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Abstract

Public pension systems account for a significant proportion of public ex-

penditure and involve substantial lifetime income redistribution, much of

which is implicit and poorly documented. Using administrative data on pri-

vate sector wage earners in France, we quantify and decompose this redis-

tribution by comparing the return on contributions of different groups. Our

findings show that the pension system is highly redistributive overall, with

returns on contributions halving from the bottom to the top of the income

distribution. This overall redistribution is largely driven by the progressivity

of the pension formula, with differential mortality having a limited impact.

However, this pattern masks substantial between and within gender redis-

tribution. We observe significant redistribution from men to women, with

women receiving an average return that is 33% higher than men’s, mainly

due to their higher life expectancy. Contrasted results are found within gen-

der and between income groups: when accounting for differential mortality,

progressivity for men is almost entirely reversed, while the system remains

largely progressive for women.
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1 Introduction

Over the last decade, research on income inequality has made enormous progress,

examining the magnitude, evolution, and determinants of inequality between in-

come groups (Piketty et al., 2018). There is also a better understanding of how

tax and transfer systems attenuate these differences (Bozio, Garbinti, et al., 2024b,

Bruil et al., 2022). Simultaneously, research on lifetime earnings inequality has ad-

vanced significantly (Kopczuk et al., 2010, Aaberge & Mogstad, 2015, Guvenen et

al., 2022, 2021), revealing the importance of considering long-term economic tra-

jectories. However, most studies focus on instantaneous redistribution, either at a

single point in time or through repeated cross-sections. This approach hides two

critical dimensions of lifetime redistribution. First, it fails to capture the intrinsi-

cally dynamic nature of some transfers, like education and social security. Second,

it neglects differential mortality patterns: wealthier individuals and women tend to

have longer life expectancy (Chetty et al., 2016), which has profound implications

for lifetime income inequality and redistribution both within and between genders.

Public pension systems play a pivotal role in this context. Lifetime income re-

distribution is one justification for the existence of social security (Diamond, 2004).

This typically takes the form of higher replacement rates received by individuals

with low lifetime earnings. This explicit redistribution can be counterbalanced or

amplified by implicit mechanisms driven by differential mortality. On the one hand,

high-income individuals receive their relatively high pension benefits for longer

periods, potentially exacerbating lifetime income inequality. On the other hand,

women’s pensions, while typically lower due to factors such as career interruptions

for childbearing and caregiving, higher rates of part-time work, and occupational

segregation (Goldin, 2014, Blau & Kahn, 2017, Kleven et al., 2019), are received over

longer periods. This extended benefit period may reduce the gender gap on a life-

time basis. Given that pensions constitute the largest public expenditure in many

countries, the effect of differential mortality on the progressivity of pension systems

and overall tax and transfer systems is likely substantial. Despite the importance

of this issue, there is a notable lack of evidence on how differential mortality shapes

lifetime inequality and redistribution, both between genders and within genders

across income groups. This paper aims to fill this gap in the literature by quanti-

fying these effects and providing a comprehensive understanding of how differential

mortality affects the substantial lifetime redistribution generated by public pension

systems.

We analyse longevity differences by gender and income group, and their con-
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sequences for lifetime earnings, using administrative records covering the entire

population of private-sector wage earners in France. Our analysis yields three key

sets of findings.

First, we analyse the relationship between income and life expectancy. Using

permanent labour income, which is calculated as the average daily wage earned

between ages 40 and 54, we compute life expectancy at 55 by income percentile for

men and women separately. For both genders, we observe a clear income gradient

in life expectancy that is almost linear in income percentile and concave in income

level. This gradient is more pronounced for men (a seven-years difference between

first and last percentiles against an average population life expectancy at 55 of 27

years) than for women (a two-years difference against an average of 33 years).

Second, we compute the overall income redistribution generated by the pension

system using the return on contributions (RC) indicator. The RC compares bene-

fits received from the pension system to contributions paid over the life course and

has a direct interpretation in terms of redistribution: individuals or groups receiv-

ing above average RC are net beneficiaries from the system, while those receiving

below-average RC are net contributors. We calculate the RC by ventile of lifetime

earnings and find that the pension system is highly redistributive, with returns on

contributions decreasing significantly with income. The RC for the lower income

group is almost twice that for the highest group (180% vs. 100%). We further de-

compose the RC between two components: redistribution generated by the pension

formula and redistribution attributed to differential life expectancy. This decom-

position reveals that the overall redistribution is largely driven by the progressivity

of the pension formula, with differential mortality having limited impact at the

aggregate level.

Thirdly, we analyse the RC by gender and demonstrate that the patterns of

aggregate redistribution are primarily explained by the gender composition of in-

come groups. Specifically, we find that women are overrepresented at the bottom of

the income distribution while men dominate at the top. Since women exhibit con-

sistently higher returns on contributions across all income levels – driven by both

longer life expectancy and more favourable treatment under solidarity components

of the pension formula – the aggregate progressive pattern observed when pooling

both genders largely reflects this compositional effect rather than genuine within-

gender redistribution. Overall redistribution thus masks significant and contrasting

redistribution between and within genders.

Between genders, we observe significant redistribution from men to women, with

the average RC for women being 35 percentage points (33%) higher than for men.
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Two thirds of this difference is explained by women’s higher longevity, with a re-

mainder due to the pension formula. Since the RC indicator does not directly

reflect standard of living, we analyse the gender gap in lifetime pensions. We find

that, absent differences in longevity, the gender gap would be twice larger than the

observed one (27% vs. 13%).

Within gender and between income groups, we find that differential mortality

has a significant impact on men. Among men and ignoring differentiated mortality,

the RC decreases with income due to the solidarity components of the pension

formula. Remarkably, accounting for differential mortality almost entirely reverses

the RC progressivity for men, as the RC increases with income up to the last quartile

of the income distribution. For women, differential mortality does not significantly

affect redistribution, due to the combination of smaller estimated mortality gradient

and substantial solidarity effects that strongly shape the RC by income group.

Thus, our findings reveal that differential life expectancy is the primary mecha-

nism driving redistribution from men to women, while simultaneously undermining

progressive redistribution among men by favouring higher-income individuals.

This paper contributes to three strands of the literature.

First, we connect to the literature on the determinants of life expectancy, par-

ticularly the relationship between income and mortality. Building on the seminal

work of Chetty et al. (2016), which uncovers a strong correlation between house-

hold income and life expectancy from large administrative tax records in the United

States, we propose alternative methodological choices.1 Like Haan et al. (2020) and

Milligan & Schirle (2021), we use a measure of permanent income to rank indi-

viduals, avoiding potential biases that may arise from income mobility (Kreiner et

al., 2018). We also focus on individual labour earnings rather than household in-

come. Labour earnings constitute the tax base for social security contributions and

are therefore arguably the relevant income concept for analysing redistribution in

pension systems. However, labour earnings may be a less accurate predictor of life

expectancy, since they are not perfectly correlated with standard of living, espe-

cially for women. We provide a discussion regarding the choice of income concept

and its practical consequences on the estimation of life expectancy gradient.

Second, we contribute to the literature on the distributive effects of pension sys-

tems, particularly their interaction with differential mortality. While static analyses

of pension progressivity are common (Whitehouse, 2006, Aubert, 2012), evidence on

lifetime redistribution is more scarce as it requires comprehensive data on income

1Chetty et al. (2016), has been replicated in different countries: Kinge et al. (2019) for Norway,
Kreiner et al. (2018) for Denmark, Blanpain (2019) for France, and Hagen et al. (2025) for Sweden.
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and mortality trajectories. Most studies overcome this constraint by relying on

dynamic microsimulation models (Liebman, 2002, Mazzaferro et al., 2012, Dubois

& Marino, 2015), in which individual trajectories are simulated based on estimated

processes (Li & O’Donoghue, 2013). These studies typically find that public pen-

sion systems are redistributive – providing higher return on contributions for low

socioeconomic status individuals – and identify only moderate effects of differential

mortality on overall and within gender redistribution. However, these studies are

limited by their reliance on modelling assumptions as well as their use of survey

data and education-based mortality estimates. They cannot leverage the full range

of relationships between income and life expectancy that were demonstrated by

Chetty et al. (2016) and subsequent studies. Haan et al. (2020), overcomes these

limitations by using administrative data containing complete individual trajectories

to estimate life expectancy and returns on contribution by groups of lifetime income.

Consistent with our finding, they demonstrate that redistribution in the public pen-

sion system for men in Germany is reversed once differential life expectancy is taken

into account. An important limitation of this paper is its focus on men only, with no

analysis of overall or between gender redistribution within the system. Focusing on

Sweden, Shi & Kolk (2022) consider both men and women, but they only consider

them as separate populations, and focus on lifetime pensions inequality without

accounting for contributions, providing an incomplete assessment of redistribution.

To our knowledge, our paper is the first to provide a comprehensive evaluation of

lifetime redistribution in the public pension system using microdata. By combining

the general scope of analyses based on a microsimulation models with the accu-

racy of exhaustive administrative data, we are able to quantify and decompose the

various types of redistribution generated by the pension system.

Third, we contribute to research on gender gaps in pensions. This literature

typically focuses on cross-sectional comparisons of pension levels (Betti et al., 2015,

Samek Lodovici et al., 2016), examining factors such as gender differences in work

hours (Bertrand, 2020, Goldin & Lleras-Muney, 2019) and hourly wages (Blau &

Kahn, 2017), which translate into lower pension rights. There are also differences

between men and women in terms of savings behaviour (Neelakantan & Chang,

2010) and retirement decisions (Tréguier, 2021), which can be related to differences

in risk aversion or social preferences (Bertrand, 2011). Our study adds to this

literature by quantifying lifetime redistribution between genders in the pension

system and assessing how women’s higher longevity contributes to narrowing the

pension gap relative to career-related factors.

The rest of this paper proceeds as follows. Section 2 describes the institutional
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context and the data sources used in the analyses. The theoretical concepts and

empirical methods we employ are detailed in Section 3. We then present the results

on the relationship between income and mortality and on redistribution generated

by the pension system in Section 4. Section 5 concludes.

2 Background

2.1 Institutional context

The public pension system in France is large, with benefits amounting to roughly

14% of GDP. In this paper, we focus on wage earners in the private sector. For this

group, pensions are divided into two components that are provided by two different

pension schemes: a first pillar (Régime général) and a second pillar (Agirc-Arrco).

A high share of the French working population is affiliated with these regimes at

least once in their careers: pensioners of the Agirc-Arrco scheme – on which we

focus in this study – represent 72% of current and 84% of new pensioners in France

in 2021 (DREES, 2023).

The first and second pillars share important common features: they are both

pay-as-you-go pension schemes funded by compulsory social security contributions.

Their main differences concern their contribution bases their pension formulas –

annuities for the first pillar and a point system for the second – and their governance

– the state for the first pillar and labour organisations for the second.2

Both pillars are contributory, in the sense that pension benefits increase with

pension contributions. However, the pension formula and the way solidarity compo-

nents (accounting for births, disability, unemployment, etc.) are incorporated into

the system may lead to important differences in returns on contributions. Figure

1, taken from Aubert et al. (2012), shows that the replacement rate (the ratio be-

tween pension and end of career labour earnings) is clearly decreasing with monthly

earnings, suggesting that returns may be higher for low income workers.

This decreasing shape is mainly driven by the first pillar, which incorporates

more solidarity components in its formula. In contrast, second-pillar replacement

rates do not vary much according to labour earnings, reflecting the stronger contrib-

utory feature of the second pillar. Aubert & Bachelet (2012) show that the redis-

tributive aspect of the first pillar is mainly driven by the solidarity components asso-

ciated with parenthood or those that compensate for career interruptions. Women

benefit particularly from this redistribution through solidarity components that are

2Online appendix A presents in detail the main features of the pension formulas for the two
schemes.
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specifically targeted to compensate for career interruptions linked to maternity and

the education of children.3 The basic pension formula is actually anti-redistributive:

when neutralising all solidarity components, the D9/D1 ratio of pension is larger

than the D9/D1 ratio of cumulated earnings.

Figure 1: Median replacement rate in the private sector, by scheme and income
group
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Note: This figure presents median replacement rates defined as the ratio between the pension at claiming age
over labour earnings before retirement, as function of monthly labour earnings before pension claiming.
Source: Aubert et al. (2012)

2.2 Data sources

The primary data sources for this study come from the administrative records of the

Agirc and Arrco pension schemes. These provide detailed information on current

rights and past contributions of individuals who were affiliated to the scheme – both

retirees and workers – at some point between 2009 and 2022. Demographic data on

these affiliates include individuals’ dates of birth and death, gender, and country of

origin.

This data allows us to recover individuals’ earnings trajectories in the private

sector from 1962 – creation of Arrco, the sub-scheme for non-executives – to 2022.

Specifically, we have information on earnings and points accumulated each year

by affiliates for different types of points (directly through contributions or non-

contributory points for unemployment, illness, or disability). In addition to career

information, Agirc-Arrco records provide exhaustive information on second-pillar

pensions, with extensive details on the different components of these rights – direct

3These components are detailed in appendix A.4.
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rights from contributions but also non-contributory rights from each specific soli-

darity schemes. We also have information on the benefits received form all other

pension schemes for retirees after 2014.

The main advantage of this administrative data source is that it enables us to

observe the complete career and retirement trajectory of affiliates. This makes it

possible to analyse redistribution from a lifetime perspective.4

Other data sources used in our empirical analysis include series of mortality by

sex, age and year for the overall French population, from the National Statistics

Institute – Insee5 – and various other sources to recover historical parameters of

interest for the pension system. These are detailed in online appendix B.1.

3 Concepts and methods

The empirical analyses in this paper consist of two main steps: the estimation of

an income gradient in life expectancy and the assessment of overall redistribution

in the pension system, in light of these life expectancy differences between and

within genders. In this section, we present the methodology developed in each

analysis. First, we present the income measure that we use in both analyses to

rank individuals in the income distribution.

3.1 Income definition

Income concept The literature studying the relationship between income and

mortality does not use a uniform and consistent measure of income to rank indi-

viduals. Chetty et al. (2016) and most followers rank individuals based on their

instantaneous household income. We depart from this definition in two ways.

First, we define individuals’ income rank based on their position in the income

distribution over the life-cycle. Second, we use individual labour earnings instead

of household income or standard of livings – as done in Chetty et al. (2016) and

Blanpain (2019).

This choice is motivated by two reasons: on the one hand, individual labour

earnings is the most relevant income concept to study lifetime redistribution in the

pension system, as we relate total amounts of contributions paid on labour income

to total amounts of pensions received. On the other hand, using permanent income

4Note that data quality improved over time, especially regarding career data: in online Ap-
pendix B.2, we show that data on career trajectories is less complete for less recent years, indi-
viduals who retired before 1999, and more generally for older cohorts.

5See https://www.insee.fr/fr/statistiques/7678712?sommaire=7678731
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rather than lagged income as a determinant of mortality potentially limits the issues

raised by income mobility during the life cycle (see Kreiner et al., 2018).

Ideally, we would like to rank all individuals using total labour earnings over the

life-cycle. In practice, we depart from this ideal setting by focusing on a measure

of “permanent income”, defined as average labour income between ages 40 and 54.

This choice is driven by sample restrictions stemming from conceptual and data

constraints that we explain below.

Sample selection The population we focus on results from a trade-off between

our measure of permanent income and our measure of life expectancy: on the one

hand, we want our measure of permanent income to approximate lifetime earnings.

On the other hand, we want to have the largest sample possible, especially at older

ages, to compute life expectancy at 55.

The upper bound of the age window for our income measure is defined to avoid

reverse causality between income and mortality. Since we measure mortality from

age 55 onward, we choose 54 as the upper bound of the permanent income measure.

The lower bound results from a trade-off between observing deaths at older ages

and the fact that for older cohorts, we only observe careers from 1962 onward. We

would need to focus on individuals born after 1945 to observe their full working

career. These cohorts are still relatively young – at most 74 – in 2019, the last

year selected for our mortality analysis. This imposes strong constraints for the

estimation of life expectancy. We end up considering cohorts born between 1922

and 1964. For these, we can compute a permanent income between 40 and 54 and

observe mortality from 55 to 90. Among these cohorts, our initial sample comprises

individuals who were alive in 2009 and at age 55 or older.

On this initial sample, we want to focus on affiliates for whom our measure

of permanent income is deemed representative of the total career. This leads us

to make further sample restrictions. First, we focus on France-born individuals:

if a large share of the career is spent abroad, our measure or earnings might not

reflect actual lifetime labour income. Mortality is also poorly measured for this

population, when these affiliates do not live in France anymore at time of death.

Second, we restrict the sample to individuals for whom we observe at least 3 years

of contribution between ages 40 and 54. Below this threshold of time spent in the

Agirc-Arrco scheme, we consider that private sector income is likely to be poorly

correlated with total lifetime income. For the same reason, we exclude the bottom

7% of the sample. Among individuals below this threshold for whom we observe all
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pensions6, we indeed observe that a relatively large share of career is often spent

in other regimes (see Appendix Figure B.3), making our measure of income a poor

predictor of mortality.

These restrictions have a significant impact on sample size.7 Starting from 14.3

million men and 12.3 million women, we end up with 5.0 million men and 3.9

million women in our final sample. However, it should be noted that the important

restrictions tend to exclude individuals who are not working much in the French

private sector: they may be workers from other sectors (such as the public sector)

who occasionally contributed to the private sector, or people out of the labour

force between ages 40 and 54. In Appendix C.1, we find that our measure of life

expectancy gradient is not much affected by alternative sample definitions.

Income rank computation We define permanent income as average observed

earnings between ages 40 and 54. For a given year, earnings are either directly

observed or derived from contributed points and individual contribution rates.8

Earnings are then normalised by an index of mean wage per capita and summed

over ages 40 to 54. Total earnings are divided by the observed number of days

worked during the same period to yield our measure of permanent income.

We then rank individuals into percentiles of permanent income. Since mortality

of some cohorts are only observed at ages older than 55, simply defining quantiles

of permanent income based on our observed sample would be exposed to the risk

of survival bias (Attanasio & Hoynes, 2000): among survivors of older cohorts,

individuals with high levels of income are likely to be overrepresented. We deal with

this issue by defining percentiles of permanent income based on the distribution of

our younger cohort – 1964 – for which all survivors at age 55 (the younger age of

the mortality analysis) are observed. Percentiles are defined with men and women

pooled. The resulting income thresholds are used to rank all individuals from older

cohorts into these percentiles.

This definition of permanent income ranks relies on the following main assump-

tions. First, we assume that mean observed earnings per day worked between ages

40 and 54 is a good predictor of total earnings during this period. In that respect,

the way we treat periods of work interruption or work outside of the private sector

matters. By dividing observed earnings by the number of days worked, we implic-

6Those constitute a subsample of the study, who did not die before 2014 or before the age of
claiming.

7Appendix Table A.1 summarises the impact of each restriction on sample size.
8Point data is more complete than earnings data in the career records. Individual contribu-

tion rates are inferred from periods where both earnings and points are observed. The precise
methodology is described in Appendix B.1
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itly assume that individuals’ earnings during unobserved periods were similar to

the ones observed during work periods in the private sector.

Second, we assume that earnings between ages 40 and 54 are a good predictor of

lifetime earnings. Some of the sample restrictions mentioned above aim at making

this assumption reasonable: the selected sample comprises individuals for whom

working periods in the private sector during ages 40 and 54 represent a sizeable

share of their whole career.

Third, we assume that across cohorts, individuals with the same level of per-

manent income are similar – in particular regarding mortality patterns. Since we

normalise earnings by an index of mean wage, we control for wage growth over time.

Note that we do not make assumptions on the evolution of the income distribution

across cohorts. Income groups correspond to percentiles of the 1964 cohort but are

not bound to represent 1% of each cohort. We therefore implicitly assume that

what predicts mortality, rather than the rank in one’s cohort distribution, is the

level of earnings, relative to the prevailing mean wage during one’s career.

In Appendix C.1, we test alternative definitions of permanent income and perma-

nent income ranks and observe the effect on the observed life expectancy gradient.

These alternative measures aim at testing these three assumptions. We find that

our measure of life expectancy gradient is robust to these sensitivity analyses.

3.2 Measurement of life expectancy gradients

Mortality is defined using cross-sectional data on observed deaths and survival of

cohorts 1922-1964, averaged over the 2009-2019 period. Note that in our data, we

observe mortality up to 2022. However, because of excess mortality linked to the

Covid epidemics, we exclude 2020 and subsequent years. Observed mortality rates

at age a for a certain sub-sample x – a subset of the overall sample based on income

group or gender – are defined in cross-section, averaged over the 2009-2019 period:

Q̂xa =

∑
t∈{2009,2019}Dxat∑
t∈{2009,2019}Nxat

Where N and D are respectively the number of survivors as of January 1 st of

the considered year and the number of deaths during the year. Age is that which

would be reached during the year.

As in most of the aforementioned literature on mortality inequality, we use a

parametric model of mortality to estimate mortality rates Qxa from observed Q̂xa.

We assume that the logarithm of mortality coefficients evolves quadratically with

age from 55 to 90. More precisely, to deal with zero values in observed mortal-
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ity rates, we estimate the following Poisson Pseudo-Maximum Likelihood (PPML)

model:

E(Qxa) = exp(αx + β1xa+ β2xa
2) + εxa, E(εxa|a) = 0

Smoothed mortality rates at age a, Q̃a, are obtained as the predicted values of

the model. For ages above 90 and up to 120, mortality rates are those of the overall

French population of the same gender. Survival at age 54 is equal to 1 by definition

and from age 55 to 120:

∀ a ≥ 55 : Sxa =
a∏

i=55

(1− Q̃xi)

Life expectancy at 55 is equal to the sum of survival probabilities at all subse-

quent ages (Sx54 = 1 and Sx121 ≈ 0):

Ex55 =

120∑
k=55

(k − 54)(Sxk − Sxk+1)

Sx54

=
120∑
a=55

Sxa

The way we model mortality relies on two main assumptions. First, we assume

that the log of expected mortality coefficients can be adequately approximated

by a quadratic function of age in the range that we study. This specification is

close to established practices in estimating mortality gradients across socioeconomic

groups, as demonstrated by studies examining life expectancy inequalities (Chetty

et al., 2016). In Appendix C.2, we test main alternative specifications found in the

literature. We find that life expectancy gradients between and within genders are

mostly left unchanged.

Second, while instantaneous mortality is usually computed for a given year, in

our analysis we aggregate 11 years, from 2009 to 2019, for the computation of a

given mortality rate by age and subpopulation. We do so primarily for sample

size reasons. The resulting observed mortality rates are thus a weighted average

of annual mortality rates over these 11 years. One might be concerned that we

place more weight on recent periods – more recent cohorts with larger sample sizes.

One might also be interested in understanding the evolution of mortality patterns

over time. Research has documented significant changes in life expectancy gradi-

ents in recent decades, with studies showing increasing inequalities within gender
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groups and evolving patterns between genders (Chetty et al., 2016, Dahl et al.,

2021, Hagen et al., 2025). In Appendix C.2, we estimate the same mortality model

by year and show the evolution of the life expectancy gradient between 2009 and

2019: within gender, life expectancy inequalities increased, while between-gender

inequalities tend to decrease.

3.3 Lifetime redistribution in the pension system

Return on contributions The main measure we use to analyse redistribution in

the pension system is the return on contributions – henceforth referred to as RC. It

is defined as the ratio of the lifetime flow of discounted pensions during retirement

to the lifetime flow of discounted contributions during one’s career. For a given

individual i, we define it as:

RCi =

120∑
a=Ri

βaSaiPi

68∑
a=8

βaCai

(1)

where a is age, β is the discount factor9 and Pi, Ri, Cai, and Sai respectively

are the annual pension level, claiming age, annual social security contributions and

survival probability function. Note that all amounts are deflated using a consumer

price index. This is consistent with the current rule in France, whereby pension

benefits are indexed to prices, meaning they remain constant in real terms after

claiming a pension.

The higher the RC, the bigger the flow of received pensions, compared to paid

contributions. At the aggregate level, the average RC of a given cohort, in a pay-as-

you-go system will be largely determined by the growth rate of the wage bill, which

is the contribution basis of the pension system (Samuelson, 1958). However, for

a given cohort, we can observe large variations in RC between individuals. These

variations are driven by three factors: mortality, replacement rate – ratio of pension

level over lifetime contributions – and claiming age. Variations in claiming age and

mortality influence RC by playing on pension duration. Replacement rate can also

vary between individuals based on the non-contributory elements of the pension

formula10.

9Throughout this analysis, unless otherwise mentioned, we use β = 0.98 as our discount factor.
Other discount factors are tested in Appendix C.3. We find that higher discount factors accentuate
the effect of mortality differentials by putting more weight on old ages.

10This includes additional rights for period of unemployment or low employment, or advantages
related to children. See online appendix A for a description of the existing mechanisms in France.
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We interpret variations in RC relative to the population mean as an indicator

of redistribution in the pension system. The RC indicator allows us to identify the

main explicit or implicit “winners” and “losers” of redistribution, in terms of lifetime

monetary transfers, compared to a benchmark of equalised returns on contributions

for all.

Comparing observed returns to this benchmark implicitly relies on an equity

norm that has limitations, as do all inequality indicators. It is indeed uncertain

whether pension systems aim at this equalisation. On the one hand, most pension

systems involve a substantial contributory element. On the other hand, objectives

of solidarity and insurance against longevity risk de facto lead to unequal returns.

What we try to do, using RC, is to quantify and distinguish the redistribution

operated by these mingled objectives.

Social Security Wealth We complement the RC indicator by computing Social

Security Wealth – SSW. SSW corresponds to the flow of lifetime pensions received,

i.e. the numerator of RC:

SSWi =
120∑
a=Ri

βaSaiPi (2)

We use this additional indicator for two reasons. First, it allows us to compute

the monetary value of identified transfers. Second, it circumvents a limitation of

RC: an individual may benefit substantially from redistribution, while having a

relatively low standard of living at retirement – a relatively high RC and relatively

low SSW. This measure is therefore particularly useful when analysing redistribution

in monetary terms between men – relatively higher pensions and lower returns –

and women. We consider RC and SSW as two complementary measures when

quantifying and qualifying redistribution in the pension system.

Decomposition To analyse the sources of redistribution, we decompose the ob-

served differential in RC or SSW across sub-populationsK (gender, income), by con-

structing counterfactual scenarios. In these scenarios, we replace sub-population-

specific quantities with population averages (Ω) for the three components of these

indicators shown in equation (1): survival probability, replacement rate (pension

level relative to lifetime contributions), and claiming age. The methodology for

SSW follows the same approach and is detailed in Appendix B.4.

We construct two counterfactual scenarios. In the first scenario, we equalise

only mortality rates to obtain counterfactual returns on contributions if popula-
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tion K had the same life expectancy as the whole population (RCLE
K ). In the

second scenario, we additionally equalise replacement rates and claiming ages. We

combine both dimensions under a pension formula component. In spite of some

non-linearities in the pension schedule, pension benefits are roughly proportional to

the retirement age so that both are largely jointly determined. This second scenario

therefore controls for elements contained in the pension formula, which mainly ac-

counts for solidarity components but also for any redistributive elements that may

exist in the link between contributions and the level pension benefits. We refer to

the returns on contributions in this scenario as RCLE,PF
K . By construction, RC is

equalised across all sub-populations in this second scenario.

Importantly, counterfactual returns are constructed under the constraint that

the overall generosity of the system remains constant across scenarios. Formally,

counterfactual returns for any sub-population are built such that RCΩ – the average

RC observed in the whole population – remains unchanged across scenarios. In each

scenario, pension levels of all sub-populations are adjusted by the same proportional

factor to respect this constraint.

This constraint ensures that RC in the second counterfactual scenario equals

the observed population average (RCLE,PF
K = RCΩ). We can therefore decompose

the RC gap into its two components:

RCK −RCΩ = RCK −RCLE
K︸ ︷︷ ︸

Impact of LE

+ RCLE
K −RCΩ︸ ︷︷ ︸

Impact of pensionformula

We apply this methodology first to decompose the gender gap in RC (sec-

tion 4.3), then to decompose the gap in RC within gender between income ventiles

(section 4.4). Note that decomposition results depend on the order in which we

remove observed differentials. We therefore test the sensitivity of our results to this

ordering in Appendix C.3, and find that the results remain unchanged.

Sample selection Our analysis of the redistribution based on return on contri-

bution requires having a complete view of both lifetime contributions and pension

levels in the private sector. For that purpose, we focus on individuals of the 1954

cohort: they were young enough at the creation of the second pillar scheme for ex-

ecutives and non-executives in 1962, and old enough to have retired as of 2022, the

last observation in our data. This allows us to recover both individual contributions

and pension levels.11 We restrict our analysis to affiliates who had retired before

11Pension level is the one observed at date closest to retirement. Contributions of the first pillar
are recovered from earnings and contribution rates, while contributions of the second pillar are
recovered from points and their purchasing price. Contributions for work periods where point
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this date and for whom we can reconstruct the whole flow of career contributions,

namely around 329,000 individuals, of which 45% are women.12

Note that in this analysis, we use survival rates estimated on the 1922-1964 co-

horts, which we apply to the 1954 cohort. Ideally, one would prefer to use mortality

of the studied cohort at all ages above 55. However, mortality of cohort 1954 is only

observed up to 2021 – at age 67. We therefore prefer our measure, that covers all

ages from 55 to 90, excluding years of the Covid epidemics. In Appendix C.2, we es-

timate mortality by year between 2009 and 2019 and show that overtime, gradients

increase within- and decrease between genders. Since the 1954 cohort is a relatively

young cohort of our sample, our results on redistribution for this generation are

probably a lower bound within gender and an upper bound between genders.

4 Empirical results

4.1 Life expectancy gradients

Figure 2a and 2b respectively show life expectancy at 55 for men and women by

permanent income percentiles.13

Male life expectancy gradient For men, we find a 7.2-year gradient in life ex-

pectancy across permanent labour income. Life expectancy generally increases with

permanent income and is almost linear in income rank. Minimum life expectancy at

55 equals 22.8 years and is associated to the 2nd percentile. Life expectancy at the

very top of the distribution is around 30.8 years, leading to a 8.0-years difference

between these two extremes.

Female life expectancy gradient Among women, we find a much lower gradient

of around 1.5 years. This result might be driven by lower mortality inequalities

among women,14 but it is also likely to be strongly driven by the chosen income

concept: labour income is less likely to be a strong predictor of total household

income for women. The linearity of the increase in income percentile is however

still apparent.

or earnings data is missing are imputed. The methodology for this imputation is detailed in
Appendix B.2.

12This additional sample restriction and its impact on sample size is described in Appendix
Table A.1.

13Appendix Figure A.5 presents the same result by level of 2022 euros annualised income instead
of percentiles. Life expectancy appears to be increasing and concave with income level, especially
among men.

14Figure A.3 shows that age of death among women is more concentrated at some ages.
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It is also worth noting that life expectancy at 55 for the first percentile of women

is 31.7 years, and it exceeds the life expectancy observed for men with the higher

permanent income.

Both genders pooled Finally, Figure 3 shows the same gradient for men and

women combined. Average life expectancy is decreasing with income rank until the

39th percentile and increasing above. The maximum life expectancy gap is relatively

low and reaches 3.2 years. This gradient results from three different effects: First,

life expectancy of women is higher than the one of men and relatively stable across

income ranks. Second, life expectancy among men strongly increases with income

for most of the gradient. Third, the share of women within each rank is strongly

declining with income, as shown in Figure 3b.

The observed gradient is the result of this composition effect between the gradi-

ent among men and that among women. This result has important redistribution

implications, visible in section 4.2: when abstracting from between-gender varia-

tions in mortality, inequalities in life expectancy and subsequent implicit redistri-

bution appear moderate.

Discussion on magnitude We use Blanpain (2019) as our primary point of

reference, which shares methodological similarities with Chetty et al. (2016), and

also focuses to the French population. This paper examines mortality between 2012

and 2016, using panel data following approximately 1% of all French residents.

Consistent with Chetty et al. (2016), Blanpain uses an instantaneous measure of

household earnings as the income metric. The income gradient of life expectancy at

55 between the top and bottom ventiles in Blanpain’s study is more pronounced for

men. She reports a 9.0 year difference compared to 7.2 in our study. The disparity

is even more striking for women, with Blanpain finding a 6.2 year difference versus

1.5 in our study.

We attribute our comparatively lower gradients to three concurrent reasons.

First, we exclusively focus on workers, whereas Blanpain (2019) and Chetty et al.

(2016) consider the entire population. We therefore probably exclude some precar-

ious, non-working segments of the population who may have lower life expectancy.

Second, we use individual labour income as our metric, while Chetty et al. (2016)

and Blanpain (2019) focus on household disposable income. The latter is a more

comprehensive measure that may correlate strongly with longevity. This is espe-

cially the case for women, whose individual income often diverges from household

income. Third, our study ranks individuals based on a fixed income measure over
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Figure 2: Life expectancy at age 55 by income group and gender
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26.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.9126.91

y = 22.5 + 0.0716 x, R2 = 0.99

22

24

26

28

30

1 10 20 30 40 50 60 70 80 90 100
Percentile of permanent income

Li
fe

 e
xp

ec
ta

nc
y 

at
 5

5

(b) Women
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Note: This figure presents life expectancy at 55 by percentile of permanent income – average labour income between
40 and 54. Income rank is defined for the whole sample – men and women pooled. 95% confidence intervals follow
the methodology of Camarda (2015). The level of income gradient is estimated by the regression of life expectancy
on the income group.
Interpretation: Life expectancy at 55 for a man with median permanent income is around 26 years.
Source: Agirc-Arrco data, authors’ calculations
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Figure 3: Life expectancy, genders pooled

(a) Life expectancy by income rank
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(b) Share of women by income rank
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Note: This figure presents life expectancy at 55 by percentile of permanent income – average labour income
between age 40 and 54, for the whole sample (left). The figure on the right presents share of women by income
rank in the sample. Income rank is defined for the whole sample – men and women pooled.
Interpretation: Life expectancy is below average between the 17th and 68th percentiles. There are less women
than average above the 37th percentile.
Source: Agirc-Arrco data, authors’ calculations

a relatively large age window, thus allowing for income mobility within this time-

frame. In contrast, Blanpain (2019) defines income ranks based on the previous

year’s income. Not accounting for income mobility might overestimate longevity

gradients, as shown by Dahl et al. (2021).

4.2 Overall redistribution in the pension system

We have mentioned that pension systems deviate from a purely contributory system

– which would provide the same return on contributions for everybody – in three

ways.

First, solidarity components of the system aim to ensure sufficient pension levels

for individuals with low levels of contribution during their careers. Provided that

low-income workers indeed benefit more from these non-contributory components,

one expects RC to be decreasing with permanent income, translating into redis-

tribution from high- to low-income workers. Second, depending on career profile,

individuals vary in their ability to retire early. The impact on the RC gradient by

permanent income is not obvious a priori : RC might be lower at the bottom of

the gradient – due to more career interruptions and fewer validated periods – as

well as at the top – due to lengthy period of studies and late career starts. Third,

mortality differentials should lower RC at the bottom of the distribution, all other

things being equal.

To assess which of these components dominates, we first compute the observed
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RC by income group for the full population of our sample, pooling men and women

together. The slope of the RC can then be interpreted as the overall progressivity

in the French private sector’s pension system. This result is presented as the light

green line of Figure 4. RC is globally decreasing with income, ranging from 179%

for the first ventiles to 99% for the last ones. The overall progressivity of the system

is mostly driven by the extreme parts of the income distribution, as RC is relatively

flat between the 6th and 15th ventiles.

Mortality differentials do not substantially affect this redistributive pattern.

Should the whole population experience the same average mortality from age 55

onwards, the gradient of returns on contribution would be very similar – as shown

by the dashed line on the graph. This result can be related to the discussion of

Figure 3. Women – with relatively high life expectancy – are overrepresented at the

bottom of the lifetime income distribution. Their life expectancy at 55 is close to

that of men at the top of the distribution. This composition effect therefore hides

some important within- and between-gender differences that do not appear in the

overall shape of the RC gradient by quantile presented in Figure 4.

When examining the same gradient by gender in Figure 5, we indeed observe

the following patterns: first, RC is higher among women on average (142% against

107%), and for every income group. This suggests that the pension system largely

redistributes from men to women. Second, when examining redistribution within

gender, we observe opposite patterns among men and women. Among women, the

system appears to be highly progressive. Conversely, for men, we find an increasing

RC across most of the distribution, suggesting overall regressivity. The RC gradient

for both genders pooled, shown in Figure 5, is the aggregation of these results. The

bottom ventiles consist of a majority of women: progressivity dominates at the

bottom. The top ventiles consist of a majority of men, but we observe progressivity

among both men and women: progressivity also dominates at the top. In the middle

of the distribution, progressivity among women is more or less offset by regressivity

among men.
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Figure 4: Return on contributions for cohort 1954
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Note: This figure presents RC by ventile of permanent income – average labour income between 40 and 54 – for
the whole population, with observed (solid line) and homogeneous mortality (dashed line). Income rank is defined
for the whole sample – men and women pooled. Observed RC is computed using observed contributions, pension
levels, retirement age, and estimated mortality at the income ventile × gender level. It is then aggregated at the
income ventile level. Dashed line considers counterfactual returns with homogeneous mortality rates from 55 on
for all genders and income ventiles. Discount rate equals 0.98.
Interpretation: Average RC of individuals at the 10th ventile equals 121%. Should they experience average
mortality, it would equal 126%.
Source: Agirc-Arrco data, authors’ calculations
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Figure 5: Return on contributions for cohort 1954
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Note: This figure presents RC by ventile of permanent income – average labour income between 40 and 54 – for
the whole population (green) and by gender (red and blue lines). Income rank is defined for the whole sample
– men and women pooled. RC is computed using observed contributions, pension levels, retirement age, and
estimated mortality at the income ventile × gender level. It is then aggregated at the income ventile level for the
dark green line. Dotted line represents average RC by population – by gender or both genders pooled. Discount
rate equals 0.98.
Interpretation: Average RC among women equals 142%. On average, women below the 9th ventile enjoy a
higher return than average.
Source: Agirc-Arrco data, authors’ calculations

4.3 Between gender redistribution

Figure 6 presents RC disparities observed between men and women (first columns,

blue for men, red for women) and their decomposition. We first observe that women

experience a 35pp higher return on contributions than men on average. In the

absence of disparities in mortality and pension formula between men and women,

RC would be 23pp lower for women and 12pp higher for men. This implies a

redistribution from men towards women in a lifetime perspective.

We use the decomposition detailed in 3.3 to isolate the role of differentiated

mortality from the one of pension formula to this lifetime redistribution.

First, differentials in pension formula tend to increase women’s RC relative to

men’s. This corresponds to the rules of the pension formula that alter pension levels

relative to lifetime contributions. Part of these rules aim to provide decent pension

levels and to partially compensate for career interruptions. Women are indeed

more prone to experience such periods of work interruptions. They also benefit

more from specific schemes providing additional pension rights for raising children.
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In Appendix Figure A.6, we show that at each level of permanent income – mean

wage during work periods – women’s lifetime contributions are lower than their

male counterparts on average. In Appendix Figure A.7, we show that pension rules

compensate for this by providing women with lower payback durations (number of

years of pensions necessary to cover the amount of lifetime contributions), especially

at the bottom of the gradient.

Second, we find that mortality differentials also tend to increase the return

disparity: higher longevity among women – refer to Figure 2 – leads to higher

returns. It accounts for around two thirds of the gap and has therefore a much

stronger impact than the redistribution embedded in the pension formula.

The interpretation of this comparison based on returns on contributions in terms

of welfare is not straightforward: women benefit strongly from redistribution on av-

erage, but it does not mean that they benefit from higher standards of living at old

age. It does not even mean that they benefit from higher levels of lifetime received

pensions. We document and decompose this gender gap in lifetime received pensions

– Social Security Wealth – in Figure 7. The gender gap in SSW is equal to 13% and

is presented in the first column of the figure. Other columns present the contribu-

tion of four factors to this observed gap – inequality in mortality, pension formula,

career duration and mean salary. We first find that without higher longevity among

women, the SSW gap would be 14pp (108%) higher, at 27%. Differential mortality

thus reduces the SSW gap by half. Removing also the higher solidarity of the pen-

sion formula towards women, the SSW gap would even reach 34%. We also find the

effect of mortality to be twice as large as that of the pension formula. The welfare

effect is however not the same: explicit solidarity of the pension formula increases

the standard of living in each period, while redistribution through mortality corre-

sponds to the realisation of insurance against old age poverty, to which women are

more exposed on average. Finally, the remaining gap after removing mortality and

pension formula differential is mainly explained by the gap in mean salary during

the career –that is, the average gender pay gap for this generation.
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Figure 6: Decomposition of the RC gap between gender
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Note: This figure presents average RC by gender and the decomposition of the gap between men and women.
In the first column, we depict observed return on contributions by gender. Two next columns successively remove
differentials in mortality and solidarity resulting from the pension formula between men and women, and depict
the marginal effect on RC by gender. Finally, last column amounts to RC without any differential between men
and women and amounts to average RC in the overall cohort. Discount rate equals 0.98.
Interpretation: The average observed return is higher among women. Both differentials in benefit from solidarity
of the pension formula, and in mortality, contribute positively to this result.
Source: Agirc-Arrco data, authors’ calculations
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Figure 7: Decomposition of the lifetime pension gap between gender
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Note: This figure presents the observed lifetime pension gap between men and women and its decomposition
into four components. In the first column, we depict observed SSW gap. Four next columns successively remove
differentials in mortality, solidarity from the pension formula, career length between men and women, and depict
the marginal effect on SSW gap. Remaining SSW gap amounts to the gap in mean salary during the career,
defined as the gap in permanent labour income. Discount rate equals 0.98.
Interpretation: The average lifetime pension gap between men and women equals 13%. Inequality in mean
wages and career length are the main contributors to this observed gap. Solidarity of the pension formula and
higher longevity of women significantly reduce the gap. Removing them leads to a higher gap of around 35%.
Source: Agirc-Arrco data, authors’ calculations

4.4 Within-gender redistribution

We now decompose the RC profiles observed in Figure 5, within gender and between

income groups. The results are presented in Figure 8. For each gender (men in blue

and women in red) and ventile of permanent income (represented on the x-axis), the

solid lines represent the observed returns on contributions. These observed returns

can be compared to the dashed lines representing the scenario where life expectancy

differential within gender are neutralised. Average returns on contributions by

gender are finally represented by the horizontal dotted lines.

The decompositions provide very different explanations for the observed profiles

for men and women. First, for both men and women, the effect of pension formula

(observed from the difference between the horizontal dotted line and the dashed

lines) has a strong progressive impact on the RC profile – people at the bottom of

the distribution benefit more from non-contributivity in the pension formula than

people at the top. The effect is, however, far stronger among women at the bottom

of the gradient: all other things being equal, RC of women at the 1st ventile is on

average 63pp higher because of these non-contributory components – 19pp for men

of the 1st ventile.

More importantly, we find that mortality differentials (observed from the differ-
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ence between the solid and dashed lines) have regressive effects on the RC profile

for both men and women. The magnitude of this effect is, however, very different

and relates to the life expectancy gap observed in Figure 2: mortality differentials

within men are large, and their effect on the RC profile more than offsets the pro-

gressive effect of solidarity across most of the gradient. The regressive profile of RC

initially observed among men is thus mainly explained by the large mortality gradi-

ent. This result can be compared to that of Haan et al. (2020). After accounting for

mortality differentials, both French and German pension systems appear globally

regressive amongst men. Both systems retain some progressivity at the very bottom

of the income distribution, reflecting the importance of solidarity components in the

pension formula. Results differ at the top of the distribution, where the German

system appears to be even more regressive, while the French system shows some

progressivity.

Among women, the effect of mortality differentials we estimate are moderate

and the magnitude of the effect on progressivity is very low compared to that of the

pension formula. The resulting profiles are therefore different: among men, regres-

sivity dominates between the 3rd and 15th ventile, while progressivity dominates

along the entire distribution among women.

5 Conclusion

This paper documents inequalities in life expectancy at 55 between genders and

across levels of permanent income among French workers of the private sector. We

demonstrate that these inequalities imply large hidden lifetime redistribution in

lifetime earnings within the pension system, both between and within gender. In

terms of between gender inequality, we find that women experience a higher return

on their lifetime contributions than men. This result is not mostly driven by the

explicit redistributive features of the pension system, but rather by the average 5.7

life expectancy gap between women and men. However, the gender pension gap

remains sizeable despite this redistribution, as the observed amount of pensions

received during lifetime is still 13% smaller for women.

Within gender, we find significant regressive impact of mortality differentials

across levels of permanent income. This result is particularly salient among men:

the 7.2-year differential in life expectancy between the two extremes of the income

distribution more than offsets the explicit progressivity of the pension formula.

Within women, the life expectancy gradient we observe is smaller, at around 1.5
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Figure 8: Return on contributions for cohort 1954, effect of mortality differentials
within gender
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Note: This figure presents RC by ventile of permanent income – average labour income between 40 and 54 – for
women (red) and men (blue), with observed (solid line) and homogeneous mortality (dashed line). Income rank is
defined for the whole sample – men and women pooled. Observed RC is computed using observed contributions,
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Interpretation: The average return for men of the 5th ventile is lower than average: should all men experience
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Source: Agirc-Arrco data, authors’ calculations

years, and its observed redistributive impact is therefore also less prominent.

The implication of this hidden redistribution for policy design is not straight-

forward (Bozio, Rabaté, & Tô, 2024). A first difficulty is that we may want to

compensate for one regressive dimension – between income groups – and not the

progressive one – between gender, which can be challenging in practice. A second

and more conceptual question is whether this hidden redistribution should even be

tackled at all. On one hand, lifetime redistribution is one of the goal and purpose of

public pension systems (Diamond, 2004, Bommier et al., 2011). On the other hand,

insurance against longevity – which is arguably the main purpose of any pension

system – requires some heterogeneity in the realisation of the mortality risk (Lieb-

man, 2002). In that sense, trying to create a negative correlation between effective

27



replacement rates and predicted longevity is maybe unjustified. All the more so

when the risk of mistagging is important (Baurin, 2021, Börsch-Supan et al., 2022,

Aubert, 2025): even when based on granular income gradients, within-group vari-

ation in life expectancy is likely to remain high. More empirical and normative

analyses are therefore warranted to assess if and how differential mortality should

be compensated for within the pension system.

Another fruitful avenue for future research is to pursue and extend our analysis

of the effect of differential longevity on the overall inequality and redistribution

between gender and income groups. Most studies of income inequality only consider

instantaneous inequality (Piketty et al., 2018, Bozio, Garbinti, et al., 2024a). This

ignores redistribution happening through inequality in longevity: richer individuals

contribute more, and longer, to the tax system, but also benefit longer, especially

from health-related transfers at old age. Whether the second effect dominates the

other – that is whether the tax and transfer system is redistributive on a lifetime

basis – is still an open question to this date, despite potential large impacts on

equity, efficiency, but also political acceptability of the tax system.

28



References

Aaberge, R., & Mogstad, M. (2015). Inequality in current and lifetime income.

Social Choice and Welfare, 44 (2), 217–230.

Attanasio, O. P., & Hoynes, H. W. (2000). Differential mortality and wealth

accumulation.
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A Additional Tables and Figures

Table A.1: Sample restrictions and sample size

Restrictions Gender Nb of obs. (m) % previous step % of Women

Initial sample
M 14.3 -
F 12.3 - 46.2

Born in France
M 10.8 75
F 10.2 83 48.7

Worked once between 40 and 54
M 6.2 58
F 5.8 56 48.1

>3 years in the AA scheme
M 5.1 82
F 4.5 77 46.5

LE sample Excluding bottom 7%
M 5.0 98
F 3.9 88 43.9

1954 cohort
M 0.21 4.1
F 0.20 4.4 45.6

RC sample Observed pension & full contribution history
M 0.18 87
F 0.16 86 45.5

Note: This table presents sample size for successive sample restrictions, by gender. The initial sample is made
of all Agirc-Arrco affiliates for direct rights, of cohorts 1922 to 1964, alive in 2009 and in the year of reaching 55.
Each subsequent line represents an additional sample restriction.
Source: Agirc-Arrco data

Figure A.1: Mortality rates by income group
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Note: This figure presents estimated – line – and observed – dots – log of mortality rates by age for the 10th,
30th, 50th, 70th, 90th percentiles of permanent income, by gender. For each percentile, mortality is estimated out
of observed mortality using a Gompertz model between 55 and 90. Income rank is defined for the whole sample
– men and women pooled.
Interpretation: A man of the 70th percentile has an estimated mortality rate at 70 of around 1.8% .
Source: Agirc-Arrco data, authors’ calculations
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Figure A.2: Survival rates by income group
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Note: This figure presents estimated – line – and observed – dots – survival rates from age 55 by age for the 10th,
30th, 50th, 70th, 90th percentiles of permanent income, by gender. Income rank is defined for the whole sample –
men and women pooled. For each percentile, mortality is estimated out of observed mortality using a Gompertz
model between 55 and 90.
Interpretation: A man of the 10th percentile alive at 55 has a 50% probability of living up to 80.
Source: Agirc-Arrco data, authors’ calculations

Figure A.3: Cumulative distribution function of longevity by gender

 55

 60

 70

 80

 90

100

110

120

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Age

C
D

F
 o

f d
ea

th
 a

fte
r 

55

Gender Men Women

Note: This figure presents estimated cumulative distribution function of age of death after 55 by gender. It is
computed from estimated mortality rates in section 4.1.
Interpretation: 20% of women alive at 55 die before reaching 80, against 40% of men.
Source: Agirc-Arrco data, authors’ calculations
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Figure A.4: Cumulative distribution function of longevity by income group and
gender
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Note: This figure presents estimated cumulative distribution function of age of death after 55 by gender and for
the 10th, 30th, 50th, 70th, 90th percentiles of permanent income, by gender. Income rank is defined for the whole
sample – men and women pooled. It is computed from estimated mortality rates in section 4.1.
Interpretation: Among men of the 10th percentile, 54% die before the age of 80.
Source: Agirc-Arrco data, authors’ calculations

Figure A.5: Life expectancy at age 55 by income level
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Note: This figure presents life expectancy at 55 by level of permanent income – average labour income between
40 and 54 for men. Income rank is defined for the whole sample – men and women pooled. Level of income is
expressed in annualised terms and in 2022 €.
Interpretation: Men with average labour income of 50 k€ between 40 and 54 have a life expectancy at 55 of
around 28 years.
Source: Agirc-Arrco data, authors’ calculations
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Figure A.6: Contribution and benefit of women relative to men, by income group
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Note: This figure presents average pension level and amount of lifetime contributions of women by ventile of labour
permanent income, relatively to the same measure among men of the same income group. Income rank is defined
for the whole sample – men and women pooled. Discount factor used in computation of lifetime contributions
equals 1.
Interpretation: At the 2nd ventile, lifetime pension contribution of women are around 20% lower than men’s
on average, while pension levels are equal on average. Note that relative pension levels above 100% are observed
at the bottom of the gradient, which might seem counterintuitive. It suggests that differential in contributions
between men and women is more than compensated by the pension formula, suggesting no contributivity at all.
It might be due to some familial rights that affect mostly women.
Source: Agirc-Arrco data, authors’ calculations

Figure A.7: Payback duration by gender and income group
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Note: This figure presents average payback period by ventile of labour permanent income and by gender. Income
rank is defined for the whole sample – men and women pooled. Payback period is defined as the ratio between
lifetime contributions and pension level at claiming. It corresponds to the pension duration needed to equal lifetime
pensions and lifetime contributions. Discount factor used in computation of lifetime contributions equals 1.
Interpretation: On average, men of the 1st ventile need to receive pensions during 8 years for lifetime pensions
to equal lifetime contributions – RC = 100%.
Source: Agirc-Arrco data, authors’ calculations
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Figure A.8: Average claiming age by gender and income group
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Note: This figure presents average observed claiming age by ventile of labour permanent income and gender.
Income rank is defined for the whole sample – men and women pooled. Sample is the same as in section 4 – 1954
cohort. Note that individuals who die before claiming their pension are excluded from the sample.
Note: At the 10th ventile, average claiming age of men is 0.6 years lower than retirement age of women.
Source: Agirc-Arrco data, authors’ calculations
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B Methodological details

B.1 Permanent income: Computation of earnings

Annual earnings are one of the main variables of interest of this study. Data on

earnings is however incomplete. However, data on points for earlier periods of the

Agirc-Arrco records tends to be less incomplete. When earnings are available, we

use them. When only points are available, we compute labour income from ac-

cumulated points. The last term of equation (A.3) presents a general formula for

the relation that exists between annual earnings and the number of points accumu-

lated each year: contributions levied on earnings are converted into points based on

the purchase price of the point. In practice, however, the contribution rate is not

uniform over total earnings. First, before 2019, the second pillar is split into two

regimes, Agirc (for executives) and Arrco (for non-executives), each with its specific

contribution rates and purchase value of points. More precisely, non-executives only

contribute to the Arrco regime while executives contribute to both Arrco and Agirc

regimes. From 2019, the second pillar scheme and its contribution rules are unified

(Agirc-Arrco). Secondly, each of these schemes is split into two earnings brackets,

with different contribution rates. The threshold between the two brackets is pro-

portional to the Social Security Ceiling (SSC, around two times the value of the

annual gross minimum wage). Finally, within each bracket, the level of contribu-

tion rate might vary from company to company (between legally binding minimum

and maximum rates). Therefore, for a given worker i on a given year t, affiliated

to a given regime r, earnings are split into two brackets b, each with its specific

contribution rates:

Pointirbt =
Wirbtτirbt
PPrbt

Table B.1: Contribution brackets by regime

Regime Contrib. base Threshold (SSC) Non-exec. Exec.

Arrco
1 <1 yes yes
2 1-3 no yes

Agirc
1 1-4 no yes
2 4-8 no yes

Agirc-Arrco
1 <1 yes yes
2 1-8 yes yes

For this computation, we therefore need to mobilise a set of historical parameters
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of the second pillar scheme to recover earnings: contribution rates and purchase

values of the points. The IPP tax and benefit tables (2023) gathers all French

tax and benefit parameters including contribution rates. We should then able to

estimate gross wage from the number of contributed points per bracket:

Wirt =
∑
b

PointsirbtPPrbt

τrbt
(B.1)

This methodology however poses two challenges. First, the inferred earnings are

top-coded at the contribution ceiling (for example, three times the Social Security

Threshold before 2019 for non-executives). As detailed in Appendix B.2, bunching

at the contribution ceiling is not a major issue, as wages above the contribution

ceiling are sparse. This suggests that top-coding is not a major issue for the com-

putation of earnings. Secondly, we do not observe actual contribution rates for

each individual at each period. We are however able to recover it for periods where

both earnings and points are available. On these periods and for each contribu-

tion bracket, we define the variable ∆irbt =
τirbt−τrbt

τrbt
, where τ rbt denotes minimum

legal contribution rate. For each of the four brackets (two brackets per regime),

we regress this measure of the distance to minimum rate on a set of fixed effects:

individual, year, and quantile of points. We use the result of this simple regres-

sion to predict individual rates on missing periods. Note that to predict rates for

individuals where no earnings data is observed in the career (only points), we also

estimate a similar regression with sex and cohort fixed effects, instead of individual

fixed effects. The results of these regressions are found in Table B.2. Figure B.1

displays the distribution of observed and recovered earnings using predictions of

the fixed effect models – panel a – and using mean contribution rates applied to

contributed points – panel b. Estimated individual contribution rates fit better the

overall distribution of wages. This distribution also confirms that top-coding of

contribution brackets affects less than 1% of observations.

B.2 Return on contributions: computation of contributions

and pensions

On the selected sample, pensions are directly recovered from the Agirc-Arrco pen-

sion records, which include levels of both first- and second-pillar pensions as well as

claiming age for each pillar. More precisely, we observe pension levels from 2014 to

2022. For each individual, we select pension level at the date closest to retirement

age. This level is deflated by an index of revaluation of pensions between claiming

age and date of observation. There are then deflated by the price index and we
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Table B.2: Fixed effect regression – individual contribution rates

Bracket: Arrco 1 Arrco 2 Agirc 1 Agirc 2

Fixed-effects
id Yes Yes Yes Yes
year Yes Yes Yes Yes Yes Yes Yes Yes
quantile Yes Yes Yes Yes Yes Yes Yes Yes
cohort Yes Yes Yes Yes
sex Yes Yes Yes Yes

Fit statistics
Observations 266,935,090 266,935,090 13,864,397 13,864,397 38,394,250 38,394,250 985,148 985,148
Adjusted R2 0.62416 0.34314 0.74739 0.31929 0.82409 0.68194 0.66702 0.44472

Note: quantile denotes ventile of earnings, normalised by SMPT and obtained from points using mean
contribution rates.

consider that an individual perceives the same amount of pension, in real terms,

from claiming age to death. In practice, the evolution of pension levels over years

is indeed very close to prices – see Online Appendix A.

Contributions are not directly observed in the Agirc-Arrco records, but rather

recovered from proxies: salaries and accumulated points observed at each year of

the career. We compute contributions in the first pillar from observed salaries and

“Cnav” employer and employee contribution rates. In the second pillar, we recover

contributions from accumulated points in work periods, the purchase value of each

point and the adjustment rate to recover contributions15. Observed salaries and

points are however not sufficient to recover the whole contribution history in both

pillars, for two reasons. First, career databases might be incomplete, especially for

the first years of the career, due to data quality, but also because some information

on the career are regulated only at claiming – missing work periods in particular.

These missing periods are likely to be absent of the career database, but are present

as contributed quarters per year in the pensioners’ database. Second, the Agirc-

Arrco career databases only consider periods spent in this second pillar regime.

Yet, the “Cnav” first pillar and “Agirc-Arrco” second pillar do not fully overlap:

some occupations are affiliated to the CNAV scheme and have another second-

pillar scheme than Agirc-Arrco, and reversely. Although we restrict our analysis to

individuals who contributed to both schemes at some point in their career, some of

them spent part of their career in these cases. Figure B.2 displays the average share

of the career that is missed in the data, in the first and second pillars respectively.

As expected, this share is lower in the first pillar, that is directly covered by our

data. The share is also rather homogeneous across ventiles and genders, except for

15Adjustment rate – “Taux d’appel” – is a factor applied to contribution rates of the second
pillar, that increases effective levels of contributions without giving access to pension rights –
points
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Figure B.1: Distribution of recovered for the 1954 cohort

(a) Estimated individual contribution rates

(b) Mean contribution rates

Note: This figure presents the distribution of observed and recovered earnings, normalised by the value of the
Social Security Ceiling – SSC and top-coded at 4SSC. Observed earnings are presented in brown. In B.1a, earnings
recovered from estimated individual rates are displayed in pink. In B.1b, earnings recovered from estimated
individual rates are displayed in blue. The sample is made of one observation by individual-year with positive
accumulated points and positive earnings in the career records, for sample born in 1954 used in section 4. Binwidth
equals 0.1 SSC.
Interpretation: Around 6% of observed earnings are equal to 0.7 times the SSC.
Source: Agirc-Arrco data

a few exceptions – bottom of the distribution among men and women, upper-middle

quantiles among women.
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Figure B.2: Mean share of missing career, first and second pillars

(a) First pillar – “Cnav”

0%

10%

20%

30%

 1  2  3  4  5  6  7  8  9 10 11 12 13 14 15 16 17 18 19 20
Vintile of permanent income

S
ha

re
 o

f c
ar

ee
r

Men Women

(b) Second pillar – “Agirc-Arrco”
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Note: This figure presents average share of the working career for which contributions are not directly observed
by ventile of permanent income and by gender, both for the first and second pillar. Income rank is defined for the
whole sample – men and women pooled. Sample is the 1954 cohort used in section 4.
Interpretation: On average, around 10% of CNAV work periods among men of the 4th ventile are spent outside
of the Agirc-Arrco regime or missing in the Agirc-Arrco database.
Source: Agirc-Arrco data

To account for these contributions, we estimate salaries on the missing periods

in the first and second pillars. We use a simple fixed-effect model on the log of

observed salaries using contributed quarters of work and age, fully interacted with

permanent income ventile – that do not appear on the formula below for readibility

43



reasons – and an individual fixed effect as our predictors of earnings:

log(salaryia) = αi + β1a+ β2a
2 + β3Quaia + β4CumQuaia + β5CumQua2ia + ϵia

Where a is age, Qua is worked quarters during the period, CumQua is accumu-

lated quarters as of the beginning of the period, and salary is deflated by an index of

mean wages. More precisely, we perform four of these fixed-effect regressions: one

per gender and by career period – below 35 and above 35. Salary trajectories indeed

appear to be different for each gender, and between the beginning and end of the

career. Table B.3 presents the results of these fixed effect regressions. The R2 levels

are quite high in each of these regressions, suggesting a good predicting power of

observable variables. We predict this model on periods with observed work periods

(contributed quarter) but no observable earnings or points. Contributions are then

recovered from these predictions using appropriate contribution rates – and appeal

rate in the second pillar. There are a few exceptions: say an individual has only

one period of work below 35 and corresponding salary is missing. It is therefore

absent of the estimation of the fixed-effect model and we do not predict its salary

on the missing period. This is why sample selection excludes a few individuals for

whom we do not observe or reconstruct the full contribution history.

Table B.3: Fixed effect regression – log earnings

Dependent Variable: log(sal)
Model: (1) (2) (3) (4)

Variables
age 0.6503∗∗∗ -0.0343∗∗∗ 0.4068∗∗∗ 0.0378∗∗∗

age2 -0.0103∗∗∗ 0.0003∗∗∗ -0.0062∗∗∗ -0.0002∗∗∗

Qua 0.4679∗∗∗ 0.4356∗∗∗ 0.3609∗∗∗ 0.3737∗∗∗

CumQua 0.0047∗∗∗ 0.0145∗∗∗ 0.0244∗∗∗ 0.0069∗∗∗

CumQua2 1.25× 10−5∗∗ −3.43× 10−5∗∗∗ -0.0002∗∗∗ −2.56× 10−5∗∗∗

age× c -0.0005∗∗∗ 0.0016∗∗∗ 0.0017∗∗∗ 0.0004∗∗∗

age2 × c 3.78× 10−5∗∗∗ −1.67× 10−5∗∗∗ −5.74× 10−6∗∗∗ −6.53× 10−6∗∗∗

Qua× c -0.0003∗∗∗ -0.0025∗∗∗ -0.0005∗∗∗ -0.0021∗∗∗

CumQua× c 0.0002∗∗∗ -0.0001∗∗∗ −2.65× 10−5 3.52× 10−5∗∗∗

CumQua2 × c −5.46× 10−6∗∗∗ 5.61× 10−7∗∗∗ −2.41× 10−6∗∗∗ 1.33× 10−7∗∗∗

Fixed-effects
id Yes Yes Yes Yes

Fit statistics
R2 0.78656 0.58752 0.73374 0.58060
Within R2 0.72982 0.15823 0.58974 0.21794

Signif. Codes: ***: 0.01, **: 0.05, *: 0.1
(1): Men below 35
(2): Men above 35
(3): Women below 35
(4): Women above 35
Note: Qua, CumQua, c respectively denote worked quarters in the period, accumulated work quarters
as of the beginning of the period and permanent income percentile.
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B.3 Return on contribution: Decomposition

We first consider the difference in RC of men and women of the 1954 cohort. We

compute them at the population level, relating the total sum of contributions of men

(resp. women) to the total flow of pensions of the same population. We compare

these gender specific RC to the RC of complete 1954 cohort, and we decompose

the differences between men (resp. women) RC and overall RC to disentangle the

importance of the role of differences in retirement age, replacement rate, and life

expectancy. In all counterfactual scenarios, we keep constant the overall generosity

of the system.

Formally, let Ω be the total population of interest (in our case, the 1954 cohort),

and F and M the subpopulation of female and males.

We note RCF and RCM the observed return on contributions of female and male,

while RCΩ is the observed RC for the whole 1954 cohort. We then decompose the

difference between RCΩ and the RCF and RCM . To do so, we build counterfactual

RC using the minimal building blocks that we have in the data, gender × income

ventile. For each block, x, RC is obtained as:

RC(Px, Sx, πx, Cx) =

Px

120∑
a=55

βaπxaSxa

68∑
a=8

βaCxaSxa

=
SSW (Px, Sx, πx)

LTC(Sx, Cx)

where Px is the sum of pension at retirement for individuals belonging to x (fixed

over ages in real terms), πx = (πx,55, . . . , πx120) is a vector describing the probability

of being retired, Sx = (Sx8, . . . , Sx120) a vector of survival probability, and Cx a

vector of contributions by age. We define SSW as social security wealth, and LTC as

lifetime contribution. Our main assumption is that we consider retirement age and

mortality to be independent and that our sample is supposed to be representative

of the whole 1954 cohort conditional on surviving. Note that for any population

K ∈ {M,F,Ω}:

RCK =

∑
x∈K ωxKSSW (Px, Sx, πx)∑

x∈K ωxKLTC(Sx, Cx)

where ωxK denotes the share of population K made of individuals of building

block x,
∑

x∈K ωxK = 1. We use the 1954 sample – see Table A.1 to define these

shares. Counterfactuals are then built by replacing gender-specific quantities by

average ones over the whole population under the constraint that the total RC of

the pension system (RCΩ) remains unchanged.
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Life expectancy The first counterfactual accounts for life expectancy and is

obtained from the intermediate quantity:

∀ K ∈ {F,M} : R̃C
LE

K =

∑
x∈K ωxKSSW (Px, SΩ, πx)∑

x∈K ωxKLTC(SΩ, Cx)

resulting average return is then:

RCLE
Ω =

∑
x∈Ω ωxΩSSW (Px, SΩ, πx)∑

x∈Ω ωxΩLTC(SΩ, Cx)

The counterfactual adjusted for financial equilibrium is thus:

RCLE
K = R̃C

LE

K × RCΩ

RCLE
Ω

RCLE
K is thus the counterfactual return on contribution of population K if they

had the same life expectancy as the whole population Ω, while keeping constant the

total amount of pension spending.

Decomposition The decomposition is obtained using the different terms:

RCK −RCΩ = RCK −RCLE
K︸ ︷︷ ︸

Impact of LE

+ RCLE
K −RCΩ︸ ︷︷ ︸

Impact of pension formula

B.4 Social Security Wealth: Decomposition

To decompose the effects of differentials in mortality, replacement rate, retirement

age and career on Social Security Wealth between gender, we follow a methodology

that is close to the one developed for RC. The population Ω is divided into two

populations M and W . We then compute observed and counterfactual SSW for our

minimal building block, gender × income ventile.

For each block x, observed SSW is:

SSW (Px, Sx, πx) = Px

120∑
a=55

βaπxaSxa

where Px is the sum of pension at retirement for individuals belonging to x

(fixed over ages in real terms), πxa describes probablity of being retired, Sxa survival
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probability. For any population K ∈ {M,F,Ω}:

SSWK =
∑
x∈K

ωxKSSW (Px, Sx, πx)

where ωx,K denotes the share of population K made of individuals of building

block x,
∑

x∈K ωxK = 1. We use the 1954 sample – see Table A.1 to define these

shares. Counterfactuals are built by replacing population-specific quantities by

average ones. The main change compared to the RC decomposition comes from

the addition of two counterfactuals, to account for differentials in career length and

mean salary between men and women. Those differentials in career profile have

indeed an impact on SSW but not on RC per say.

The four counterfactuals successively remove differentials in mortality, solidarity

from the pension formula, career length, mean salary. SSW is respectively denoted

SSWLE, SSWLE,PF ,,SSWLE,PF,CL and SSWLE,PF,CL,SA in each of these counter-

factuals. Formula of the two first counterfactuals are given, for a given population

K ∈ {M,F}, by:

SSWLE
K =

∑
x∈K

ωxKSSW (Px, SΩ, πx)

SSWLE,PF
K =

∑
x∈K

ωxKSSW (αΩLTCx, SΩ, πΩ)

where LTC still denotes lifetime contribution and αΩ denotes the common

replacement rate for scenarios without solidarity differential. Note that in this

methodology, removing the solidarity from the pension formula is equivalent to

providing everyone with the same replacement rate and retirement age. Finally,

note that we get SSWLE,PF,CL
K by computing average permanent income within

population K. Indeed, one can see that the remaining differential in SSWLE,PF
K

is the combination of career length and salary profile. Average permanent income

removes the first one.

The SSW gender gap is finally defined by:

∆SSW =
SSWM − SSWW

SSWM
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We decompose it by noticing that:

∆SSW = ∆SSW −∆SSWLE,PF,CL,SA

= ∆SSW −∆SSWLE︸ ︷︷ ︸
Impact of LE

+∆SSWLE −∆SSWLE,PF︸ ︷︷ ︸
Impact of PF

+

∆SSWLE,PF −∆SSWLE,PF,CL︸ ︷︷ ︸
Impact of CL

+∆SSWLE,PF,CL −∆SSWLE,PF,CL,SA︸ ︷︷ ︸
Impact of SA

Note that we do not need to define SSWLE,PF,CL,SA since by definition, ∆SSWLE,PF,CL,SA =

0, ie absent any differential in career, retirement and mortality, SSW is the same

for men and women.

C Sensitivity analysis

C.1 Permanent income definition

Figure C.1 shows alternative measures of income gradient within and between gen-

der, obtained through variations on the methodology used in section 4.1. Our main

estimate of life expectancy gradient appears mostly robust to these variations, that

can be classified in six types.

Contribution rate Earnings at the numerator of our permanent income measure

are recovered from contributed points and contribution rates. In our main estimate,

we use estimated individual rates. Instead, we also try using mean contribution

rates by contribution bracket and year, recovered from (COR, 2009) and IPP tax

and benefit tables (2023) data. We find little impact on the gradient.

Exclusion of incomplete careers We test different restrictions of contribution

duration in the Agirc-Arrco regime between 40 and 54, from merely one day to

3 years, our main estimate. The higher the threshold, the more individuals with

short and non-representative careers in the private sector are excluded. The income

gradient tends to increase slightly with this threshold, among men only. This is

consistent with what we observed in Online Appendix B: individuals with other

sources of individual labour income at the bottom of the gradient are mostly men.

Exclusion of abnormally low earnings We try to exclude observations where

observed labour income is lower than minimum wage (with thresholds from 1/4 to

1 minimum wage): daily earnings way below minimum wage might be considered
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as “absurd” and coming from data issues. On the other hand, note that they might

correspond to part-time labour, which is why we do not exclude them in our main

estimate. As could be expected, the higher the restriction, the lower the observed

longevity gradient across income groups and between genders.

Inclusion of bottom 7% In our main sample selection, we exclude individuals

with the lowest levels of permanent labour income. We indeed know that for a

significant part of this subsample, a large share of their career is spent out of

the private sector – see Figure B.3. For these, low labour income in the private

sector is not suggestive of low total income. However, by doing so, we also exclude

some individuals with genuinely low levels of labour income. We therefore try to

include this subpopulation as robustness and find that the gradients are mostly left

unchanged.

normalisation by career length In our main estimate, we divide the sum of

observed private sector earnings by the observed number of years worked during the

same period – sum of days work divided by 365. Doing so avoids a downward bias

in the rank of individuals with relatively high income who did not spend the whole

year working in the private sector. However, it implicitly assumes that earnings

outside of work days in the private sector were similar. This might lead to an

upward bias in the rank of individuals for whom these period were made of work

interruption, which represent negative income shocks. We therefore try normalising

labour income by years partially spent in the Agirc-Arrco regime, instead of solely

days of employment. The effect on the gradient is slightly positive within gender,

especially among men.

Age range for permanent income In our main estimate, permanent income is

computed on the 40 to 54 age window. The upper bound is defined to avoid reverse

causality between income and mortality after 55. The lower bound is a compromise

between accounting for income mobility on the whole career (wider age window)

and completion of our data source for older cohort and young ages (narrower age

window). We test alternative definitions of this lower bound, from 35 to 50. For

consistency, we restrict the analysis to the 1927-1964 cohorts (cohorts before 1927

reach the age of 35 before 1962). Variations in the age window may have two

opposite effects on the life expectancy gradient. On the one hand, the narrower the

age range, the less income mobility is taken into account, which should make the

gradient bigger. On the other hand, there is a sample selection effect. People having

a working period between 50 and 54 might be relatively wealthier and healthier than
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those working between 35 and 54. Figure C.2 seems to corroborate this hypothesis:

for a comparable average income level, life expectancy is higher for the 50-54 age

window that for the 35-54 age window (respectively in yellow and orange on the

graph). Overall, we find little effect of the age window on observed gradient within

gender, suggesting that both effects offset each other. The gradient between gender

is slightly lower on narrower age windows.

Income rank In our main estimate, we define income thresholds based on per-

centiles of the distribution for cohort 1964 – whole surviving cohort at 55 observed

– and apply them to all cohorts. As robustness, we instead define quantiles of per-

manent income by cohort. To do so and to account for differential mortality up to

the first ages of observation, for older cohorts, we perform the following algorithm:

for the 1954-1964 cohorts, we define labour income percentiles by cohort (1% of

the population per quantile), and compute observed mortality at 55. It allows to

recover the share of each percentile that survives up to 56, and the share of the

population observed from 56 on (cohort 1953 in 2009) that enters each percentile.

We repeat this process up to cohort 1922. This methodology has the advantage of

making no assumption on the evolution of the income distribution across cohorts,

provided moratlity was the same in each quantile. The inconvenient is that it relies

on observed – and therefore noisy – mortality coefficients of younger cohorts to

retropolate income quantiles from older cohorts. We find a small positive effect on

the gradient within men.

C.2 Life expectancy computation

Figure C.3 shows alternative measures of income gradient within and between gen-

der, obtained through variations on the mortality model defined in section 3.2. Our

main estimate of life expectancy gradient appears robust to variations in the model’s

specification. Modifying years or cohorts selected in the sample of the analysis has

a bigger impact on the gradient.

Mortality model In our main estimate, we assume log-mortality evolves quadrat-

ically with age and estimate the model using Poisson Pseudo-Maximum Likelihood

– PPML – between 55 and 90. From 90 to 120, we assume mortality rates equal to

the those of the overall population by gender. We try to deviate from this baseline

model in four ways.

First, we consider a linear specification for the PPML model, instead of a

quadratic one:
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Figure C.1: Life expectancy by income group: sensitivity analysis

(a) Gradient within gender
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(b) Gradient between genders

0: Reference

1: Mean cont. rate

2a: Restriction: >0.0y

2b: Restriction: >1.5y

3a: Wages above 1/4 minimum wage

3b: Wages above 1/2 minimum wage

3c: Wages above 3/4 minimum wage

3d: Wages above 1   minimum wage

4: Incl. bottom 7%

5: Including days without work

6a: Income based on [35−54]

6b: Income based on [40−54]

6c: Income based on [45−54]

6d: Income based on [50−54]

7: Quantile by cohort

5 6 7 8
Estimated gradient

Note: This figure presents life expectancy gradients within gender (C.1a) and between genders (C.1b) for different
methodologies of permanent income definition and by gender. Life expectancy gradient is defined as the estimated
coefficient from the regression of life expectancy at 55 on percentile of labour permanent income. The reference
point is the methodology described in 4.1: Average gross labour income for individuals with more than 3 years in
the regime between 40 and 54, where permanent income groups are defined for men and women pooled, base on
the income distribution of cohort 1964.
Interpretation: Compared to the reference point, the men’s gradient when including individuals with at least
one work day in the regime is around 1.0 year lower.
Source: Agirc-Arrco data, authors’ calculations

E(Qxa) = exp(αx + βxa) + εxa, E(ϵxa|a) = 0

Second, following Chetty et al. (2016), we assume mortality rates follow a Gom-
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Figure C.2: Life expectancy by income level and gender: 35-54 VS 50-54 age window
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Note: This figure presents life expectancy at 55 by level of permanent income and gender, expressed in annualised
terms and in 2022 euros, for two methodologies: average income between 35 and 54 (orange) or 50 and 54 (yellow).
In both cases, cohorts are 1927-1964. Income rank is defined for the whole sample – men and women pooled.
Interpretation: For the same average annual income of around 50k € for men, life expectancy is higher in the
second sample, averaging income on the 50-54 age window.
Source: Agirc-Arrco data, authors’ calculations

pertz model up to 90.

ln (Qxa) = αx + βxa+ εxa

Third, we consider a logistic model between 55 and 90. According to the logistic

model, the logistic transformation of mortality rates evolves linearly with age for a

given sub-population.

ln

(
Qxa

1−Qxa

)
= αx + βxa+ εxa

Note that we considered a PPML model mainly to deal with a few observations

where observed mortality rates are zero. In the Gompertz and logistic model,

instead, we deal with them by interpolating these null mortality coefficients from

non-null coefficients at adjoining ages. This arbitrary method that can introduce

bias is the reason why we prefer PPML specifications in our main estimate. Also

note that even absent the zeros, the Gompertz model is not equivalent to the linear

PPML specification and needs not result in the same estimates, if residuals are

heteroskedastic (from Jensen’s inequality, see Santos Silva & Tenreyro (2006)).

Fourth, we consider computing life expectancy out of observed (unsmoothed)
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mortality rates.

Overall, these alternative specifications do not have much effect on the gradient

within and between gender.

Reweighting observations In our main specification, we put as much weight

on each observation (sub-population-age). Implicitly, it puts a lot of weight on few

surviving individuals of old cohorts at old ages. We try reweighting observations

in the Gompertz model by the number of survivors at the beginning of the year

(denominator of the observed mortality rate). The downside of this method is that

it puts less weight on relatively old ages at which a large share of deaths of a given

cohort is observed. In practice, we observe an almost null impact both within and

between genders.

Gradient by year of observation In our main estimate, we pool death and

survival counts across eleven years (2009-2019) by subpopulation to estimate our

model. It might be that trends in mortality inequality within and between gender

made the life expectancy gradient evolve during this period. To verify it, we estimate

the same PPML model on each year separately. In 2009, we observe mortality only

up to 87 (cohort 1922). For consistency, for each year, we estimate the model using

ages 55 to 87, and apply estimated coefficients up to 90. For sample size reason, we

do so by ventile of permanent income. We find that between 2009 and 2019, the

gradient across income groups increased both among women (+1.2 year) and men

(+1.4 years), while the gradient between men and women decreased by 0.7 years.

As showed in Figure C.4, during this period, life expectancy increased for whole

sub-populations but mostly among men and mostly at the top of the gradient.

C.3 Computation of RC

Figures C.5 and C.6 respectively display the decomposition of within gender RC

gaps, and RC and SSW gap decomposition between gender, using two extreme

values of the discount factor: 1 and 0.95. In our main analysis, we used β = 0.98.

A higher β puts more weight on later periods of retirement, where mortality is high

and differentials in mortality rate matter more. Differentials in RC and relative

contribution of mortality to this gap is therefore stronger with higher levels of β,

both within and between gender.

Finally, in Figure C.7, we test the sensitivity of our RC decomposition method-

ology to the order of decomposition, between gender. We mentioned that the pre-
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Figure C.3: Life expectancy gradient: sensitivity to the mortality model

(a) Gradient within gender
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(b) Gradient between genders
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Note: This figure presents life expectancy gradients by gender for different mortality models and by gender. Life
expectancy gradient is defined as the estimated coefficient from the regression of life expectancy at 55 on percentile
of labour permanent income. The reference point is the logistic model described in 4.1.
Interpretation: Compared to the reference point, the women’s gradient was around 0.9 year lower in 2009.
Source: Agirc-Arrco data, authors’ calculations

cise share of RC gap explained by each of the two factors depends on this order

of decomposition. However, we consistently find in the two decomposition orders

that mortality differentials account for more of the RC gap between gender than

“solidarity”.
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Figure C.4: Life expectancy at age 55 by income group and gender – 2009, 2019

(a) Men
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(b) Women
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Note: This figure presents life expectancy at 55 by ventile of permanent income – average labour income between
40 and 54, for year 2009 and 2019 separately. Income rank is defined for the whole sample – men and women
pooled. ventiles are multiplied by 5 for comparability with previous results. 95% confidence intervals follow the
methodology of Camarda (2015). The level of income gradient is estimated by the regression of life expectancy on
the income group.
Interpretation: Between 2009 and 2019, life expectancy of men of the first ventile increased by 1.2 years. Life
expectancy of men of the top ventile increased by 2 years.
Source: Agirc-Arrco data, authors’ calculations
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Figure C.5: Decomposition of the RC gap within gender – by discount factor

(a) β = 1
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(b) β = 0.95
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Note: This figure presents RC by ventile of permanent income – average labour income between 40 and 54 – for
women (red) and men (blue), with observed (solid line) and homogeneous mortality (dashed line). Income rank is
defined for the whole sample – men and women pooled. Observed RC is computed using observed contributions,
pension levels, retirement age, and estimated mortality at the income ventile × gender level. Dashed line considers
counterfactual returns with mean mortality rates within each gender from 55 on. Dotted line depicts average RC
within gender. Discount factor equals 1 in the first panel, 0.95 in the second one.
Source: Agirc-Arrco data, authors’ calculations
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Figure C.6: Decomposition of the RC and SSW gap between gender – by discount
factor

(a) RC – β = 1

2.220.08

0.18

1.97

2.22

−0.14

−0.322.68

Men Women

Observed −Mortality −Pension formula =Mean Observed −Mortality −Pension formula =Mean

140%

160%

180%

200%

220%

240%

260%

Scenario

R
C

(b) SSW – β = 1

0.1

0.17

0.06 −0.02

0.32

0%

10%

20%

30%

Observed −Mortality −Pension formula −Career length =Mean salary
Scenario

W
om

en
−

M
en

 g
ap

(c) RC – β = 0.95
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Note: This figure presents average RC by gender and its decomposition – left panels – and decomposition of the
lifetime pension gap between gender – right panels – using two extreme values of the discount factor – 1, 0.95.
Source: Agirc-Arrco data, authors’ calculations
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Figure C.7: Order sensitivity in the RC gap decomposition
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Note: This figure presents the respective contributions of differentials in mortality and solidarity from the pension
formula in the observed gap in RC between men and women, for two different orders of decomposition. The first
line from the bottom is the benchmark scenario developed in section 4 and depicted in Figure 6. Discount factor
equals 0.98.
Interpretation: In both methodologies, mortality is the main contributor to the observed gap in RC between
men and women.
Source: Agirc-Arrco data, authors’ calculations
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Online Appendix

A Details on pension formula

In this section, we present the first two pillars of the French pension system for

private workers. The two pillars are pay-as-you-go system, and compulsory.

A.1 Pension formula in the first pillar (Régime général)

The general formula for benefits B for wage earners of the private sector is the

following:

B = Wref × CP × τ (A.1)

The pension is proportional to a reference wage Wref, which is the average of the

25 best annual earnings figures under the Social Security Ceiling. It also depends

on a coefficient of proportionality (coefficient de proratisation, CP ) accounting for

the number of years contributed to the pension scheme. It is capped to one, and is

computed as CP = max(1, D/DCP ), with D the number on years of contribution in

the private sector and DCP a reference duration determined by law. τ corresponds

to a reference replacement rate τref of 50%, which can be either increased by a bonus

in the case of continued activity beyond the full-rate age, or reduced by a penalty

in the case of retirement before this age. More formally it can be decomposed as:

τ = τref ×
[
1− p×Npen + b×Nbon

]
(A.2)

Here Npen is the number of quarters of penalty and Nbon the number of quarters

of bonus. The former is calculated as the number of quarters missing to reach the

normal retirement age or the full-rate duration DFR (the smaller number is taken)

and the latter as the number of quarters worked beyondDFR and after the minimum

age of eligibility (SEA). p and b respectively correspond to the rate of penalty and

bonus for each quarter.

The pension accrual associated to one additional year is then the sum of three

effects:

• The change in the Wref , which depends on whereas the additional annual

earnings is among the N best ones or not.

• The change in CP, which is equal to 0 if the reference duration DCP is reached,

and 1/DCP otherwise. As this duration is the same as the full rate duration
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DFR, workers eligible for a full rate pension often have their CP capped to 1.

• The change in τ , which depends on the distance to the full rate age and the

associated bonus and penalty rates.

A.2 Pension formula in the second pillar (Agirc-Arrco)

On top of the first pillar pension, former workers of the private sector get additional

pension from the second pillar, often called Agirc-Arrco pension from the name of

the organisation administrating the scheme.

The Agirc-Arrco system is point based system in which workers obtain points

from their social security contributions, that are converted in pensions when the

pension is claimed.

The amount of pension received by pensioners at date t is computed as:

Pt = τAA × VSt ×
t∑

k=0

Ck

VAk

(A.3)

where Ck are social security contributions to the scheme in year k. The VAt

and VSt parameters are the parameters that respectively convert contribution into

points and accumulated points into pensions at period t.

The τAA rate is corresponds to a penalty associated to the fact of claiming the

pension before reaching the full rate age. The correspondence between the rate and

the number of quarters missing to reach the reference duration16 DCP is piecewise

linear:

τAA = min (1− .01× (DCP −D)− .0025× (DCP −D)× 1{DCP −D > 12}, 1)

Since 2019, a temporary bonus/penalty was also included in the pension formula

for workers born after 1957. The pension of a worker is multiplied by solidarity

coefficient of .9 for 3 years (up to 67 years old) if his contribution duration is below

DCP + 1 (D < DCP + 1). On the contrary, if a worker works 2 years beyond the

target duration, he multiplies his pension by 1.1 during one year, this bonus is

increased to 1.2 if he works 3 years beyond the target duration.

The scheme is governed by labour institutions and unions that annually decide

of the evolution of the two parameters VSt and VAt. In the recent years, the two

parameters more or less evolved as the same rate as prices with a few exceptions in

particular years of the great recession.

16The target duration is the same as in the first pillar scheme.
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A.3 Contribution base

The contribution base of the two pillars differ. Contribution base are defined relative

to the Plafond de la Sécurité Sociale – Social Security Ceiling (hereafter SSC) which

is an institutional threshold indexed on prices used to define contribution bases of

different social benefits. In 2023, the monthly SSC was € 3,666, which is slightly

more than 2 times the gross minimum wage, and a large majority of private sector

workers have earnings below the SSC.

The first pillar is based on labour earnings up to one SSC, and earnings taken

into account for the the reference wage Wref defined above are capped up to this

threshold.

The contribution base of the second pilar depends on the occupation of the

worker. Agirc and Arrco were historically two separated pension scheme, one for

blue and white collar workers (Arrco), and one for executives (Agirc). For non-

executives (Arrco), contributions are based on labour earnings up to 3 SSC. This

base is divided into two brackets: the first one that goes from 0 to 1 SSC is associated

to a low contribution rate, and the second one, going from 1 to 3 SSC is associated to

a higher contribution rate.17 For executive (Agirc), the second bracket is extended

up to 8 SSC from 1988 on (4SSC before). The two schemes merged in 2019, and

now apply the rules formerly used for executives.

A.4 Non-contributory components

On top of the contributory components described above, the two pillars have addi-

tional solidarity components that provide pension rights to the workers despite the

absence of contributions. We describe the main components below.

Implicit non-contributory components Given that it is based on points, the

pension formula makes a clear link between contributions and pension. This is not

the case of the first pillar based on annuity. In particular the way insurance duration

is computed generates additional pension rights for people with low earnings. The

duration D is actually computed based on the total earnings of the workers during

the year, and not on the actual working duration. To get the number of validated

quarters in year t, one divides the total earnings by gross earnings associated to 150

17In 2018, the low contribution rate was 6.2% of gross earnings and the high contribution rate
was 16.20%. For the first bracket, one has to add the contribution rate associated to the first
pillar: 15.45% of gross wages (6.9 of employee contributions and 8.55 of employer contributions).
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hours worked at the minimum wage (W). Duration in year t is thus Dt:

Dt = min

(⌊
Wt

W

⌋
, 4

)
where ⌊.⌋ is the floor operator. 150 hours of work correspond to about one

month of full time work, so anyone who works 4 months full time at the minimum

wage will validate one year of insurance duration.

Pension rights associated to children First, maternity leave and education of

children provide additional pension rights.

• In the first pillar, the birth of each child provide 4 quarters of contribution for

the mother. 4 additional quarters can be shared between the parents for the

education of children. By default, these 4 quarters are given to the mother,

but parents can ask to change this allocation. In addition to that, the pension

of parents of 3 children or more is increased by 10%.

Moreover, parents who take a parental leave (either stop or reduce their work-

ing activity to educate their children) benefit from additional pension rights

that are equivalent to working time at the minimum wage. It thus increase

pensions through both the reference wage (Wref ), and the number of years of

contributions (D).

• In the second pillar, if the number of kids is observed at the moment of the

pension claim, the bonus applied to kids depends on the period of accumula-

tion:

– For non executives (Arrco), points accumulated before 1999 are inflated

by 10% if the worker has 3 kids, and then by 5% per additional child.18

Between 1999 and 2011, the bonus was reduced to 5% for parents of 3

children or more, and there was no additional increase with the number

of children.

– For executives (Agirc) points accumulated before 2012 are inflated by

8% for parents of 3 children, and then by 4% per additional child.

– The bonus was standardised for executives and non executives since 2012:

parents of 3 children or more get a 10% bonus on their pension. The total

bonus is capped to a threshold.

18A parent of 3 kids had a 10% bonus, a parent of 4 kids a 15% bonus, etc.

4



Unemployment, sickness and disability periods

• In the first pillar, unemployment, sickness and disability periods are taken into

account in total insurance duration D, but do not contribute to the reference

wageWref . Information about the situation of the worker is usually transfered

by the administration in charge to the pension scheme.

• In the second pillar, points are attributed to workers based on their previous

earnings:

– If the worker gets a disability benefit, sickness leave, maternity leave

benefit, the workers gets additional points to his pension. Average points

per are computed based on the year preceding the leave, and multiply

by the number of days of leave to obtain the number of point given to

the worker.

– Unemployed workers gets additional points that are proportional to the

unemployment benefit they perceive.

Indexation rules Finally, indexation rules may also create distortions between

contributions and pensions. Per se, this does not constitute a non-contributory

component. However, it is worth taking that into account given that it may affect

return rates of workers.

In the first pillar, indexation rules play an important role in the computation

of pension through the reference wage. Reference wage is composed of the best 25

years, and past earnings are indexed on prices. The fact that these are indexed

on prices rather on the total payroll19 has important redistributive implications:

workers with more increasing earnings benefit more from the system than others.

A.5 Early start exceptions

The 2003 reform of the pension system progressively increased the target duration

from 37.5 to 40 years of contribution. The same reform allowed workers who started

to work before 17 and that reached the target duration to claim their pension before

the early retirement age, that was equal to 60 years old at that time. The 2010

reform that progressively increased the early retirement age from 60 to 62 years

old extended these exceptions: for the most recent generations, workers can claim

19The total payroll evolution is the natural return rate of any pay-as-you-go pension system.
See Samuelson (1958).
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their pension from 58 if they started to work before 16 years old, or from 60 if they

started to work before 20 years old.

One has to keep in mind that these exceptions are conditional on having reached

the target duration (43 years for the most recent cohorts), which basically means

that they have been working continuously since their career start.

Workers claiming their pensions through these exception benefit from the full

rate in both the first pillar (τ = .5), and the second pillar (τAA = 1). No temporary

bonus/malus is applied to their second pillar pension.
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B Details on data sources

B.1 Description of the different data sources

Agirc-Arrco records We can categorize Agirc-Arrco administrative records into

three main categories: first, the Base individus presents an index of all Agirc-Arrco

affiliates, be it for direct or indirect rights. This database is organised with one

observation per individual and presents many summary variables derived from other

administrative records. We use it for some general information – gender, date of

birth and death, location of birth, direct or indirect rights.

Second is the career RNGD database, that breaks down earnings and the acqui-

sition of direct rights in the career spent in the Agirc-Arrco regimes – one observa-

tion per individual-year-pension regime (Agirc, Arrco, Agirc-Arrco after 2019). The

main variables of interest for our analysis are points per period, pension regime,

contribution bracket and type of points – work, disease etc – as well as related

earnings. We also recover time spent in the regime from data on entry and exit

date in the regime, for each period and type of state – work, unemployment etc. In

principle, all years of the Agirc-Arrco career of individuals with direct rights should

be present. In practice, this data suffers from a lack of completion for old years or

cohorts – see next subsection.

Third, Agirc-Arrco records provide information on pensioners in different databases.

We first use Bases allocataires – pensioners database, one per year between 2009

and 2022, that contains information on total points validated at claiming, by regime

(Agirc, Arrco, unified Agirc-Arrco) and for three large categories of points: free

points for children born and raised, free points for seniority, and other points. For

each year, Bases allocataires contain individuals who are pensioners of the regime

during the year, and possibly those who died the year before. We also recover

for these the penalty rate used in the computation of Agirc-Arrco pensions – see

Online Appendix A. From RCIV records, we recover total periods validated by

pensioners of the regime up to 2022. These periods are differentiated between those

validated in the Agirc-Arrco regime and other regimes, broken down by type of val-

idated quarter and year. From the RCIV database, we also recover claiming dates

for the first- and second-pillar. Finally, the EIRR database allows us to recover

pension amounts received by pensioners for all regimes – in particular CNAV and

Agirc-Arrco pensions. One database is built by quarter and we have access to the

Q1-2014 to Q4-2022 databases. Each quarter’s “EIRR” contains pensioners alive

during the quarter – possibly some who died in the previous quarter. From this

last data source, we use pension amounts for CNAV and Agirc-Arrco and the date
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of last revalorisation of pension amounts to compute pension level at claiming.

Other data sources Apart from administrative records, we use various sources

to recover main parameters of the pension system, used in the computation of

permanent income and IRR. Some come from Agirc-Arrco archive documents (value

of the Social Security Threshold, inflation index – IPC, mean wage index – SMPT,

purchasing and service values of points, adjustment rates). From the IPP tax and

benefit tables (2023), we recover historical values of the minimum wage and of

minimum and maximum contribution rates for the first- and second pillars. We also

leverage average contribution rates, as computed in a working paper of the French

Retirement Guidance Council (COR, 2009) for the 1963-2009 period. Before 1963

and after 2009, we choose the maximum value between 1963 or 2009 mean rates as

computed by the COR, and contribution rates indicated in the IPP tax and benefit

tables (2023). Finally, to compute net wage in the sensitivity analysis, we mobilise

series of purchasing power of the average net wage, from the National Statistics

Institute – Insee (Insee, 2023a,b).

B.2 Quality of the information on careers

The Agirc-Arrco data on careers poses several challenges for our analysis. The

first one relates to completion of career data. In theory, all periods spent in the

Agirc-Arrco regime during the career are informed in the RNGD database, be it

for accumulated points, earnings or duration spent in the regime, for all present

and past affiliates. In practice, this is not the case, because of regularisation of

career information at claiming and lack of completion for old periods. It poses a

challenge for computing permanent labour income out of incomplete career data.

We use earnings data when available. However, Figure B.1 shows that for older

cohorts, earnings data is more incomplete than points data: ratio of total earnings

over recovered earnings from point is lower than 100%, increasing with birth year

and relatively stable across ages of the career within a cohort. When points are

available and earnings are not, we reconstruct salaries from points, using the price

of points and estimates of individual contribution rates. A related difficulty is that,

by definition, we only observe earnings for periods spent within one of the Agirc-

Arrco. labour income earned in other sectors – e.g. the public sector – are therefore

not observed. For these two reasons, in our permanent income computation, we

normalise the sum of labour income by the sum of days spent in the sector, to

prevent bias from individuals with high income who spent only few years in the

private sector. We also restrict the analysis to individuals who spent at least 3
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years in the sector between 40 and 54, for whom we assume observed income is

more or less representative of earnings on the whole career. In section 4.1, we found

that life expectancy among men of the first quantiles is oddly high, suggesting

they might benefit from other sources of income. Restricting to individuals of the

sample from cohort 1954 who retired and for which we have data on pensions, we

do find evidence of this: individuals of the first five ventiles are relatively low in the

distribution of Agirc-Arrco pension, but relatively high in the distribution of total

pension, suggesting that a principal share of the career was spent in other sectors.

This result is found in Figure B.2. Similarly, in Figure B.3 among cohorts 1922 to

1964 for which pension is observed, we find that on average, less that 80% of total

pension is made of private sector regimes among men of the bottom 7 percentiles.

Figure B.1: Ratio of observed earnings over all recovered earnings
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Note: This figure presents total salaries from earnings database over total recovered earnings by age and cohort
group. Total recovered earnings equal observed earnings when available and earnings recovered from points when
not. These are obtained by multiplying points by purchase price and dividing by individual contribution rates,
following methodology detailed in B.1.
Interpretation: For most recent cohorts, total observed earnings are almost equivalent to total recovered earnings.
Among older cohorts, observed earnings are more incomplete.
Source: Agirc-Arrco data

Another challenge posed by earnings and points data is that recovered earnings

are top coded. Indeed, there are two contribution thresholds above which additional

earnings give no additional points: 3 times the Social Security Ceiling – SSC – for

non-executives, 4 times for executives before 1988, 8 times after. For consistency

across cohorts and years, we compute permanent income using earnings top-coded

at 4SSC. However, to compute lifetime contributions for the 1954 cohort, we retain

all contributions up to 8SSC. In Figure B.4, we display, for cohort 1954, the distri-

bution of observed earnings (brown, top-coded at 8SSC after 1988) and the same
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Figure B.2: Quantile-Quantile plot: Permanent labour income and pensions

(a) Agirc-Arrco pension, Men
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(b) Agirc-Arrco pension, Women
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(c) Total pension, Men
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(d) Total pension, Women
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Note: This figure presents the observed distribution statistics of pension quantiles, by percentile of permanent
labour income. For each quantile of permanent income, horizontal tick, diamond and box respectively represent
median, average and interquartile range of pension percentile. Sample is made of individuals of section 4.2 born in
1954 for which pension level is observed. Pension is Agirc-Arrco pension in the first panel and total pension in the
second one.
Interpretation: Men of the first permanent income percentile are on average at the 26th percentile of total
pensions.
Source: Agirc-Arrco data

distribution, excluding the top contribution bracket (from 4 to 8SSC). It appears

that bunching at 4SSC concerns less than 1% of observations. Top-coding is there-

fore unlikely to have significant impact on permanent income ranking, even at the

very top of the distribution.

Finally, let us note that even though data on points is less incomplete than

earnings data for older cohorts, it is still rather incomplete for this population, as

apparent in Figure B.5: total points in the career database do not come close to

total points claimed at retirement for cohorts that retired before 2009 – even less

before 1999. In the computation of permanent income, our main strategy is to

normalise earnings by number of days worked to circumvent this issue. Number of

days worked have the same data source as points in the Agirc-Arrco administrative

records, and their respective levels of completion are the same. We also notice

that for older cohorts, data is more incomplete for older years. This is apparent in
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Figure B.3: Share of pension from the private sector, by permanent income per-
centile
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(b) Women
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Note: This figure presents the observed distribution statistics of the share of private sector pension over total
pension, by percentile of permanent labour income. For each quantile of permanent income, horizontal tick,
diamond and box respectively represent median, average and interquartile range of pension percentile. Sample is
made of individuals of section 4.1 for which pension level is observed, before truncation of the first 7%. Private
sector pension is defined as Agirc-Arrco and Cnav pension.
Interpretation: On average, private sector pensions represent 60% of total pension among men of the first
permanent income percentile.
Source: Agirc-Arrco data

Figure B.4: Distribution of earnings for the 1954 cohort

Note: This figure presents the distribution of observed earnings, normalised by the value of the Social Security
Ceiling – SSC. Observed earnings (top-coded at 8 SSC) are presented in brown. Observed earnings excluding the
top contribution bracket are presented in purple. The sample is made of one observation by individual-year with
positive accumulated points and positive earnings in the career records, for sample born in 1954 used in section 4.
Binwidth equals 0.1 SSC.
Interpretation: Less than 1% of recovered annual wages are bunched around 4SSC or 8SSC.
Source: Agirc-Arrco data

Figure B.6: for older cohorts, earnings of the end of the career are overrepresented

in career history, since data is more incomplete at the beginning of the career.

This is one of the reasons why we restrict our analysis to a narrow age window
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between 40 and 54 to compute permanent income, test even narrower windows, in

Appendix C.1, with low impact on our results.

Figure B.5: Data quality on accumulated points: comparison of the career and
pension records
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Note: This figure presents the ratio of total accumulated points in the career records on the same measure in
the pension records by claiming year, gender, and permanent income decile. Income rank is defined for the whole
sample – men and women pooled. Population is made of individuals of the sample used in section 4.1, who claimed
their pension at some point between 1985 and 2019 and had a minimum of 100 points at claiming. All points are
taken into account, exception made of “free” points at claiming for seniority of raised children.
Interpretation: On average, for men of the 2nd decile who retired in 2009, 20% of total points at claiming are
missing in career records.
Source: Agirc-Arrco data
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Figure B.6: Split of 40-54 recovered salaries, by age and cohort
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Note: This figure presents the split of total earnings between 40 and 54, by age and cohort group. Salaries are
normalised by an index of mean salary – SMPT. Sample is the one used in section 4.1.
Interpretation: For most recent cohorts (after 1950), the distribution of earnings and periods of work across the
career is relatively flat between 40 and 54 (around 1/15 of total for each year, during 15 years). For old cohorts,
data on young ages are under-represented in the career records.
Source: Agirc-Arrco data
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