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ABSTRACT As with many social transfer schemes, pension systems around the world
are often progressive: individuals with lower incomes receive a higher percentage of
their income as a subsequent pension. On the other hand, those with lower earnings
have higher mortality and thus accumulate fewer years of pension income. Both of these
opposing factors influence the progressiveness of pension systems. Empirical efforts
to disentangle the effects of mortality inequality on lifetime pension inequality have
been scarce. Using Swedish taxation data linked with death registers for 1970-2018,
we study how education and preretirement earnings relate to lifetime pensions from age
60 onward and how mortality inequalities contribute to overall inequalities in lifetime
pensions. The results show that a progressive replacement structure and mortality dif-
ferences contribute to the overall distribution of pension payments over the life course.
Up to one quarter of lifetime pension inequality is attributable to the greater longevity
of socially advantaged groups—particularly among men. Hence, mortality inequalities
are an important determinant of the overall degree of between-group income transfers
in a pension system, but they are not as important as inequalities in prior earnings.

KEYWORDS Pension progressivity ¢ Retirement ¢ Mortality inequality ¢ Life
expectancy * Education

Introduction

A large body of literature has considered the substantial and persistent socioeconomic
gradient in mortality risks and longevity. One implication of such gradients is their
effects on redistribution through state-regulated programs, such as health care and
pension systems. Demographers interested in mortality gradients have examined
population aging differences by socioeconomic status (SES) (Kitagawa and Hauser
1973; Majer et al. 2011; Pamuk 1985), but the effects of differential mortality on
pension benefits have not received as much attention. Thus, whether individuals with
lower SES benefit less from pension programs because of their higher mortality risks
remains an open question.
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Three factors determine an individual’s accumulated pension over the life course.
First, given the mortality gradient, individuals with higher SES live more years and
accumulate higher pensions. Second, preretirement earnings determine contribu-
tions to the pension system, which is further translated into flows of pension benefits.
Third, because of the explicit progressivity of many pension programs (i.e., redis-
tributing toward lower earners), proportional benefits become lower at increasingly
higher levels of preretirement earning. Whereas the first two factors predict greater
benefits to those with higher SES, the third does the same for those with lower SES.
The relative importance of these three factors is far from self-evident.

Researchers have often studied pension progressivity by comparing measures
such as the replacement rate across earnings groups (e.g., Dudel and Schmied 2019;
Whitehouse 2006). The replacement rate is the proportion of labor earnings trans-
lated into retirement pension income. Higher replacement rates mean more benefits
with respect to prior earnings-based contributions. In contrast, a cohort-based life
course analysis using measures such as the lifetime benefits/tax ratio (e.g., Smith
et al. 2003) may modify the association between SES and annual benefits because it
introduces the additional factor of mortality, which counteracts progressivity defined
annually. Recent research has highlighted the detrimental effects of SES mortality
differences using various methods. This research has concluded that SES mortality
differences increase lifetime pension inequalities and impede the progressivity that is
usually conceptualized annually without considering SES-specific mortality patterns
(Sanchez-Romero and Prskawetz 2020).

Understanding lifetime pension inequality is relevant from a policy-making per-
spective: the progressivity of pension systems is often a policy goal. Yet, progressive
replacement rates do not afford the same level of progressivity for the entire cohort
over the life course if the system considers replacement only among /iving retirees
compared with their previous incomes. Thus, an interesting question is, who benefits
(more) from pension systems when longevity varies? The answer depends on both
replacement and mortality inequalities between cohort members across such charac-
teristics as gender, income levels, and education.

In this study, we use high-quality Swedish national taxation records on earnings
and pension payments from 1970 to 2018 to examine how lifetime pensions are struc-
tured across socioeconomic groups. We disentangle inequalities in lifetime pensions
between social groups based on gender, education, and preretirement earnings into
age-specific components attributable to differences in annual pension income and
mortality.

We expand the literature in several ways. Prior research has not used individual-
level data over the complete life course, largely because of the unusually long span
of data required for this kind of lifetime analysis. We measure values of lifetime pen-
sions of real birth cohorts with high-quality register data that—unlike survey data,
which often suffer from missing values and reporting bias—provide an accurate pic-
ture of an entire population. Researchers have mainly examined the role of mortality
on lifetime pension inequality by using counterfactual analysis—that is, by recal-
culating lifetime pensions based on hypothetical mortality rates (e.g., Organisation
for Economic Co-operation and Development (OECD) 2017; Sanchez-Romero et al.
2020)—rather than decomposition techniques that yield additive terms summing
to total lifetime pension inequality. Our life table—based decomposition is a novel
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approach that presents not only age-specific mortality effects but also additive effects
of preretirement earnings and the redistributive role of the pension system. We also
explore the potential impacts of policy changes, such as raising pensionable ages.
Substantively, our results can inform policymakers attempting to balance the goals
of social equity and (demographic) actuarial fairness. We also shed new light on
the literature on later-life income stratification. Given that the share of older adults
in the population is rising almost worldwide and that pension income is the main
source of income for most older people, reducing old-age poverty is becoming ever
more important. The share of state budgets allocated to pensions is rising throughout
the aging world; meanwhile, inequalities in pension payments are becoming an
increasingly important aspect of economic inequality over the life course.

Background

What Is the Function of Pension Systems?

Pension systems in contemporary high-income countries serve many goals, including
(1) helping individuals redistribute resources from working to old ages; (2) protecting
individuals from poverty in old age; (3) providing insurance and reducing variance in
monthly old-age income, regardless of longevity; and (4) transferring money from higher
income individuals to lower income individuals as an integrated part of larger tax-funded
and mandatory government welfare systems, thus helping achieve the first three goals.
In traditional typologies of pension systems in OECD countries, systems described as
“Bismarckian” are oriented toward income replacement (meeting the first and third
goals), whereas “Beveridgean” systems focus on poverty protection (the second goal)
with less emphasis on relating pensions to previous earnings (Ebbinghaus 2021).

All but the first goal of life course transfers involve varying degrees of redistri-
bution between individuals. For instance, the third goal, also known as risk pooling
(Ayuso et al. 2017), may counteract the other goals of a pension system if individuals
with unusually long life spans are concentrated among high-income individuals.

In theory, everyone at working ages could buy private pension insurance that, in
retirement, would be translated into annuities from their savings through an open
market, thereby fulfilling the first and third goals. Yet, this practice has never occurred
at the societal level. Instead, lower income countries have relied mostly on family
care, gradually replacing it with public pension systems as they become richer. For
privately funded pension systems, creating actuarially fairly funded pension insur-
ances is challenging because of mortality differences by gender and socioeconomic
group, difficulties in forecasting future mortality, the great efforts required to maintain
a pension scheme over decades, and the risks involved in providing such insurances.
Thus, all OECD countries (with the partial exception of Chile) fund public pension
systems through taxes on working-age individuals that are transferred to pension-
ers (the so-called pay-as-you-go system), through mandated (and often tax-favored)
pension savings for individuals (Whitehouse 2006), or both.

Reducing inequality at older ages is intrinsic in most pension systems. Indeed, the
initial motivation for all pension systems (particularly those of the Beveridgean tra-
dition) was to eliminate poverty among older adults and ensure an adequate standard
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of living for them. Pension systems thus protect against socially unacceptable social
deprivation among the very old who can no longer work. With individuals living
longer beyond retirement ages, however, saving adequate resources during working
years to fund retirement has become less realistic for some. This point is particularly
relevant for low earners, who are more heavily reliant on public pension schemes
than high earners (U.S. Government Accountability Office 2019). Because public
pension systems are equalizers, old-age inequality in total income from all sources is
smaller in countries where public pension benefits represent a larger share of pension-
ers’ total income (Brown and Prus 2004).

Types of Redistributions and Inequalities

Different types of redistributions are involved in achieving each of the aforemen-
tioned goals of pension systems. Accordingly, redistribution and inequality can be
assessed for different comparison groups. In systems where working-age individu-
als fund the currently retired population, total contributions and total benefits within
any given generation tend not to be equal. Thus, intergenerational redistribution is
inevitable, further stimulating discussions about pension fairness across generations.
Many studies have focused on this aspect, particularly on whether the overall system
is sustainable with an aging population following declining fertility and mortality
(Howse 2007; Lee and Mason 2011). Other research has focused on pension reforms
and differences between funded and nonfunded systems (Sinn 2000). We do not elab-
orate on either of these aspects in this study. We focus instead on the redistribution
between individuals of the same cohort: within-generation, interpersonal redistribu-
tion and inequality. The sources of such inequality are prior labor income, the extent
to which labor income is translated into pension income, and life span. Life span is
crucial because it determines the length of pension accumulation. Although our focus
is on interpersonal redistribution and inequality, understanding intrapersonal redis-
tribution (i.e., individuals redistributing their income from working age to old age) is
also integral to our lifetime analysis.

Here, we summarize the three determinants of within-generation inequality. First,
preretirement labor earnings are closely linked to annual pension income. Men tend
to have higher labor earnings than women and thus tend to have higher annual pen-
sion incomes. Second, the extent to which the system intends to redistribute incomes
from the rich to the poor is often reflected in differential replacement rates. Such
redistributive effects of public pension programs, like other government programs,
tend to be measured yearly (Nelissen 1998), which ignore between-individual differ-
ences in mortality risks and thus in the number of years they can receive a pension.
Third, the longer individuals live, the more years they can benefit from the pension
system. This feature reflects that pension systems pool risks, protecting individuals
against uncertainty regarding how long they will live. Individuals therefore do not
risk using up their money long before they die or having unintentional property left
upon their death (Ayuso et al. 2017). Consequently, a pension system redistributes
money from the shorter-lived to the longer-lived.

Studies have found that people with higher SES tend to live longer than those
with lower SES even in today’s low-mortality regimes (e.g., Brennum-Hansen and
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Baadsgaard 2012; Mackenbach et al. 2018). The exact magnitude of this SES gradient
varies between countries. In the United States in 2001-2014, men in the top 1% of
the income distribution lived an average of 14.6 years longer than those in the bottom
1% (Chetty et al. 2016). In many OECD countries, the SES gap in longevity has been
growing (Kravdal 2017; Meara et al. 2008; Ostergren 2015; Permanyer et al. 2018).

Research on How Mortality Affects Pension Inequality

Research beginning with Aaron (1977) has demonstrated mortality’s regressive effects
on the overall redistribution of pension systems in many contexts. Many studies have
focused on the role of mortality inequalities by (lifetime) earnings (e.g., Bishnu et al.
2019; Garrett 1995), probably because public pension income is solely based on prior
earnings-related contributions. Other researchers have examined differences across
social factors such as class, education, gender, and race/ethnicity (Brown 2003, 2007;
Jijiie et al. 2019; Tan and Koedel 2019; Vidal-Melia et al. 2019).

Most studies have focused on the U.S. context. One such study simulated individual
life histories for two cohorts (1930 and 1960), finding that the gap in lifetime Social
Security benefits between men in the top and bottom income quintiles increased from
US$103,000 to US$173,000 across the two cohorts (National Academies of Science,
Engineering, and Medicine (NASEM) 2015). This increase was attributed to grow-
ing inequality in life expectancy: projected life expectancy at age 50 increased for
the top quintile (from 31.7 to 38.8 years) but decreased for the bottom quintile (from
26.6 to 26.1 years) across the two cohorts (NASEM 2015). Focusing on cohorts born
in 1962-1980, Tan and Koedel (2019) found that the U.S. retirement system is still
modestly progressive and that mortality inequalities reduce its progressivity.

Studies in other countries with distinct pension systems have confirmed mortality’s
regressive role. Research found that pension systems in Germany and Italy, unlike in the
United States, are regressive, transferring money from low to high earners (Caselli
et al. 2003; Haan et al. 2020; Mazzaferro et al. 2012). The OECD (2017) exam-
ined lifetime pensions across its member countries, assuming a three-year difference
in life expectancy between low and high earners and an arbitrary ratio of earnings
between them (50% and 200% of average earnings, respectively). The study found
that the differences in lifetime pensions between low and high earners vary between
10.6% and 16.6% across OECD countries. The true magnitude of life expectancy dif-
ferences between these income groups may not be three years. Nevertheless, fixing
the differences at three years is useful to show that the impact of life expectancy gaps
is widespread and suggests that the magnitude of lifetime pension inequality depends
on the context.

Research has also examined the potential impact of pension reforms, given that
many countries have moved from defined benefits to (notional) defined-contribution
pension systems. Using simulation, Lee and Sanchez-Romero (2019) found that a
notional defined-contribution (NDC) system using cohort- and income-specific life
tables leads to the lowest level of lifetime pension inequality in the U.S. context; a
defined-benefit (DB) system with progressive replacement or an NDC system with
cohort-specific but not income-specific life tables shows slightly higher lifetime pen-
sion inequality levels; and a DB system with a flat replacement rate shows the highest
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inequality. Thus, the authors concluded that an NDC system should use income-
specific life tables to reduce lifetime pension inequality, and a DB system should
move toward more progressive replacement rates. A theoretical analysis based on
life cycle hypotheses incorporating individual behavioral responses (e.g., timing of
retirement) yielded similar conclusions (Sanchez-Romero et al. 2020).

Some studies have used mathematical models to understand the variations of
lifetime pension inequality under different pension systems (Pesticau and Ponthiere
2016; Sanchez-Romero et al. 2020). Others have analytically calculated SES-specific
lifetime pensions based on SES-specific life tables and pension formulae (e.g., OECD
2017; Olivera 2019). Inputs are often not from data linked at the individual level but
instead are aggregated from different sources or arbitrary SES-specific inputs. This
approach is useful for international comparisons in which harmonized microdata are
unavailable. Another approach is to use microsimulation to construct hypothetical
cohorts, often with data from different sources and mortality forecasts (Goldman and
Orszag 2014; Hurd and Shoven 1985; NASEM 2015; Nelissen 1998). The simula-
tion approach is useful to parse the effects of different pension systems (Lee and
Sanchez-Romero 2019) and changes in individual-level inputs (e.g., earnings trajec-
tory, retirement age, life span) on population-level lifetime pension inequality. Another
advantage of simulation is that it can help address right-censoring, particularly in ana-
lyses of future trends in pension inequality. Only a few studies (e.g., Haan et al. 2020)
have been able to directly calculate lifetime pension inequality from individual-level
microdata with rich information. We impute pensions and mortality at very old ages,
but the imputed person-years represent only a trivial share of the total person-years.

Research Gaps and Our Contributions

No study has analyzed lifetime pension inequality based on birth cohorts’ experiences
because of data limitations. The long series of individual-level linked administrative
data are not subject to the problems typically affecting surveys, such as missing val-
ues and reporting bias, especially for income variables. Hence, one contribution of
this study is to provide precise, empirical evidence of the regressive role of the mor-
tality gradient.

Methodologically, our combination of the life table approach with the decompo-
sition technique is a novel addition to research on lifetime pension inequality. This
analytical framework can answer research questions that have not been thoroughly
answered. First, we can answer questions about the size of the contributions of mor-
tality and preretirement earnings to lifetime pension inequality. In most government
pension systems, whether based on mandatory savings or a DB or NDC system, pen-
sion income is highly correlated with preretirement labor income; therefore, a large
proportion of lifetime pension inequality results from inequality in preretirement
labor income. Our decomposition method disentangles total lifetime pension inequal-
ity into additive components due to mortality differences, preretirement earnings dif-
ferences, and the intended redistributive effects of the system. We also examine how
(hypothetical) changes to the entire pension system—such as overall generosity, pen-
sion timing, and life expectancy changes—impact SES differences between groups.
Second, we can address questions of how mortality differences at a given age affect
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lifetime pension inequality. Research has shown that mortality inequality between
SES groups becomes smaller with age (Hoffmann 2011; Rehnberg 2020), suggesting
that mortality inequality at older ages may contribute less to total lifetime pension
inequality than mortality inequality at younger ages. Whether this is true also depends
on the age-specific pension variable. Empirical evidence of the age pattern of mortal-
ity’s contribution is lacking: research has shown only the total mortality contribution,
partly because of methodological constraints.

Given that most of the relevant research refers to the U.S. context, less is known
about countries with contrasting pension systems, such as Sweden. Our study also
differs conceptually from previous research in that we capture all sources of pensions
(income-related government pensions, guaranteed pensions, collective-agreement
pensions, disability pensions, and widowhood benefits) and provide a holistic view
of the entire Swedish pension system, rather than evaluating individual components
of a (government) pension system (e.g., U.S. Social Security old-age insurance). The
drawback of this feature is that our study is not useful for evaluating subcomponents
of a given pension system; the advantage is that we can assess the pension system’s
overall societal redistribution.

The Swedish Context and Pension System

For most of the twentieth century, life expectancy in Sweden ranked among the
world’s highest, although data in recent decades indicate that this is no longer the
case (Drefahl et al. 2014). Male mortality remains low from an international per-
spective, whereas female mortality is at average OECD levels (Drefahl et al. 2014).
Inequality in life expectancy by income levels at age 35 increased over 1970-2007
for Swedish men and women (Hederos et al. 2018). In particular, poor and low-
educated men were the most vulnerable to premature deaths (Hartman and Sjogren
2018). An increasing gap in life expectancy at age 65 was also observed over 2006—
2015 (Fors et al. 2021).

Sweden is often described as a universalistic welfare state and as an exemplar of
the social democratic regime in Esping-Andersen’s (1990) typology of welfare states.
At the time of our study, Sweden offered a generous public pension system (first pil-
lar), but occupational pension systems (second pillar) linked to collective agreements
covering the majority of the population were also important (Palme 2005). Thus, the
Swedish pension system could broadly be described as Bismarckian. An overview
of the Swedish pension systems for our cohorts is provided in the online appendix.

The statutory retirement age was 65 for our cohorts, although individuals could
(and commonly did) access many of their retirement benefits beginning at age 60
(Hagen 2013). Our pension variable covers a wide selection of first- and second-
pillar pensions (Whitehouse 2006), including other pensions targeted at individ-
uals with special needs (e.g., survivor’s pension). However, the variable does not
cover sickness and disability pension schemes targeted at ages before the statutory
retirement age. For the cohorts analyzed, individuals could save in private annuities
(i.e., “pension insurance”) with different tax rates, depending on the saver’s circum-
stances. Private pensions (paid out as a normal pension) are included in our pension
variable, but they are rare.
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Data and Methods

Data

Our analyses draw on two data sets—tax and death registers—Ilinked with a unique
personal ID number. The initial sample includes 209,491 individuals born in 1920
(55.6%) or 1925 (44.4%). The use of two cohorts helps test the robustness of the
results. No important institutional change occurred between the two cohorts, so dif-
ferences in results would reflect cohort differences in mortality schedules and earn-
ings inequality, with the latter partly explained by cohort differences in labor force
participation, particularly for women. (See Tables A1 and A2; these and all tables
and figures designated with an “A” are available in the online appendix.) We exclude
1,628 individuals who had international migration records after age 50; 17,050 indi-
viduals who died before age 60; and 5,027 individuals with missing values for key
variables (mainly education). Hence, the analytic sample contains 103,712 individu-
als born in 1920 and 82,074 individuals born in 1925.

Individuals’ yearly labor earnings and pension income are derived from taxation
registers. The main outcome variable lifetime pension income includes state pen-
sions, employer-financed pensions, and private pensions (private pensions being a
very small share; see the online appendix). We focus on pension income at ages 60
and older; lifetime pensions are conditional on surviving to age 60.!

We examine two socioeconomic factors: education and preretirement labor earn-
ings. The education variable is obtained from education registers and has three lev-
els: primary, secondary, and tertiary (or more). We group individuals into earnings
quintiles based on (pretax) labor earnings over ages 50-59, separately by gender.?
Ideally, we would include earnings at younger ages for grouping, but earlier data
are not available. Grouping based on lifetime earnings (i.e., earnings over the entire
work history) may lead to different results. However, the most important part of the
Swedish pension system for our cohorts, the Allman Tilldgspension, is based on
income during the highest-earning 15 years (in practice, often around ages 50-59),
not lifetime earnings. The average annual earnings over these 10 years include years
with zero earnings, but excluding years with zero earnings when calculating average
annual earnings produces very similar results. A large share of women were (mostly)
outside the labor force because female labor force participation was far from uni-
versal in Sweden at the time. Therefore, the lowest quintile mostly includes women
outside the labor market. Women in the second quintile had some labor force attach-
ment. For the third and higher quintiles, the variable reflects different income levels
among working women (see Table A2). Earnings and pension income are shown in
1,000 Swedish krona (SEK). The exchange rate of SEK to U.S. dollars varied over
the period, with an average of approximately SEK 8 to US$1.

! After conditioning on surviving to age 50, we find that 5.8% (11,418) did not reach age 60. Men, the less
educated, and those with less income were more likely to die before age 60 than women, the more edu-
cated, and those with more income, respectively (see Table A3, online appendix).

2 The online appendix shows the proportion of individuals with years of zero earnings over ages 50-59
(Tables A1 and A2) and the mean and standard deviation of the earnings variable (Table A4).
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Death records are available until 2019. In total, 1,658 (1.6%) individuals from the
1920 cohort survived to 2020 (age 99), and 8,387 (10.2%) individuals from the 1925
cohort survived to 2020 (age 94). For individuals who survived to 2020, we assume
that their pension income is constant with the last three years’ average over subse-
quent years and that their mortality follows Statistics Sweden’s (2020) forecasts.>

Lifetime Pension Income

Our analyses are based on cohort life tables. For each subgroup, we construct a
life table from age 60 to age 105+. Then, we add a column of age-specific pension
income, pen,, to the life table. Lifetime pensions conditional on surviving to age 60,
LP,,, are a function of inputs: the total number of individuals surviving to age 60 (/,),
person-years lived in the age interval [x,x + 1), L, and pen_:

I o

LBy = f (ks Los pen,) = =3 L X pen,, (M
60

where o is the terminal age 105+, and the radix /y, is 1. This equation is analogous to
Sullivan’s (1971) method of healthy life expectancy, a widely used technique in pop-
ulation health research. The difference is that we replace the proportion of individuals
without morbidity with pen_ . Applying life table equations that Chiang (1960, 1972)
suggested, we can write L_ in the form of age-specific mortality rates (m,) and average
person-years lived in the age interval [x,x + 1) for persons dying in this interval (a,):
1-m, _a,_,

L =L ,x . ) 2
1+m,— m.a,

We assume a, to be 0.5. This assumption works well and is widely used for calculat-
ing life tables. Hence, LF, is a function of m, and pen,:

LR, = f(m,.pen,). 3)

For earnings and pension income, we adjust for inflation, with 2018 as the base year.

Some studies used a discount rate when calculating lifetime pensions because
they focused on the actuarial sustainability of pension systems (e.g., NASEM 2015;
Whitehouse 2006; Whitehouse and Zaidi 2008). This calculation adds less weight to
pensions at older ages. We do not include a discount rate in our main analyses, given
that our primary interest is in the received money flows in the pension system. Also,
accumulating nondiscounted values is standard in research on social stratification.

3 This assumption is reasonable because inflation-adjusted pension income is relatively invariable over
time (see Figures A1 and A2). We use Statistics Sweden’s (2020) mortality forecasts for ages that were not
observable (ages 100+ for the 1920 cohort and 95+ for the 1925 cohort). Within gender, we calculate mor-
tality rates for SES groups by assuming relative mortality differences (i.e., mortality ratios) between SES
groups in future years to be the same as those observed in 2015-2019 while matching total gender-specific
mortality rates to those forecasted by Statistics Sweden. The potential bias in our assumption should be
minor for our estimates of lifetime pensions at age 60, given that only a small proportion of individuals
from the two cohorts survived to 2020.
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For comparability with other studies focusing on pension sustainability, we present
results derived from using a discount rate of 2% in the online appendix. This discount
rate approximates the GDP per capita growth and wage growth over the period, and
overall income growth determines the long-term financial sustainability of a pay-as-
you-go system (Samuelson 1958).

Using the life table approach, we aggregate individuals by their life span and then
calculate the average lifetime pension. This approach essentially yields the same
result as directly averaging individuals’ lifetime accumulated pension (i.e., without
aggregating by life span first). Variation across individuals of the entire population
calculated from a life table approach (e.g., Olivera 2019) differs from direct individ-
ual calculations because aggregating individuals to the midpoint of one-year age-
groups reduces the variation to some extent.

Decomposition

Decomposition techniques are widely applied to explain the difference in an aggre-
gate measure between two (sub)populations by differences in its input covariates.
As described earlier, lifetime pensions are a function of covariates m, and pen,, and
our aim is to explain the difference in lifetime pension between SES groups by dif-
ferences in m, and pen,. We apply the Horiuchi et al. (2008) decomposition method.
Specifically, LP,, can be seen as a differentiable function of the covariates m, and
pen,. We assume continuous changes between the two groups of interest (e.g., low
and high SES). Lifetime pensions of low- and high-SES groups are denoted as LE},
and LP2, respectively, and the difference between them can be written as follows:

Jm% af(mxﬁ penx) dmx + pen)lz( af(mxb penx)
" om pets - Jpen,

X

LBy =L, =% dpen |- (4)

This way, the total difference between LPL and LF3 is split into components attrib-
utable to differences in m, and pen . Numeric integration is used for the estimation
(Horiuchi et al. 2008). This decomposition method has been widely used to decom-
pose health expectancies (van Raalte and Nepomuceno 2020).

We apply a second decomposition by further splitting the pen, into two compo-
nents: earn and diff,. Here, earn is the average yearly labor earnings between ages
50 and 59, and diff, is the difference between pension income at each age and the
average earnings at ages 50-590 (i.e., pen = earn+diff.).* The covariates are m_,

4 Alternatively, the relationship between prior earnings and yearly pension income can be specified as a
ratio. Our pension variable is the sum of pension incomes from various programs, and many of them are not
earnings-related. Thus, theoretically, the relationship between yearly pension income and prior earnings
is neither additive nor relative. Empirically, the relationship between earnings and yearly pension income
depends on the location of the earnings distribution. Particularly at the lower end of the earnings distribu-
tion, yearly pension income is unlikely to be related to earnings on a ratio basis. For instance, for women
with zero earnings (more than 40% of the lowest income quintile for the 1920 cohort), the ratio would be
positive infinity. A small increase in earnings does not lead to a big increase in pension income because
of the guarantee pension. The ratio between average yearly pension and average earnings for the lowest
female quintile in 1920 is 15.14, whereas the usual replacement rate of occupational pension is smaller
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diff., and earn. This reformulation is motivated by the large proportion of inequalities
in yearly pension income attributable to inequalities in preretirement labor earnings.
Generally, diff, takes negative values because individuals’ pension income tends to
be lower than their previous labor earnings. A diff. closer to zero means pension
income more closely matches labor earnings. Therefore, comparing diff, across SES
indicates the redistribution effect (measured yearly). If diff, is smaller in absolute
value among low-SES groups than among high-SES groups, the system is progres-
sive. The total contributions of earn and diff, sum to the total contributions of pen,
in the first decomposition. The decomposition method is implemented using the R
package DemoDecomp (Riffe 2018).

We also analyze the impacts of several scenarios of policy and mortality changes.
Changes in retirement ages are examined by shifting pen_ along age x.> Changes in
the pension system generosity are assessed by recalculating pen . Mortality scenarios
are evaluated by modifying the m_.°

Results

Table 1 shows that life expectancy at age 60 increases by education and earnings
quintile for both men and women (see also the survival curves in Figures A3 and A4).
For the 1920 cohort, men aged 60 in the highest earnings quintile were expected to
live 4.5 more years than their peers in the lowest quintile (22.0 vs. 17.5 years). Sim-
ilarly, for the 1920 cohort, life expectancy was 2.6 years lower for men with primary
education than for men with tertiary education; the corresponding gap for men in the
1925 cohort was 3.4 years. We found similar patterns for women, albeit to a lesser
extent. Overall, mortality differences by earnings were smaller for women than for
men. Interestingly, unlike men, women in the lowest earnings quintile did not have
the lowest life expectancy. Table 1 also shows that men and women who were more
educated and who earned higher incomes had higher pension incomes at age 70,
reflecting an income-based pension system. Overall, pensions increased rapidly up to
age 66 and remained stable for all groups thereafter (see age-specific pension income
in Figures A3 and A4).

We find substantial gaps in lifetime pensions between education and earnings
groups.’ Lifetime pension income of men with tertiary education was more than twice

than 1. Thus, the specification of using ratios is empirically less meaningful than the specification of using
absolute differences.

> When examining the impact of raising the retirement age by one year, we replace pen, with pen, _, for
ages 61-105 and set peny, to 0. When examining the impact of lowering retirement age by one year, we
replace pen with pen, , | for ages 60-104 and leave pen, s unchanged. This approach might not perfectly
reflect reality because individuals’ retirement patterns may change as a result of changes in statutory retire-
ment age, but it is a good starting point for the analysis of such policies.

® We examine simple scenarios in which mortality rates across all ages experience the same proportional
reduction.

7 See Figures A5 and A6 for boxplots of observed (i.e., truncated) accumulated pensions income until
the end of 2018. Lifetime pensions are defined here as the expected value of accumulated pension from
age 60 to death, but they can also be calculated from age 60 to a specific age, analogous to temporary life
expectancy (i.e., expected years of life within the specified age interval). These results are presented in
Figures A7 and A8.
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1856 J. Shiand M. Kolk

that of men with primary education. The absolute difference was about SEK 3 million
(approximately US$375,000) for both cohorts. Differences for women with primary
versus tertiary education were SEK 2.3-2.4 million for both cohorts. Additionally,
lifetime pensions increased by earnings quintile for men and women, with the largest
difference observed between the fourth and highest quintiles for both genders and
both cohorts.

We also find large differences by gender: men had shorter life expectancies but
higher lifetime pensions than women. For any given quintile from the second onward,
women had lifetime pensions that were approximately similar to those of men of the
preceding quintile. Additional analysis (Figure A9) shows that women had an advan-
tage because of their lower mortality, but a disadvantage in yearly pension income
more than offset the mortality component and led to an overall male advantage in
lifetime pensions.

Education and earnings differences in life expectancy are larger among men than
among women. The literature has long documented gendered differences in the asso-
ciation between SES and mortality (Pappas et al. 1993). On the other hand, differ-
ences in yearly pension income were smaller (in absolute terms) between women’s
SES groups than between men’s SES groups because of a more homogeneous income
distribution among working-age women than working-age men. Both mortality and
yearly pension levels resulted in larger gaps in lifetime pension income between
men’s SES groups.

Decomposition results for the comparison between primary and tertiary educa-
tion groups by gender and cohort are shown in Figure 1, where the sum of all red
and black bars in each panel equals the total difference in lifetime pension. Mortal-
ity differences accounted for an important part of the total differences in lifetime
pension. For men born in 1920, differences in mortality rates of all ages above 60
resulted in a difference of SEK 636,000 in lifetime pension income, constituting
22% of the total difference (SEK 2,945,000); corresponding figures for men in
the 1925 cohort were SEK 852,000 and 27%, respectively. However, lifetime pen-
sion differences due to yearly pension income showed almost no change across the
cohorts for men.

As shown in Table 1, women had lower annual and lifetime pensions than men.
Overall, the SES gradient in annual pension levels was similar for men and women.
In absolute terms but not relative terms, we find a larger difference in lifetime
pensions across SES groups for men than for women. Women had a less marked SES
gradient for mortality, particularly for earnings groups.

Among men, the importance of mortality differences between the two cohorts
increased slightly, in line with the increasing gap in remaining life expectancy (from
2.6 to 3.4 years). Contributions of mortality were smaller for women’s educational
groups than men’s (in absolute and relative terms), which is reasonable given that
mortality differences between women’s education groups were also smaller. The
magnitude of contributions of mortality differences decreased only at advanced ages
(around age 85); before this point, age-specific mortality contributions were relatively
stable. This finding could be explained by the decline in SES differences in mortal-
ity with increasing age and the steeper slope above age 85 (Figure A10). Indeed, the
age patterns of mortality in Figure 1 resemble the age patterns of mortality when
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Fig. 1 Decomposition of total lifetime pension differences between primary and tertiary education groups
into differences explained by mortality and yearly pension. SEK 1,000 ~ US$125. Source: Authors’ calcu-
lation based on linked administrative data from Statistics Sweden.

life expectancy differences are decomposed (Figure A11). The contributions of age-
specific pension and mortality were much lower at older ages because many fewer
people survived to these ages.

Meanwhile, age-specific differences in pension income contributed significantly
only beginning at the typical retirement age of 65 for men and women in both cohorts.
Before age 65, contributions to yearly pension income were minor and even reversed
among women because lower educated women retired earlier much more frequently
and had higher average pension income at these ages. Men’s and women’s contribu-
tions of yearly pension differences were consistently high beginning at age 66 and
started decreasing rapidly at approximately age 80.

Figure 2 shows the decomposition results for comparisons of the lowest and high-
est earnings quintiles. For men, we largely find the same patterns as for education.
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Fig.2 Decomposition of total lifetime pension differences between the bottom and the top earnings quintile
groups into differences explained by mortality and yearly pension. SEK 1,000 ~ US$125. Source: Authors’
calculation based on linked administrative data from Statistics Sweden.

The differences in lifetime pension were larger in the 1925 cohort. For women, the
earnings results differ from the education findings: the contributions of mortality dif-
ferences were much smaller, accounting for only 4% and 6% of lifetime pension
differences between the lowest and highest quintiles for the 1920 and 1925 cohorts,
respectively. As noted earlier, women'’s life expectancy at age 60 was not the lowest
among the lowest earnings quintile, and mortality was only slightly higher among
women in the lowest quintile than among those in the highest quintile.

Figures 1 and 2 show that most lifetime pension inequalities were explained by
differences in yearly pension income, which was largely determined by preretirement
labor earnings. On the other hand, most pension systems are progressive and aim to
provide higher replacements for low-SES groups. Thus, the differences in lifetime
pensions between SES groups explained by average yearly pensions (red bars)
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observed in Figures 1 and 2 are a function of both labor earnings and the pension
system’s redistribution effect. We further explored this aspect by splitting age-
specific pension income into two components: preretirement labor earnings and
the difference between pension income and labor earnings. Hence, we estimated
the extent to which preretirement labor earnings and the pension system’s redistri-
bution function (perceived yearly) contributed. Before showing these results, we
show how pension income is attached to labor earnings by education and earnings
group. We calculated the difference and ratio between individuals’ average yearly
pension income at ages 66—75 and average yearly earnings at ages 50-59. This
calculation, though, does not reflect any formula for how earnings were translated
into pensions in the pension system, which was not possible because our pension
variable included divergent pension programs.

Table 2 shows that the difference and the ratio declined with education and earn-
ings quintile, indicating progressivity in the pension system. Whereas women in the
highest earnings quintile born in 1920 received approximately three fourths of their
labor earnings, their peers in the lowest quintile received pensions more than 15
times their labor earnings. The large ratio for women in the lowest quintile reflects
a guarantee pension, which benefits individuals with very low earnings, such as
homemakers. However, from the second to the fourth quintiles, the ratio and the dif-
ference decreased little for men and moderately for women. In the 1925 cohort, the
ratio decreased from 0.78 to 0.74 for men and from 0.94 to 0.77 for women. Thus, the
pension system translated earnings into pensions at nearly constant rates for individ-
uals who had medium earnings, with only modest progressivity. The relatively weak
link between women’s earnings and pension partly reflects that women received a
comparatively large share of their income as widowhood pensions (which was inde-
pendent of their own earnings) because many of them married older husbands (Kolk
2015) and outlived their husbands.

Table 3 shows the results of an extended three-way decomposition. For simplicity,
we refer to the three components attributable to mortality, differences between pen-
sion income and preretirement labor earnings, and labor earnings as mortality effect,
redistribution effect, and earnings effect, respectively. The results show that most of
the total lifetime pension difference was due to the earnings effect. Differences in
lifetime pensions would have been considerably larger without a progressive pen-
sion system. If there had been no redistribution between groups, SES differences
would have been approximately twice as large. It is noteworthy that the decompo-
sitions were based on comparisons between the lowest and highest SES groups. We
expect to see a much smaller redistribution when comparing groups in the middle of
the SES distribution, as suggested by the results in Table 2. The overall patterns in
Table 3 are similar across different comparisons, except for the comparison between
women’s lowest and highest earnings quintiles. Compared with women in the low-
est quintile, women in the highest quintile had much higher earnings, but they (as
shown in Table 2) received only 72% of their labor earnings as their pension (at age
70) versus more than 1,500% for women in the lowest quintile. Such substantial dif-
ferences resulted in huge earnings and redistribution effects, driving lifetime pension
inequality in opposite directions. The differences explained by mortality are of lower
magnitude than SES differences in earnings and the progressive redistribution of the
pension system.
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Table 4 Ratios of yearly earnings, yearly pension, lifetime pension, and life expectancy at age 60
between education and earnings groups

Men Women

1920 Cohort 1925 Cohort 1920 Cohort 1925 Cohort

Ratio Ratio Ratio Ratio
Primary vs. Tertiary Education
Yearly earnings
(average over ages 50-59) 2.28 2.08 2.66 2.13
Yearly pension
(average over ages 66—75) 1.84 1.84 1.93 1.90
Lifetime pension income (at ages 60+) 2.09 2.05 2.07 2.00
Life expectancy at age 60 1.13 1.17 1.12 1.11
Lowest vs. Highest Earnings Quintiles
Yearly earnings
(average over ages 50-59) 4.10 3.69 58.33 13.63
Yearly pension
(average over ages 66—75) 2.82 2.74 2.86 3.10
Lifetime pension income (at ages 60+) 3.32 3.14 2.73 2.76
Life expectancy at age 60 1.25 1.25 1.03 1.05

Source: Authors’ calculation based on linked administrative data from Statistics Sweden.

In comparisons of less-divergent SES groups (e.g., primary vs. secondary edu-
cation, lowest vs. third earnings quintiles), the absolute differences in lifetime pen-
sion are unsurprisingly smaller, yet the share explained by mortality differences is
more or less constant across comparisons (see Tables AS and A6 and Figures A12—
A16). Our main findings are robust in these comparisons. Among them, the largest
differences in lifetime pension are those between secondary and tertiary education
groups and the third and highest earnings quintiles, suggesting that the differences
between SES groups were particularly large between the most advantaged groups
and others. To make our results comparable to previous studies focusing on actuar-
ial aspects and financing of pension systems, we replicated our calculations using
a discount rate of 2%, giving more weight to present incomes rather than future
pension incomes (see Table A7 and Figures A17 and A18). In these calculations,
money received at younger ages is valued more. Hence, we observe that mortality
was less explanatory of differences in lifetime pension between SES groups, given
that low-SES groups obtained a relatively higher share of their pensions earlier; the
longevity advantage of high-SES groups at older ages becomes less important when
a discount rate is used.

In Table 4, we show ratios of yearly earnings, yearly pension, lifetime pension
income, and life expectancy between low- and high-SES groups. Yearly pension
income is the most equal among the three monetary outcomes, and yearly earnings
are the most unequal. The inequality level of lifetime pension income falls between
the two. One exception is that for women in the lowest versus highest earnings quin-
tiles, yearly pension is more unequal than lifetime pension income. This finding is
likely due to the ages used to compare yearly pension income (ages 66—75): yearly
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pension income for the highest versus lowest female earnings quintiles is more equal
at older ages owing to increases in the minimum pension over time (see Figure A2).
We also find that differences in life expectancy between SES groups (and between
men and women) are much smaller than differences in lifetime pensions.

Lastly, in addition to decompositions based on the 1920 and 1925 cohorts’
experiences, we examined how counterfactual scenarios of policy changes and
mortality reduction affect lifetime pension differences to understand which fac-
tors are important for lifetime pension and how they affect SES differences in life
time pensions. Table 5 shows the results for the comparisons between primary and
tertiary education for the 1920 cohort. Results for other comparison groups are
highly consistent (Tables A8—A10). We examined how changes in retirement tim-
ing and pension system generosity will affect SES gradients. A uniform increase
in retirement age would have led to a smaller gap in lifetime pensions in absolute
terms because more highly educated individuals had higher yearly pension income
and thus would have lost more pension benefits in absolute terms. Yet, uniform
increases in retirement age would have enlarged lifetime pension inequality in
relative terms because lower earners would have lost a higher proportion of life-
time pension. The magnitude of these changes is small, particularly for relative
inequalities. If the change in retirement timing had differed by education such that
the less educated were to retire earlier than they did or the more educated were to
increase their retirement age, lifetime pension inequality would have been reduced
in both absolute and relative terms. In the extreme case in which only individuals
with tertiary education were to postpone their retirement age by three years, the
absolute differences in lifetime pension would have decreased by 30.2% and 25%
for men and women, respectively. However, the absolute differences in lifetime
pension would have remained high, at more than SEK 2 million for men and SEK
1.7 million for women.

Increasing yearly pension by the same fixed amount for all individuals would have
increased lifetime pension inequality in absolute terms because the more educated
would have benefited more given their longer life expectancy; however, it would
have reduced relative inequality. Increasing the minimum pension, which would have
affected mainly those with the least pension, would have reduced both absolute and
relative inequality.

Finally, we considered changing mortality rates. If mortality had decreased by
10% across all ages for all groups, absolute inequality in lifetime pension would have
been larger, but relative inequality would have been smaller. If mortality rates had
been reduced by 10% for the less educated but remained stable for the more educated,
lifetime pension inequality would have decreased in both absolute and relative terms.
Stagnation of mortality among the less educated and a 10% reduction in mortality
among the more educated would have exacerbated lifetime pension inequality. The
magnitude of effects of these scenarios is even more limited than in the retirement
age scenarios. Overall, even though these scenarios reflect quite large changes in the
pension system or behavior, the impact on overall SES differences in lifetime pension
is quite small compared with empirically observed differences (see Table 1). This
finding underscores the importance of prior earnings inequality in generating old-age
inequalities.

#20z 1dy 8| uo }senb Aq Jpd 1ysey81/8929%9 /S8 1/G/6G/HPd-aonie/AydelBowap/wod lieyaiaAlis dnp//:dpy wody papeojumoq



J. Shiand M. Kolk

1864

Downloaded from http://dup.silverchair.com/demography/article-pdf/59/5/1843/1646268/1843shi.pdf by guest on 18 April 2024

"STI$SN = 000°1 MAS «

"UIPIMS SONSTIL)S WOIJ BIeP QANBISIUIPE PONUI[ UO PAseq UONB[NO[ED SIOYINY 22105

'0401 A£q sa3e [[e ss0Ior Sojel AJI[ELIOW 9ONPAT dM ‘SOLIBUIS UONONPAI AJI[elIow Y} 10, *() 03 J9S sI dwooul uoisuad jo (09 95e “o°T) 1eaK ISIy Y} ‘TBdK U0 AQ JUSLIAIIIAI I)B[ JO SED
Yy uf (401 93 “9°1) 18K PIAIISqO ISB[ AY) UL SWODUT UOISUId Y} SB SWEs Y} 9q 0] PIWNSSE SI SWooul uoIsuad Jo (] 95e “a°T) 189K )Se] Y “IBIK SUO AQ JUIWAINAIL JAILIBS JO 9SBI 9Y) U] "SIBIK 931 10
Quo Aq saSe 1op[o 10 10Funok 0} swoour uoisuad A[1eaA PIAISSqO Y} PIYS oM DFe JUWAIAL oY) SUISULYD JO SOLIBUIIS AU} 10, "UONEBINDPD AIRILId) [)IM USWOM 10J 000 €0S‘y MAS pue ‘uoneonpas Arewid
UM USWOM 0} )00‘QL 1T IS ‘UOneINpa AIRILId) YIm Udw 10 00F0S9°S IS ‘uoneonpa Arewrid yarm uaw 10§ 0(L°S0L T JAS 21e suoisuad awmnaji] 25eI2ALR PIAIISQO AY) UOY0D (76T Y} 10, -S2I0N

s¢ vI'T 89 8'I8F°C 0'S 61°C $6 6'sTT’E SSO] %501 AT1IA) “SSA %) ATRWLI]

6'¢- 66'1 8¢~ T9ETT €6 861 4% Y'T6LT SS9 %() ATeILIO) ‘SSO] %40 Areurtig

S0- 90T (X3 0'¥6€°T 90~ 80°C vy 9°€L0°E IT€ 10§ $S9] %01
SOLIBUIS UONINPIY %u:mtoz

L= (A3 S01- S180°C 91~ S0T I'l- YI16°C 000°00T S 03 uorsuad wnwrury

Ps— 961 e §€TTT 90~ L0T 0~ €Y€6°C 000°08 JIHS 01 uoisudd WA
UOISUdJ WINUWITUIIA mEm_mM

el vET ST 6'L9T°T LL sTT 81— L'T68°C 1€ 03 $59] 000°0T S uorsuod Aeax

LS 61'C Tl- ¥'96C°C S¢ 91'C 60~ L'816°C [[€ 01 5891 000°0 1 MHS uorsuad Areax
SNOJAUAL) SSATT Eoum%m uoIsusd

€8 68’1 $T 1'T8€°C 86— L6'1 8l L'966°C [[e 03 210w (00°0T MAS uorsuad Areox

9 L6'T 4 SESET Ie- 0T 60 L'0L6T [[e 03 210w (00001 SAS uorsuad ALreax
SNOIAUAL) AIOJA Eoum%m uoIsud

6TI- 08’1 0'sT— SEPLl LSI- 9Ll [l 8'650°C Ja1e| SIeaK 021Y) UONEINPS AIeNIa],

€ 861 '8~ T6TIT €6— 86'T 01— 0°€h9°T Toje] 1804 dUO UOTEINPd ATRIo],

8- 06'1 78— 8°6C1°C 6'11- 8l vTi- L'088°C Jo1[1e0 s1eak 2011} UONEONPS Arewilid

Te- 00T e 0°€ST°T 9p— 66’1 v ¥'S18°T 1013 JeaK QU0 UOPEINPA Arewl]
mvw< HEQEQHEDM REE@M@%«MD

Tl 60'C 0CI- $9Y0°T 0C €1e Tyi- $'STST aseaIoul Teak-0a11,

0 L0T 0= Y'IETT 90 01'C 8p— ¥'€08°C 95LAIOUT TBOA-0UQ)
uM{ JUAWIDINIAY UT SBAIdU] WIOJTUN)
— L0T — 0°$TET — 60'C — L'¥b6°T PAAIdSGQ

a3uey) % oney a3uey) % (:000°T AS ur) aguey) 9, oney a3uey) % (:000°T S ur)
ma ua
QOUAIRJJI(] dANR[Y QOUIRJJI(] AIN[OSqY QOUAIRIJI(T dATR[Y QOUIRJJI(T AIN[OSqY

UQWIOA\

U

110109 ()76 ‘SOLIRuadS Ajieyiowr pue Aorjod Jopun uoneonps A1eno) pue Arewrd usomioq Ayjenbour uorsuod oW § ajqel



Mortality and Lifetime Pension Inequality 1865

Discussion

This study documents large differences in lifetime pensions across SES groups in
Sweden. Three factors determine total lifetime pension inequality. First, higher
annual earnings before retirement translate to a higher annual pension income. Sec-
ond, higher life expectancy among high-SES groups results in more lifetime pen-
sions. These two factors contribute to higher inequalities in lifetime pensions. Third,
a higher replacement rate among low-SES groups decreases lifetime pension inequal-
ities through a redistributive pension system. We show that a longevity advantage
explains up to one quarter of the higher lifetime pensions among high-SES groups,
particularly among men. Thus, over a lifetime, mortality differences between SES
groups dampen pension system progressivity. However, the results also indicate that
mortality is less important than the underlying earnings inequality in working years
that carries over into retirement.

Our findings are generally in line with previous research on the topic, which has
used different methodological approaches. Many studies have examined the extent
of redistribution and how it is affected by mortality differences. Studies have found
that mortality cancels out more than 25% of the redistribution in the French pen-
sion system, almost fully offsets the redistribution in the U.S. old-age Social Secu-
rity system, and makes the German and Italian systems regressive (Bommier et al.
2005; Haan et al. 2020; Mazzaferro et al. 2012; Sanchez-Romero et al. 2020). Taken
together, these studies highlight that the role of mortality in a pension system varies
across countries. Pension designs, individual work histories, and SES mortality pat-
terns may explain cross-country differences. Comparative studies might elucidate the
relative importance of these factors in future work. Such analyses of redistribution
involve lifetime contributions. Because of data limitations, we focus only on inequal-
ities in lifetime benefits and do not directly examine redistribution.

Socioeconomic inequalities in health and mortality inequalities in Sweden have
been among the lowest in Europe since the 1980s (Mackenbach et al. 2018). In
2011, the gap in life expectancy at age 65 between Swedish men with low versus
high education was 2.8 years, lower than the average of 3.6 years among 18 OECD
countries; for women, the gap was 2.9 years, higher than the OECD average of 2.6
years (Murtin et al. 2022). Research suggests an increasing SES gap in longevity
globally (Brennum-Hansen and Baadsgaard 2012; Kravdal 2017; Meara et al. 2008;
Ostergren 2015; Permanyer et al. 2018). An open topic is whether the COVID-19 pan-
demic will affect the socioeconomic mortality gradient (Clouston et al. 2021; Drefahl
et al. 2020) and how the pandemic will affect lifetime pension inequality. Mortality
inequality might contribute more to lifetime pension inequality in the future. In this
study, we found only small cohort differences, but the direction of change suggested
a trend toward larger differences.

The pension system design may help interpret our results. Mortality’s contribu-
tion to SES differences in lifetime pensions is arguably larger without occupational
pensions, which provide more generous replacement rates above the state income
pension. In the extreme case in which pension income is unrelated to preretirement
earnings, SES differences in lifetime pensions would be solely determined by mor-
tality. Because of generous replacement rates in occupational pensions for higher
earners, the overall net replacement rate in the mandatory pension schemes (i.e.,
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public and occupational pensions) appears to be U-shaped across earnings, which
is unique among OECD countries (OECD 2021). Given that Sweden has one of the
least progressive first- and second-pillar pension systems among OECD countries
(OECD 2011), preretirement earnings will be less important and mortality will be
more important in other countries. Across cohorts, the share of public pensions has
decreased, whereas the share of occupational and private pensions has increased in
Sweden (Hagen 2017); thus, preretirement earnings will be more important in gener-
ating SES inequalities in lifetime pensions in the future.®

Lifetime pensions are more unequally distributed across male SES groups than
female SES groups. There are three potential explanations for this finding. First, the
SES mortality gradient is usually stronger for men than for women, as found in this
study and consistent with prior research (Mackenbach et al. 2018). Among women,
the association between low income and high mortality is even reversed in the low-
est two quintiles—perhaps because for our cohorts, women in the lowest quintile
are often outside the labor market and rely on their husbands with higher incomes,
whereas women in the second and third quintiles are more often in the labor market
(see Table A2) and live alone (see Table All) or in households with low income.’
Second, the redistributive effect is stronger for women. Women in the lowest earnings
quintile are protected by the minimum pension and, to some extent, by widowhood
pensions (given the much higher ratio between pension income and earnings for
women in the lowest quintile vs. higher quintiles). Third, women display smaller
inequalities in preretirement earnings than men. Because the majority of lifetime
pension inequality is explained by preretirement earnings, gender differences in the
magnitude of lifetime pension inequality by SES could also be explained by the more
homogeneous earnings distribution across women’s SES groups.

The difference between yearly pension income and preretirement labor earnings
is similar from the second to the fourth earnings quintiles, suggesting that the redis-
tributive role of the Swedish pension system is limited for most of the population
in the earnings distribution’s middle range. In contrast, the pension system plays a
relatively more significant role in redistributing money from the very rich to the very
poor, as illustrated by the comparisons between the highest earnings group (who had
a large share of earnings that did not translate to lifetime pensions) and the lowest
earnings group (who received a guarantee pension, even in the absence of contribu-
tions), particularly for women.

Recent policy discussions on pension reforms often do not consider SES differ-
ences in longevity. Because of increasing overall longevity, many low-mortality

8 Additionally, the reliance on first- and second-pillar pensions differs considerably across subgroups of
the labor market, which may help clarify the role of mortality. For instance, the second and fourth quintiles
together arguably relied more on the first pillar than the third and highest quintiles combined. Accordingly,
we find that for both genders, mortality explained a notably larger share of the gap in lifetime pensions
between the second and fourth quintiles than between the third and highest quintiles (see Figures A15
and A16).

? Prior research has also shown that the type of income measure (individual vs. household) has large
impacts on the results regarding mortality inequalities between income groups. Women’s longevity mono-
tonically increases with household income, which is not always found for women’s individual income
(Shi et al. 2021). Table A1l shows that the share of married women was the largest in the lowest female
quintile and that the pattern for men was reversed.
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countries (e.g., Denmark, Greece, Italy, the Netherlands, Portugal) link the statutory
retirement age to life expectancy, and Sweden has plans to do so (OECD 2021).
Implications of such policies on redistribution will be particularly relevant for
Bismarckian pension systems, which explicitly aim to redistribute earnings into pen-
sions in an actuarially fair way. Hence, using SES-specific life tables would increase
pension fairness in defined-contribution and notional defined-contribution pension
systems. Individuals with higher SES and earnings live longer. Differences in longev-
ity by SES would then be reflected in assumptions on life span. Thus, individuals with
higher SES and earnings should have lower payout rates, which entails practical chal-
lenges, such as how to measure SES and which ages to consider for measuring SES.
Further concerns of raising pensionable ages are about who can survive to retirement
and inequalities in life span after retirement (Alvarez et al. 2021; Shi et al. 2022).

Our definition of “lifetime” is from age 60 onward, so premature mortality before
age 60 is not included. SES differences in lifetime pensions measured at age 50 would
have been larger than our estimates because the SES—mortality gradient tends to be
higher at ages 40—60 (Rehnberg et al. 2019). Future research may wish to examine
lifetime pensions beginning at a younger age to capture such effects.

Our study offers several notable contributions. First, we used an exceptionally
long series of high-quality data on observed earnings, mortality, and all pension
sources. Prior mathematical models illustrated the importance of differential mor-
tality to lifetime pension progressivity (Auerbach et al. 2017; Sanchez-Romero et al.
2020), and previous empirical studies have modeled mortality rates for cohorts whose
complete mortality schedules were still unknown (Haan et al. 2020; Olivera 2019).
Unlike previous studies, ours used observed income, mortality, and pension data for
cohorts whose life course has been almost entirely observed. Thus, our approach
is more data-driven and has the advantage of introducing many fewer assumptions.
Second, our decomposition approach is novel in revealing how much money lower
SES individuals lose because of their mortality disadvantages at each age. Third, we
disentangle three effects: mortality, earnings, and the pension system’s redistribu-
tive effects. Finally, our hypothetical analysis is a useful way to show the impacts of
potential policy changes.

A limitation of our hypothetical scenarios is that they assume that these scenar-
ios would not affect individual behaviors, such as retirement timing (for scenarios
of pension generosity and mortality), and do not reflect that later retirement would
imply higher contributions. However, the counterfactuals are primarily useful to con-
trast the effects of different dimensions of a pension system, such as retirement age,
mortality, and pension levels.

Another limitation is that our earnings grouping is based on earnings accrued over
ages 50-59, ignoring earlier earnings trajectories. Our comparison of average yearly
earnings over these 10 years and average yearly pension payments (at ages 66—75)
are only illustrative, not strict actuarial calculations of the rate of return on actual
pension payments. Our entirely empirical approach is both an advantage and a disad-
vantage compared with previous research. Thus, our study differs conceptually from
previous research: our pension variable is the sum of pensions of all pillars. Because
the distribution of pension types differs substantially across SES, our study provides
a broad picture of how a national pension system works in practice and the conse-
quences for social stratification (not calculations of the extent of redistribution of
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specific pension programs). In addition to representing a contribution to the literature,
this feature makes comparisons of our results with those of many previous studies
somewhat difficult. Future research may wish to disentangle how different pension
programs (e.g., guarantee pensions, widowhood pensions, collective agreement pen-
sions, private pensions) explain overall lifetime pension differences between SES
groups—a set of distinctions our data did not permit.

A further implication of our approach is that the cohorts for whom we could
observe nearly their entire lives were born in the early twentieth century, and we
therefore studied the pension system in the 1990s and 2000s. It would be interest-
ing to examine whether pension reforms in Sweden in 1999 have changed the broad
patterns we observed. The reform in 1999 introduced a notional defined-contribution
system to the public pension with balances for intergenerational redistribution and
flexible retirement ages that are actuarially fair. It later became a model for many
other OECD countries (Palme 2005). The first cohorts that experienced this new sys-
tem were born in the mid-1950s. m
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