair FRA somewhat close: The inter-

generationally FRA estimated for Japanese men born in 1960 is 66 years and 7 months under baseline

discounting. However, the exceptional trajectory of old-age longevity of Japanese women and the slow

roll-out of the higher FRA (especially for women) will leave Japan with a similarly overall intergenera-

tionally unbalanced system than SSOA: For the 1960 cohort and under baseline discounting, we predict

fair FRAs of 68 years and 7 months for women. This compares to actual FRAs for women of 65 for the

basic pension and 62 for the earnings component.
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Belgium

The national pension system in Belgium differs from the standard scheme in ways that make it difficult

to determine the NRA. The system allows workers to claim their full benefits at the time when they

pass a threshold number of contribution years, subject to a minimum age of 60. While there is a normal

retirement age of age 65, workers can traditionally (and currently) retire with full benefits at age 60 if

they have sufficient years of contributions (35 years traditionally, currently 40 years). By raising the

service years requirement for full benefits, the system is currently increasing the effective NRA after

decades of continuity. The reforms currently under way will lead to a minimum retirement age of 62 for

those with 40 years of service. There is no option to claim early reduced benefits or to collect credits for

delayed retirement.

To apply our approach to the system in Belgium that lacks a definite FRA, we calculated intergenera-

tionally fair FRAs under two extreme scenarios for actual (effective) FRA: FRA of age 60 vs. age 65 for

birth cohort 1900. Table 4 shows that if the system is effectively an FRA 60 scheme for the 1900 birth

cohorts but an FRA 65 scheme for the 1930-1960 cohorts, then the required rise in the FRA to adjust

benefits across generations for increasing lifespans is not much ahead of the actual FRA. This conclusion

would not hold if age 60 had continued to be the effective FRA, but given the requirement of 45 years of

covered service this is unlikely to be the case.

4 Discussion and Conclusion

Our analysis of lifespan past age 60 confirms a well-documented secular trend toward longer lives (Ed-

wards 2011; Christensen et al. 2009). We forecast significant increases in retirement lifespans for current

and future generations. Our predictions extrapolate from the mortality experience of cohorts in the (more

recent) past. Risk to these forecasts exists in the form of structural changes and uncertainty regarding the

determinants of mortality (Bennett and Olshansky 1996; Olshansky et al. 2009). For example, the con-

sequences of the obesity epidemic for remaining lifespans have yet to be fully realized and understood

(Preston et al. 2012; Olshansky et al. 2005). If these predictions hold true, the retirement benefit outlays
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by Social Security programs around the world will rise substantially.

We show that the policy response to date—mainly through increases in the FRAs—has been inade-

quate to offset longer lifespans. Given estimates for the US that every year in average lifespan increases

Social Security outlays by approximately 1 billion dollars, the 3.4 year increase in remaining lifespan at

age 60 between birth cohorts 1930 and 1960 (see Table 1) may result in 3.4 billion dollars in additional

expenses. Our analysis indicates that FRAs need to be increased by as many as 3 years in the US, 6 years

for German males, and 3.5 years for Japanese females just to maintain inter-generational balance. Even

more substantial increases in FRAs would be necessary if real cuts to benefits—as currently debated in

the US—were to be achieved. Matters are complicated by the fact that the trend toward longevity exten-

sion are expected to remain strong and pension trust fund managers have a history of underestimating

mortality improvements (Olshansky et al. 2005). The greater variation of remaining lifespan among

future generations of retirees implies more uncertainty about the benefit actual outlays for these cohorts.

These developments have important implications for future retirees. Future generations can expect

further, potentially dramatic, increases in FRAs. Such increases have the same cost-savings effect as di-

rect benefit cuts but an easier narrative as they can be tied to population aging directly while maintaining

early eligibility ages. Individuals will try to make up for the lost retirement wealth through longer work-

ing lives and lower consumption levels pre-retirement (more savings). As lifespans rise more workers

will reach age 62 and get to draw their benefits.

Finally, it is clear that low-mortality beneficiaries are least impacted by the increases in the FRAs.

Moreover, since individuals who live longer tend to have higher lifetime earnings (e.g., De Nardi et al.

2009; Lee and Tuljapurkar 1997), they are expected to also have a greater (annual) claim on pension

wealth compared to the average mortality individual in their birth cohort. Using data on individuals’

pension wealth (Primary Insurance Amount, PIA) and longevity from the Health and Retirement Survey

(HRS), a survey of a recent cohort of American retirees, we observe a correlation coefficient of 0.14

between PIA and remaining lifespan. While this is a modest level of correlation, it does suggest that

longevity gains disproportionately benefit those who are better-off. Means-testing of benefits can be

used to make the burden associated with Social Security full retirement age reform more equitable.
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Börsch-Supan, A., and C. Wilke (2003). “The German Public Pension System: How it Was, How it Will Be,”
Michigan Retirement Research Working Paper No. 34-2003.

Cheung, S.L.K., and J.-M. Robine (2007). “Increase in Common Longevity and the Compression of Mortality:
The Case of Japan,” Population Studies, 61-1 85–97.

Christensen, K., Doblhammer, G., Rau, R., J.W. Vaupel (2009). “Ageing Populations: The Challenges Ahead,”
Lancet, 374 1196–1208.

Cockerham, W.C., (2012). “The Intersection of Life Expectancy and Gender in a Transitional State: The Case of
Russia,” Sociology of Health & Illness, 34 943–957.

De Nardi, M., French, E., and J.B. Jones (2009). “Life Expectancy and Old Age Savings,” American Economic
Review: Papers & Proceedings, 99-2 110–115.

Duggan, J.E., and C.J. Soares (2002). “Actuarial Nonequivalence in Early and Delayed Social Security Benefit
Claims,” Public Finance Review, 30-3 188–207.

Edwards, R.D., and S. Tuljapurkar (2005). “Inequality in Life Spans and a New Perspective on Mortality Con-
vergence Across Industrialized Countries,” Population and Development Review 31-4 645–674.

Edwards, R.D. (2011). “Trends in World Inequality in Life Span Since 1970,” Population and Development
Review 37-3 499–528.

Fries, J.F. (1980). “Aging, Natural Death and the Compression of Morbidity,” New England Journal of Medicine,
303 130–135.

Girola, J. (2005). “The Long-term Real Interest Rate for Social Security,” Department of Treasury Research
Paper No. 2005-02.

Gruber, J., and D. Wise (2005). “Social Security Programs and Retirement around the World: Fiscal Implica-
tions,” NBER Working Paper No. 11290.

Heiland, F., and N. Yin (2013). “Have We Finally Achieved Actuarial Fairness of Social Security Retirement
Benefits and Will It Last?,” manuscript, Baruch College, The City University of New York.

Heiland, F., and G. Movsesyan (2013). “Cohort Variability in Remaining Life Span at Retirement Age: Evidence
from OECD Countries, Russia and Taiwan,” manuscript, Baruch College, The City University of New York.

Kannisto, V. (2000). “Measuring the Compression of Mortality,” Demographic Research, 3-6.

Kannisto, V. (2001). “Mode and Dispersion of the Length of Life,” Population, bilingual edition, 13-1 159–171.

24



Lee, R.D., and S. Tuljapurkar (1997). “Death and Taxes: Longer Life, Consumption, and Social Security,”
Demography, 34-1 67-81.

Martin, L.G., and Preston, S. (Eds.). (1994). Demography of Aging. Washington, DC: National Academy Press.

Myers, R.J. (1993). Social Security. Fourth Edition. Pension Research Council and University of Pennsylvania
Press.

Myers, G.C., and K.G. Manton (1984). “Compression of Mortality: Myth or Reality?” The Gerontologist, 1984
346–353.

National Commission on Fiscal Responsibility and Reform (2010). “The Moment of Truth: Report of
the National Commission on Fiscal Responsibility and Reform,” Washington, DC: The White House.
(http://www.fiscalcommission.gov/sites/fiscalcommission.gov/files/documents/TheMom entofTruth12 1 2010.pdf.)

National Institute on Aging and National Institutes of Health (2007, March). Why Population Aging Matters: A
Global Perspective. DHHS Publication No. 076134. Bethesda, MD: Author.

Nusselder, W.J. and J.P. Mackenbach (1996). “Rectangularization of the Survival Curve in the Netherlands 1950-
1992,” The Gerontologist, 36-6 773–782.

Olshansky, S.J., Carnes, B.A., and C. Cassel (1990). “In Search of Methuselah: Estimating the Upper Limits to
Human Longevity,” Science, 250-4981 634–640.

Olshansky, S.J., Passaro, D.J., Hershow, R.C., Layden, J., Carnes, B.A., Brody, J., Hayflick, L., Butler, R.N.,
Allison, D.B., and D.S. Ludwig (2005). “A Potential Decline in Life Expectancy in the United States in the
21st Century,” New England Journal of Medicine, 352-11 1138–1145.

Olshansky, S.J., Carnes, B.A., and M.S. Mandell (2009). “Future Trends in Human Longevity: Implications for
Investments, Pensions and the Global Economy,” Pensions, 14-3 149–163.

Oeppen, J., and J.W. Vaupel (2002). “Broken Limits to Life Expectancy,” Science, 296 1029–1031.

Paccaud, F., Pinto, C.S., Marazzi, A. and J. Mili (1998). “Age at Death and Rectangularization of the Survival
Curve: Trends in Switzerland 1969-1994,” Journal of Epidemiology and Community Health, 52-7 412–415.

Perks, W. (1932). “On Some Experiments on the Graduation of Mortality Statistics,” Journal of the Institute of
Actuaries, 63 12–40.

Preston, S.H., Stokes, A., Mehta, N., and B. Cao (2012). “Projecting the Effect of Changes in Smoking and Obe-
sity on Future Life Expectancy in the United States,” Paper presented at the 14th Annual Joint Conference
of the Retirement Research Consortium August 2-3, 2012, in Washington, D.C..

Queisser, M, and E. Whitehouse (2006). “Neutral or Fair? Actuarial Concepts and Pension-System Design.”
OECD Social Employment, and Migration Working Paper No. 40.

Queisser, M, and E. Whitehouse (2005). “Pensions at a Glance: Public Policies across OECD Countries.” OECD
2005 (online: MPRA Paper No. 10907).

Rothenberg, R., Lentzner, H.R., and R.A. Parker (1991). “Population Aging Patterns: The Expansion of Mortal-
ity.” Journal of Gerontology: Social Sciences, 46-2 S66–70.

Sanderson, W., and S. Scherbov (2010). “Remeasuring Aging,” Science 329-10 1287-1288.

25



Shkolnikov V.M., Andreev E.M., Leon D.A., McKee M., Mesle F., and J. Vallin (2004). “Mortality Reversal in
Russia: The Story so far,” Hygiea Internationalis, 4 29–80.

SSA (2008/2009). Social Security Programs Throughout the World, 2008-2009. Washington, DC: Author.

SSA-S (2012). Annual Statistical Supplement to the Social Security Bulletin.
http://www.ssa.gov/policy/docs/statcomps/supplement/

SSA-T (2012). The 2012 Annual Report of the Board of Trustees of the Federal Old-Age and Survivors Insurance
and Federal Disability Insurance Trust Funds. Washington, D.C.

Thatcher, A.R., Kannisto, V., and J.W. Vaupel (1998). The Force of Mortality at Ages 80 to 120. Odense: Odense
University Press (Monographs on Population Aging, 5).

Vaupel, J.W., K.G. Manton and E. Stallard (1979). “The Impact of Heterogeneity in Individual Frailty on the
Dynamics of Mortality,” Demography 16-3 439–454.

Whitehouse, E.R. (2010). “Life-Expectancy Risk and Pensions: Sharing the Burden,” OECD Social Employment,
and Migration Working Paper No. xx.

Wilmoth, J.R., and S. Horiuchi (1999). “Rectangularization Revisited: Variability of Age at Death within Human
Populations,” Demography, 36-4 475–495.

Yin, N., and N.G. Bennett (2012). “Aging Societies,” in The Encyclopedia of Global Studies, H. Anheier and M.
Juergensmeyer (eds.), SAGE Publications.

26



Table 1: Average Remaining Lifespan, Birth Cohorts 1900, 1930 and 1960a

Birth Cohort 1900 Birth Cohort 1930 Birth Cohort 1960
All Male Female Imputed All Male Female Imputed All Male Female Imputed

Finland 17.54 14.87 19.65 17.54 22.79 19.84 25.45 22.39 28.29 25.84 30.76 23.34
Iceland 21.00 18.79 22.95 21.00 23.66 22.01 25.27 23.25 27.14 25.81 28.60 23.76
Norway 19.59 17.39 21.60 19.59 22.69 20.54 24.64 22.53 26.17 24.33 27.56 23.46
Sweden 19.68 17.66 21.57 19.68 23.30 21.23 25.14 23.08 27.07 25.46 28.28 23.94

Ireland 17.32 15.51 19.11 17.32 21.48 19.26 23.69 21.38 26.75 24.44 28.72 22.87
UK 17.92 15.19 20.28 17.92 22.13 20.24 23.71 21.90 26.95 26.21 27.45 23.22

Austria 17.52 15.10 19.51 17.52 22.73 20.14 25.09 22.29 28.22 26.00 30.38 23.29
Germany 17.67 15.34 19.61 17.67 22.20 19.58 24.63 21.75 27.32 25.05 29.67 22.56
Switzerland 19.35 16.80 21.49 19.35 24.35 21.79 26.59 23.87 29.32 27.26 31.07 24.70

Belgium 17.87 15.43 20.06 17.87 22.74 20.06 25.13 22.30 27.78 25.41 29.78 23.07
Denmark 19.15 17.09 21.03 19.15 20.57 18.88 22.02 20.62 22.95 21.80 23.66 21.99
Luxembourg 17.15 14.90 19.22 17.15 22.33 19.86 24.55 21.85 28.10 25.74 30.02 23.18
Netherlands 19.53 17.22 21.61 19.53 22.08 19.74 24.16 22.06 25.30 23.49 26.56 23.21

France 19.04 16.25 21.54 19.04 24.30 21.09 27.21 23.76 29.43 26.50 32.03 24.65
Italy 18.90 16.71 20.85 18.90 23.72 20.91 26.27 23.12 29.11 26.40 31.44 23.82
Portugal 18.99 16.89 20.61 18.99 22.28 19.72 24.72 21.75 26.61 23.78 29.51 22.76
Spain 19.40 17.17 21.14 19.40 23.78 20.94 26.77 23.31 28.33 24.98 32.00 24.20

Czech Republic 16.59 14.33 18.52 16.59 19.51 16.96 21.75 19.56 23.17 20.70 25.41 20.83
Poland 18.11 15.85 19.81 18.10 19.33 16.43 22.00 19.54 21.24 17.82 24.60 20.59
Slovakia 17.62 15.93 19.18 17.62 18.41 15.61 20.90 18.60 19.81 16.41 22.95 19.71
Estonia 18.38 15.47 19.98 18.38 18.31 14.97 21.13 18.68 19.65 15.72 23.48 20.20

Canada 18.95 16.49 21.47 18.95 23.45 21.25 25.29 22.97 27.93 26.35 28.76 23.59
USA 18.55 15.93 20.97 18.55 22.31 20.45 23.76 22.15 25.87 25.11 26.07 23.05

Australia 18.19 15.60 20.67 18.19 24.26 22.12 26.23 23.43 30.42 29.24 31.51 24.60
New Zealand 18.03 15.86 20.15 18.03 23.10 21.26 24.67 22.54 28.51 27.44 29.16 23.21
Japan 18.82 16.80 20.80 18.82 25.56 22.12 28.96 24.83 30.85 27.64 32.30 25.67

Notes: aSource: Heiland and Movsesyan (2013).



Table 2: Standard Deviation of Remaining Lifespan, Birth Cohorts 1900, 1930 and 1960a

Birth Cohort 1900 Birth Cohort 1930 Birth Cohort 1960
All Male Female Imputed All Male Female Imputed All Male Female Imputed

Finland 9.38 8.76 9.32 9.38 10.41 10.25 9.87 9.91 11.17 11.38 10.62 9.39
Iceland 9.80 9.56 9.60 9.81 9.91 9.81 9.78 9.46 10.44 10.39 10.17 9.06
Norway 9.27 8.83 9.22 9.27 9.96 9.71 9.63 9.69 10.43 10.39 9.88 9.14
Sweden 9.31 8.81 9.36 9.30 9.96 9.75 9.69 9.60 10.48 10.39 10.07 9.08

Ireland 8.89 8.33 9.08 8.89 10.21 9.87 10.06 10.06 10.99 10.87 10.72 9.32
UK 9.47 8.65 9.51 9.46 10.47 10.24 10.19 10.12 11.28 11.46 10.66 9.47

Austria 9.04 8.49 8.99 9.04 10.33 10.19 9.90 9.81 10.91 11.09 10.50 9.26
Germany 9.02 8.45 9.03 9.02 10.33 10.02 10.00 9.83 10.95 10.87 10.64 9.29
Switzerland 9.61 9.10 9.50 9.61 10.26 10.15 9.77 9.75 10.74 10.84 10.15 9.20

Belgium 9.27 8.66 9.26 9.27 10.25 9.88 9.89 9.73 11.00 10.84 10.46 9.34
Denmark 9.41 8.90 9.47 9.41 9.97 9.65 9.90 9.96 10.22 10.12 9.89 9.37
Luxembourg 9.03 8.51 9.00 9.03 10.41 10.10 10.06 9.79 11.21 11.30 10.51 9.08
Netherlands 9.42 8.89 9.41 9.42 9.87 9.58 9.55 9.77 10.26 10.23 9.75 9.20

France 9.70 9.06 9.58 9.69 10.78 10.47 10.20 10.14 11.41 11.23 10.87 9.60
Italy 9.38 8.96 9.30 9.37 10.57 10.25 10.20 9.94 11.31 11.04 10.98 9.42
Portugal 8.93 8.64 8.84 8.92 10.10 9.82 9.92 9.45 10.94 10.68 10.87 8.88
Spain 9.41 9.10 9.31 9.41 10.31 10.06 10.07 9.75 10.97 10.76 11.08 9.23

Czech Republic 8.42 7.94 8.33 8.42 9.78 9.51 9.49 9.72 10.40 10.26 10.07 9.21
Poland 8.92 8.52 8.85 8.91 9.89 9.47 9.70 9.98 10.08 9.54 10.10 9.60
Slovakia 8.55 8.27 8.50 8.55 9.39 8.95 9.25 9.57 9.51 8.93 9.55 9.23
Estonia 8.77 8.30 8.62 8.77 9.77 9.09 9.66 10.11 9.67 8.97 9.77 9.68

Canada 10.14 9.43 10.23 10.14 10.67 10.35 10.31 10.14 11.34 11.27 10.69 9.77
USA 10.28 9.51 10.37 10.28 10.57 10.40 10.25 10.31 11.16 11.31 10.56 9.88

Australia 9.78 9.02 9.85 9.78 10.85 10.66 10.45 9.99 11.84 11.88 11.10 9.26
New Zealand 9.45 8.74 9.63 9.45 10.67 10.37 10.39 10.06 11.55 11.61 10.77 9.59
Japan 9.75 9.24 9.84 9.74 11.20 10.46 11.14 10.30 12.78 11.33 14.81 9.78

Notes: aSource: Heiland and Movsesyan (2013).



Table 3: Full Retirement Age, Actual vs. Demographically Adjusted, Selected Cohortsa

Interest Rate (r) FRA-Actual Values FRA-Demographically Adjusted Values (Reference: Cohort 1900)

United States (Present: FRA=66; Ultimate: FRA=67)
Overall Males Females

1900 1930 1960 1930 1960 1930 1960 1930 1960
0.0% 65 65 67 68+10mo 72+7mo 69+9mo 74+9mo 67+9mo 70+1mo
2.68% 65 65 67 67+6mo 69+10mo 68+2mo 71+5mo 66+9mo 68+2mo
9.0% 65 65 67 66+1mo 66+10mo 66+5mo 67+7mo 65+9mo 66+2mo

Germanyb (Present: FRA=65; Ultimate: FRA=67)
Overall Males Females

1900 1930 1960 1930 1960 1930 1960 1930 1960
0.0% 65 (60) 63 (60) 66+4mo 69+10mo 75+10mo 65+1mo 70+6mo
2.68% 65 (60) 63 (60) 66+4mo 68+3mo 72+3mo 61+11mo 65+8mo
9.0% 65 (60) 63 (60) 66+4mo 66+5mo 67+11mo 60+10mo 61+5mo

Japanc (Present: Basic-Flat/Earnings: FRAm=65/61, FRA f =63/60; Ultimate: FRA=65/65)
Overall Males Females

1900 1930 1960 1930 1960 1930 1960 1930 1960
0.0% 60/60 60/60 65/64 (65/62) 67 74+4mo 65+6mo 71+7mo 68+8mo 76+11mo
2.68% 60/60 60/60 65/64 (65/62) 63+10mo 67+8mo 63+2mo 66+7mo 64+7mo 68+7mo
9.0% 60/60 60/60 65/64 (65/62) 61+1mo 61+11mo 61 61+11mo 61+2mo 61+10mo

Belgiumd (Present: Minimum Retirement Age=60 w/ 35 years of service; Ultimate: MRA=62 w/ 40 years of service)
Overall Males Females

1900 1930 1960 1930 1960 1930 1960 1930 1960
0.0% 60 65/60 65/62 65 70+4mo 64+9mo 70+6mo 65+2mo 70+1mo
2.68% 60 65/60 65/62 62+10mo 65+9mo 62+10mo 66+2mo 62+10mo 65+5mo
9.0% 60 65/60 65/62 61 61+7mo 61+1mo 61+11mo 60+11mo 61+4mo

Belgiumd (Present: Minimum Retirement Age=60 w/ 35 years of service; Ultimate: MRA=62 w/ 40 years of service)
Overall Males Females

1900 1930 1960 1930 1960 1930 1960 1930 1960
0.0% 65 65/60 65/62 70+4mo 75+10mo 70+2mo 76+1mo 70+4mo 75+4mo
2.68% 65 65/60 65/62 68+5mo 71+11mo 68+6mo 72+5mo 68+4mo 71+4mo
9.0% 65 65/60 65/62 66+5mo 67+7mo 66+7mo 68+1mo 66+3mo 67+2mo

Notes: aSource: Author’s calculations. Actual values reported in parentheses are for women if there are gender differences in adjustment policy. bIn Germany,

FRA is currently 65 (scheduled to reach age 67) and early collection of reduced benefits is currently permitted at age 63 with 35 years of contributions (or

in the case of long-term unemployment). cIn Japan, the pension consists of a flat-rate and an earnings-related component. Both schemes are experiencing

increases in the FRA from 60 to 65. Early benefit take-up at a reduced rate is possible in both schemes. d In Belgium, workers with 40 years of contributions

can currently retire with full benefits as early as age 60. The requirement on service years and the minimum retirement age at full benefits is increasing.



Table 4: Full Retirement Age, Actual vs. Demographically Adjusted, Selected Cohortsa

Interest Rate (r) FRA-Actual Values FRA-Demographically Adjusted Values (Reference: Cohort 1900)

United States (Present: FRA=66; Ultimate: FRA=67)
Overall Males Females

1900 1930 1960 1930 1960 1930 1960 1930 1960

65 65 67 67+6mo 69+10mo 68+2mo 71+5mo 66+9mo 68+2mo

Germany (Present: FRA=65; Ultimate: FRA=67)
Overall Males Females

1900 1930 1960 1930 1960 1930 1960 1930 1960

65 (60) 63 (60) 66+4mo 68+3mo 72+3mo 61+11mo 65+8mo

Japan (Present: Basic-Flat/Earnings: FRAm=65/61, FRA f =63/60; Ultimate: FRA=65/65)
Overall Males Females

1900 1930 1960 1930 1960 1930 1960 1930 1960

60/60 60/60 65/64 (65/62) 63+10mo 67+8mo 63+2mo 66+7mo 64+7mo 68+7mo

Belgium (Present: Minimum Retirement Age=60 w/ 35 years of service; Ultimate: MRA=62 w/ 40 years of service)
Overall Males Females

1900 1930 1960 1930 1960 1930 1960 1930 1960

60 65/60 65/62 62+10mo 65+9mo 62+10mo 66+2mo 62+10mo 65+5mo

Notes: aSource: Author’s calculations. Actual values reported in parentheses are for women if there are gender differences in adjustment policy. bIn Germany,

FRA is currently 65 (scheduled to reach age 67) and early collection of reduced benefits is currently permitted at age 63 with 35 years of contributions (or

in the case of long-term unemployment). cIn Japan, the pension consists of a flat-rate and an earnings-related component. Both schemes are experiencing

increases in the FRA from 60 to 65. Early benefit take-up at a reduced rate is possible in both schemes. d In Belgium, workers with 40 years of contributions

can currently retire with full benefits as early as age 60. The requirement on service years and the minimum retirement age at full benefits is increasing.



Figure 1: Current Pension Rules in OECD Countries (Source: Whitehouse and Queisser, 2006, Table 5)



(a) Men

(b) Women

Figure 2: Trends in Full Retirement Age in OECD Countries (Source: Chomik and Whitehouse, 2010,
Tables 1 and 2)
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Figure 3: Actual and predicted probability of dying, United States, cohorts 1900 and 1930.



6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

1900 1903 1906 1909 1912 1915 1918 1921 1924 1927 1930 1933 1936 1939 1942 1945 1948 1951 1954 1957 1960

Ye
a

rs
  

(S
ta

n
d

a
rd

 D
e

v
ia

ti
o

n
) 

Ye
a

rs
  

(A
v

e
ra

g
e

 L
if

e
 S

p
a

n
) 

Birth Cohort 

Average Life Span (Projected, Total) Average Life Span (Imputed, Total)

Average Life Span (Projected, Male) Average Life Span (Projected, Female)

Standard Deviation (Projected, Total) Standard Deviation (Imputed, Total)

Standard Deviation (Projected, Male) Standard Deviation (Projected, Female)

(a) Canada

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

1900 1903 1906 1909 1912 1915 1918 1921 1924 1927 1930 1933 1936 1939 1942 1945 1948 1951 1954 1957 1960

Ye
a

rs
  

(S
ta

n
d

a
rd

 D
e

v
ia

ti
o

n
) 

Ye
a

rs
  

(A
v

e
ra

g
e

 L
if

e
 S

p
a

n
) 

Birth Cohort 

Average Life Span (Projected, Total) Average Life Span (Imputed, Total)

Average Life Span (Projected, Male) Average Life Span (Projected, Female)

Standard Deviation (Projected, Total) Standard Deviation (Imputed, Total)

Standard Deviation (Projected, Male) Standard Deviation (Projected, Female)

(b) USA

Figure 4: Lifespan past Age 60, Average and Standard Deviation, Canada and USA. (Source: Authors’
calculation based on cohort life table data and projections.)
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Figure 5: Lifespan past Age 60, Average and Standard Deviation, Austria, Germany and Switzerland.
(Source: Authors’ calculation based on cohort life table data and projections.)
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(d) Netherlands

Figure 6: Lifespan past Age 60, Average and Standard Deviation, Belgium, Denmark, Luxembourg and
the Netherlands. (Source: Authors’ calculation based on cohort life table data and projections.)
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(b) Iceland
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(c) Norway
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(d) Sweden

Figure 7: Lifespan past Age 60, Average and Standard Deviation, Denmark, Finland, Iceland, Norway
and Sweden. (Source: Authors’ calculation based on cohort life table data and projections.)
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(a) Czech Republic
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(b) Poland
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(c) Slovakia
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(d) Estonia

Figure 8: Lifespan past Age 60, Average and Standard Deviation, Czech Republic, Poland, Slovakia and
Estonia. (Source: Authors’ calculation based on cohort life table data and projections.)
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(a) France
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(b) Italy
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(c) Portugal
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(d) Spain

Figure 9: Lifespan past Age 60, Average and Standard Deviation, France, Italy, Portugal and Spain.
(Source: Authors’ calculation based on cohort life table data and projections.)
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(a) Ireland
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(b) UK

Figure 10: Lifespan past Age 60, Average and Standard Deviation, Ireland and UK. (Source: Authors’
calculation based on cohort life table data and projections.)
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(a) Australia
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(b) New Zealand
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(c) Japan
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(d) Taiwan

Figure 11: Lifespan past Age 60, Average and Standard Deviation, Australia, New Zealand, Japan and
Taiwan. (Source: Authors’ calculation based on cohort life table data and projections.)
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Figure 12: Social Security Retirement Benefit Adjustment Schedules for U.S. Workers, Selected Cohorts.
(In parentheses: FRA and annual early and delayed adjustment percentages.)
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Figure 13: Average Annual Real Interest Rate of 20-year Constant Coupon Treasuries, Long-run and
15-year Linear Trends.


