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Abstract

This study presents findings on the understudied long-term effect of childcare-related
leave interruptions on mothers’ retirement income. Women’s employment trajectories
often include career breaks for childbirth and childcare-related leave, which can lower
maternal wages and labor force participation. Since pension entitlements largely depend
on employment history, this study hypothesizes a negative causal effect of individual
leave duration (ILD) on retirement income. Using Ordinary Least Squares (OLS)
estimation and a 2-Stage-Least-Squares Instrumental Variable (IV) approach that relies
on variation in country- and time-specific statutory maternity leave policies (SLD), the
study aims to identify a causal effect of ILD on old-age pension income. While the OLS
estimation suggests a significant negative correlation between ILD and retirement
income, the main IV estimation finds no significant effect. This implies that the OLS
estimates are biased by endogeneity. It also suggests that pension systems, as
moderators of the link between employment history and pension income, effectively
mitigate disadvantages arising in working life and cushion the effect of maternal leave
duration on retirement income. However, heterogeneity analyses indicate that this may
not be the case forallincome groups: ILD significantly reduces retirementincome among
mothers with middle to high income, suggesting that their entitlements are more closely

tied to employment history than those of low- or very high-income mothers.



Kurzfassung

Diese Studie prasentiert Ergebnisse zu den bislang wenig untersuchten langfristigen
Auswirkungen von Mutterschaftsurlaub und Elternzeit auf das Renteneinkommen von
Muttern. Die Erwerbsbiografie von Frauen ist haufig gepragt von Karriereunterbrechungen
aufgrund von Geburt und Kinderbetreuung, was zu niedrigeren Lohnen und einer
geringeren Erwerbsbeteiligung fihren kann. Da Rentenanspriiche weitgehend von der
Erwerbsbiografie abhangen, stellt diese Studie die Hypothese auf, dass die individuelle
Dauer des Mutterschaftsurlaubs und anschlieBender Elternzeit, kurz ILD, einen
negativen kausalen Effekt auf das Renteneinkommen von Mittern hat. Die Studie
verwendet die Methode der Ordinary Least Squares (OLS) und eine zweistufige
Instrumentenvariablenschatzung (IV), um einen kausalen Effekt von ILD auf das
Altersrenteneinkommen  zu identifizieren. Als Instrument dienen hierbei
ldnderspezifische und jahresbezogene gesetzliche Mutterschaftsurlaubsregelungen
(SLD). Wahrend die OLS-Schatzung eine signifikante negative Korrelation zwischen ILD
und Ruhestandseinkommen aufzeigt, findet die IV-Schatzung keinen signifikanten Effekt.
Dies deutet darauf hin, dass die OLS-Schatzungen durch Endogenitat verzerrt sind. Es
legt auch nahe, dass Rentensysteme als Moderatoren der Verbindung zwischen
Beschaftigungsgeschichte und Renteneinkommen die im Arbeitsleben entstandenen
Nachteile wirksam abmildern und Auswirkungen von ILD auf das Renteneinkommen
abfedern. Eine Heterogenitatsanalyse deutet jedoch darauf hin, dass dies
moglicherweise nicht fur alle Einkommensgruppen gilt: ILD verringert das
Renteneinkommen von Muttern mit mittlerem bis hohem Einkommen signifikant, was
darauf hindeutet, dass ihre Rentenansprtche stérker an ihre Beschaftigungsgeschichte

gebunden sind als die von Mlttern mit niedrigem oder sehr hohem Einkommen.
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1. Introduction

In all EU member states, women receive lower average old-age pension income than
men. In 2022, women aged 65 to 79 received pensions that were, on average, 26.1
percent lower than those of men in the EU (European Commission, 2024). Because
retirement income mirrors past labor market trajectories, the gender gap in pensions
(GGP) reflects systematic differences in employment histories of men and women
(Dessimirova & Bustamante, 2019; European Commission, 2013). On average, women
work fewer hours per week, receive lower wages, and spend fewer years in paid
employmentthan men. These disparities can be largely attributed to motherhood and the
unequal division of childcare-related leave around childbirth, which continues to fall
disproportionately on mothers. As a result, mothers interrupt their careers more
frequently and for longer periods than fathers (Bonnet et al., 2022; Hammerschmid &
Rowold, 2019b; Jedrzychowska et al., 2024; Jefferson, 2009; Lis & Bonthuis, 2019; OECD
Family Database, 2022).

While intended to grant parents time away from work to prepare for and recover from
childbirth, leave periods also affect mothers’ position in the labor market (Rossin-Slater,
2018). A large body of research shows that leave breaks influence mothers’ post-leave
labor force participation rates and earnings, although the size and persistence of these
effects vary based on the length of leave. Maternal labor force participation is found to
increase with short periods of leave, while longer breaks are negatively associated with
mothers’ employment rates, especially if mothers drop out of the labor market
completely (Cukrowska-Torzewska, 2017; Olivetti & Petrongolo, 2017; Schonberg &
Ludsteck, 2014; Thévenon & Solaz, 2012). Similarly, prolonged maternal leave negatively
affects wages, however mostly only in the short term as the observed reduction
disappears in the long run (Kleven et al., 2020; Lalive & Zweimuller, 2009; Ruhm, 1998).
Nevertheless, maternal leave is consistently identified as an impediment to career
progression and wage growth of mothers, particularly for extended periods of leave

(Mclntosh et al., 2012; Thévenon & Solaz, 2012; Torres et al., 2024).



According to the theory that disadvantages accumulate over the life course, —a concept
in life course research — economic inequalities that arise during working life can persist
and even intensify in retirement (Bernardi et al., 2019; Dannefer, 2003; Elder et al., 2003).
This is particularly evidentin the case of old-age pensions because pensionincomeis, to
some extent, the product of past labor force participation and wages (Kuitto et al., 2021;
Mohring, 2018; Mohring et al., 2025). Previous employment trajectories can shape
retirement income in two ways: First, lower labor force participation results in lack of
pension coverage in countries that require a minimum number of years of employment to
qualify for a pension (Jefferson, 2009). Hence, leave duration may negatively affect
pension income at the extensive margin. Second, most pension systems calculate
retirementincome based on total lifetime earnings (OECD, 2019b). Therefore, even short-
term reductions in wages due to extended leave interruptions may have a negative effect
onh pension income at the intensive margin. Based on this rationale, this study analyzes
the long-term economic impact of childcare-related career interruptions and
hypothesizes that maternal leave duration has a negative causal effect on mothers’ old-

age retirementincome.

So far, previous literature has primarily focused on the relationship between maternal
leave duration and mothers’ economic outcomes during their working lives. Studies that
take a longer-term perspective and investigate the link between the length of maternal
leave and income in retirement are limited. Existing research generally finds a negative
association between leave duration and mothers’ pension income that is significantly
moderated by countries’ pension systems (Dotti Sani & Luppi, 2021; Frommert et al.,
2013; Mohring, 2015, 2018; Mo6hring & Weiland, 2018). However, these studies do not
allow for any causal interpretation of the findings. Evidence on the causal effect of the
length of childcare-related leave on pension income remains even more scarce. A cross-
country causal analysis by Brugiavini et al. (2011) on the impact of statutory maternity
leave duration on mothers’ retirement income finds no significant effect. However, the
statutory length of leave likely underestimates mothers’ actual career interruptions, as
parental leave — a leave period that follows maternity leave - is primarily taken by

mothers, extending their time away from work beyond statutory maternity leave (OECD



Family Database, 2022). In contrast to Brugiavini et al. (2011), this study makes use of the

actual length of maternal leave that is retrospectively reported by mothers.

Understanding the precise mechanisms that link different employment trajectories to
mothers’ retirement income is particularly relevant in the context of the ongoing process
of population aging in Europe, and the increasing need for old-age poverty alleviation and
prevention among elderly women. While this study analyzes the effect of maternal leave
duration on pensionincome for past and current generations of retirees, the findings have
important implications for the design of labor markets, childcare-related leave policies,

and pension systems for future generations.

Understanding how childcare-related career interruptions affect maternal retirement
income is crucial for developing effective measures to mitigate old-age poverty among
women. Pensions are the primary source of income for retirees, which makes pension
adequacy a decisive factor for economic well-being in old age (Corsi et al.,, 2011;
European Commission, 2024a). Yet, elderly women face a higher poverty risk in old age
than men, mainly due to women’s higher life expectancy and difficulties accumulating
sufficient pension income from their own employment (Barigozzi et al., 2023; European
Commission, 2013; European Commission, 2024a). With the ongoing process of
population aging in Europe and women’s higher longevity, the number of elderly women
living in financial insecurity will continue to rise (European Commission, 2024a; Lis &
Bonthuis, 2019). From a life-course perspective, this has important policy implications:
if maternal leave duration is found to significantly reduce pension income, strategies are
needed to prevent disadvantages that arise in working life to persist until retirement (Dotti

Sani & Luppi, 2021).

In response to an aging population and a resulting decline in the working-age population,
European pension reforms are gradually tightening the link between wages and
retirement income to improve the financial sustainability of pension systems
(Ebbinghaus, 2012; European Commission, 2013; OECD, 2019b). At the same time,
standard, uninterrupted work paths are becomingless common as careers become more

discontinuous (Hinrichs, 2021; Hinrichs & Jessoula, 2012; Kuitto et al., 2021). These



developments foreshadow an aggravation of pension income inequality and an increase
in the number of individuals at risk of old-age poverty, particularly among retirees with
lower lifetime earnings (Ebbinghaus, 2012; Hinrichs, 2021). A negative effect of maternal
leave duration on retirement income would highlight the need to strengthen poverty-
alleviating elements of pension systems to protect mothers from the consequences of

career breaks.

The objective of this study is to analyze the causal effect of mothers’ leave duration on
their old-age pension income across 15 European countries, namely Austria, Germany,
Sweden, the Netherlands, Spain, Italy, France, Denmark, Greece, Switzerland, Belgium,
Ireland, Luxembourg, Portugal, and Finland. The empirical strategy is comprised of two
steps: first, two multiple linear regression models, estimated using ordinary least
squares (OLS), assess the correlation between mothers’ individual leave duration (ILD)
and their retirement income. Throughout this study, ILD and maternal leave duration are
used interchangeably. Both refer to the time that mothers are away from work due to
childbirth and subsequent childcare-related obligations. Hence, ILD includes maternity
leave before and after childbirth, as well as parental leave taken by the mother, which
usually follows maternity leave. ILD also includes any additional time that mothers spend
away fromwork due to childcare responsibilities that exceeds the statutory maternity and
parental leave period. Therefore, ILD also covers periods during which mothers drop out
of employment due to childcare. The necessary individual-level data on retrospective
maternal leave trajectories and employment histories, as well as contemporary
information on individual-level old-age pension income comes from the Survey of Health,
Ageing, and Retirement in Europe, short SHARE. SHARE provides a rich dataset that
allows this study to link contemporary data on mothers’ pension income with

retrospectively collected information on the length of their maternal leave for each child.

The second step of the empirical strategy employs a 2-Stage-Least-Squares Instrumental
Variable (2SLS IV or IV) approach to isolate the causal effect of ILD on pension income.
Country- and time-specific policies on statutory maternity leave duration (SLD) in 15
European countries from 1960 to 2010 provide the necessary instrument in the IV

estimation. SLD refers to the legal framework that establishes the maximum length of



maternity leave available to mothers in each observed country and year. The country-
level information on SLD comes from the Comparative Family Policy Database that
provides harmonized data on maternity, parental, and childcare leave policies in OECD

countries for the years from 1960 to 2010 (Gauthier, 2011b).

The remainder of this study is structured as follows: first, a literature review provides
comprehensive information on the institutional framework underlying the subsequent
analysis. Next, an overview of existing research on the short-, medium-, and long-term
impact of maternal leave duration on mothers' economic outcomes is provided. The
estimation strategy and data are described in more detail. Descriptive findings for the
main variables are presented, followed by the main analysis. Several robustness checks
address concerns about the validity of the IV estimation results. Additionally,
heterogeneity analyses indicate a potential group of compliers in the IV estimation and
explore whether the results vary for different subgroups. The results are discussed in the
light of current literature and possible explanations for the findings are provided. A

conclusion summarizes the study.

2. Literature Review
2.1 Institutional Context

2.1.1 Childcare-Related Leave Policies in the European Context

Childcare-related leave policies are designed to grant parents time away from work to
prepare for and recover from childbirth, while also protecting the health of both mother
and child during the period after the birth (Rossin-Slater, 2018). Several studies
document the positive impact of parental leave on the well-being of mothers and
newborns: Extensions of leave are associated with higher breastfeeding rates, lower
incidence of low birth weight, and reduced infant mortality (Rossin-Slater, 2018; Ruhm,
2000; Tanaka, 2005). In addition to improving the health of mothers and their children,
leave policies aim to support parents in balancing care responsibilities and career

continuity (Rossin-Slater, 2018).



To achieve these objectives, most European countries have developed four types of leave
policies: maternity leave, paternity leave, parental leave and childcare leave. Maternity
leave is a period of job-protected time away from work for previously employed women.
It usually includes weeks before and after childbirth and is compulsory in some
countries. During this time, mothers are typically financially supported by income-related
leave benefits, which sometimes provide fullincome replacement. Paternity leave refers
to the same concept for employed fathers, though usually at a shorter length (OECD
Family Database, 2024a).

Parental leave often follows maternity leave and is intended to provide additional leave
for both parents. The details and peculiarities of parental leave vary significantly from
country to country. Several countries reserve a portion of parental leave exclusively for
the mother or father, making it non-transferable. In some countries, paternity leave is
integrated into parental leave entitlements. To encourage fathers to make use of their
parental leave, few countries offer extra paid weeks if both parents take a certain amount
of parental leave (OECD Family Database, 2024a). Nevertheless, the greater share of

parental leave users are still mothers (OECD Family Database, 2022).

Childcare leave, also known as homecare leave, is a type of job-protected leave that
grants parents time away from work during their child's early years, usually until the child
starts formal childcare. Childcare leave follows parental leave and allows at least one
parent to stay home with the child. While parental leave supports parents in caring for
their newborn during the first months and years, childcare leave provides support during
a later phase, usually until the child is two or three years old. Only a few countries offer
this type of leave, which is usually unpaid or paid at a very low rate (OECD Family

Database, 2024a).

Historically, maternity leave has been a core policy of social welfare states and dates
back to the 19th century (Daly & Ferragina, 2018). Germany was the first country
worldwide to introduce paid maternity leave in 1883 under the Bismarckian government
(Son, 2024). It granted women six weeks of leave with leave benefits paying 50 percent of

their earnings. Most European countries followed suit and established maternity leave



policies in the early to mid-20™ century. Paid leave durations varied widely, from just two
weeks in Denmark to twelve weeks in the Netherlands, while most European countries
granted around four weeks. By the mid-20th century, most European countries had
introduced some form of paid maternity leave. From the 1970s to the 1980s, family policy
was determined by extensive expansion in both maternity and parental leave duration.
Today, almost all European countries offer longer leave earmarked for mothers than they
did in 1970. In 2024, the average length of paid maternity leave among EU countries was
21.5 weeks and the average length of paid parental and home care leave available to

mothers stood at 45.2 weeks (OECD Family Database, 2024a, 2024b).

It is only in recent decades that paternity and parental leave schemes earmarked for
fathers have emerged. In the second half of the 20™ century, paternity leave or parental
leave exclusively reserved for fathers was still the exception: in 1970, only three European
countries had introduced paternity leave, notably Belgium, Luxembourg and Spain. By
2024, all European OECD countries had reserved some period of paid leave exclusively
for fathers (OECD Family Database, 2024b). However, the take-up of parental leave by
fathers differs substantially among countries. In the Nordic countries, — e.g. Sweden,
Iceland, and Denmark — nearly half of those who take parental leave are men. In contrast,
fewer than ten percent of parental leave users are men in countries like Austria and
France. In most countries, it is still mothers who use the greater share of parental leave
entitlements (Daly & Ferragina, 2018; Gauthier, 2011a; OECD Family Database, 2022,
2024a, 2024b).

An important factor in the uptake of parental leave, particularly among fathers, is the
amount of benefits paid during leave. High leave benefits are an important incentive for
fathers to use and extend their leave entitlements (Karu & Tremblay, 2018; O’Brien, 2009).
Parental leave benefits are generally lower than maternity leave benefits and typically
replace one to two-thirds of previous earnings (Kern & Lecerf, 2023; OECD Family
Database, 2022, 2024a). Leave benefits during maternity leave are more generous: Most
European countries grant benefits of over 50 percent of previous income; some even

replace full pre-leave earnings (OECD Family Database, 2024a).



2.1.2 Old-Age Pension Systems in the European Context

The Three Tiers of European Pension Systems

Old-age pension systems are a key institution of modern welfare states and the main
moderator of the relationship between maternal leave duration and retirement income
(Mdhring, 2015). In the European context, pensions serve two main purposes: Theyintend
to maintain a certain standard of living in old age that is proportional to one's living
standard during employment, and to reduce poverty among retirees. Most European
pension systems aim to achieve these objectives through the interplay of pension
contributions, pension entitlements, and redistribution of benefits, and a combination of
three pensiontiers (Lannoo et al., 2014b; OECD, 2015, 2019b). Allthese components are

defined in more detail below.

Individual pension contributions form the basis for calculating most of an individual’s
pension income and are usually mandatory for all workers. The total amount of
contributionsis based on a percentage of the employee’s earnings and is typically shared
between employees and employers (Lannoo et al., 2014; OECD, 2023a). Upon
retirement, the accumulated contributions are converted into pension entitlements,
either based on a formula that considers the number of contribution years, accrual rates,
and the amount of pensionable earnings, or a notional rate of return is applied to all
contributions made during employment. Thus, pension entitlements are largely

determined by contribution history and earnings level (OECD, 2019b).

Most European pension systems include redistributive mechanisms to safeguard retirees
against old-age poverty caused by otherwise inadequate pension entitlements (OECD,
2019b). In the context of pension policies, redistribution refers to adjusting pension
entitlements in favor of low earners and retirees with interrupted careers. More precisely,
beneficiaries receive a pension benefit thatis higher than the actuarial value of their own
contributions (European Commission, 2024a; OECD, 2019b). Therefore, the degree of
redistribution in pension schemes significantly affects how career interruptions and low

wages impact retirementincome (Mdhring, 2015).



Almost all European pension systems share a common three-tier structure, with each tier
serving a specific purpose. The first two tiers are usually mandatory, while the third tier
consists of private, voluntary savings. First-tier pensions are typically public, state-
managed pension plans that aim to guarantee retirees a minimum income in old age,
unrelated to labor earnings, to protect them against old-age poverty. Therefore, first-tier
pensions are generally considered a redistributive element within the three-tier system.
The second tier is intended to mirror previous living standards and to maintain a pension
incomethatis proportionalto previous earnings from employment. The third tier consists
of voluntary, private, or employer-based pension plans that provide an additional option
for private retirement savings. Due to their voluntary nature, third-tier pensions play a
minor role in determining pension income adequacy in most European countries and
usually only act as supplemental savings (Lannoo et al., 2014; OECD, 2019b, 2023a). This
study analyzes pension income from first and second pension tiers only, thus, the third

tier will not be discussed further.

First-tier pensions can be classified into three types that are all unrelated to previous
earning levels but differ in their degree of redistribution and coverage of the retired
population: basic, targeted, and minimum pensions. Basic pensions can be either
contribution-based or residence-based. This means that eligibility requires a minimum
number of contribution or residency years, and the benefit levelis usually proportionalto
the number of years. If the requirements are met, every retiree receives the basic pension,
independent of pension income from other sources. Targeted pensions are residence-
based, means-tested programs aimed specifically at low-income pensioners. Unlike for
basic pensions, eligibility for and the amount of benefits received from targeted pensions
depend on current income from other pension sources, assets, and the need for state
support. Minimum pensions are intended to supplement the retirement income of
retirees whose benefits would otherwise fall below a certain threshold. However,
eligibility usually requires a sufficient number of contribution years (OECD, 2019b).
Although all first-tier pensions are redistributive, minimum pensions provide
supplements only to those with sufficient contributions, making them the least

redistributive pension type. In contrast, eligibility for targeted and residence-based basic



pensions does not depend on contribution history, making these pension schemes more

redistributive than minimum pensions (Méhring, 2015).

Second-tier pension systems follow one of the three schemes: Point systems, defined
benefit (DB) or defined contribution (DC) schemes. Point schemes calculate pension
entitlements based on pension points that depend on labor earnings. The sum of points
is then multiplied with a fixed value to convert it into monthly pension income. A DB
pension plan pays retirees a pension based on previous income, years of contribution
and accrual rates. DC schemes can be either funded (FDC) or notional (NDC). In both
types, contributions flow into individual accounts. While FDC plans convert individual
contributions, together with investment returns, into a monthly pension, NDC plans
calculate entitlements based on contributions and a notional rate of return (OECD,
2023a). All three schemes - point systems, DC and DB plans — base pension entitlements

on contribution history and earnings and have little to no redistributive power.

A relevant feature of pension systems that shapes the link between maternal leave
breaks and pension entitlements are compensating mechanisms that credit childcare-
related leave periods in pension calculations. Most European pension systems aim to
compensate mothers — and sometimes fathers — implicitly or explicitly for interrupting
their careers to give birth and subsequent care to their children (D’Addio, 2012). Implicit
mechanisms include considering leave as contributory periods or treating leave benefits
as pensionable earnings, while explicit recognition occurs through care credits, which
grant pension contributions based on leave duration or the number of children. Most
countries impose time limits on the period these measures cover, often until the child

reaches a certain age (D’Addio, 2012; OECD, 2015, 2019b).

Country-Specific Pension Systems:
Earnings-Related versus Redistributive Schemes

National pension systems play a key role in moderating the relationship between a
mother's employment history and her retirement income. The design of pension systems
has a greater impact on women’s pension entitlements than men’s, as women are more

likely to face interrupted careers, particularly due to periods of maternal leave
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(Jedrzychowska et al., 2020; Mohring, 2015). Retirees with career breaks and low earnings
benefit from redistributive pension schemes, whereas earnings-related systems penalize
low life-time earnings and periods away from work. Whether a pension scheme is
redistributive or earnings-related is determined by the type of first-tier pension, the
balance between first and second tiers, and the crediting of leave periods in the pension
calculation (Méhring, 2015). In this cross-country study, outlining the pension system of
each country is essential to comprehend pension systems as channels between

maternal leave duration and retirement income.

Based on the pension taxonomy used by the OECD in its reports Pensions at a Glance
and Pensions at a Glance - Country Notes, the following section reviews pension
schemes and country-specific peculiarities of the 15 observed countries, namely:
Austria, Germany, Sweden, the Netherlands, Spain, Italy, France, Denmark, Greece,
Switzerland, Belgium, Ireland, Luxembourg, Portugal, and Finland. The outline of each
country's pension system is mainly based on the OECD report Pensions ata Glance from
2019 (OECD, 2019b); however, information from the reports from 2023, 2021, 2017, and
2015 and from the reports Pensions at a Glance — Country Notes and OECD Reviews of
Pension Systems is also considered (OECD, 2014, 2015, 2017, 2019a, 2021, 2023a,
2023b). Systems may have been altered or adjusted during this analysis's observation
period, most likely by raising the statutory retirement age or by reducing pension benefits.
However, significant changes to the core design of pension systems are often politically
controversial and time-consuming to implement; therefore, the pension typesin placein
each tier rarely undergo complete changes (Van Vliet et al., 2012). In the following, a
general description of each country’s first- and second-tier scheme and of its crediting
mechanisms for leave periods is provided. In addition, countries are grouped based on

the extent to which their systems redistribute or are earnings-related.

Italy, Portugal, Greece, and Spain all depend on a primarily earnings-related pension
scheme. Italy, Portugal, and Spain rely on a contribution-based minimum pensionin their
first tier to which, as of 2019, individuals must have contributed for 22, 30, or 34 years,
respectively, to receive its full amount. Portugal and Spain complement this with

earnings-related DB plans, where pension contributions during parental leave accrue on
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pre-leave wages (Portugal) or leave benefits (Spain). Italy’s NDC plan in its second tier
further strengthens the link between earnings and pension entitlements in the Italian
scheme. In the ltalian system, leave benefits are treated as pensionable income. Greece
differs slightly from the other three countries as it has implemented a residence-based
basic pensioninitsfirsttier. However, its main componentis an earnings-related DB/FDC
mix, where leave benefits count as pensionable income. Given their limited redistribution
and dominant earnings-related second tiers, the systems of Italy, Portugal, Greece, and
Spain penalize short careers and low wages in the calculation of pension entitlements

(OECD, 2015, 2017, 2019b, 2019a).

Austria, Belgium, France, Luxembourg, and Switzerland rely on mainly earnings-related
pension systems with moderately redistributive elements. Their first tiers consist of a
contribution-based minimum pension: Austria, Belgium, and Luxembourg require 15, 30,
and 35 years of contributions, while France and Switzerland grant universal minimum
pensions scaled by contribution years. The second tier in Austria, Belgium, France,
Luxembourg, and Switzerland is an earnings-related DB plan, with France combining it
with a point system. Parental leave is credited differently in the five countries: Austria,
France, and Switzerland provide explicit care credits, while Belgium and Luxembourg
implicitly count leave as contributory periods and benefits as pensionable income.
Overall, these systems combine earnings- and contribution-based structures with

limited redistributive elements (OECD, 2015, 2017, 2019b).

Sweden combines a targeted first-tier pension with earnings-related FDC and NDC
second-tier plans that calculate benefits over the full working life. Parental leave benefits
count as pensionable earnings in the Swedish pension system. Like for Austria, France,
Belgium, Luxembourg, and Switzerland, Sweden’s mix of earnings-related and
redistributive elements makes its pension system moderately earnings-related (OECD,

2015, 2017, 2019b).

Germany has no stand-alone, first-tier pension dedicated to social protection and
poverty prevention. Instead, low-income retirees rely on general, means-tested social

assistance which is not part of the pension system. Since social assistance is a means-
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tested benefit for low-income retirees, it is sometimes referred to as a targeted first-tier
pensioninthe literature; however, itis not a separate pillarinthe German pension system
(Bundesministerium fur Arbeit und Soziales, 2023). In 2021, Germany introduced a
supplemental pension for low-income retirees that requires 33 contribution years to
become eligible. While it resembles a contribution-based minimum scheme, the
supplemental pension is not a separate tier in Germany’s pension design
(Bundesministerium fur Arbeit und Soziales, 2023). Germany’s second-tier system is
earnings- and contributions-based, using a point scheme similar to France’s. Childcare
interruptions are credited with one pension point for each child. The number of points is
based on the number of children and not on the actual length of leave periods. Overall,
Germany’s pension system remains largely earnings- and contributions-based, with

limited redistributive elements (OECD, 2015, 2017, 2019b, 2023b).

Finland combines a redistributive targeted pension — covering nearly one-third of retirees
— with its core scheme, a primarily earnings-related DB system based on lifetime
earnings. Pension contributions accrue for 11 months of maternal leave based on pre-
leave wages. After 11 months, contributions during leave periods continue to accrue at
only one-fifth of average earnings. While the targeted pension offers additional income
for low-income retirees independent of contribution history, Finland’s core pension

scheme remains earnings-related (OECD, 2015, 2017, 2019b).

The Netherlands combines a redistributive, residence-based basic pension in the first
tier with an earnings-related DB scheme in the second, calculated on lifetime earnings.
While maternal leave is not credited in the second tier, the first tier remains unaffected
as it calculates entitlements based on residency rather than earnings. Overall, the Dutch
system balances a redistributive basic pension with an earnings-related second tier,
making it moderately redistributive (Beetsma et al., 2015; European Commission, 2024a,

2024b; OECD, 2017, 2019b).

In Denmark and Ireland, pension entitlements remain virtually unaffected by previous
employment trajectories. Denmark relies on a residence-based basic and a targeted

pension in its first tier that are both mostly independent of contribution history and cover
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nearly 75 percent of retirees. Denmark combines its first tier with an earnings-related
FDC second tier, which functions mainly as a supplement (Andersen, 2015). Pension
contributions during maternal leave continue to accrue in the FDC plan based on leave
benefits. Ireland has a contribution-based basic pension that requires just ten years of
contributions to become eligible. Ireland has no mandatory second tier, though voluntary
private plans exist. Leave periods count as contributory periods in the contribution-based
basic pension. Denmark’s and Ireland’s pension systems are the most redistributive

among all 15 observed countries (OECD, 2014, 2015, 2017, 2019b; Whitehouse, 2006).

Based on the country-specific descriptions and grouping of pension systems, the
observed countries can be broadly ranked by how strongly entitlements depend on pre-
retirement labor market trajectories. Retirement income in Italy, Portugal, Greece, and
Spain is mainly earnings-related, and the pension system has limited redistributive
capability. In Austria, Germany, France, Belgium, the Netherlands, Switzerland,
Luxembourg, Sweden, and Finland, an earnings-based pension scheme forms the core
system, but is combined with redistributive elements. Ireland and Denmark are the only
countries where pension income is largely unrelated to contribution history and earnings

due to their core redistributive systems. In summary, the following groups emerge:

Table 1: Countries grouped by their pension systems, based on the degree of
redistribution and earnings-relatedness

(1) Highly earnings- and contributions-related, limited redistribution:

Italy, Portugal, Greece, Spain

(2) Mainly earnings- and contributions-related, moderate redistribution:
Austria, Germany, France, Belgium, the Netherlands, Switzerland,

Luxembourg, Sweden, Finland

(3) Unrelated to earnings and contribution history, high redistribution:

Denmark, Ireland
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Notes: This table shows all observed countries grouped by their pension systems, based on whether their
systems are earnings-related or redistributive. The grouping is mostly based on pension system taxonomy
from the OECD report Pensions at a Glance from 2019.

The degree of redistribution in pension schemes is also reflected in variation of pension
replacement rates (PRR) across different pre-retirement earnings levels. The PRR is
defined as the percentage of pre-retirement income that is replaced by pension income
and is typically calculated using average lifetime earnings (OECD, 2019b). It indicates
how well a pension system maintains an individual’s income level in retirement. In many
European OECD countries, low-income retirees have a higher PRR than those with
average or high earnings. Yet, variation by countries exists: redistributive pension
schemes provide much higher PRRs for low-earners than for average- and high-earners,
while earnings-related systems have similar rates for all income groups, which offers
comparatively less protection for individuals with lower lifetime earnings (OECD, 2015,

2017, 2019b).

This pattern is consistent with the country groups in Table 1. In Italy and Spain, low- and
average-income retirees face identical PRRs, which highlights the lack of redistributive
measures. In most countries in group (2) in Table 1, retirees with prior below-average
earnings receive PRRs that are three to 20 percentage points higher than the PRRs for
those with average earnings. The difference in the PRR is particularly pronounced in
Denmark and Ireland, where low earners have a PRR that is around 43 (Denmark) and 26
(Ireland) percentage points higher than the PRR for average earners (OECD, 2019b).
These differences illustrate not only variation in the PRR by country but also disparities
between income groups within countries, as low-income retirees are usually better
protected by redistributive pension schemes than their higher-earning counterparts

(OECD, 2023a).
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2.2 Maternal Leave Duration and Economic Outcomes

2.2.1 Maternal Leave Duration and Economic Outcomes During

Working Life

The previous section shows that most European pension systems base pension
entitlements on previous career earnings. Hence, mothers’ labor market trajectories are
a key pathway in the link between maternal leave and pension income. Mothers may lose
income during leave, but more importantly, prolonged leave influences labor force
participation and earnings after reentering the labor market. Lower labor market
participation may lead to mothers not being covered by pension schemes at all - hence,
affecting the extensive margin of pension income - and a reduction in earnings may
impact the intensive margin of retirement income. The following section reviews existing
literature on the relationship between maternal leave duration and mothers’ short- to
medium-term labor market outcomes to contextualize the very long-term effect of leave

duration on pensionincome.

While research on long-run consequences of maternal leave on pension income is
limited, there are numerous studies on childcare-related career breaks and economic
outcomes during working life. Most studies focus on two outcomes: the development of
mothers’ labor force participation and of mothers’ wages after childbirth. Findings from

previous literature show a rather ambiguous picture for both and are presented below.

The relationship between leave duration and maternal labor force participation appears
to be country specific. Still, mothers’ post-leave employment rates generally tend to
decline with extended leave in the short term, while long term effects are only minimal or
nonexistent. Numerous policy changes and expansions of statutory leave in late 20™-
century Europe have been widely used as natural experiments to study these country-
specific effects. Kluve and Schmitz (2018) use the introduction of more generous leave
benefits in Germany to estimate the causal effect of the policy change on mothers’ labor
market outcomes. They find that, up to five years after childbirth, labor market
participation among mothers has risen, but mostly due to a greater share of women

working in part-time employment. The authors also find significant heterogeneities by
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income terciles: while the reform causes a significant increase in the labor force
participation of high-income mothers, low-income mothers’ employment rates remain
almost unaffected. In contrast, Froderman et al. (2023) investigate the same German
policy change and identify negative effects on female labor market participation.
However, the reduction persists only in the first year after childbirth and maternal
employment rates converged to pre-reform levels over time. Other studies confirm
immediate post-leave effects that disappear years after giving birth (Bergemann &

Riphahn, 2023; Lalive & Zweimdller, 2009; Schonberg & Ludsteck, 2014; Stearns, 2016).

Cross-country studies generally indicate that the impact of maternal leave on mothers’
employment depends on the length of leave. An early cross-country study by Winegarden
and Bracy (1995) finds that prolonging paid leave entitlements has a positive causal effect
on female labor market participation during mothers’ childbearing ages. In a causal
analysis of nine European countries, Ruhm (1998) confirms an increasing effect on
female labor supply as well, but a slight decrease in mothers’ wages. Several other
studies document a positive impact on maternal employment rates, yet only for short-to
medium-long periods of paid leave. Above a certain threshold, any further extension of
maternal leave is negatively correlated with mothers’ employment rates, leading to the
assumption of a non-linear relationship between the length of career breaks and
mothers’ labor force participation (Cukrowska-Torzewska, 2017; Joseph et al., 2013;
Misra et al., 2011; Schénberg & Ludsteck, 2014; Thévenon & Solaz, 2012). Olivetti and
Petrongolo (2017) corroborate these findings in a literature review. They conclude that,
across countries, shorter lengths of leave have positive causal effects on maternal
employment, while longer leave breaks appear to harm mothers’ post-leave labor market
participation. They also point out heterogeneous effects by education, where leave
duration has less detrimental impacts for lower skilled mothers (Olivetti & Petrongolo,
2017). The critical threshold after which an extension of leave has a negative effect on
mothers’ employment seems to be around one year (Canaan et al., 2022; OECD, 2011;
Rossin-Slater, 2018), however, others suggest the turning point to be at around two years

of leave (Thévenon & Solaz, 2012).
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The effect of maternal leave duration on post-leave earnings appears to be similarly
country- and policy-specific, though most research indicates increasingly negative
returns with longer leave breaks. Particularly, the adverse impact of longer leave
interruptions on mothers’ earnings in Germany, a country with long statutory parental
leave provisions, is well documented. Each additional month of leave significantly
reduces the wages of German mothers in both the short and long term, thereby
contributing to the existing motherhood wage penalty in Germany (Ejrnces et al., 2013;

Ondrich et al., 2002; Schonberg & Ludsteck, 2014).

However, Frodermann et al. (2023) show that the German parental leave reform from
2007 only had short-term impacts on mothers’ earnings that disappear in the long-run.
Likewise, several other country-specific studies find that leave extensions decrease
mothers’ earnings after re-entering the labor market, but had little long-term impact on
wages (Dahl et al., 2016; Girsberger et al., 2021; Lalive & Zweimdiller, 2009; Stearns,
2016). Kleven et al.’s (2020) analysis of multiple leave reformsin Austria isin line with the
finding of immediate decreases in post-leave earnings: negative effects on earnings are
limited to short-term effects that vanish in the long term. In addition, they point to non-
linearities, as the marginal effect of leave duration on earnings is greater for shorter leave
lengths (Kleven et al., 2020). Reviews of cross-national and country-specific studies also
conclude that the impact of maternal leave duration on earnings appears to be non-
linear, although policy features such as leave benefits seem to be influential (Canaan et

al., 2022; Cukrowska-Torzewska, 2017; Olivetti & Petrongolo, 2017).

Contrary to the findings of non-linearities in the relationship between leave duration and
earnings, Evertsson (2016) finds a significant reduction of Swedish mothers’ wages that
increases linearly with the length of leave. The study also identifies an educational
gradient, finding that higher-educated mothers experienced greater wage losses.
Similarly, a French reform of maternal leave coverage is estimated to linearly lower
wages up toten years later —each additional year of leave is estimated to reduce earnings

by seven to 17 percent (Lequien, 2012).
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Although there is no consensus on the exact magnitude and persistence of the impact of
leave interruptions, compelling evidence shows that longer interruptions have more
adverse effects on mothers’ labor force participation and earnings than shorter ones.
Thus, the impact of leave on labor market outcomes during working life depends on its

length. However, the effects appear to persist only in the short and medium term.

Still, it is plausible that these disparities accumulate over the life course and introduce a
similar relation between maternal leave duration and pension income. Most countries in
this study base eligibility for pension plans on the premise of uninterrupted employment
to achieve full pension coverage. Therefore, gaps in contributions, even for a few years,
can result in not being covered by a pension scheme. Similarly, even short-term
reductions in wages can result in reduced retirement income because most countries

calculate entitlements based on life-time earnings (OECD, 2019b).

2.2.2 Maternal Leave Duration and Economic Outcomes in Retirement

Women receive lower average retirement income than men, a disparity measured by the
gender gap in pensions (European Commission, 2013; Lis & Bonthuis, 2019). Factors that
determine the GGP can be partially attributed to women’s greater share of childcare
responsibilities: women have shorter careers and receive lower wages (Frericks & Maier,
2008; Hammerschmid & Rowold, 2019b; Lis & Bonthuis, 2019; Mavrikiou & Angelovska,
2020; Niessen-Ruenzi & Schneider, 2022). Within the broader GGP, research increasingly
investigates the motherhood pension gap, which measures the additional reduction of
pensionincome mothersface compared to childless women (Jedrzychowska et al., 2020;
Mohring, 2018; Mdhring et al., 2025). Several studies find that mothers’ retirement
income decreases with each additional child, supporting the existence of a motherhood
penalty in pensions (European Commission, 2013; Haan et al., 2025; Jedrzychowska et
al., 2020; Mohring, 2018). This suggests a direct link between children, childcare, and
women’s pension entitlements, however, the exact impact of maternal leave on the GGP

and on the motherhood penalty in pensions has yet to be quantified.

While there is an extensive body of literature that examines the link between maternal
leave duration and economic outcomes during working life, much less is known about
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the very long-term economic impact of leave duration in retirement. The limited literature
investigating the association between leave length and pension income generally finds a
negative relationship, which is elaborated on in more detail below. Studies that
investigate a causal link between maternal leave duration and pension income are even
more limited. A causal cross-country study by Brugiavini et al. (2011) explores the effect
of statutory maternity leave duration on pension income and finds no significant effect.
However, the length of statutory maternity leave likely underestimates the actual length
of mothers’ leave interruptions, as parental leave after maternity leave is predominantly
taken by mothers (OECD Family Database, 2022). Hence, the actual duration of maternal
leave is often longer than statutory maternity leave alone. Unlike Brugiavini et al. (2011),
this study uses self-reported maternal leave duration from the SHARE survey, providing a

more accurate measure of the actual length of mothers’ leave interruptions.

Existing literature on the association between individual employment trajectories and
pension income across different countries reinforces the findings in Section 2.1.2:
national pension systems are decisive moderators of the link between employment
history and pension income. In a cross-national analysis of 13 European countries,
Mohring (2015) shows how pension schemes can either penalize or cushion career
interruptions in the calculation of pension entitlements. The study finds that women’s
non-linear employment histories negatively affect their retirement income in strongly
earnings-related pension systems. However, this relationship appears weaker when
earnings-related schemes are combined with redistributive elements. Particularly basic
and targeted pensions can mitigate the potential adverse impact of career interruptions
on retirement income. The study also shows that higher labor market participation is
associated with higher pensionincome in later life across all countries —a correlation that

is stronger for women than for men (Méhring, 2015, 2018).

Similarly, Dotti Sani and Luppi (2021) investigate the correlation between leave duration
and mothers’ pension income and find that retirement income decreases with longer
lengths of maternal leave, particularly in Southern European countries. By contrast, in
Denmark, mothers’ pension income is not significantly associated with leave duration.

This pattern aligns with the pension system typologies outlined in Section 2.1.2 that
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categorize Southern European pension schemes as largely earnings-related, while

Denmark’s system is among the most redistributive.

Country-specific studies suggest that not only institutional factors, but also individual
decisions about maternal leave and mothers’ return to the labor marketinfluence income
in retirement. An analysis of administrative data from the German statutory pension
insurance finds evidence that shorter leave breaks and a faster return to the labor market
have a positive effect on mothers' pension income (Mohring & Weiland, 2018). This is in
line with Frommert et al. (2013) who conclude that women who choose to re-enter the
labor market faster and start to work full-time right after — in contrast to part-time

employment — can expect to reach their highest possible retirement income.

These findings indicate that mothers’ leave behavior is shaped by individual
characteristics that also affect pension income. Women who return to work quickly after
childbirth may be more career oriented and highly attached to the labor market, which
also positively affects women’s wages and ultimately their pension income (Weisshaar &
Cabello-Hutt, 2020). This suggests potential endogeneity of leave duration because
women may choose different lengths of leave based on their individual characteristics,
which may also affect their retirement income. Section 3.1.2 outlines concerns about
endogeneity bias in more detail and stresses the need for an IV approach that can

overcome endogeneity bias, unlike the simple OLS estimates.

Previously presented literature on the long-term consequences of maternal leave
duration indicates that prolonged leave is rather harmful for pension income, though the
extent depends on a country’s pension system and its degree of redistribution. Evidence
from studies on labor market outcomes during working life shows that longer leave
negatively affects mothers’ labor force participation and earnings (see Section 2.2.1).
Since pension entitlements are closely tied to contribution history (see Section 2.1.2),
these short- and medium-term losses likely accumulate over the life course and
ultimately lead to lower retirement income. On this basis, this study hypothesizes that
maternal leave duration has a negative causal effect on old-age pension income in

retirement.
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So far, most research focuses on the short- and medium-term consequences of maternal
leave length, while only few studies have examined itsimpact on retirementincome —and
even fewer have addressed a causallink between leave duration and pensions. This study
contributes to the literature by filling this gap: it investigates the causal effect of maternal
leave duration on retirement income, using self-reported information on the length of
leave for each child and exploiting variation in statutory maternity leave duration across

15 countries and over time.

3. Estimation Strategy and Data

3.1 Main Estimation Strategy

The main estimation strategy is comprised of two steps to examine the effect of maternal
leave duration on pension income. First, two multiple linear regressions, estimated with
OLS, are used to assess the correlation between individual leave duration and pension
income. However, these estimates may be biased due to endogeneity resulting from
reverse causality, omitted variables, selection bias, and measurement error, a concern
that is further discussed in Section 3.1.2. Thus, the simple OLS estimates may not be
reliably interpretable as the causal effect of ILD on pension income. To address
endogeneity issues in the simple OLS estimation, the second step uses a 2SLS
instrumental variable approach that allows to overcome endogeneity bias and to identify

the causal effect of ILD on pension income.

3.1.1 Simple OLS Estimation

The measurement of ILD is based on two specifications of the explanatory variable: leave
duration in weeks as a continuous variable and leave duration as a categorical variable
with nine categories. Each specification is used as an explanator in the simple OLS
estimations, resulting in two separate linear regressions, one with ILD as a continuous
variable and one with ILD in categorical format. The two simple OLS estimates provide an
initial benchmark estimation and serve as a useful reference point for later comparison

with the IV result. This comparison will help determine if endogeneity is indeed biasing
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the simple OLS estimates. The multiple linear regression model using OLS estimation

looks as follows:

Individual pensionincomem = Bo + B1ILDmc + B2 Mm+ Chc + Eme (1)

The outcome variable individual pension incomen is the net old-age pension income per
year of mother m. The explanatory variable ILD . refers to the individual leave duration
of mother m around the birth of child ¢, measured in weeks and nine categories. The exact
construction of the outcome and explanatory variables is further explained in Section

4.1.1 and Section 4.1.2.

Mm and C,, care vectors that include several control variables, specific to each mother m
and her child c. Vector M, includes the following variables: mothers’ educational
attainment, number of children, year of birth, country of residence, and self-reported
health status at the time of the interview. C,, is a vector of control variables related to
mother m and child c. It includes two additional variables: the industry in which the
mother worked during the birth of each child and the cash benefits she received during
each period of maternal leave, expressed as a percentage of female wages in

manufacturing. The inclusion of each covariate in the modelis justified below.

Educational attainment may influence both ILD and pension income, making it a
potential confounding factor. Education is a well-known determinant of labor earnings,
with higher-educated individuals receiving higher wages (Cohn & Addison, 1998;
Psacharopoulos & Patrinos, 2018). Since pension income largely depends on earnings, it
is likely that highly educated retirees receive higher pension income. At the same time,
mothers with higher education and higher income face a greater motherhood penalty in
wages and are thus more likely to take shorter leaves than those with lower education
(Bister et al., 2024). Therefore, educational attainment is an important covariate; failing
to account for it could overstate the expected negative correlation between ILD and

pension income.
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Similarly, the number of children a mother has likely affects both her ILD and her pension
income. A Spanish study finds that the presence of existing children under the age of five
in the household increases the length of maternal leave around the birth of an additional
child (Lapuerta et al., 2011). Additionally, the motherhood penalty in earnings varies by
parity (Kahn et al., 2014), which persists until retirement as the motherhood penalty in
pensions increases with the number of children (Jedrzychowska et al., 2020; Mohring,
2018). Therefore, omitting parity as a covariate may not account for the confounding

impact of the number of children on the correlation between ILD and retirementincome.

Further, health limitations potentially confound the relationship between maternal leave
duration and retirement income. Poor health and chronic conditions reduce labor force
participation and lifetime earnings (Garcia-Goémez et al., 2013; Luft, 1975; Polanco et al.,
2024), which may ultimately result in lower retirement income for individuals in poor
health. If health issues already persisted in earlier life, they induce mothers to stay on
leave for longer than healthy mothers, potentially to have more time to recover from the
double burden of sickness and childbirth (Bister et al., 2025; Guertzgen & Hank, 2018).
To properly account for this confounding channel, a covariate is included that measures
the number of activities of daily living that the respondent has difficulties to carry out.
Examples for activities of daily living include getting dressed, managing money, or

preparing and eating own food.

The duration of maternal leave potentially varies by industry, while the job sector also
affects pension income. Respondents working in typical white-collar jobs may be able to
take longer leaves than those in blue-collar jobs due to better working conditions and
fewer economic pressures. Studies suggest that working in white-collar industries such
as education and the public sectorincreases the likelihood that mothers will use parental
leave, which overall prolongs their length of maternal leave (Lapuerta et al., 2011;
Valentova et al., 2024). The type of industry likely impacts pension income as well, since
the constructed pension variable includes employer-based occupational pensions that
vary by job sector. Entitlements tend to be higher in white-collar industries, such as the

public sector, and lower in blue-collar sectors, such as the construction and hospitality
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industry (WiB, 2015). Thus, the vector C,, . includes the type of industry mothers were

employed in during childbirth to account for this confounding factor.

Lastly, more generous cash benefits during leave encourage longer career interruptions
(Lalive et al., 2014) and directly impact pension entitlements, as cash benefits are
considered pensionable earnings in many of the countries examined (see Section 2.1.2).
Thus, cash benefits may confound the relationship between ILD and pensionincome and

are included in vector Cy, . in Equation (1).

3.1.2 Potential Endogeneity of Maternal Leave Duration

In linear regressions using OLS estimation, it is challenging to isolate the sole effect of
ILD on pension income due to concerns about maternal leave duration being
endogenous. A key assumption of OLS estimation is that the independent variable must
be uncorrelated with the error term; otherwise, estimates are biased by endogeneity.
Endogeneity bias occurs due to reverse causality, omitted variable bias, selection bias or
faulty measurement of variables (Angrist & Pischke, 2009). While reverse causality is
unlikely to be an issue in the simple OLS estimation due to the chronology of maternal
leave that happens years before receiving pension income, omitted variables, selection

bias and measurement error remain probable.

Section 2.2.2 presents evidence that mothers select into specific lengths of leave due to
individual characteristics that also influence their pension income (Frommert et al.,
2013; Mohring & Weiland, 2018; Weisshaar & Cabello-Hutt, 2020). Studies on German
and Australian mothers show that mothers with higher labor market attachment, higher
education and higher income are more likely to take shorter leaves, all factors that
significantly determine pension income as well (Bister et al.,, 2024; European
Commission, 2024a; Kuhlenkasper & Kauermann, 2010; Ulker & Guven, 2011). This
suggests that mothers select into different lengths of leave, based on their
socioeconomic status and career orientation and —based on these characteristics —also
receive different pension incomes. While Equation (1) includes educational attainment

as a covariate, individual career commitment is difficult to account for. Thus, selection
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bias and relatedly the omission of maternal variables regarding mothers’ socioeconomic

status and career attachment likely distort the simple OLS estimates.

Another source of endogeneity may be measurement error of the retrospectively reported
variable ILD. The SHARE survey itself acknowledges the possibility of measurement error
and even systematic recall bias in retrospective employment data, such as reported
length of maternal leave (Alcser et al., 2011). Mothers may have difficulties remembering
the exact period they were on leave for each child, introducing measurement error. If
specific groups of mothers have difficulties to recall ILD, then recall bias may be a
concern. This may specifically be the case for mothers with multiple children as they may
have problems to remember the exact beginning and end of each period of maternal

leave.

Previous arguments show that maternal leave duration is likely endogenous. The simple
OLS estimates are potentially biased due to selection bias, specifically due to mothers
choosing different lengths of leave depending on their socioeconomic status and career
attachment, which also affects their pension income. Additionally, measurement error of
the ILD variable or recall bias are potential concerns. Consequently, the simple OLS
estimates are unreliable for identifying the causal effect of individual leave duration on
pension income. This underscores the necessity of an IV approach to overcome

endogeneity issues.

3.1.3 Instrumental Variable Framework

To address the problem of endogeneity, ideally the treatment —in this case leave duration
—would be randomly distributed among mothers. In an ideal experiment, mothers would
be randomly assigned to different lengths of leave, independent of their individual
characteristics. However, as the previous section shows, this is likely not the case.
Instead, the analysis relies on an exogenous source of variation in the form of statutory
policies on maternity leave duration. Country- and time-specific policies on the duration
of statutory maternity leave act as natural experiments: whether mothers are affected by
a particular maternity leave policy depends on their country of residence and the year of
childbirth. Mothers in different countries and at different times are subject to varying
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maternity leave policies and plausibly adjust their leave duration based on the legal
framework, rather than maternal characteristics. Thus, SLD generates variation in ILD
that is plausibly exogenous to mothers’ traits, enabling the IV approach to isolate the

causal effect of ILD on pension income.

For SLD to be a valid instrument, it must satisfy two requirements. First, it must be
relevant, i.e. significantly correlated with the endogenous explanatory variable ILD. This
is likely the case as maternity leave legislation sets an artificial limit on the maximum
length of paid maternity leave. This creates strong incentives for mothers to adjust the
duration of maternal leave and either start using parental leave entitlements or return to
work. Several studies reinforce that variation in parental leave policies across countries
and over time induces changes in leave taking of mothers and offers an ideal instrument
(Baker & Milligan, 2008, 2010; Lalive & Zweimuller, 2009; Renner et al., 2025). The relation
between SLD and ILD is also formerly tested in the first stage of the IV approach in Section

4.2.2. The result shows that SLD is indeed relevant.

To meet the second requirement, the instrument must be exogenous to maternal
characteristics and fulfill the exclusion restriction, i.e. SLD must affect pension income
only through ILD. Since this requirement cannot be tested, plausible arguments are
needed to justify the exogeneity of SLD. As previously explained, country- and time-
specific statutory leave policies are essentially randomly assigned to mothers because
they are a product of governments’ social welfare policy and unrelated to individual
maternal traits. Mothers are subject to different maternity leave policies, depending on
the year of childbirth and their country of residence, which affects their pension income

only through the length of actual maternal leave taken.

One possible concern that threatens the fulfillment of the exclusion restriction are cash
benefits received during leave. Instead of SLD, the anticipation of such benefits may drive
mothers’ decision to take certain lengths of leave, which may violate the exclusion

restriction. This threat is addressed by controlling for cash benefits in all IV models.
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Using linear OLS estimation, the first stage of the IV model regresses the reported ILD of
mother m with child ¢ on the country-specific statutory leave duration SLD, that was in

place inthe year mother m gave birth to child c. Therefore, the first stage looks as follows:

ILDm'c = O(.o + (X‘] SLD m,c + (Xz Mm + Cm’c + Sm'c (2)

ILD and SLD are both continuous variables measured in weeks. Equation (2) includes the

same vectors M, and Cn, ¢ like Equation (1), with the same covariates.

In the second stage, predicted ILD values from the first stage are used as the explanator
in Equation (3) to estimate individual pension income of mother m. Including the same
vectors M, and Cn, . as in Equations (1) and (2) and using simple OLS estimation, the

second stage looks as follows:

Individual pension incomem = Yo + Y1 ILDmc + Y2Mm + Cmc + Eme (3)

Mothers can enter the regressions multiple times as the analysis operates on the child’s
level. Every leave interruption of mothers around each child’s birth is used in the
estimation. This makes their observations not independent and violates a key
assumption of OLS estimation, which requires that the error terms be uncorrelated
across observations. To address this, standard errors are clustered at the mothers’ level

in all models to account for the within-mother correlation of residuals.

However, the standard first stage F-statistic fails to reliably evaluate instrument strength
for IV estimations with clustered standard errors. Therefore, in addition to the standard
first-stage F-statistic, the Wald test indicator for the first stage is provided to assess
instrument strength as it accounts for clustered standard errors. For cluster-robust
standard errors, the Wald test is an equivalent to the Kleibergen-Paap F-statistic (Berge

etal., 2024).

Due to comparatively high rates of non-response for questions on pension income

amounts and for the sake of simplicity (SHARE-ERIC, 2024), this study uses imputed

28



values for pension income provided by SHARE. SHARE creates five imputations per
variable for each respondent to reduce uncertainty that comes with the use of imputed
data. Hence, Rubin’s Rule for multiple imputation is applied to all simple OLS and IV
estimations to correctly handle the imputed pension values. This comprises running all
models five times, with one imputation set used for each run and all other variables kept
unchanged. This yields five different coefficients and variances for the predictor variable
ILD. Following Rubin’s Rule, the coefficients and variances are then pooled to consider
variability in the estimates and variances. Thus, each pooled point estimate is the average
of the five coefficients. The pooled variance is a combination of the within- and between-
imputation variances that considers not only the variance of each coefficient, but also

the variability between all five imputed datasets (Rubin, 1987; Van Buuren, 2018).

3.2 Dataand Sample Construction

3.2.1 SHARE and SHARELIFE Survey Data

The micro data used in this analysis comes from an extensive dataset of the Survey of
Health, Ageing and Retirement in Europe, short SHARE. SHARE is a large panel survey
based on more than 150,000 interviews with more than 86,000 individuals from 28
European countries and Israel. Individuals in the survey are noninstitutionalized, aged 50
and older or are younger partners of an interviewed person. Almost all data was ex-ante
harmonized, which makes cross-country analyses possible across all waves.
Respondents are asked contemporaneous questions about their health, employment,
well-being, and socioeconomic situation. Waves 3 and 7 additionally include
retrospective modules called SHARELIFE that cover participants’ life histories.
SHARELIFE asks questions on the respondents’ childhood, partners, fertility history,
children, past employment, health and more (Bergmann et al., 2019; Boérsch-Supan et al.,
2013). The unique combination of information on people’s life histories and their present-
day situation allows to analyze linkages between past life trajectories and current living
conditions. This analysis utilizes this quality of SHARE and SHARELIFE data and uses
retrospective information on maternal leave duration and contemporary old-age pension

income. Control variables come from both, retrospective and contemporary modules.
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Allwaves but wave 1 are included in the analysis. In wave 1, monetary values are given in
original currencies and gross amounts, which makes comparison across waves more
difficult. Monetary values in waves 2 to 9 are given in euros and net values and can hence

be used for comparative analyses across countries and waves (SHARE-ERIC, 2024)".

Outcome Variable: Individual Pension Income

Data on the outcome of interest, individual old-age net pension income per year, come
from SHARE’s contemporaneous waves 2 through 9, which cover the years 2006 to 2019,
with the exception of wave 3 which is an exclusively retrospective module. Imputed
values for pension income are used, which are provided by SHARE for all waves. The rate
of non-response for monetary values, like pensionincome, is typically comparatively high
and shows some country variation in SHARE (SHARE-ERIC, 2024). Additionally, pension
types across Europe are diverse and complex. Not all pensions can easily be assigned to
a specific pension scheme because, e.g. they have features from various types of
pensions or are a combination of them. While the SHARE questionnaire aims to
accurately represent each pension type, the notation of different pension variables is
inconsistent across some waves and countries. SHARE accounts for these differencesin
the construction of each imputation variable, which makes a comparison across
countries and waves easier. The use of SHARE’s imputed pension values is common
practice in econometric analyses, as previous studies made use of imputations instead
of reported pension income values as well (Dotti Sani & Luppi, 2021; Mohring, 2015,

2018).

' This paper uses data from SHARE Waves 2, 3, 4, 5, 6, 7, 8 and 9 (DOIs: 10.6103/SHARE.w2.900,
10.6103/SHARE.w3.900, 10.6103/SHARE.w4.900, 10.6103/SHARE.w5.900, 10.6103/SHARE.w6.900,
10.6103/SHARE.w6.DBS.100, 10.6103/SHARE.w7.900, 10.6103/SHARE.w8.900, 10.6103/SHARE.w8ca.900,
10.6103/SHARE.w9.900, 10.6103/SHARE.w9ca900). The SHARE data collection has been funded by the European
Commission, DG RTD through FP5 (QLK6-CT-2001-00360), FP6 (SHARE-I3: RII-CT-2006-062193, COMPARE: CIT5-CT-
2005-028857, SHARELIFE: CIT4-CT-2006-028812), FP7 (SHARE-PREP: GA N°211909, SHARE-LEAP: GA N°227822,
SHARE M4: GA N°261982, DASISH: GA N°283646) and Horizon 2020 (SHARE-DEV3: GA N°676536, SHARE-COHESION:
GA N°870628, SERISS: GA N°654221, SSHOC: GA N°823782, SHARE-COVID19: GA N°101015924) and by DG
Employment, Social Affairs & Inclusion through VS 2015/0195, VS 2016/0135, VS 2018/0285, VS 2019/0332, VS
2020/0313, SHARE-EUCOV: GA N°101052589 and EUCOVII: GA N°101102412. Additional funding from the German
Federal Ministry of Education and Research (01UW1301, 01UW1801, 01UW2202), the Max Planck Society for the
Advancement of Science, the U.S. National Institute on Aging (U01_AG09740-13S2, PO1_AG005842, P01_AG08291,
P30_AG12815, R21_AG025169, Y1-AG-4553-01, IAG_BSR06-11, OGHA _04-064, BSR12-04, R01_AG052527-02,
R01_AG056329-02, R0O1_AG063944, HHSN271201300071C, RAG052527A) and from various national funding sources
is gratefully acknowledged (see www.share-eric.eu).
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Monetary values in all SHARE waves are imputed with the Fully Conditional Specification
(FCS) method by van Buuren et al (1999). The FCS method imputes variables iteratively
with a sequence of regression models that include the newest imputed values and other
relevant reported variables to estimate pension income (for more information see van
Buuren et al., 1999). Before the imputation process, all monetary values are converted to
euros and net values. During the process, the highest and lowest two percent of the data
is cut, and a logarithmic or inverse hyperbolic sine transformation was applied to reduce

skewness. The final imputed data is given on the original scale (SHARE-ERIC, 2024).

The outcome variable individual pension income is constructed using two pension
variables from the imputations module: ypen1 and ypen2, where ypen1 includes public
pension schemes and ypenZ2 includes private occupational pensions. Ypen1 is based on
the reported monetary values of six different public pension types, in the SHARE
questionnaire denoted as: public old age pension, public old age supplementary
pension/public old age second pension, public early retirement/pre-retirement pension,
main public survivor pension from spouse/partner, secondary public survivor pension
from spouse/partner, public war pension. YpenZ2 is derived from reported values of
private occupational pension types, namely: occupational old age pension from last job,
occupational old age pension from a second job, occupational old age pension from a
third job, occupational early retirement pension, occupational disability or invalidity
insurance, occupational survivor pension from spouse/partner’s job (SHARE-ERIC,
2024). The variable pension income is computed as the sum of ypen? and ypen2. This is
comparable to similar studies that utilize a combination of these two imputed variables
as well (Mohring, 2015, 2018). This variable is denoted as either pension income or
retirementincome in the following sections. Detailed descriptive statistics of the pension

income variable are presented in Section 4.1.1.

In the SHARE questionnaire, questions on pensionincome are only asked to respondents
who are self-reportedly retired. To determine whether someone is retired or not, SHARE
asks respondents for their employment status with the question: In general, which of the
following best describes your current employment situation? One possible response is

retired, which refers to people who are retired from their own work, semi-retired or pre-

31



retired and are entitled to some kind of pension from their own work. Thus, respondents
who exclusively receive pension income from their spouses’ pensions, e.g. receive only

survivor pensions, are not coded as retired.

Independent Variables: Contemporary and Retrospective Data

The explanatory variable, individual leave duration, is based on retrospective questions
about employment history and maternal leave behavior. ILD refers to the length of leave
reported by the mother for each child. This period therefore covers maternity leave before
and after birth, parental leave, and the sum of both, as well as leave interruptions that
exceed the statutory leave length. Therefore, ILD also includes periods when mothers

drop out of employment.

In the analysis, ILD is specified in nine categories and as a continuous variable measured
in weeks. Both distinctions are used in the linear regression models. In the IV estimation,
only the continuous specification is used as an explanatory variable. While the
continuous variable captures a linear relationship between ILD and pension income, the

categorical distinction is able to display potential non-linearities in the linear regression.

The construction of the categorical ILD variable is based on two questions: Did you
temporarily or permanently stop working when your child was born?. If respondents reply
that they temporarily stopped working when their child was born, they receive the second
question How long did you stop working for?. This question can be answered using the six
following categories: 1 month orless, More than T month but 3 months at most, More than
3 months but 6 months at most, More than 6 months but 1 year at most, More than 1 year
but 3 years at most, More than 3 years, but worked at some point later. If respondents
report leave breaks longer than one year, they additionally get asked the year they
returned to work. The categorical specification of ILD is based on the first four of these
categories and a category of mothers who report no leave interruption at all. Four more
categories are constructed for leave periods longer than one year based on the difference
between the child's year of birth and the year the mother returned to work. This creates
finer categories for leave breaks exceeding one year. Hence, this results in the following

nine categories: No interruption, 1 month or less, More than 1 month but less than 3
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months, More than 3 months but less than 6 months, More than 6 months but less than 1
year, More than 1 year but less than 2 years, More than 2 years but less than 3 years, More

than 3 years but less than 4 years, More than 4 years but worked at some point later.

The continuous specification of ILD is based on the same questions. To transform the
categorical ILD variable, the period between the lower bound of the category and its
midpointis converted into weeks?. Forinstance, the category More than 1 month but less
than 3 months is transformed into 8.6 weeks. For periods longer than one year, the
difference between the year of childbirth and the year of mothers’ return to the workforce

was converted into weeks?.

Additional covariates included in equations (1), (2) and (3) come from both, contemporary

and retrospective modules.

3.2.2 Policy Data on Statutory Maternity Leave Policies

To identify the causal effect of ILD on pension income, the IV estimation utilizes the
exogenous variation of statutory leave policies across countries and over time.
Specifically, it uses the statutory maximum duration of country-specific job-protected
maternity leave measured in weeks, which was granted to employed mothers around the
time of birth, including a period before and after the birth. The policy data on statutory
maternity leave duration and cash benefits paid during leave, which serve as covariates
in all models, comes from the Comparative Family Policy Database. The Comparative
Family Policy Database offers a detailed dataset on leave policies in OECD countries
from the years 1960 to 2010. The Comparative Family Policy Database contains
extensive, harmonized data on the maximum length of statutory maternity, parental and

childcare leave, as well as cash benefits paid during leave (Gauthier, 2011b).

Figure 1 depicts the variation in maternity leave duration across countries and over time.
It shows how the length of statutory maternity leave changed in all 15 observed countries

between 1960 and 2010, using policy data from the Comparative Family Policy Database.

2t is assumed that each month has 4.3 weeks.
3Itis assumed that each year has 52.2 weeks.
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Countries are grouped in four panels based on the classification of pension schemes in
Table 1 in Section 2.1.2. The largest group of countries, group (2), is divided into two

panels, (1) and (2), for better visibility.

In panel (1), the length of maternity leave stayed comparatively constant in Austria,
Germany, France and the Netherlands. In Finland, maternity leave duration substantially
increased and decreased over the observation period. In 1960, Austria, Germany, France
and the Netherlands all offered between 12 and 14 weeks of paid maternity leave, while
Finland introduced a maternity leave period of nine weeks four years later. Finland
gradually increased maternity leave duration to 43 weeks and replaced some weeks of
maternity leave with a parental leave scheme in 1985. In 2010, Finland had one of the
longest statutory maternity leave periods of all countries analyzed, with 25.8 weeks of

maternity leave available for mothers (Gauthier, 2011b).

While the length of maternity leave did not substantially change in Belgium, Switzerland,
and Luxembourg, Sweden replaced maternity leave entirely with a parental leave scheme
in 1974 that allows parental leave to be shared between both parents (see (2)) (OECD
Family Database, 2024a).

Panel (3) shows that maternity leave duration moderately increased in Spain, Greece,
Italy and Portugal in the years of 1960 to 2010. Portugal gradually increased its length of
maternity leave from around four weeks to 17 weeks. Greece and Spain extended
maternity leave by five and four weeks respectively, and Italy granted around 20 weeks of

maternity leave throughout the whole observation period (Gauthier, 2011b).

Between 1960 and 2010, Ireland and Denmark both gradually increased the length of their
maternity leave schemes (see (4)). At the end of the observation period, Denmark offered
18 weeks of maternity leave, while Ireland granted 26 weeks, the longest period of

maternity leave among the countries analyzed (Gauthier, 2011b).

In general, the length of maternity leave moderately increased across all countries during

the observation period. In 1960, the average length of maternity leave among the
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observed countries was around 11 weeks. By 2010, it had increased to nearly 17 weeks.
While statutory maternity leave duration moderately increased, parental leave was
greatly extended in all analyzed countries: Austria was the only country to provide
parental leave in 1960, but by 2010, all observed countries except Switzerland offered

some form of parental leave (Gauthier, 2011b).

Throughout most of the observation period, maternity leave was generously paid in all
analyzed countries. In 1960, only Finland and Switzerland did not grant cash benefits
during maternity leave. All other countries granted leave benefits in 1960 that equaled on
average 54 percent of wages®. By 2010, most countries were providing full wage

replacement for maternity leave (Gauthier, 2011b).

4 Leave benefits given as a percentage of female wages in manufacturing.
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Figure 1: Statutory maternity leave duration in weeks by country and year
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Notes: Statutory maternity leave duration refers to the period of job-protected maternity leave granted to mothers around the time of childbirth. The statutory maternity
leave duration depicted in this figure includes periods of statutory maternity leave prior and after childbirth in weeks. The data for Germany before 1990 includes West
German policies only. More details on the country-specific maternity leave policies used in this figure can be found in Gauthier (2011a). The countries shown in this
figure are depicted in four different panels and grouped based on the classification of the countries’ pension systems in Section 2.1.2.
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3.2.3 Sample Construction

The main sample consists of 16,838 children and 9,059 mothers for whom complete
information is available for all variables included in the analysis. Mothers gave birth
between 1960 and 2010, between the ages eleven to 56, and come from Austria,
Germany, Sweden, Netherlands, Spain, Italy, France, Denmark, Greece, Switzerland,
Belgium, Ireland, Luxembourg, Portugal, and Finland. The observed years and countries
result from joint availability in both, the SHARE dataset and the Comparative Family

Policy Database.

The main sample only includes mothers who were self-reportedly retired at the time of
the interview. Additionally, the analysis is limited to mothers who were employed around
the time of birth, making them eligible for statutory leave, and who returned to work at
some point, but no later than seven years after giving birth. In the observed countries,
children usually start going to school by the age of seven at the latest. Thus, in this study
leave interruptions longer than seven years are not defined as childcare-related leave
after childbirth. When mothers were interviewed in more than one wave, the newest

available response for each question entered the dataset to avoid duplicates.

The following analyses are conducted on the child’s level, meaning mothers can appear
in the sample multiple times to capture the specific leave period associated with each

child.

3.3 Robustness Checks

There are multiple concerns about the robustness and sensitivity of the findings with
respect to certain sample and model specifications. Therefore, five robustness checks
are conducted to test whether the results remain consistent under different

assumptions.

The imputation process for pension income in SHARE leads to some methodological
uncertainty about whether pension amounts are imputed for all respondents, retired or

not, or only for those eligible for a pension. This ambiguity is addressed in robustness
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check (RC) (I). The presence of € 0 imputed pensions among non-retired respondents
fuels the assumption that pension income is imputed for all respondents in SHARE, with
eligible individuals receiving non-zero values. This then raises the question why € 0
pension values also exist for retired mothers. Section 4.1.5 devotes a separate analysis
to this group to further characterize retired mothers with € 0 pensions. The findings reveal
that it is especially the country of residence that determines whether mothers have any

pension entitlements or not.

Filtering for self-reportedly retired respondents remains the most precise and most
reasonable option to make sure that only people in retirement are in the main sample. To
ensure that the ambiguity of the € 0 pension values or distinct characteristics of retired
mothers with € 0 pensions do not alter the results, all respondents with a € 0 pension are
excluded from the main sample in robustness check (RC) (I). Aside from testing the
robustness of the results, this allows to explore the effect of ILD on the intensive margins

of retirement income.

The second robustness check (RC (ll)) further addresses the ambiguity of € 0 pension
income values. Pension income may be imputed for all respondents, regardless of
reported employment status, with only those receiving a positive amount being actually
retired and entitled to a pension. Related to this, some respondents may misreport their
employment status, for example, by continuing to work past the statutory retirement age
while already claiming a pension. These respondents would have an imputed pension
greater than zero even though they state not to be retired. RC (ll) excludes all mothers
with an imputed pension of € 0 from the initial sample, i.e. the sample that is not filtered
for self-reportedly retired respondents, to test whether this affects the main results.
Thus, the RC (Il) sample includes only mothers with a positive imputed pension income,

regardless of their employment status.

The main sample includes mothers who report no leave interruption after childbirth. To
test whether the inclusion of this subgroup alters the results, robustness check (lll) (RC
(111)) excludes all mothers who report no maternal leave after childbirth. These mothers

may systematically differ from mothers who had a leave break in ways that impact their

38



pension income. For example, mothers who had no leave interruption may work in
industries that pay low wages and have poor workers’ protection, preventing mothers to
take any leave and granting low pension entitlements in retirement due to low wages.
Mothers with no leave break are further characterized in Section 4.1.4, which reveals that
indeed mothers’ occupation during childbirth significantly determines whether they take

any leave or not.

The fourth robustness check (RC (IV)) addresses the skewness of the distribution of
pension income values in the main sample. Income distributions are typically right
skewed, with most values concentrated on the left side of the distribution and a few high
values creating a long tail to the right. To reduce this skewness and create a more
symmetrical distribution of pension income data, itis common practice to transform the
income variable (Dotti Sani & Luppi, 2021; Frodermann et al., 2023; Mo6hring, 2015).
Therefore, RC (IV) tests whether the results also hold under a scale transformation of
pension income values. Since logarithmic transformations cannot handle values of zero,

a cube root transformation is applied to the pension income variable (Schwartz, 1985).

It is plausible that the marginal effects of ILD on pension income differ between shorter
and longer leave lengths, similar to the non-linear effects of leave duration on mothers’
earnings described in Section 2.2.1. While the main model assumes a linear relationship
between ILD and pension income, robustness check V (RC (V)) tests for any non-linear
effects of ILD on pension income. To do this, a squared term for ILD is included in
Equation (3) in the second stage. The squared term requires a second instrument in the
first stage to obtain the predicted values of both, the linear and the squared term. To
simplify, a quadratic term for the instrument SLD is included in the first stage (Equation
2), which provides a general estimate of any non-linear effect. This approach is rather
simplistic compared to a more complex method proposed by Lagken et al. (2012), which

is, however, outside the scope of this study.

In summary, the following robustness checks are conducted to test the sensitivity and
robustness of the main result with respect to certain sample and model specifications.

The results of all robustness checks are presented in Section 4.3.
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RC (I): Main sample and excluding all with € 0 pension values

RC (lI): Unfiltered sample and excluding all with € 0 pension values

RC (lll): Main sample and excluding all with no leave interruption (ILD > 0)

RC (IV): Main sample and cube root transformation of pension income values

RC (V): Main sample and squared terms for ILD and SLD

3.4 Heterogeneity Analyses

The effect of ILD on pension income may not be consistent among all complying mothers
in the sample. To test for heterogenous effects, analyses of different subgroups are
conducted. First-stage heterogeneities indicate potential compliers in the sample, and
heterogeneous second-stage effects show whether the main result is driven by a specific

subgroup of mothers.

Socioeconomic statusis a key factor that may shape how maternal leave duration affects
pension income among mothers. The motherhood penalty after childbirth varies by
educational attainment and labor market income, where higher educated mothers with
higher earnings face a greater penalty (Anderson et al., 2002; Cukrowska-Torzewska &
Matysiak, 2020). This may translate into a similar education and income gradient in
pension income. Therefore, heterogenous effects of ILD are examined across pension
income quartiles and educational groups. Leave breaks may also influence post-leave
labor market trajectories differently in blue- versus white-collar jobs, with long-term
consequences for pensions. Additionally, the pension variable in SHARE includes
employer-based occupational pensions whose coverage, benefit calculation, and
treatment of childcare breaks in occupational pensions likely vary by job sector. Thus,
heterogeneous effects of ILD on pension income by blue- versus white-collar jobs are

explored.
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The relationship between leave duration and pension income may also vary by the
number of children a mother has. The motherhood penalty in wages is found to intensify
with each additional child (Budig & England, 2001), which may translate into a
motherhood pension penalty that increases with each child as well. Hence, effects for
mothers with one child, two children, three children and four or more children are

analyzed.

Further, there may be cohort effects in the effect of leave duration on pension income as
both parental leave policies and pension systems have evolved over time. Older cohorts
generally faced shorter and less generous parental leave entitlements, lower statutory
retirement ages and higher pension replacement rates. By contrast, younger cohorts
experienced longer leaves and more generous benefits, yet retired at older ages and with
lower replacement rates (Gauthier, 2011b; OECD, 2015, 2019b). As discussed in Section
2.1.1, many European countries extended statutory maternity leave, introduced parental
leave schemes and raised leave benefit levels during the 1970s and 1980s and (Gauthier,
2011b). Birth cohorts born from 1955 onwards were likely the first to experience these
reforms as they reached childbearing age in the 1970s to 1990s, while earlier cohorts had
children under less generous regimes. Hence, to capture potential cohort effects, the

sample is divided into mothers born before 1955 and mothers born in 1955 or later.

Pension systems greatly moderate the impact of employment trajectories on retirement
income (Mohring, 2015). The effect of ILD may be weaker in redistributive systems, which
cushion career breaks and low earnings, than in earnings-related schemes, where
entitlements are closer tied to contribution histories. Hence, leave duration may have
little impactin highly redistributive systems but a stronger effect in earnings-based ones.
To capture this heterogeneity, separate |V estimations are conducted for the three
pension scheme typologies outlined in Section 2.1.2: highly earnings-related, moderately

earnings-related, and highly redistributive.
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4. Results

4.1 Descriptive Findings

Table 2 provides descriptive statistics for selected variables in the main sample. These
summary statistics are calculated at the child’s level, meaning that mothers are counted
several times if they have more than one child. Descriptives calculated at the mothers’
level do not substantially differ and are presented in Table A. 1 in the Appendix. The two
main variables, pension income and individual leave duration, are thoroughly described

in the following sections.

4.1.1 Pensionlncome

The annual pension income of mothers is significantly right skewed, with a small number
of individuals receiving substantially higher pensionsthan most, and a notable proportion
receiving no pension income at all. Approximately 15 percent of mothers in the main
sample receive a pension income of € 0. The outcome variable pension income ranges
from€0to € 274,200 with a mean of € 14,584, equivalent to a monthly®€ 1,215 (see Table
2).

5 Monthly as in annual values divided by 12 months.
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Table 2: Summary statistics for the main sample — children’s level

Variable N Mean Median St. Dev. Min Max
Individual Leave Duration (weeks) 16,838 40.462 8.600 70.855 0.000 313.200
Annual Pension Income 16,838 14,583.840 13,225.450 16,298.79 0.000 274,200.000
Monthly Pension Income 16,838 1,215.320 1,102.121 1,358.23 0.000 22,850.000
Number of Children 16,838 2.563 2 1.192 1 13
Year of Birth of Child 16,838 1974 1974 8.216 1960 2005
Year of Birth of Mother 16,838 1946 1947 7.323 1918 1973
ADLs 16,838 0.761 0 1.984 0 13
Cash Benefits during Maternity Leave 16,838 69.319 79.500 31.365 0.000 100.000
(% of female wages in manufacturing)

Low Education 16,838 0.350 0 0.477 0 1
Medium Education 16,838 0.339 0.473 0 1

High Education 16,838 0.312 0.463 0 1

1st Child 16,838 0.456 0 0.498 0 1

2nd Child 16,838 0.345 0 0.476 0 1

3rd Child 16,838 0.137 0 0.344 0 1

4+ Child 16,838 0.061 0 0.240 0 1

Notes: The table shows summary statistics of the main variables in the main sample. The sample size is 16,838 observations and numbers are on the child’s level, i.e.
mothers are counted as often as they have children. A table with summary statistics on the mothers’ level is provided in the Appendix (see Table A.1). Monetary values
are netvalues in euros and pooled according to Rubin’s Rule. l.e. point values are the average value of all five imputations.

43



Figure 2 shows the distribution of yearly non-zero pension income values and illustrates
its skewness. For the sake of visibility, incomes of € 0 and outliers above € 100,000 are
excluded in this illustration. The majority of pension income values falls between €
10,000 and € 20,000, while relatively few high values form a long right-hand tail. The
presence of various peaks is likely due to the fact that most values are imputed in full,

even amounts.

Figure 2: Pooled annual net pension income in euros, excluding € 0, capped at €
100,000
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Notes: This histogram illustrates the distribution of imputed annual net pension income values in euros.
The x-axis depicts the pooled annual net pension income values, and the y-axis depicts the number of
observations at each value. The figure shows values for the main sample, excluding observations with a
pension income value of € 0 and values above € 100,000 for better visibility. Numbers are on the child’s
level, i.e. mothers are counted as often as they have children. Numbers on the mothers’ level follow a
similar distribution. The sample size is 14,124. The imputed pension income values are pooled according
to Rubin's Rule.

Pension income varies by level of education. Table 3 displays annual pension income by
educational attainment and shows that highly educated mothers receive the highest
mean annual pension income of € 18,586. Thus, they receive around € 3,672 more per

year than those with a medium level of education. Similarly, the difference in pension
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income between mothers with medium education and those with low education is
roughly of the same amount. When mothers with € 0 pension income are excluded, like
in RC (I), the numbers look similar (see Table 3, second row). This relationship is
comparable to, and possibly a consequence of, the well-known educational gradient in

earnings (Cohn & Addison, 1998; Psacharopoulos & Patrinos, 2018).

Table 3: Mean annual pension income by educational attainment — main sample and RC

(I) sample
Mean annual

Educational Attainment N pension income
Main Sample:
Low Education 3,182 11,180.82
Medium Education 3,189 14,913.68
High Education 2,688 18,585.63
RC (I) Sample
(excluding € 0 pension income):
Low Education 2,533.6 14,018.76
Medium Education 2,734.2 17,344.64
High Education 2,330.0 21,346.69

Notes: This table shows the mean of the imputed annual net pensionincome in euros by mothers’ reported
educational attainment, for the main sample and the RC (l) sample that excludes all mothers with € 0
pension income. Numbers are on the mothers’ level, i.e. each mother is only counted once. Counts of €0
income values slightly differ for each of the five sets of imputations. Thus, when excluding € 0 incomes in
RC (I), the sample size slightly differs for each imputation dataset. The N for the RC (l) sample is therefore
the average acrossthe five imputation datasets. Monetary values are annual netvaluesin euros and pooled
according to Rubin’s Rule.

4.1.2 Individual Leave Duration

As shown in Table 2, the distribution of the explanatory variable, maternal leave duration,

is highly dispersed. While mothers in the main sample take an average of 40.5 weeks of
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leave, the much lower median of 8.6 weeks indicates a skewness to the right. This
dispersion s further intensified by the fact that 39 percent of mothers in the main sample
did not take any leave. Among mothers who took at least some leave, the distribution of
leave duration remains heterogeneous: the meanis at 66.4 weeks and the median at 38.7

weeks.

Table 4 shows that, similar to pension income, leave duration varies by educational
attainment. Medium educated mothers take the longest leave with 48.3 weeks on
average, followed by high educated with an average of 37.2 weeks. Low educated
mothers take the shortest leave with a mean of 35.7 weeks. The subgroup of mothers with
no leave break is particularly large among those with a low level of education. 45.8
percent of mothers with a low level of education did not interrupt their careers, compared
to 35.7 percent and 35 percent of those with a medium and high level of education,
respectively. This suggests that education is a determinant for the take-up of leave, an
assumption that is not confirmed by the analysis of mothers with no leave break in

Section 4.1.4.

Among mothers with a leave interruption, the highly educated returned to work sooner
thanthose with a medium or low level of education. When those who report no leave after
childbirth are excluded from the main sample, as in RC (IV), highly educated mothers
have the shortest mean leave duration, at just over a year. Mothers with a medium level
of education still take the longest average leave, followed by those with a low level of

education (see Table 4, second row).
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Table 4: Mean individual leave duration by educational attainment - main sample and

RC(IV) sample

Educational Share of mothers

Mean Individual Leave with no leave
Attainment N Duration in weeks interruption
Main Sample:
Low Education 5,886 35.72 0.458
Medium Education 5,705 48.33 0.357
High Education 5,247 37.22 0.35
RC (IV) Sample
(excluding ILD =0):
Low Education 3,188 65.95
Medium Education 3,668 75.17
High Education 3,410 57.28

Notes: This table shows the mean of mothers’ reported individual maternal leave duration in weeks by their
reported educational attainment, for the main sample and the RC (IV) sample that excludes all mothers
with no leave interruption. Additionally, the share of mothers with no leave interruption by educational
attainment is shown. Numbers are on the child’s level, i.e. mothers are counted as often as they have
children.

4.1.3 Cohort Effects in the Main Sample

The average length of maternal leave increased across cohorts. This is likely a
consequence of the significant expansion of paid parental leave provisions in most
European countries, as described briefly in Section 2.1.1 (Gauthier, 2011b; OECD Family
Database, 2024b). To capture potential cohort effects in leave behavior, the sample is
divided into cohorts born before 1955 and born from 1955 onwards. A corresponding
heterogeneity analysis in Section 4.4 examines whether the effect of ILD on pension
income differs between these groups. As shown in Table A. 2, the average leave duration
across all mothers increased by around five weeks, rising from 39.8 weeks for older
mothers to 44.8 weeks for younger cohorts. Among respondents who took any leave,
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there isavisible trend toward longer leave durations: 72.1 percent of mothers born before
1955 were out of the work force for longer than six months compared to 75.3 percent in
more recent cohorts. These findings align with the expansion of statutory leave policies
in the 20™ century that established more generous leave regulations in length and cash

benefits (Gauthier, 2011b).

The share of mothers with no leave break also declined slightly over time, potentially due
to the gradual introduction of more generous cash benefits during leave, which eased
financial pressure to return to work immediately (Gauthier, 2011b). The proportion of
mothers who report no leave interruption decreased by 2.7 percentage points when

comparing older and younger cohorts.

While leave behavior changed over time, there are no substantial changes in pension
income across cohorts. The mean of monthly pensionincomeis only € 10 higher for older
mothers than for younger cohorts. However, the share of respondents without pension
entitlements is slightly lower among the older cohort: 15.2 percent (15.1 percent on the
mother level) receive no pension income compared to 18.8 percent (19.3 percent on the
mother level) of those born in or after 1955. These findings indicate that the proportion of

mothers without pension income is relatively evenly distributed across cohorts.

4.1.4 Who are the Mothers with No Maternal Leave Interruption?

Of the 16,838 observations in the main sample, 6,572 mothers — 39 percent —did not take
any leave after giving birth. The substantial size of this subgroup prompts further analysis
to determine whether these mothers differ systematically from those who take leave.
Descriptive findings and a simple logistic regression model with taking any leave as the
outcome revealthata mother’s occupation during childbirth and her country of residence
are important influences on leave-taking. Above all, pension income does not

significantly predict whether someone takes any leave or not.

Table A. 3 displays the full output table of the simple logistic regression and shows

significant differences in the likelihood of taking leave based on the industry mothers
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worked in. Compared to the reference category Agriculture, hunting, forestry, fishing,
having worked in all other industries significantly increases the likelihood of having a
leave break. In other words, compared to mothers from all other industries, mothers who
worked in the agriculture sector are more likely to not interrupt their career after giving
birth. Relatedly, 60 percent of mothers who were employed in the agriculture sector

during childbirth report no leave interruption.

Country differences play a significant role in the likelihood of taking any leave as well. In
the main sample 62 percent of Spanish respondents say they did not take a leave break
after childbirth. Additionally, mothers from almost all other countries are more likely to

take any leave than mothers from Spain.

Apart from a mother’s occupation and country of residence, both her birth cohort and the
number of children are significant predictors of whether she takes any leave or not. The
logistic regression results show that mothers with more children are less likely to take
maternal leave. Furthermore, mothers who take leave tend to be born in more recent
cohorts. This finding is consistent with that in Section 4.1.2, which finds that having no
leave break is less prevalent among younger mothers and may be a consequence of the
gradual expansion of statutory leave duration and more generous cash benefits paid

during leave (Gauthier, 2011b).

The simple logistic regression gives plausible explanations for the rather high share of
mothers with no leave break and shows that pensionincome is not a significant predictor
of leave uptake. Instead, whether mothers take leave is significantly determined by their
occupation and their country of residence. Specifically, mothers who worked in the
agricultural industry and mothers from Spain are significantly less likely to report a leave
interruption after childbirth than mothers from all other industries or countries. To further
ensure that the inclusion of the subgroup of mothers with no leave interruption does not
affect the validity of the main result, a robustness check in Section 4.3 tests whether

excluding these mothers alters the main result.
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4.1.5 Who are the Mothers with Zero Pension Income?

As described in Section 4.1.1, 15.7 percent® in the main sample - 1,429 out of 9,059
individual mothers - receive € 0 pension income despite being self-reportedly retired.
This creates some uncertainty surrounding the persistence of these € 0 pension valuesiin
the main sample that is filtered for retired mothers. A simple logistic regression explores
the factors that determine whether someone receives a pension to find explanations for

why some mothers have no pension income.

The results show that, along with educational attainment, a mother’s country of
residence significantly determines whether she receives any pension income or not. The
full results are displayed in Table A. 4. Particularly, being from Spain significantly
increases the likelihood of having no pension entitlements. Similar to the probability of
taking leave, Spanish mothers are less likely to receive pension earnings than mothers
from all other countries. Likewise, 41 percent’ of Spanish mothers in the main sample
report having no pension income. In contrast, only 2.7 percent’ of Dutch respondents
have a pension income of € 0. The categorization of pension systems in Section 2.1.2
helps explain this finding: earnings-related schemes, such as the Spanish system, lack
the necessary redistributive measures to protect retirees with interrupted careers and
low earnings from being unable to claim any pension entitlements. Additionally, the
Spanish first-tier minimum pension requires 34 years of contributions, making eligibility
very restrictive. In contrast, the Dutch system is highly redistributive and relies on
residence-based basic and targeted pension schemes that are unrelated to contribution
history and cover virtually all retirees (OECD, 2019b). This shows that countries' pension
systems likely play a decisive role in determining not only the intensive margins but also

the extensive margins of retirementincome.

Beyond country of residence, higher educational attainment is associated with a higher
likelihood of having any pension income. Compared to mothers with low educational

attainment, mothers with medium and high education are significantly more likely to

6 Calculated for the first set of imputed pension income values for each respondent. Results do not significantly
change when using the second, third, fourth or fifth set of imputed values.

7 Calculated on the mothers’ level; percentages calculated on the child’s level are 40.5% for Spain & 2.7% for
Denmark
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receive pension income. This indicates that the positive impact of education on earnings

during working life may persist until retirement (Heckman et al., 2018).

The simple logistic regression provides a plausible explanation for the presence of retired
mothers with € 0 pension income: many with no pension income are likely Spanish
mothers who are not covered by the Spanish pension system. This alleviates concerns on
the existence of € 0 income values in the sample. Additionally, a robustness check in
Section 4.3 excludes the subgroup of mothers with no retirement income to test the

robustness of the main result towards this group.

4.2 Main Analysis

The main analysis framework consists of two steps: first, two multiple linear regression
models using ordinary least squares estimations are employed, with: (I) ILD as a
continuous explanatory variable, and (ll) ILD as a categorical explanatory variable.
Second, a 2SLS instrumental variable estimation is conducted to overcome endogeneity
bias in the simple OLS estimates and to investigate a causal effect of ILD on pension

income. The results are presented in the following sections.

4.2.1 The Correlation between Individual Leave Duration and Pension

Income

The results for both simple OLS estimations with a continuous ILD in weeks (I) and ILD in
nine categories (1) are shown in Table 5. Table A. 5 in the appendix provides a complete

corresponding output table.
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Table 5: Multiple Linear Regressions using OLS — main sample

Annual net pension income

(1) (1)

Individual leave duration in weeks -5.886***
(1.927)
Individual leave duration in categories
No interruption -666.855 (513.837)
1 month or less -1547.619** (773.016)

(ref. = More than 1 month but less than 3 months)

More than 3 months but less than 6 months -945.165* (503.571)
More than 6 months but less than 1 year -723.143 (490.129)
More than 1 year but less than 2 years -909.285 (923.586)
More than 2 years but less than 3 years -750.527 (692.397)
More than 3 years but less than 4 years -1418.053**  (712.347)
More than 4 years but worked at some point later -2273.447*** (552.969)
Observations 16,838 16,814

Adj. R2 0.1324 0.1324

Notes: The table shows results from two simple OLS estimations (see Equation (1)). One simple OLS
estimation uses the explanatory variable ILD as a continuous variable in weeks, the other one uses ILD as
a categorical variable. The main sample is used, and sample sizes are 16,838 for the continuous ILD
specification and 16,814 for the categorical specification. Informationis missing for 24 observations for the
categorical leave duration variable. Control variables include mothers’ educational attainment, their
number of children, year of birth, country of residence, health status, the industry the mother worked in
during childbirth of each child and the cash benefits she received during each maternity and parental leave
as a percentage of female wages in manufacturing. The outcome variable is imputed annual net pension
income in euros. Coefficients and variances are pooled according to Rubin’s Rule. Standard errors are
clustered at the mothers’ level and given in parentheses.

Asterisk notation: * p <0.10, ** p < 0.05, *** p < 0.01.

Leave duration is statistically significant in both specifications, continuous and
categorical, though not all of the nine categories of ILD yield significant estimates. For (l),
the results disclose a negative association between ILD and pension income that is
statistically significant at the 1 percent level. For each additional week of leave taken, the
annual pension income decreases by € 5.89, ceteris paribus. This amounts to on average

€ 306,28 less in yearly retirement income for each year of longer leave. Given an average
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yearly pension income of € 14,583.8 in the main sample, this results in a decrease of 2.1
percentin annual pension income foreach additional year of leave, all other factors being

equal.

The categorical version of the explanator ILD in (ll) reveals a more nuanced relationship.
While all categories show negative coefficients, only four out of nine categories of ILD are
significantly negatively correlated with pension income at the one, five and ten percent
level. Notably, it is lengths of leave at both ends - very short and very long durations -
which have a significant negative association with pension income. Despite the lack of
significance across all categories, the pattern of coefficients suggests a U-shaped
relationship between length of leave and retirementincome. For very short and very long
interruptions, pension earnings decrease the most, ceteris paribus. The largest pension
loss is observed for mothers with the longest leave durations of More than 4 years but
worked at some point later, with an average of € 2,273.45 less in pensions followed by the
shortest lengths of leave of 7T month or less with € 1,547.62 less income compared to the
reference category and holding all other factors equal. Interestingly, having no leave
interruption after childbirth does not show a significantly different association with
pension income than the reference category that is More than 1 month but less than 3

months of leave.

For all leave durations of moderate length — between six months and three years - ILD is
not significantly associated with pension income. While their coefficients suggest a
negative correlation with pensions, the standard errors are too large to infer any true
relationship. Possible explanations for this finding are discussed in the Discussion of the

Main Results in Section 5.1.

However, as shown in Section 3.1.2, itis likely that the previously presented findings are
biased by endogeneity, potentially due to unobserved maternal characteristics. The 2SLS
IV model allows to overcome endogeneity issues and identifies the causal effect of ILD
on pension income by exploiting exogenous variation in the instrument SLD. The results
ofthe IV estimation, along with several robustness checks and heterogeneity analyses of

the main findings, are presented in the following sections.
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4.2.2 The Causal Effect of Individual Leave Duration on Pension Income

In the first stage of the IV estimation, individual leave duration is regressed on statutory
maternity leave duration to obtain the predicted values of ILD. The predicted values are
then used as an explanatory variable to estimate the causal effect on pensionincome in

the second stage.

First Stage Results: Statutory Leave Duration and Individual Leave Duration

The first stage results of the IV estimation are shown in Table 6. The instrument SLD is
positively correlated with ILD at the one percent level. First stage results show that a one-
unitincrease of SLD, meaning one additional week of statutory leave duration, resultsin
an increase of 0.61 weeks of ILD taken by mothers, ceteris paribus. This implies that
changes in SLD over time and across countries influence mothers’ individual leave
duration. This confirms one of the requirements for an instrument in IV estimation: SLD

is a relevant instrument and yields reliable results in the second stage of the analysis.

Theinstrument SLD is not only relevant but also sufficiently strong to explain the variation
in ILD. The first-stage F statistic and the first-stage Wald test are both well above the
conventional threshold of ten. Hence, SLD proves to be an appropriate instrument asitis
significantly correlated with ILD and the high first stage F statistic, evaluated by the Wald

test, rules out any concern about instrument weakness.

The first-stage estimates show that, on average, mothers adjust the length of their
maternal leave inresponse to a change in the length of statutory leave. However, this may
not apply to all mothers because the first stage of a 2SLS IV model only estimates the
treatment effect for compliers, i.e., mothers who prolong their leave in response to an
increase inthe length of statutory leave. Accordingly, the results of the IV estimation must
be interpreted as the local average treatment effect (LATE), which refers to the average
causal effect of the treatment ILD on the population of compliers. A heterogeneity
analysis in Section 4.4 explores heterogeneous effects in the first stage and identifies

potential compliers in the sample.
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Second Stage Results: Effect of ILD on Pension Income

The second stage results of the main IV model, as described in Equation (3), are
presented in the second row of Table 6. The negative coefficient of the predicted ILD
values indicates a negative effect of ILD on pension income. It suggests a reduction of €
35.03 in annual pension income for each additional week of leave. However, unlike in the
simple OLS estimation, the effectis not statistically significant with large standard errors.
Hence, the null hypothesis cannot be confidently rejected, and an effect for the
compliers cannot be inferred. Consequently, there is no statistically significant evidence

in the specified IV estimation that ILD has a causal effect on pension income.

Table 6: Two-Stage-Least-Squares Instrumental Variable model — main sample:

The effect of ILD on pension income

First stage: SLD and ILD

Statutory maternity leave duration in weeks 0.611*** (0.128)

Annual pensionincome

Second stage: Effect of ILD on pension income

Individual maternal leave duration in weeks -35.033 (87.06)
First-stage F-Statistic 28.1
First-stage Wald test 22.7
Observations 16,838

Notes: The table shows first and second stage results forthe 2SLS IV estimation (see Equations (2) and (3)).
The first row displays results from the first stage that estimates the correlation between SLD and ILD using
simple OLS estimation. Statutory maternity leave duration (SLD) is measured in weeks and refers to the
statutory length of the maximum available maternity leave that was in place at the child’s year of birth and
inthe child’s country of birth. SLD is used as an instrument for mothers’ individual maternal leave duration
(ILD) to introduce exogenous variation that is needed to identify a causal effect of ILD on pension income.
The variable ILD is a continuous variable that measures mothers’ reported maternal leave duration in
weeks. The second row illustrates results from the second stage of the IV estimation and shows the
estimated effect of ILD on the outcome variable annual pension income. Annual pension income is the
imputed annual net pension income in euros. The third row provides the general first stage F-statistic, the
first-stage Wald test and the number of observations. The main sample was used, thus the sample size is
16,838. Controlvariablesin both stagesinclude mothers’ educational attainment, number of children, year
of birth, country of residence, health status, the industry the mother worked in during childbirth of each
child and the cash benefits she received during each maternity and parental leave as a percentage of
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female wages in manufacturing. All coefficients and variances are pooled according to Rubin’s Rule.
Standard errors are clustered at the mothers’ level and given in parentheses.
Asterisk notation: * p <0.10, ** p <0.05, *** p <0.01.

It is worth noting that ILD is statistically significant in one of the five sets of imputations
for pension income (see Table A. 6). The predicted values of ILD are significant at a ten
percent level for the second imputed dataset. The effect indicates that an additional
week of ILD reduces yearly pension income by € 57.50, i.e. any additional month of
maternal leave lowers pension income by € 230 per year. Hence, compared to a mother
who takes leave for six months, a mother who stays home for one year after childbirth
could expect to receive approximately € 125 less in monthly pension income due to her
longer leave. Given the average monthly pensionincome of €1,215.3 in the main sample,

this results in a reduction of 10.3 percent for every additional six months of leave.

However, when applying Rubin’s Rule und pooling the coefficients and variances, the
final pooled estimate loses its statistical significance. The pooled variance accounts for
both within- and between-imputation variance which reduces precision and leads to
larger standard errors. While there is a causal effect for this specific set of imputed
values, the uncertainty introduced by using imputations adds some variability and the
evidence for a causal relationship is insufficient across all imputations. In other words,
once imputation uncertainty is properly accounted for, a consistent causal effect cannot

be detected.

4.3 Robustness of the Main Result

Figure 3 shows that the main findings are robust to the five robustness and sensitivity
analyses described in Section 3.3 (see also Table A. 7 for an output table depicting the
results of all five robustness checks). The coefficient of ILD is consistently insignificant,
and there is no evidence of a causal effect of ILD on pension income across different

samples and model specifications.
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Figure 3: Results for the causal effect of ILD on pension income: coefficient plot for the
main IV model and all five robustness checks RC () to RC (V)
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Notes: This figure illustrates the coefficient sizes and their confidence intervals for the explanatory variable
ILD from the main model and all robustness checks that are specified in Section 3.3. The variable ILD is a
continuous variable measuring mothers’ reported duration of maternal leave in weeks. Table A. 7 in the
Appendix provides an output table with the coefficients for the main model and all robustness checks, the
first stage F-statistic and first-stage Wald test, and the number of observations for each model.

Excluding all € 0 pension values in RC (l) shows that the main finding is robust to this
sample restriction: Leave duration has no causal effect on pension income, also not for
mothers who are entitled to some pensionincome. The result from RC (I) also reveals that
the duration of leave has no causalimpact on the intensive margins of retirementincome.
Among mothers who have pension entitlements — as opposed to those with a pension
income of € 0 —the length of leave does not affect the amount of pension income mothers

receive.
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RC (Il) excludes all mothers without pension entitlements and is not filtered for retired
respondents. Hence, the sample only includes mothers with pension income greater
than zero. This specification does not affect the main result, which rules out the concerns
regarding the validity of € 0 pension income values. The coefficient for ILD is not
significant and nearly identical to the one in the main estimation and in RC (l). The
instrument is slightly weaker in RC (Il) than in the main model but still well above the
threshold of ten. As with the main model, the point estimate of ILD is significant at the five
percent level in the second imputed dataset and additionally significant at the ten
percent level in the fifth imputed dataset. Ultimately, Rubin’s pooling process increases
the standard errors and weakens the significance of the estimate, rendering itimpossible

to draw conclusions about a true effect for the pooled estimate.

The main finding also holds for mothers who take some maternal leave. While the main
sample includes mothers who did not take leave after childbirth, this group is excluded
in RC (lll). The result shows that the point estimate remains insignificant with large
standard errors, which supports the main result. Even though the instrument is weaker
for the subsample in RC (lll), it is still reliably strong. Consequently, the main results are

not significantly altered by mothers who take no leave.

RC (IV) also confirms the main outcome and shows that it is robust to scale
transformations and is not driven by extreme values in the data. As shown in Section
4.1.1, the outcome variable, pension income, is right skewed, with few high values and
values of zero. To make the distribution more symmetrical and to test whether the results
are distorted by the skewness of pension income, the pension income variable is cube
root transformed in RC (IV). In Figure 3, the point estimate and the confidence intervals
of the coefficient appear very close to zero because they are presented as the cube roots
of the original values and are not back-transformed to the original pension income scale.
The estimate suggests that each additional week of leave results in a slight reduction of
0.001235 in the cube root of retirement income, though this effect is not statistically

significant. This further strengthens the robustness of the main findings.
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There is no evidence for a non-linear effect of ILD on pension income. The main IV
estimation assumes a linear relationship, however the coefficients of the categorical ILD
specification suggest a non-linear correlation in the simple OLS estimation. The simple
OLS estimates reveal that shorter and longer breaks are significantly negatively
correlated with retirement income, while moderate leave lengths are not (see Section
4.2.1). However, RC (V) indicates that there are no nonlinearities in the causal effect of

ILD on pension income that the main IV model fails to capture.

4.4 Heterogenous Effects

To test for potential heterogeneous effects, this section analyzes whether the effect of
ILD on retirement income varies by: pension income quartiles, education, the industry
the mother worked in during childbirth, parity, cohorts, and the degree of redistributionin
countries’ pension schemes. The findings are displayed in the Appendix from Table A. 8

to Table A.14.

As previously explained, socio-economic status may be an important determinantin the
link between leave duration and pension income. However, the effect of leave duration
does not differ for pension income quartiles in the main sample (see Table A. 8). What
becomes evident though is that the instrument SLD is considerably stronger for mothers
with pension incomes in the upper half of the income distribution. While the instrument
is too weak for the first and second quartiles to allow for reliable conclusions, it exceeds
the threshold of ten and is statistically significant in the first stage for the third quartile.
For mothers with a mean pension income of € 16,101.5, one additional week of statutory
leave duration is associated with, on average, additional 0.765 weeks of leave mothers
take, holding all other factors equal. This effect is even greater than for the whole main
sample. This suggests that mothers with middle to high retirement income are potential
compliers as they are more responsive to variation in the instrument than mothers in the
lower pension income quartiles. The main results likely estimate the LATE for mothers
with medium to high pension income while they may be less representative for mothers
from lower pension income quartiles. One possible explanation for this finding could be
that mothers with higher pension incomes were generally in a better economic situation
throughout their lives. They reacted to expansions in statutory leave duration with
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extending their own leave because they had to worry less about forgone labor income
than mothers with lower pension incomes, who were in more precarious economic

positions.

The previous heterogeneity analysis is done on the main sample and includes mothers
with zero pension income. Examining only mothers entitled to a pension - so excluding
all observations with € 0 retirement income —yields a statistically significant estimate for
the third pensionincome quartile in the second stage of the IV model (see Table A.9). One
additional week of ILD causes a reduction of yearly pension income of € 21.30, which is
significant at the five percent level. ILD is significant for this subgroup of mothers only and
remains insignificant for the remaining three retirement income quartiles. Thus, there is
a causal effect for a particular group of respondents with a specific range of middle to
high pension incomes and mothers from the other pension income quartiles dilute the
significant effect for the full sample. Possible reasons for and implications of this finding

are further discussed in Section 5.2.

Eventhough educational attainment proves to be a highly significant predictor of pension
income in the main model, there are no significant heterogeneous effects by education.
Table A.10 provides results for three education levels, which reveals no notable effectsin
the second IV stage. However, there are differences in instrument strength and mothers’
responsiveness towards changes in the instrument SLD. The ILD of low educated
respondents has a much weaker and smaller reaction to variation in SLD, whereas the
ILD of medium educated mothers is associated with an extension of 0.604 weeks for each
additional week of SLD. This suggests that the main results are more relevant for
respondents with a medium level of education —as they are likely to be compliers — than
forthose with a high level, and even less relevant for the low educated. However, the first
stage F-statistic is below ten for all education levels, which makes an interpretation of

the LATE in the second stage impossible.

Considering socio-economic status as a possible factorin the relationship between leave
duration and pension income, potential heterogenous effects by the mother’s type of

work during childbirth are examined. The results reveal no notable heterogeneities in the
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effect of ILD on pension income by blue versus white collar jobs (see Table A.11). The
instrumentis not strong enough to explain the variation in ILD for both groups, but the first
stage indicates that mothers in white collar jobs are more responsive to changes in SLD
than mothers in blue collar jobs. Again, this suggests that respondents who have worked
in white-collar jobs are more likely to be compliers than those who have worked in blue-

collarjobs.

The previous analyses of heterogeneous effects by socio-economic status reveal no
significant impact of ILD on the retirement income of mothers with different levels of
education or in different industries. However, ILD is found to significantly cause a
reduction in pension income of mothers with medium-to-high incomes. Additionally, the
heterogeneous first-stage results for pension income quartiles, education and industry
suggest that socio-economic status is a determinant in mothers’ compliance with
changesintheinstrument SLD. Mothers who worked in white collarjobs during childbirth,
have medium to high pension income and medium to high educational attainment are
more responsive to variation in statutory leave duration than mothers with lower socio-
economic status, i.e. mothers with low education, lower pension income and mothers

who worked in blue collar jobs.

Next, possible heterogeneous effects by parity are examined. The second stage for each
subgroup shows no statistically significant effects and quite large standard errors,
possibly due to small sample sizes (see Table A. 12). The first stages show that mothers
with two and three children react more strongly to variation in the instrument than
mothers with one child or four or more children, possibly because an extension of
statutory leave allows them more time to care for additional children. The first stage F-
statistics are never above ten for all parity groups and the coefficients in the second stage
are insignificant. Hence, there are no relevant heterogeneous effects of ILD on pension

income by the number of children of the mother.

Because there is a noticeable cohort effect in individual leave duration, whereby younger
mothers tend to take longer leaves, heterogeneities by cohorts are plausible. For this

analysis, the main sample is divided into two groups — those born before 1955 and those
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bornin or after 1955. No significant heterogeneous effects can be found between the two
subsamples in the second stage. However, the instrument SLD is stronger for mothers
born before 1955 (see Table A. 13). The Wald test shows that the first stage F-statistic is
well above ten, and SLD is significant at the one percent level. However, the sample size
of younger mothers is much smaller than that of older mothers, making comparisons

between the two groups difficult.

The heterogeneity analysis by groups of pension systems reveals no significant
heterogenous effects of ILD on pensionincome across different pension scheme regimes
(see Table A. 14). The second stage of the |V estimation yields no significant estimates,
and the first stage F-statistics are too low to for any reliable interpretations of the point
estimates for the highly earnings-related and the highly redistributive countries, probably
due to the small number of observations in the subgroups. However, mothers from
countries with moderately earnings-based pension schemes with moderate
redistribution are much more responsive to variation in SLD. The first stage shows that a
one-week expansion of statutory leave induces mothers to increase theirindividual leave
by 0.47 weeks, ceteris paribus and the first stage F-statistic is above ten. This is
potentially due to the higher number of countries in this group that introduce more cross-

country variation and thus improve instrument strength.

5. Discussion of the Results

This study investigates the relationship between individual maternal leave duration and
pension income in later life, using a two-step estimation strategy. First, two simple OLS
estimations examine the correlation between the length of maternal leave and pension
income. Second, a 2SLS |V estimation is conducted to address a possible bias in the
simple OLS estimates due to potential endogeneity of maternal leave duration. This
analysis is one of the first to explore a causal link between the length of maternal leave
and pension income using an IV approach. Country- and time-specific statutory leave
duration policies serve as a strong and relevant instrument that allows to isolate the
causal effect of ILD on retirement income of mothers by exploiting the exogeneous

variation of SLD.
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5.1 Discussion of the Main Results: Simple OLS and IV Estimates

This study hypothesizes that maternal leave duration has a negative effect on old-age
pension income and tests this hypothesis using simple OLS estimations and a 2SLS IV
approach. While simple OLS estimates reveal a negative correlation between ILD and
pension income, the IV estimation finds no evidence of a negative causal effect of ILD on
pension income. Five robustness checks reinforce this finding, which contradicts the
expected outcome and refutes the hypothesis. The findings also reinforce the initial
concern about potential endogeneity of leave duration due to unobserved maternal
characteristics that influence both leave behavior and pension income in retirement.

These main results are discussed in more detail below.

The simple OLS regressions disclose a negative correlation between ILD and pension
income and find that yearly pension income decreases by € 5.89 for each additional week
of leave, holding all other factors equal. This corresponds to a 2.1 percent reduction in
annual retirementincome for each additional year of leave. Previous studies support this
result, as they also find a negative correlation between leave length and pension income
(Brugiavini et al., 2011; Dotti Sani & Luppi, 2021; Sefton et al., 2011). The study by Dotti
Sani and Luppi (2021) is the most comparable to this analysis as it uses data on the
reported length of maternal leave interruptions from the SHARE survey as well. Their
simple OLS estimation yields a strikingly similar result: it also finds a 2 percent decrease
in annual retirement income for each additional year of leave, strengthening the validity

of the finding in this study.

Additionally, the categorical specification of ILD finds a U-shaped relationship between
leave duration and pension income: very short and very long maternal leave significantly
reduces pension income, while leave of medium length has no significantimpact, ceteris
paribus. Similarly, Misra et al. (2011) identify a U-shaped pattern between leave duration
and mothers’ labor force participation and argue that moderate lengths of leave keep
mothers attached to the labor market, while both short and very long leave decrease
labor force participation. Budig et al. (2012) discover a U-shaped relationship between
parental leave length and mothers’ wages thatis nearly identical to the correlation found

between the categorical ILD specification and pension income. Earnings decrease with
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very short and very long leave, while moderate leave up to around two years does not
negatively affect maternal earnings. This turning point is very similar to the one found in
the simple OLS estimation in this study. This suggests that the negative impact of very
short and very long leave on post-birth employment and wages may persist until
retirement and may ultimately translate into a similar curvilinear relationship with

pension income.

Due to endogeneity concerns, the second step of the main analysis relies on an IV
estimation to elicit a possible causal effect of ILD on pension income. The first stage
results show that the instrument SLD is significantly correlated with ILD, and changes in
statutory leave policies induce mothers to change their individual leave duration.
However, ILD is not statistically significant in the second stage. This contradicts the initial
expectation of a negative effect of ILD on pension income, which is based on evidence
that longer leave durations harm mothers’ labor market outcomes (see Section 2.2.1),
and the negative correlation found between ILD and pension income in the simple OLS

estimations.

Comparing the IV and the simple OLS estimates indeed fortifies the assumption that the
latter are biased by endogeneity, probably due to selection bias and unobserved
maternal characteristics. While the simple OLS estimations find a negative correlation
between leave duration and pension income, the IV estimate, free from endogeneity,
shows no significant effect of ILD on retirement income. A selection of mothers into
different leave lengths based on their socio-economic status is probable as women with
a higher labor market attachment and higher wages take shorter maternal leave, likely
because they experience a greater motherhood penalty and risk higher opportunity costs
(Bister et al., 2024; Kuhlenkasper & Kauermann, 2010). At the same time, mothers with
higher income and labor force participation likely have higher pension entitlements due
to the close link between wages and retirement income. Other studies on the effect of
leave duration on mothers’ labor market outcomes also address the problem of
endogenous maternal leave and use causal empirical methods to overcome thisissue as

well (Lequien, 2012).
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A possible explanation for the null result is that the observed countries effectively ensure
that mothers do not forgo contributions in pension accruals during and after periods of
maternal leave. Almost all of the analyzed countries — except for Ireland with its already
highly redistributive pension scheme - have specific compensation mechanisms that
acknowledge leave periods in the pension calculation, either explicitly with pension
credit points or implicitly with continued accrual of contributions during leave (see
Section 2.1.2). An extensive cross-country study by D’Addio (2012) analyzes the impact
of these measures on mothers’ pension entitlements and shows: in most countries,
mothers’ pension replacement rates would be lower without these measures, whether
they acknowledge leave periods implicitly or explicitly with pension credit points. This
evidence highlights the role of compensation mechanisms in mitigating the effect of

leave breaks on pension entitlements across different countries’ pension systems.

When looking at countries individually, it becomes evident that the size of the gap in
pension income with and without compensating mechanisms varies by country. In
Austria, Belgium, Finland, France, Germany, Italy, Luxembourg, Sweden, and
Switzerland, — all of which have moderately to highly earnings-related pension schemes
— the pension replacement rate would be considerably lower without mechanisms that
acknowledge periods of leave (D’Addio, 2012). D’Addio (2012) concludes that
compensating mechanisms are an important measure for mitigating the impact of career
breaks, particularly in moderately and highly earnings-related pension schemes. Other
studies equally emphasize the importance of crediting methods to cushion the effect of
leave interruptions in systems that lack fully redistributive pension designs (Blank &
Blum, 2017; Mdhring, 2018). Hence, compensating mechanisms contribute to explain
the absence of an effect of ILD on retirement income in countries with moderately and

highly earnings-related pension systems.

Similarly, country-specific studies on the German and French pension credit point
systems confirm that they increase mothers’ pension income, particularly for those with
low pre-retirement wages (Bach et al., 2014, 2018; Blesch et al., 2024; Geyer et al., 2020;
Thiemann, 2015). More importantly, since credit points in Germany and France are

granted per child rather than by leave duration, they may offset disparities in pension
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entitlements regardless of leave length. In France, this applies even if the humber of
children is different (Bonnet & Rapoport, 2020). This is an important finding that further
supports the main result and demonstrates that particularly pension credit points in the
German and French systems render individual maternal leave trajectories irrelevant to

mothers’ pension accruals.

In Denmark and Ireland, the difference in replacement rates for mothers with and without
crediting mechanisms is negligible and replacement rates remain between 100 and 90
percent, even for leave breaks of five years (D’Addio, 2012). This reflects the high degree
of redistribution in the pension systems of both countries due to basic and targeted first-
tier pensions, which make compensating measures redundant. Basic and targeted
schemes are both found to be highly effective at offsetting the impact of maternal leave
on retirement income because they guarantee minimum pension income, regardless of
contribution history (Méhring, 2014, 2015). The heterogeneity analysis of the effect of ILD
on pension income of Danish and Irish mothers cannot provide any empirical evidence
that aligns with these previous findings due to very low first stage F-statistics. Still,
previous research suggests that the redistributive designs of the Danish and Irish pension
systems likely offset the impact of different leave lengths on maternal pension

entitlements in this study.

In summary, the implicit and explicit acknowledgement of leave periods in the pension
calculation as well as generally redistributive basic and targeted pensions are conducive
in cushioning the impact of leave interruptions and subsequently lower earnings. While
compensating mechanisms can increase mothers’ pension entitlements and can reduce
the impact of earnings-based pensions (D’Addio, 2012), basic and targeted pensions
guarantee a minimum pension income, unrelated to contribution history. In fully
redistributive systems, this renders any compensating measures unnecessary. Thus,
Mohring (2018) argues that basic and targeted first-tier pensions are the most effective in

offsetting possible adverse effects of leave interruptions on retirement income.

Another possible explanation for the non-existent effect is the importance of survivor

pensions for women’s pension income in some countries. As explained in Section 3.2.1,
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the imputed pension values in SHARE are aggregates of different pension types. The
imputed variable ypen1 includes not only public old-age pensions but also survivor and
war pensions from one’s spouse or partner. These are payments to a surviving partner
derived from a deceased spouse’s pension and are usually not conditional on the
widow’s own pension entitlements. Due to the gender disparity in life expectancy, women
make up the majority of survivor pensions recipients (European Commission, 2024a).
Especially in countries with earnings-related pension schemes, survivor pensions are an
important source of income for widowed women during retirement and notably increase
widows’ pension entitlements, particularly in Spain, Greece, Italy, Portugal, Germany,
and Austria (Ahn, 2004; Arza, 2015; European Commission, 2024a; European
Commission, 2020). Since survivor pensions reflect spousal earnings rather than
mothers’ own history of earnings and contributions, they may introduce additional noise
in the measurement of pension income and reduce precision of the estimated effect of

leave duration in the IV estimation.

Moreover, survivor pensions may bias the effect of maternal leave on retirementincome
and pullthe IV estimate towards zero if mothers who stay on leave for longer also receive
higher income from survivor pensions. This may be the case for women in partnerships
that follow more traditional gender roles, where the man is the main earner and childcare
is viewed mainly as the responsibility of the woman. In such couples, mothers typically
take longer leaves than mothers in more egalitarian partnerships (Mensinger &
Zimpelmann, 2024; Stertz et al., 2017; Stertz & Wiese, 2024), especially if overall higher
household income allows them to prolong their maternal leave (Ulker & Guven, 2011).
Women in these traditional households likely benefit from higher survivor pensions if
their partners accumulated higher pension entitlements due to their role as the
household’s main earner. As a result, mothers in a couple that follows more traditional
gender roles generally take longer leave and may have higher retirementincome, however
not from their own employment-related entitlements but from their deceased partners’
survivor pensions. Given the observed cohorts, itis likely that many mothers in this study
follow more traditional gender roles. Hence, additional income from survivor pensions
possibly dilutes the effect of leave duration on overall pension income, especially in

earnings-related pension schemes.
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The previous discussion suggests that pension systems and additional income through
survivor pensions can offset the effects of labor market disparities in retirementincome,
at least between different lengths of leave. However, gaps in pension income between
men and women and mothers and childless women undoubtedly remain and thus the
question of what is driving them (OECD, 2019b). Numerous studies find that the
prevailing differences in pension income between men and women are largely related to
the fact that mothers more often work part-time than men to balance childcare and
careers. Individuals working part-time will never be able to reach the same level of
lifetime earnings as those following a standard career of uninterrupted full-time
employment, leading to substantially lower retirement income (Hammerschmid &
Rowold, 2019b; Mo6hring, 2015; Niessen-Ruenzi & Schneider, 2022). These fundamental
differences in employment trajectories cannot be levelled out by pension systems

(Mo6hring, 2015; Niessen-Ruenzi & Schneider, 2022).

5.2 Heterogeneity in the Main Results: Responsiveness to Variationin
the Instrument and Vulnerability of Middle- to High-Income

Retirees

The heterogeneity analyses in Section 4.4 uncover significant heterogeneities in
instrument strength for different subgroups: mothers with higher education, medium to
high pensionincome, and who worked in typical white-collar jobs are more responsive to
changes in SLD. These results suggest that mothers with a higher socioeconomic status
may be compliers in the IV analysis. This means that the LATE may primarily reflect the
findings for this subgroup, making the results more representative of women with higher
socioeconomic status. This is in line with previous studies that also find a higher
responsiveness to changes in leave policies among mothers with higher educational
attainment and higher income (Bergemann & Riphahn, 2023; Bister et al., 2024; Renner
et al., 2025). A possible reason for this is that mothers with higher education and income
levels are more informed about their rights to maternal leave and about parental leave
systems in general, and are thus more likely to adapt their leave behavior accordingly

(Grossmann et al., 2024). In line with previous research, the findings of this study support
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the assumption that socioeconomic status is a significant determinant of mothers’

compliance with changes in statutory leave.

While the heterogeneity analyses find no significant heterogeneous effects of ILD on
pension income by education, industry, parity, cohorts, and pension systems, thereis a
significant negative effect of ILD among mothers with a pension greater than zero and
who receive pension income in the third quartile. The effect is of moderate size: Any
additional month of maternal leave reduces annual pension income by around € 85. This
indicates that the impact of leave duration is not uniform across all income levels. Leave
duration has a harmful effect for a specific group of mothers with middle- to high pension

income while it has no impact on pension income in lower and higher quartiles.

This finding can be explained by the variation in pension replacement rates for different
earnings levels, as discussed in Section 2.1.2. In most of the countries analyzed, low-
income individuals have a higher share of their wages replaced by pension income than
workers with average or above-average incomes. In all observed countries, pension
entitlements of eligible lower-income earners are supplemented by first-tier basic,
targeted, or minimum pensions that effectively raise the PRR of low earners (OECD,
2019b). In contrast, replacement rates are notably lower for individuals with medium and
higher wages, whereof retirees with higher income are likely to rely on generally higher
household pension income and private savings that increase their monthly available
income in retirement. Additionally, most countries have ceilings for pensionable earnings
above which any additional income does not count towards pension contributions.
Hence, the marginal impact of additional maternal leave may be small or zero for high-
income workers as any reduction in earnings does not affect their pension entitlements
once they have reached the ceiling (OECD, 2019b). Pensioners in the middle-income
range are “in the middle” of both: they likely do not benefit from safety nets in pension
systems or high household income and mostly rely on second-tier earnings-related
pension types, asis reflected in the significant negative effectin the third pensionincome

quartile.
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Further, upper-middle income groups face the steepest decline inincome when entering
retirement, which contributes to explaining the negative effect for retirees in this
retirement income quartile. They are less able to uphold their pre-retirement living
standard compared to other income groups since they receive less support from social
security systems and first-tier pension schemes (Mitchell et al., 2022). This indicates that
the pension income of individuals in middle to high income groups is more proportional
to their contribution history. Thus, their retirement income is more sensitive to career
interruptions and wage reductions than the pensions of individuals at the low and high

ends of the income distribution.

In summary, most European countries support low-income workers in retirement with
means-tested, targeted pensions — schemes for which workers with middle- and high-
incomes are often ineligible. This suggests that in retirement, pensioners with middle- to
high-income levels primarily rely on earnings-related pensions. Hence, their retirement
income is more susceptible to reductions in earnings and interruptions in pension
contributions, which explains the significant negative impact of ILD on pension income
in the third quartile. Future research may further analyze this effect for different pension
regimes, like the ones identified in this study, to explore the magnitude of the effect in

redistributive and earnings-related schemes.

5.3 Discussion of Descriptive Results

Nearly 40 percent of mothers report no maternal leave interruption after childbirth and
15 percent of mothers have a pension income of € 0. These peculiarities in the main
sample prompt a further investigation of those subgroups using simple logistic
regressions in Sections 4.1.4 and 4.1.5. The results reveal that a mother’s country of
residence and the industry she worked in during childbirth are significant determinants

of whether she takes maternal leave and receives any pension income.

More specifically, being from Spain significantly increases the likelihood of having no
pension entitlements in retirement. Data from Eurostat and previous studies show that
these findings are reasonable, as the proportion of women with no pension entitlements
is particularly high in Spain: Between 24 to 27 percent of retired women in Spain cannot
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claim any pension from their own employment (European Commission, 2024). Coverage
is especially low in Spain’s first-tier minimum contributory pension, as eligibility requires
almost 35 years of contributions (European Commission, 2020, 2024; Lannoo et al.,
2014; OECD, 2019b; Vara, 2013). Since maternal leave periods count as contributory
periods in the Spanish pension calculation, the comparatively low coverage of women
may not be a consequence of maternal leave interruptions, but is rather associated with
relatively few years of employment and a generally low labor force participation of

Spanish women (Arza, 2015; Hammerschmid & Rowold, 2019a; OECD, 2019b).

Another peculiarity in the main sample is the surprisingly high share of mothers who take
no maternal leave after childbirth. Almost 40 percent of mothers report no interruption
from work, which is mostly due to mothers who were working in the agricultural industry
during childbirth. This finding is plausible as the agricultural industry is characterized by
generally more precarious working conditions, high economic pressure and higher rates
of informalwork and self-employment, making it more difficult to take leave (Padel et al.,
2022; Popescu et al., 2021). A study on German women working in agriculture describes
the challenges mothers face when they want to take leave after giving birth. Specifically
loss of workforce during leave and lack of regulations on maternity protection in the
agricultural sector create obstacles for mothers working in agriculture to interrupt their
work (Padel et al., 2022; Popescu et al.,, 2021). These findings offer a plausible
explanation for why a substantial share of mothers in this study did not take maternal

leave after childbirth.

5.4 Study Limitations

A main limitation of this study is the reliance on imputed pension income variables
instead of using reported values. In addition to entitlements from mothers’ own
employment, the aggregation of different retirement income types in the imputed
pension income variable includes survivor pensions. This is a shortcoming as it hinders
the sole analysis of pension income derived from mothers’ own work and may dilute the

effect of ILD on retirement income.
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This study assumes that the instrument SLD fulfills the exclusion restriction and impacts
pension income solely through ILD. However, this assumption may be threatened by the
fact that leave policies and pension systems are both part of a country’s overarching
welfare system. Changes in a country’s statutory leave policy may be accompanied by
other policy changes affecting labor market structures or pension benefit rules. For
example, adjustments in statutory maternity leave duration could coincide with reforms
in pension contribution requirements or eligibility criteria, thereby influencing pension
income directly through channels other than individual leave duration. Such correlated
policy shifts pose a risk of violating the exclusion restriction, as SLD may affect pension

income through pathways other than ILD.

Further, as Mohring (2015) notes in a similar analysis using SHARE data, the rather small
number of countries in this study does not allow for an analysis of more divergent pension
systems. The inclusion of more countries would contribute to a more robust and

meaningful analysis of the effect of ILD in different pension regime clusters.

6. Conclusion

Based on previous research on the impact of maternal leave duration on short- to long-
term economic outcomes of mothers, this study hypothesizes that the length of
individual maternal leave has a negative causal effect on mothers’ old-age pension
income. While there is extensive literature on the relationship between maternal leave
duration and short- to medium-term labor market outcomes, research on the long-term
economic impact of leave is limited. This study aims to fill that gap by examining the long-
term effects of leave duration on retirement income, offering a causal perspective that

has been lacking in previous studies on leave duration and pension income.

Simple OLS estimations and 2SLS IV estimation are used to examine the relationship
between individual maternal leave duration and pension income and to test the
hypothesis that there is — beyond correlation — a negative causal effect of ILD on
retirement income. To do this, the IV model uses exogenous variation in statutory leave

policies across 15 countries from 1960 to 2010 as an instrument. SLD proves to be a
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strong and relevant instrument as women adapt their individual leave behavior in

response to changes in statutory leave policies.

After presenting an extensive literature review, performing two simple OLS estimations
and an IV estimation, testing the results in five robustness checks, exploring
heterogenous effects, and discussing the findings in depth, three conclusions can be

drawn from this study.

First, the length of maternal leave appears irrelevant for mothers’ pension income.
Although individual leave duration is negatively correlated with pension income, the IV
estimation finds no evidence of a causal effect of maternal leave duration on pension

income, thus disproving the initial hypothesis.

In relation to this, mothers with a higher socio-economic status likely select into shorter
lengths of leave and higher pension income. Therefore, the negative correlation between
leave duration and pension income in the simple OLS estimates is likely a product of
endogeneity bias, which is supported by the fact that the endogeneity-free IV estimate

finds no significant effect.

Second, the design of countries’ pension systems plays a crucialrole in moderating how
and to what extent career interruptions and subsequent lower earnings are cushioned in
pension entitlements. Existing literature highlights that compensating mechanisms and
pension credit points can notably raise mothers’ retirement income in earnings-related
pension schemes. In redistributive systems with first-tier basic and targeted pensions,
such measures are redundant as the system itself already guarantees universal pension
income, independent of contribution history and former earnings. Coming from this,
leave interruptions have no effect on pensions in the highly redistributive pension
schemes in Denmark and Ireland, irrespective of the length of the leave period, because

both systems mainly rely on basic and targeted pensions.

The moderately redistributive pension systems in Austria, Germany, France, Belgium, the

Netherlands, Switzerland, Luxembourg, Sweden, and Finland, feature compensating
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mechanisms, pension care credits, and some redistributive elements, including basic
and targeted pensions. All of these mitigate the impact of different lengths of leave on

retirementincome insofar that there is no universal cross-country effect.

Spain, Italy, Greece, and Portugal have mostly earnings-related pension systems thatrely
almost exclusively on minimum contributory pensions in their first tier, but periods of
leave are acknowledged in the calculation of pension entitlements. It appears that these
measures are sufficiently effective in mitigating the effect of different leave durations on

pension income.

Third, while redistributive measures effectively support mothers with low pension
entitlements, they do not sufficiently protect mothers with middle- to high earnings from
the adverse effects of prolonged leave on retirement income. ILD significantly reduces
pension income for mothers in the third pension income quartile, whose pensionincome
is more proportional to their contribution and earnings history. Thus, career breaks due
to childcare-related leave and subsequent lower earnings do translate into lower pension

income in retirement for this subgroup of mothers.

These findings show that pension policies significantly moderate if and how inequalities
that arise during working life due to maternal leave translate into economic
disadvantages in retirement. Therefore, this study has important policy implications for
designing pension systems that effectively protect individuals with interrupted careers
and lower incomes from adverse economic outcomes in retirement — most frequently
mothers. Highly redistributive pension schemes are most effective in mitigating effects
of prolonged leave because they detach pension entitlements from contribution history.
Hence, redistributive systems benefit mothers the most. However, primarily earnings-
related schemes do not necessarily reinforce employment inequalities among mothers if
they integrate some redistributive elements and compensate for periods of leave, at least
for leave periods up to seven years. These schemes likely lack the redistributive capacity
to offset the effects of longer childcare breaks or of cases in which mothers leave the
workforce entirely. The analysis also suggests that these measures are not effective

enough to protect retirees with middle to highincome from the adverse effect of maternal
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leave duration on their retirement income. Further analyses are needed to determine
whether fully redistributive pension schemes are able to mitigate the impact of prolonged

leave on pension income for this group.

Onthe background of a persisting gender gap and a motherhood penalty in pensions, this
study has even greater implications. Since the duration of maternal leave has no effect
on pension income, the disparities in retirement income between women and men, as
well as between mothers and childless women, must be due to other reasons, such as
part-time employment and discrimination in the workforce. As long as the inherent
differencesin labor market trajectories between men and women do not change, the GGP
is unlikely to close because, as Frericks and Maier (2008) put it, since “labour markets

are gendered, [...] pensions are, per se, gendered.”
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Table A. 1.: Summary Statistics for the main sample — mothers’ level

Variables N Mean Median St. Dev. Min Max
Individual Leave Duration (weeks) 9,059 43.305 8.600 77.163 0.000 313.200
Annual Pension Income 9,059 14,692.050  13,200.000 16,945.25 0.000 274,200.000
Monthly Pension Income 9,059 1,224.337 1,100.000 1,412.10 0.000 22,850.000
Number of Children 9,059 2.220 2 1.059 1 13
Year of Birth of Mother 9,059 1946 1947 7.493 1918 1973
ADLs 9,059 0.772 0 1.992 0 13
Cash Benefits during Maternity Leave 9,059 69.292 79.500 30.630 0.000 100.000

(% of female wages in manufacturing)

Low Education 9,059 0.351 0 0.477 0 1
Medium Education 9,059 0.352 0 0.478 0 1
High Education 9,059 0.297 0 0.457 0 1
1st Child 9,059 0.841 1 0.365 0 1
2nd Child 9,059 0.096 0 0.294 0 1
3rd Child 9,059 0.043 0 0.202 0 1
4+ Child 9,059 0.020 0 0.141 0 1

Notes: This table shows summary statistics for the main variables in the main sample. Numbers are on the mothers’ level, i.e. mothers are only counted once. The
sample size is 9,059 observations. Monetary values are net values in euros and pooled according to Rubin’s Rule, i.e. point values are the average value of all five
imputations.
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Table A. 2: Summary statistics for cohorts born before 1955 and cohorts born from 1955 onwards — main sample

Cohort <1955 Cohort >= 1955

Variable N Mean Min Max N Mean Min Max
Individual Leave Duration

(weeks) 14,371 39.787 .000 313.20 2,443 44.830 .000 313.20
Annual Pension Income 14,371 14,604.70 .000 274,200.0 2,443 14,499.010 .000 252,000.0
Monthly Pension Income 14,371 1,217.058 .000 22,850.0 2,443  1,208.251 .000 21,000.0
Number of Children 14,371 2.593 1 13 2,443 2.381 1 8
Year of Birth of Mother 14,371 1944 1918 1954 2,443 1957 1955 1973
ADLs 14,371 .840 0 13 2,443 .289 0 10
Low Education 14,371 .370 0 1 2,443 .228 0 1
Medium Education 14,371 .330 0 1 2,443 .390 0 1
High Education 14,371 .300 0 1 2,443 .381 0 1
No interruption 14,371 .393 0 1 2,443 .366 0 1
Leave longer than 6 months 10,382 721 0 1 1,841 .753 0 1

Notes: The table shows summary statistics of the main variables for cohorts born before 1955 and cohorts born from 1955 onwards for the main sample. The sample
size is 16,814 observations and numbers are on the child’s level, i.e. mothers are counted as often as they have children. N does not sum up to 16,838 (the sample size
of the main sample) because information is missing for some mothers for the categorical leave duration variable. Monetary values are net values in euros and pooled
according to Rubin’s Rule, i.e. point values are the average value of all five imputations.

89



Table A. 3: Simple Logistic Regression Results for taking any leave versus taking no leave

Mother took any leave (ILD > 0)

Medium education (ref. = Low education) 0.097 (0.067)
High education (ref. = Low education) 0.100 (0.078)
Year of Birth of Mother 0.025™ (0.004)
Number of Children -0.105™ (0.030)
ADLs 0.012 (0.014)
Yearly old-age pension income -0.000 (0.000)

Industry (ref. = Agriculture, hunting, forestry,

Health and social work 0.665™" (0.127)
Mining and quarrying 0.530" (0.314)
Manufacturing 0.671™ (0.116)
Electricity, gas and water supply 0.725™ (0.299)
Construction 0.460™ (0.204)
Wholesale and retail trade 0.527™ (0.119)
Hotels and restaurants 0.636™" (0.171)
Transport, storage and communication 0.699™ (0.218)
Financial intermediation 0.781™ (0.172)
Real estate, renting and business activities 0.828™" (0.264)
Public administration and defence 0.619™ (0.142)
Education 0.572™ (0.130)
Other community 0.682"" (0.121)
Country (ref. = Spain)

Austria 1.248™" (0.136)
Germany 0.868™ (0.136)
Sweden 3.098™ (0.163)
Netherlands 1.146™" (0.186)
ltaly 0.755™ (0.139)
France -0.180 (0.129)
Denmark 1.572™ (0.144)
Greece 1.288™ (0.177)
Switzerland 0.474™ (0.154)
Belgium -0.238" (0.131)
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Ireland 1.309™ (0.518)
Luxembourg -0.015 (0.187)
Portugal 0.511™ (0.172)
Finland 1.590™ (0.162)
Constant -48.334™ (7.073)
Observations 16,838

Notes: This table shows results from a simple logistic regression with taking any maternal leave (ILD > 0) as
the outcome, using the main sample (N = 16,838). Numbers are on the child’s level, i.e. mothers are
counted as often as they have children. Standard errors are clustered at the mothers’ level and given in
parentheses. Monetary values are net values in euros and pooled according to Rubin’s Rule.

Asterisk notation: * p <0.10, ** p < 0.05, *** p <0.01.
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Table A. 4: Simple Logistic Regression Results for receiving any pension income versus
receiving € 0 pension income

Pensionincomeis not€0 (Pl >0)

Medium education (ref. = Low education) 0.196™ (0.086)
High education (ref. = Low education) 0.270™ (0.105)
Year of Birth of Mother -0.009° (0.005)
Number of Children 0.059" (0.035)
ADLs -0.026 (0.017)

Industry (ref. = Agriculture, hunting, forestry,

Health and social work 0.008 (0.167)
Mining and quarrying -0.295 (0.415)
Manufacturing 0.009 (0.149)
Electricity, gas and water supply 1.123" (0.525)
Construction 0.159 (0.290)
Wholesale and retail trade 0.063 (0.154)
Hotels and restaurants -0.206 (0.200)
Transport, storage and communication -0.154 (0.266)
Financial intermediation 0.286 (0.239)
Real estate, renting and business activities -0.142 (0.324)
Public administration and defence 0.213 (0.190)
Education 0.039 (0.173)
Other community 0.099 (0.121)
Country (ref. = Spain)

Austria 1.145™ (0.146)
Germany 1.426™ (0.164)
Sweden 1.560™" (0.154)
Netherlands 3.146™ (0.446)
Italy 0.970™ (0.150)
France 1.579™ (0.155)
Denmark 1.947" (0.182)
Greece 1.549™ (0.205)
Switzerland 1.485™" (0.204)
Belgium 1.555™ (0.151)
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Ireland 0.550 (0.477)
Luxembourg 1.125™ (0.230)
Portugal 0.312° (0.184)
Finland 0.651™ (0.163)
Observations 16,838

Notes: This table shows results from a Logistic Regression modelwith receiving any annual pensionincome
(pensionincome > € 0) as the outcome and using the main sample (N =16,838). Numbers are on the child’s
level, i.e. mothers are counted as often as they have children. The analysis is done using the first set of
imputed pension income values. Standard errors are clustered at the mothers’ level and given in
parentheses. Asterisk notation: * p <0.10, ** p <0.05, *** p<0.01.

93



Table A. 5: Full output table of results from simple OLS estimations

Annual net pension income

ILD continuous in weeks ILD in categories
(1) (1

Individual leave duration in weeks -5.886*** (1.927)
No interruption -666.855 (513.837)
ILD (ref. = More than 1 month but less than 3 months)
1 month or less -1547.619** (773.016)
More than 3 months but less than 6 months -945.165* (503.571)
More than 6 months but less than 1 year -723.143 (490.129)
More than 1 year but less than 2 years -909.285 (923.586)
More than 2 years but less than 3 years -750.527 (692.397)
More than 3 years but less than 4 years -1418.053** (712.347)
More than 4 years -2273.447*** (552.969)
but worked at some point later
Number of Children -438.559*** (125.210) -428.989*** (125.684)
Year of Birth of Mother -45.702* (24.851) -46.739* (25.187)
ADLs -62.515 (92.163) -63.585 (92.482)
Cash Benefits during Maternity Leave 0.376 (6.935) 0.422 (7.168)
(% of female wages in manufacturing)
Medium education (ref. = Low education) 1610.868*** (423.892) 1585.103*** (424.132)
High education (ref. = Low education) 4639.221*** (585.386) 4612.592*** (586.450)
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Industry (ref. = Health and social work)

Agriculture, hunting, forestry, fishing -1342.675* (716.889) -1309.608* (714.862)
Mining and quarrying -2512.737* (1352.975) -2485.333* (1347.246)
Manufacturing 42.795 (689.187) 51.341 (689.128)
Electricity, gas and water supply 2275.320* (1309.300) 2296.995* (1316.482)
Construction -59.483 (1072.464) -37.635 (1068.077)
Wholesale and retail trade 1.683 (639.990) 22.101 (638.841)
Hotels and restaurants -1244.711 (822.848) -1227.001 (823.300)
Transport, storage and communication 3110.084 (2414.236) 3115.439 (2414.306)
Financial intermediation 2900.321** (1340.535) 2900.515** (1341.459)
Real estate, renting and business activities 2015.057 (2816.601) 2012.072 (2820.966)
Public administration and defence 2846.969*** (1030.646) 2870.649*** (1030.380)
Education 2729.372*** (707.658) 2747.520*** (707.323)
Other community 16.009 (564.778) 26.178 (563.587)
Country (ref. = Austria)

Germany -1060.058** (473.316) -1066.776** (475.923)
Sweden 805.340 (655.455) 814.354 (681.585)
Netherlands 5791.473*** (2019.596) 5864.497*** (2032.749)
Spain -6168.713*** (574.942) -6163.656*** (596.608)
Italy -3131.358*** (478.689) -3126.158*** (491.933)
France 2145.801*** (518.627) 2175.741*** (544.519)
Denmark 763.449 (535.645) 714.990 (561.612)
Greece -6253.897*** (588.415) -6279.347*** (619.331)
Switzerland 14922.770*** (1558.417) 14975.788*** (1562.155)
Belgium 6494.592*** (1062.703) 6508.604*** (1088.782)
Ireland -993.213 (2649.138) -1074.061 (2629.962)
Luxembourg 11618.407*** (2578.112) 11663.558*** (2586.756)
Portugal -7401.679*** (547.649) -7329.540*** (557.494)
Finland -1998.442*** (656.225) -2026.755*** (667.136)
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Observations 16,838 16,814
Adj. R2 0.1324 0.1324

Notes: This table shows the full output table from a simple OLS estimation, using a continuous specification of ILD as the explanator (l), and using a categorical
specification of ILD as the explanator (ll). The main sample is used, and sample sizes are 16,838 for the continuous ILD specification and 16,814 for the categorical
specification. Information is missing for 24 observations for the categorical leave duration variable. Control variables include mothers’ educational attainment, their
number of children, year of birth, country of residence, health status, the industry the mother worked in during childbirth of each child and the cash benefits she received
during each maternity and parental leave as a percentage of female wages in manufacturing. The outcome variable is imputed annual net pension income in euros.
Coefficients and variances are pooled according to Rubin’s Rule. Standard errors are clustered at the mothers’ level and given in parentheses.

Asterisk notation: * p <0.10, ** p < 0.05, *** p < 0.01.
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Table A. 6: The effect of individual maternal leave duration on pension income —main
sample, second set of imputed pension income values

First stage: SLD and ILD
SLD 0.611*** (0.128)

Annual pensionincome
Second stage: Effect of ILD on second set of imputed

pensionincome

ILD -57.50* (32.88)
First-stage F-Statistic 28.1
First-stage Wald test 22.7
Observations 16,838

Notes: The table shows first and second stage results for the 2SLS IV estimation (see Equations (2) and (3))
using pension income values from the second set of imputations only. The first row displays results from
the first stage that estimates the correlation between SLD and ILD using simple OLS estimation. Statutory
maternity leave duration (SLD) is measured in weeks and refers to the statutory length of the maximum
available maternity leave that was in place at the child’s year of birth and in the child’s country of birth. SLD
is used as an instrument for mothers’ individual maternal leave duration (ILD). The variable ILD is a
continuous variable that measures mothers’ reported maternal leave duration in weeks. The second row
illustrates results from the second stage of the IV estimation and shows the estimated effect of ILD on the
outcome variable annual pension income from the second set of imputations. Annual pension income is
the imputed annual net pension income in euros. The third row provides the general first stage F-statistic,
the first-stage Wald test and the number of observations. The main sample is used, thus the sample size is
16,838. Controlvariablesin both stagesinclude mothers’ educational attainment, number of children, year
of birth, country of residence, health status, the industry the mother worked in during childbirth of each
child and the cash benefits she received during each maternity and parental leave as a percentage of
female wages in manufacturing. Coefficients and variances are pooled according to Rubin’s Rule. Standard
errors are clustered at the mothers’ level and given in parentheses.

Asterisk notation: * p <0.10, ** p <0.05, *** p <0.01.
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Table A. 7: The effect of individual maternal leave duration on pension income — main model and robustness checks

Main Model RC (I) RC (I1) RC (llI) RC (IV) RC (V)
Second stage:
Effect of ILD
on pensionincome ILD?2
-35.03 -46.74 -42.55 0.948 -0.00123 -35.00 -0.00014
ILD
(37.06) (36.72) (36.36) (35.92) (0.033) (71.85) (25.75)
(Pooled) first-stage F-Statistic 28.1 25.4 24.8 17.5 28.1 15.7 20.6
(Pooled) first-stage Wald test 22.7 20.7 20.4 15.2 22.7 12.1 16.0
16,838 14,191 15,387 10,266 16,838 16,838

(Pooled) N of observations

Notes: This table shows the estimated effects for the second stage of the 2SLS IV estimations (see Equation (3)) using the main model and the robustness checks (1), (II),
(1, (1V), and (V) (see Section 3.3). The IV estimation estimates the effect of the explanatory variable individual leave duration (ILD) on annual pension income by using
statutory maternity leave duration (SLD) as an instrument. ILD is a continuous variable measured in weeks and refers to mothers’ reported maternal leave duration in
weeks. SLD is the statutory length of the maximum available maternity leave that was in place at the child’s year of birth and in the child’s country of birth. Annual
pensionincome is the imputed annual net pension income in euros. Control variables in all models include mothers’ educational attainment, number of children, year
of birth, country of residence, health status, the industry the mother worked in during childbirth of each child and the cash benefits she received during each maternity
and parental leave as a percentage of female wages in manufacturing. All coefficients and variances are pooled according to Rubin’s Rule. Further, first stage F-statistics
and first-stage Wald tests as well as the number of observations are provided for all models. Some of them are pooled because the number of € 0 slightly differs across
the five sets of imputations. Hence, the sample sizes and first-stage F statistics and Wald tests slightly differ for each set of imputations. They are pooled, i.e. the average
across all five sets of imputations is taken. Standard errors are clustered at the mothers’ level and given in parentheses.

Asterisk notation: * p <0.10, ** p < 0.05, *** p < 0.01.
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Table A. 8: The effect of individual maternal leave duration on pension income by pension income quartiles — main sample, split by pension
income quartiles

Pension income quartiles

Quartile 1 Quartile 2 Quartile 3 Quartile 4
(lowest) (highest)
First stage: SLD and ILD
SLD 0.415 0.456 0.765** 0.734**
(0.252) (0.300) (0.231) (0.283)
Second stage:
Effect of ILD on pensionincome
ILD 8.179 20.812 0.455 62.000
(18.711) (30.908) (8.152) (84.231)
(Pooled) first-stage F-Statistic 3.5 3.2 13.9 8.6
(Pooled) first-stage Wald test 2.7 2.4 11.4 7.5
(Pooled) mean of annual pension income 1,290.6 10,008.5 16,101.5 30,939.0
Observations 4,210 4,210 4,209 4,209

Notes: This table depicts results from the heterogeneity analysis by pension income quartiles using the main sample. It shows first and second stage results for the 2SLS
IV estimation (see Equations (2) and (3)), where statutory maternity leave duration (SLD) provides the necessary instrument. SLD is measured in weeks and refers to the
statutory length of the maximum available maternity leave that was in place at the child’s year of birth and in the child’s country of birth. SLD is used as an instrument
for mothers’ individual maternal leave duration (ILD). The variable ILD is a continuous variable that measures mothers’ reported maternal leave duration in weeks. The
outcome variable is imputed annual net pension income in euros split by quartiles. Control variables in all models include mothers’ educational attainment, number of
children, year of birth, country of residence, health status, the industry the mother worked in during childbirth of each child and the cash benefits she received during
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each maternity and parental leave as a percentage of female wages in manufacturing. All coefficients and variances are pooled according to Rubin’s Rule. Further, first
stage F-statistics and first-stage Wald tests, the mean of annual pension income for all pension income quartiles as well as the number of observations are provided for
all models. Some of them are pooled because the cut-off between pension income quartiles is slightly different for each of the five sets of imputations. Hence, the
sample sizes and first-stage F statistics, Wald tests and the means slightly differ for each set of imputations. They are pooled, i.e. the average across all five sets of
imputations is taken. The main sample is split by pension income quartiles; thus the complete sample size is 16,838. Coefficients and variances are pooled according
to Rubin’s Rule. Standard errors are clustered at the mothers’ level and given in parentheses.

Asterisk notation: * p <0.10, ** p < 0.05, *** p < 0.01.
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Table A. 9: The effect of individual maternal leave duration on pension income by pension income quartiles — RC (l) sample, split by pension

income quartiles

Pension income quartiles - excluding€ 0

Quartile 1 Quartile 2 Quartile 3 Quartile 4
(lowest) (highest)
First stage: SLD and ILD
SLD 0.337 0.509 0.926*** 0.780**
(0.343) (0.289) (0.254) (0.308)
Second stage:
Effect of ILD on pensionincome
ILD 43.896 -11.504 -21.300** 37.816
(79.770) (12.866) (9.099) (82.702)
(Pooled) first-stage F-Statistic 1.3 4.4 16.7 8.2
(Pooled) first-stage Wald test 1.2 3.5 14.0 7.1
(Pooled) mean of annual pension income 6,080.9 12,695.2 17,650.0 32,981.1
Observations 3,548 3,548 3,548 3,547

Notes: This table depicts results from the heterogeneity analysis by pension income quartiles using the RC (I) sample, e.g. excluding all pension income values of €0. It
shows first and second stage results for the 2SLS IV estimation (see Equations (2) and (3)), where statutory maternity leave duration (SLD) provides the necessary
instrument. SLD is measured in weeks and refers to the statutory length of the maximum available maternity leave that was in place at the child’s year of birth and in the
child’s country of birth. SLD is used as an instrument for mothers’ individual maternal leave duration (ILD). The variable ILD is a continuous variable that measures
mothers’ reported maternal leave duration in weeks. The outcome variable is imputed annual net pension income in euros split by quartiles. Control variables in all
models include mothers’ educational attainment, number of children, year of birth, country of residence, health status, the industry the mother worked in during
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childbirth of each child and the cash benefits she received during each maternity and parental leave as a percentage of female wages in manufacturing. All coefficients
and variances are pooled according to Rubin’s Rule. Further, first stage F-statistics and first-stage Wald tests, the mean of annual pensionincome for all pensionincome
quartiles as well as the number of observations are provided for all models. Some of them are pooled because the cut-off between pension income quartiles is slightly
different for each of the five sets of imputations. Hence, the sample sizes and first-stage F statistics, Wald tests and the means slightly differ for each set of imputations.
They are pooled, i.e. the average across all five sets of imputations is taken. The RC (l) sample is split by pension income quartiles; thus the complete sample size is
14,191. Coefficients and variances are pooled according to Rubin’s Rule. Standard errors are clustered at the mothers’ level and given in parentheses.

Asterisk notation: * p <0.10, ** p < 0.05, *** p <0.01.
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Table A. 10: The effect of individual leave duration on pension income by educational
attainment — main sample, split by education

Educational attainment

Low education Mediu.m High education
education
First stage: SLD and ILD
SLD 0.396* 0.604*** 0.488**
(0.239) (0.228) (0.215)
Second stage:
Effect of ILD on pensionincome
ILD -126.277 -52.157 2.319
(112.007) (59.209) (82.345)
First-stage F-Statistic 3.7 7.2 7.6
First-stage Wald test 2.8 7.0 5.2
Observations 5,886 5,705 5,247

Notes: This table depicts results from the heterogeneity analysis by educational attainment. It shows first
and second stage results for the 2SLS IV estimation (see Equations (2) and (3)), where statutory maternity
leave duration (SLD) provides the necessary instrument. SLD is measured in weeks and refers to the
statutory length of the maximum available maternity leave that was in place at the child’s year of birth and
in the child’s country of birth. SLD is used as an instrument for mothers’ individual maternal leave duration
(ILD). The variable ILD is a continuous variable that measures mothers’ reported maternal leave durationin
weeks. The outcome variable is imputed annual net pension income in euros. Control variables in all
models include mothers’ number of children, year of birth, country of residence, health status, the industry
the mother worked in during childbirth of each child and the cash benefits she received during each
maternity and parental leave as a percentage of female wages in manufacturing. All coefficients and
variances are pooled according to Rubin’s Rule. Further, first stage F-statistics and first-stage Wald tests,
as well as the number of observations are provided for all models. The main sample is split by educational
attainment; thus the complete sample size is 16,838. Coefficients and variances are pooled according to
Rubin’s Rule. Standard errors are clustered at the mothers’ level and given in parentheses. Asterisk
notation: *p<0.10, ** p <0.05, *** p <0.01.
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Table A. 11: The effect of individual leave duration on pension income by industry — main
sample, split by industry: blue collar versus white collar jobs

Type of industry during childbirth

Blue collar White collar
First stage: SLD and ILD
SLD 0.186 0.400**
(0.193) (0.178)
Second stage:
Effect of ILD on pensionincome
ILD -51.429 -21.710
(54.441) (53.068)
First-stage F-Statistic 0.8 7.2
First-stage Wald test 0.8 5.0
Observations 4,727 9,567

Notes: This table depicts results from the heterogeneity analysis by mothers’ type of industry during
childbirth. It shows first and second stage results for the 2SLS IV estimation (see Equations (2) and (3)),
where statutory maternity leave duration (SLD) provides the necessary instrument. SLD is measured in
weeks and refers to the statutory length of the maximum available maternity leave that was in place at the
child’s year of birth and in the child’s country of birth. SLD is used as an instrument for mothers’ individual
maternal leave duration (ILD). The variable ILD is a continuous variable that measures mothers’ reported
maternal leave duration in weeks. The outcome variable is imputed annual net pension income in euros.
Control variables in all models include mothers’ education, number of children, year of birth, country of
residence, health status, the industry the mother worked in during childbirth of each child and the cash
benefits she received during each maternity and parental leave as a percentage of female wages in
manufacturing. All coefficients and variances are pooled according to Rubin’s Rule. Further, first stage F-
statistics and first-stage Wald tests, as well as the number of observations are provided for all models. The
main sample is split by typical blue-collar and typical white-collar jobs. The complete sample size is 14,294
(some industries were excluded because they could not be classified as typical blue- or white-collar jobs).
Coefficients and variances are pooled according to Rubin’s Rule. Standard errors are clustered at the
mothers’ level and given in parentheses. Asterisk notation: * p <0.10, ** p < 0.05, *** p < 0.01.
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Table A. 12: The effect of individual leave duration on pension income by parity — main
sample, split by parity

Parity

1 child 2 children 3 children 4+ children

First stage: SLD and ILD
SLD 0.134 0.602*** 0.779*** 0.531*
(0.285) (0.198) (0.259) (0.312)

Second stage:
Effect of ILD on pension

income
ILD -732.027 22.963 -6.973 -181.373
(1,603.6) (54.976) (51.051) (136.795)
First-stage F-Statistic 0.2 11.7 12.8 3.4
First-stage Wald test 0.2 9.3 9.0 2.9
Observations 2,152 7,378 4,708 2,600

Notes: This table depicts results from the heterogeneity analysis by parity. It shows first and second stage
results forthe 2SLS IV estimation (see Equations (2) and (3)), where statutory maternity leave duration (SLD)
provides the necessary instrument. SLD is measured in weeks and refers to the statutory length of the
maximum available maternity leave that was in place at the child’s year of birth and in the child’s country
of birth. SLD is used as an instrument for mothers’ individual maternal leave duration (ILD). The variable
ILD is a continuous variable that measures mothers’ reported maternal leave duration in weeks. The
outcome variable is imputed annual net pension income in euros. Control variables in all models include
mothers’ education, year of birth, country of residence, health status, the industry the mother worked in
during childbirth of each child and the cash benefits she received during each maternity and parental leave
as a percentage of female wages in manufacturing. All coefficients and variances are pooled according to
Rubin’s Rule. Further, first stage F-statistics and first-stage Wald tests, as well as the number of
observations are provided for all models. The main sample is split by parity; thus the complete sample size
is 16,838. Coefficients and variances are pooled according to Rubin’s Rule. Standard errors are clustered
at the mothers’ level and given in parentheses. Asterisk notation: * p <0.10, ** p <0.05, *** p <0.01.
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Table A. 13: The effect of individual leave duration on pension income by birth cohort of
mother — main sample, split by birth cohorts

Birth cohort of the mother

Cohort <1955 Cohort >= 1955
First stage: SLD and ILD
SLD 0.575*** 0.402
(0.133) (0.553)
Second stage:
Effect of ILD on pensionincome
ILD -48.082 -64.944
(40.590) (222.259)
First-stage F-Statistic 22.3 0.6
First-stage Wald test 18.7 0.5
Observations 14,392 2,446

Notes: This table depicts results from the heterogeneity analysis by mothers’ birth cohort. It shows first and
second stage results for the 2SLS IV estimation (see Equations (2) and (3)), where statutory maternity leave
duration (SLD) provides the necessary instrument. SLD is measured in weeks and refers to the statutory
length of the maximum available maternity leave that was in place at the child’s year of birth and in the
child’s country of birth. SLD is used as an instrument for mothers’ individual maternal leave duration (ILD).
The variable ILD is a continuous variable that measures mothers’ reported maternal leave duration in
weeks. The outcome variable is imputed annual net pension income in euros. Control variables in all
models include mothers’ education, number of children, year of birth, country of residence, health status,
the industry the mother worked in during childbirth of each child and the cash benefits she received during
each maternity and parental leave as a percentage of female wages in manufacturing. All coefficients and
variances are pooled according to Rubin’s Rule. Further, first stage F-statistics and first-stage Wald tests,
as wellas the number of observations are provided for all models. The main sampleis split by cohorts born
before 1955 and cohorts born onwards. The complete sample size is 16,838. Coefficients and variances
are pooled according to Rubin’s Rule. Standard errors are clustered at the mothers’ level and given in
parentheses. Asterisk notation: * p <0.10, ** p < 0.05, *** p < 0.01.
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Table A. 14: The effect of individual leave duration on pension income by degree of redistribution —main sample, split by countries
according to pension system typology

Highly earnings-related, Moderately earnings-related, Earnings-unrelated,
low redistribution moderate redistribution highly redistributive
First stage: SLD and ILD
SLD 0.154 0.467** 0.107
(0.461) (0.147) (0.793)
Second stage:
Effect of ILD on pensionincome
ILD 717.261 5.627 -907.515
(2,175.17) (51.630) (6,876.11)
First-stage F-Statistic 1.1 10.8 0.018
First-stage Wald test 0.7 10.1 0.012
Observations 3,280 11,907 1,651

Notes: This table depicts results from the heterogeneity analysis by pension systems. It shows first and second stage results for the 2SLS IV estimation (see Equations
(2) and (3)), where statutory maternity leave duration (SLD) provides the necessary instrument. SLD is measured in weeks and refers to the statutory length of the
maximum available maternity leave that was in place at the child’s year of birth and in the child’s country of birth. SLD is used as an instrument for mothers’ individual
maternal leave duration (ILD). The variable ILD is a continuous variable that measures mothers’ reported maternal leave duration in weeks. The outcome variable is
imputed annual net pension income in euros. Control variables in all models include mothers’ education, number of children, year of birth, country of residence, health
status, the industry the mother worked in during childbirth of each child and the cash benefits she received during each maternity and parental leave as a percentage of
female wages in manufacturing. All coefficients and variances are pooled according to Rubin’s Rule. Further, first stage F-statistics and first-stage Wald tests, as well
as the number of observations are provided for all models. The main sample is split by pension systems based on the categorization in Section 2.1.2. The complete
sample size is 16,838. Coefficients and variances are pooled according to Rubin’s Rule. Standard errors are clustered at the mothers’ level and given in parentheses.
Asterisk notation: * p <0.10, ** p < 0.05, *** p <0.01.
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