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Abstract

This dissertation studies how retirement age reforms reshape labor markets beyond individual
retirement decisions, focusing on �rms, coworkers, and workplace interactions. Using quasi-
experimental evidence from German pension reforms that raised women's early retirement age,
I examine how delayed retirements a�ect internal labor markets, worker substitutability, and
peer behavior at older ages. The �rst chapter shows that retaining older workers generates
substantial intra-�rm spillovers. Delayed retirements reduce internal promotions and external
hiring of younger coworkers, with the largest losses among middle-aged workers closest to older
workers on career ladders. These e�ects are highly structured: promotion crowd-out arises in
dense internal labor markets with intense competition and operates primarily within jobcells,
while coworkers in other jobcells can bene�t when retained older workers possess �rm-speci�c
human capital. Hiring declines, by contrast, are concentrated in thin external labor markets
where replacement is di�cult, highlighting that without accounting for hiring frictions, crowd-
out e�ects cannot be interpreted as pure measures of worker substitutability. The second
chapter demonstrates that retirement age reforms help �rms retain less substitutable workers
with job-speci�c skills and managerial responsibilities, preserving valuable human capital that
would otherwise be lost through voluntary exits. The third chapter shows that reform e�ects
are further ampli�ed through peer behavior: women are more likely to remain employed
at older ages when their coworkers do so, explained by conformity, information, and work
complementarity mechanisms. Together, these chapters show the interdependence of coworker
careers through slot constraints, human capital, and social interactions.
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Introduction

Population aging has prompted many OECD countries to raise statutory and early retirement
ages in an e�ort to sustain public pension systems and expand the labor supply at older
ages. While a large body of literature studies how such reforms a�ect individual retirement
behavior, much less is known about how delayed retirements reshape labor markets within
�rms and workplaces. However, retirement age reforms are not only labor supply shocks
at the individual level: by altering who remains employed, these reforms change internal
career ladders, turnover dynamics, peer interactions, and the allocation of human capital
inside �rms. Understanding these broader spillover e�ects is essential for evaluating the true
economic consequences of policies that extend working lives.

This dissertation studies how retirement age reforms a�ect �rms and workers beyond the
directly treated individuals. Using a series of quasi-experimental designs based on a 1999
German pension reform, the three chapters examine complementary but distinct mechanisms
through which delayed retirement propagates through internal labor markets and workplace
networks. Together, these chapters show that raising the retirement age reshapes employment
outcomes through slot constraints, human capital preservation, worker substitutability, and
peer e�ects, with implications that extend well beyond the retirement decisions of older
workers themselves.

Chapter 1 (�Crowded Career Ladders? Intra-�rm Spillovers of Raised Retirement Age�)
studies how retaining older workers a�ects coworkers' careers and �rms' hiring decisions.
Leveraging a 1999 German reform that raised women's early retirement age by at least three
years, the chapter uses �rm-level variation in exposure to the reform to identify spillovers
on internal promotions and external hiring. The results show that delayed retirements
substantially increase the retention of older women and reduce both internal promotions
and external hiring of younger coworkers. These e�ects are highly structured. Promotion
crowd-outs are strongest in thick internal labor markets with dense career ladders and intense
competition for advancement, while hiring declines are concentrated in thin external labor
markets where replacement is costly. Spillovers arise primarily within narrowly de�ned
jobcells�where workers compete for the same positions�while coworkers in other jobcells
can bene�t when retained older workers possess �rm-speci�c human capital.

This chapter provides new evidence that retirement age reforms operate through slot con-
straints inside �rms, but that these constraints interact with turnover frictions and human
capital speci�city. The �ndings challenge the view that retaining older workers is uniformly
harmful for younger employees and show that internal labor market structure critically shapes
who loses and who gains.

Chapter 2 (�Retirement Age Reforms and Worker Substitutability: Implications for Em-
ployment of Older Workers�) focuses on why �rms retain certain older workers after a
retirement age increase and how worker substitutability shapes �rms' responses. Using a
regression discontinuity design based on the same 1999 German reform, the chapter shows
that �rms disproportionately retain workers who are harder to replace�those with job-speci�c
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skills, managerial responsibilities, or limited internal and external substitutes. The chapter
demonstrates that delayed retirement helps �rms preserve valuable human capital that would
otherwise be lost through voluntary exits. At the same time, the loss of early pension
eligibility weakens workers' outside options, allowing �rms to adjust wages, often via partial
retirement arrangements.

These �ndings provide a micro-foundation for the mechanisms identi�ed in Chapter 1: the
workers whose retention generates promotion bottlenecks within jobcells are often the same
workers whose �rm-speci�c knowledge can bene�t coworkers across jobcells. Taken together,
Chapters 1 and 2 show that retirement age reforms reshape �rms not only by blocking career
ladders, but also by altering the composition of retained human capital. Slot constraints
alone cannot explain the observed patterns without accounting for worker substitutability
and �rm-speci�c skills.

Chapter 3 (�Peer E�ects in Old-Age Employment Among Women�) studies a di�erent but
complementary channel through which retirement age reforms propagate: peer e�ects within
workplaces. Exploiting the gender-neutralization of retirement ages in Germany as a norm-
shifting shock, the chapter examines how women's employment at older ages responds to
the retirement behavior of their coworkers. Using universe data on workplace networks,
the chapter �nds strong peer e�ects: women are more likely to remain employed at older
ages when their peers do so, with particularly large e�ects in regions of the former West
Germany, where traditional gender norms historically discouraged female employment at older
ages. These peer e�ects amplify the direct impact of the reform and contribute to regional
convergence in late-career employment. I �nd evidence of conformity, information, and work
complementarity channels explaining the presence of peer e�ects in old-age employment
patterns.

This chapter highlights that retirement age reforms do not operate solely through �rms'
personnel decisions or individual incentives. Instead, they also reshape social norms and
expectations within workplaces, generating spillovers that extend the reach of policy changes
beyond directly treated individuals.

Together, the three chapters provide a uni�ed view of how retirement age reforms a�ect
labor markets inside �rms and workplaces. Chapter 1 documents how delayed retirements
crowd career ladders and reshape hiring, Chapter 2 explains which workers are retained
and why preserving their human capital matters, and Chapter 3 shows how reforms are
ampli�ed through peer interactions and social norms. By combining evidence on internal
labor markets, worker substitutability, human capital speci�city, and peer e�ects, this
dissertation moves beyond a narrow focus on individual retirement behavior. It shows that
the consequences of population aging and pension reforms depend critically on workplace
structure and interactions�and that policies extending working lives can generate both costs
and bene�ts that are unevenly distributed across workers.

2



1 Crowded Career Ladders? Intra-Firm Spillovers of
Raised Retirement Age

Single-authored job market paper.1

1.1 Introduction

Population aging has prompted many OECD countries to raise the o�cial retirement ages,
often through transitions to gender-neutral rules that sharply increase women's statutory
retirement ages. These reforms change not only the age at which individuals exit work, but
also o�er rare opportunities to observe how internal and external labor markets operate, and
how substitution and complementarity between older and younger workers unfold. While
existing studies imply that older workers may crowd out the young, they provide limited
insight into the structure of these spillovers. In this paper, I leverage a German reform that
increased women's early retirement age by at least three years and a well-de�ned �rm-level
identi�cation strategy to study how retaining older women a�ects both internal promotions
and external hiring. By examining spillovers within occupational career ladders and across
occupations, I document who is most exposed to crowding-out and who may bene�t from

1This chapter revises earlier versions previously circulated as a conference proceeding (Badalyan, 2024), as
a draft on personal and job market webpages (Badalyan, 2024), and appeared as a working paper (Badalyan,
2025). Earlier drafts appeared under the titles �Firm Responses to Raising Women's Retirement Age�,
�Employer Responses to Raising the Retirement Age: Spillovers on Coworkers and External Hiring�, �Spillover
E�ects of Labor Force Retainment�, and the work received �rst prize at the Young Economists Seminar
(Croatian National Bank, 2024) and second prize for Young Economist of the Year 2024 in the Czech Republic.
This study uses the factually anonymous data sampled from the Integrated Employment Biographies (IEB)
database of the Institute for Employment Research (IAB). Due to their administrative origin, these data are
highly con�dential and can only be processed on-site at the IAB by IAB sta� and guest researchers. IAB has
established a process to grant access to the data in case of reasonable doubt against the validity of published
results. This study was supported by Charles University, GAUK project No. 333221. I thank Dan Black,
Wolfgang Dauth, Manasi Deshpande, Steven Durlauf, Randall Filer, Johannes Geyer, Michael Gibbs, Joshua
Gottlieb, James Heckman, Jörg Heining, Anders Humlum, Jonas Jessen, ’t¥pán Jurajda, Simon Jäger, Dmitri
Koustas, Nikolas Mittag, Bruce Meyer, Magne Mogstad, Michael Moritz, Matthew Notowidigdo, Shogher
Ohannessian, Ben Ost, Birgitta Rabe, Evan Rose, Alexander Torgovitsky, Simon Trenkle, and Paolo Zacchia
for feedback; Dan Black for hosting me at the University of Chicago; Michael Moritz and Wolfgang Dauth at
the IAB "Regional Labour Markets� Department for support. I thank Philipp vom Berge, Wolfgang Dauth,
Jonas Jessen, Hannah Illing, Michael Moritz, Duncan Roth, Niklas Vetterer, and Katja Wolf from IAB for
their help with the data; Deborah Nováková from the Academic Skills Center for language editing. This
paper bene�ted from presentations at the WZB Workshop on the Economics of Ageing and Pensions, the
RFBerlin Workshop on the Economics of Aging, the IAB NU-DE Workshop on Applied Microeconomics, the
EEA Congress, the 21st International Conference on Pension, Insurance and Savings, IZA/Leiden/OECD
Workshop on Recent Advances in Labor Economics Using Linked Employer-Employee Data, HUN REN, and
the ifo Institute (all 2025); EALE (2024, 2023); EWMES, IAB-DiskAB, ESPE, the IZA Summer School, the
Dutch National Bank, and the Young Economists Seminar by Dubrovnik Economic Conference (all 2024);
SITES and the U Chicago Student Workshop (all 2023); AIEL (2023, 2022); CERGE-EI Brown Bag (2023);
BSE Summer School, the Czech Economic Society, the Armenian Economic Association, the CERGE-EI
Reading Group, DW (all 2022), and DPW (2020).
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worker retention, opening the �black box� behind these mechanisms and challenging the
prevailing view that retention of older workers is uniformly detrimental to the careers of their
younger coworkers.

My analysis starts by estimating retention and overall spillover e�ects of the reform based
on the quasi-random age structure of job cells within �rms near the retirement reform age
cuto�. A unique reform setting with a large rise in retirement age allows me to quantify its
impacts on �rms and workers. I study the 1999 reform that abolished the female pathway to
early retirement in Germany, raising the early retirement age (hereafter ERA- the minimum
age that a worker can start claiming a pension) by at least three years, starting from the
cohort of women born in 1952. This marks the largest rise in retirement age for consecutive
cohorts in Germany. Studying the direct impact of this reform, Geyer and Welteke (2021) �nd
that abolishing the female pathway to early retirement in Germany led to a 13.5 percentage
point increase in employment of directly a�ected women at age 60-62 (an approximately
30% increase relative to the pre-reform cohort mean). Badalyan (2025) �nds slightly larger
e�ects of 17.3 p.p., conditional on employment immediately before reaching the age of 60,
that is, for women who were more attached to the labor market. Although the reform was
announced when the �rst a�ected cohort of women was only 47, Geyer and Welteke (2021)
do not �nd di�erential labor market behavior of older women around the cuto� until they
reached 60. The pre-announcement provides the opportunity to examine not only the �main
reform� e�ects, that is, in 2012-2017 as the reform was enacted, but also the �upstream� (that
is, before a�ected workers reach 60 years of age) adjustments in 1998-2011, following the
terminology of labor supply literature (Rabaté, Jongen, and Atav, 2024).

Causally identifying the e�ects of an aging workforce on �rm-level demand for incumbent
workers and external hires is challenging because older workers do not randomly choose to be
employed at older ages, and �rms that employ older workers may di�er signi�cantly from
those that do not; hence, the amount of time an older worker spends working at a �rm at
older age may not correspond to random exposure at the �rm level. To identify spillover
e�ects, I leverage the fact that the rise in retirement age a�ected only cohorts born in and
after 1952. For �rms employing the same number of women who were born around the reform
cuto�, there is a random variation in the number of women born just before or after the
cuto�. This gives rise to quasi-random treatment intensities in older worker retention, thanks
to the reform. I focus on �rms that employed at least one woman born near the reform cuto�,
that is, in 1950-1953 (I call these focal workers). I compare �rms with similar observable
characteristics (including the total number of focal workers and total workforce) but that
plausibly di�er exogenously in terms of the numbers of their workers who were born just
after the reform cuto� (1952�1953 cohorts, i.e., treated focal workers). I utilize a generalized
di�erence-in-di�erence approach in the retirement setting (Hut, 2024) to analyze the e�ect of
an additional treated focal worker, who was subject to the rise in the ERA, on the demand
for workers within the workplace and from external sources.

Germany o�ers large, high-quality social security data on establishments�single locations
of multisite �rms. 2 The data allow me to observe the universe of workers of a�ected

2Throughout this paper, I use the terms establishments and �rms interchangeably.
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establishments (that is, those with at least one focal worker) and the full employment
histories of all workers employed at these establishments. I use two samples because I am
interested in upstream adjustment strategies and in the main reform e�ects during the
years when focal workers reached the ages of 60-65. The data for upstream e�ects comprise
private-sector �rms observed in 1998 (the pre-reform year). The data include approximately
140,000 establishments, about 250,000 focal workers, and roughly ten million coworkers
employed in those establishments. The data for the main reform e�ects are sampled similarly,
except that they are based on �rms that employed at least one focal worker in 2008, two
years before all the focal worker cohorts were younger than 60. It consists of approximately
160,000 establishments of all sizes, and over 400,000 focal workers and eight million workforce
employed in 2008.

I establish the following set of results. First, I start with the upstream period and study
the direct e�ects of this reform on retention at older ages of focal workers. An additional
treated focal worker employed in 1998 leads to increased focal worker retention, but only after
workers turn 55 years old. Second, I test whether such increased retentions and competition
for internal promotions lead to downward pressure on the promotions of younger workers
in the upstream period, thus hindering the career progression of coworkers and in�uencing
external hiring practices. I do not �nd signi�cant spillover e�ects on coworker promotions or
on external hiring in the upstream period.

Because �rms show virtually no adjustment in the upstream period, I re-sample the analysis
in 2008�before any treated workers reached pensionable ages�which provides a fresh �rm
cohort and improves precision. Turning to the main reform period, I �nd that having an
additional treated worker exposed to the rise in the ERA in 2008 leads to approximately
0.163 more focal worker retentions, generating 0.075 fewer coworker promotions and 0.103
fewer external hires in 2012�2017. Scaled by the increase in focal worker retention, these
estimates imply that each additional older worker retained reduces external hiring by about
0.63 workers and about 0.46 fewer coworker promotions. The magnitude of these spillovers
aligns with evidence from shocks that remove rather than retain workers.3

Next, I examine which demographic segments (by gender and age) are most a�ected by the
reform. Lazear and Oyer (2004) �nd that internal hiring (promotions) constitutes 44-88% of
job postings, with the highest percentage occurring among the highest level of occupational
hierarchy. If older workers occupy high-ranked jobs, their retention could slow the career
progression of middle-aged workers who are closer to them on the career ladder. The results
reveal that middle-aged workers�especially women�experience the strongest crowd-out in
promotions, consistent with their being the closest substitutes for older women who remain
employed.4 The crowd-outs on external hiring do not display such gendered patterns.

3Employers replace workers who die suddenly by increasing hiring by about 0.4 workers (Jäger and Heining,
2022), and hire 0.35 additional workers when women go on maternity leave in Denmark (Brenøe et al., 2024),
and about 0.3 in Germany (Huebener et al., 2024).

4This pattern is consistent with Carta et al. (2024) in parental-leave settings, who show that �rms tend
to replace women on leave with female workers, and with Ginja, Karimi, and Xiao (2023), who document
gender-speci�c spillovers following paternity leave.
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Understanding how delayed retirements a�ect �rms requires distinguishing between two
competing theories of internal labor markets. One view, rooted in incentive-contract models
(Lazear, 1979), holds that long-tenure workers are costly to retain because their wages exceed
their marginal product of labor; when retirement is postponed, �rms face higher labor costs.
These e�ects arise even in the absence of deferred compensation, because many �rms operate
under slot constraints�a �xed number of positions within each occupational ladder�so that
when an older worker stays longer, the slots available for promotions or external hires shrink
mechanically, reducing opportunities for internal promotions and external hiring (Boeri and
van Ours, 2021). This mechanism predicts negative spillovers on younger workers, especially
in hierarchical labor markets such as Germany's, where a large share of lifetime wage growth
re�ects career ladders (Bayer and Kuhn, 2018).

A second view emphasizes the productivity advantages of older long-tenure workers arising
from accumulated �rm- and job-speci�c human capital (Bartel et al., 2014; Friedrich and
Hackmann, 2021; Jäger and Heining, 2022; Jaravel, Petkova, and Bell, 2018). When skills are
highly speci�c, internal or external hires are imperfect substitutes (Chan, 1996; Herrmann
and Rocko�, 2012; Waldman, 2003), making retention of older workers valuable to employers
and potentially bene�cial for coworkers through complementarities. Replacement hiring is
costly�around two months' wages for high-skilled workers (Muehlemann and Pfeifer, 2016),
even understating true turnover costs (Bertheau et al., 2022)�therefore, �rms often move
workers internally rather than recruiting externally (Becker, 1962; Bertheau, 2021).

Recent evidence supports the relevance of these frictions. Badalyan (2025) shows that the
1999 reform disproportionately increased retention among older workers who are costly
to replace�managers, workers in highly speci�c occupations, and those in �rms with few
internal or external substitutes�underscoring that turnover frictions and �rm-speci�c skills
shape which older workers remain employed. In this paper, I show that these same forces
also determine how delayed retirements spill over onto promotions of coworkers and onto
external hiring, helping to di�erentiate between the incentive-contract view and the human-
capital/complementarity view.

To shed light on these theories, I estimate the structure of worker substitution across
occupations and age groups. I de�ne �true� substitution elasticity as the elasticity that
applies in an ideal case when a suitable younger worker is easily available (at low search costs)
on the internal or external labor market. To uncover this �true� elasticity, I decompose the
estimated crowd-out (spillover) e�ects of older worker retention into the element corresponding
to labor market frictions (availability of suitable replacements) and the remaining part, which
corresponds to the �true� elasticity of substitution between older focal workers and external
hires. I do this separately for promotions and for external hiring, because I have ideal proxies
for labor market thickness across both dimensions of worker replacement. My elasticities di�er
from those in the retirement literature because I can control the frictions �rms face in external
labor markets and the competition on career ladders. I outline a conceptual framework that
characterizes the �rm's decision problem, explicitly incorporating these frictions.

Recruiting new sta� depends on the availability of suitable external candidates, which varies
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sharply across space because workers are not perfectly mobile across sectors or regions (Yi,
Müller, and Stegmaier, 2024). In a frictionless market, spillovers from delayed retirements
would directly reveal the elasticity of substitution between older and younger labor. But when
external hiring is costly or constrained, �rms cannot easily replace older workers retained, and
turnover frictions in�ate the observed crowd-out. Thin external labor markets�commuting
zones and industries in which suitable replacement workers are scarce�should therefore
exhibit larger hiring declines, allowing me to separate true substitutability from constraints
imposed by local hiring frictions. In line with this mechanism, I �nd that the negative hiring
e�ects are concentrated in thin external labor markets. In thick markets, where turnover
frictions are weaker, hiring responses are much smaller. These patterns show that external
labor market thickness is a key mediator of spillovers from delayed retirements and that
interpreting baseline crowd-out estimates as structural elasticities of substitution would be
misleading unless one accounts for local hiring frictions.

Internal labor-market thickness also plays a central role. Several predictions that are consistent
with those outlined in the model follow. First, crowding-out should be larger for promotions
than for hiring, because incumbent workers are more substitutable than external hires. Second,
crowding-out should be strongest within the occupations of older workers�especially in
jobcells5 with many coworkers competing for the same rungs on the ladder�while workers in
other occupations may bene�t from cross-occupation complementarities (Jäger and Heining,
2022). In establishments in which many coworkers share the older worker's occupation,
promotion losses are substantially larger, re�ecting more intense competition for limited
slots. Because the reform increased promotions of focal workers by about 0.02 per additional
focal worker, it pushed more workers into top positions and intensi�ed congestion along
the career ladder. This scarcity of advancement slots contributed to the fourfold crowd-out
of coworker promotions. These patterns also appear in wage-bill adjustments: while focal
workers' wages rise, coworker wage bills decline, especially in thick internal labor markets.
Employers thus adjust the composition, rather than the scale, of their workforce, implying
compressed hierarchies and persistent career costs for coworkers.

Imperfect substitutability among workers within a �rm (Chan, 1996; Herrmann and Rocko�,
2012; Waldman, 2003) implies that retaining older workers with accumulated �rm-speci�c
knowledge can yield bene�ts, in line with human-capital theories. To test whether such
complementarities operate across rather than within occupations, I decompose spillovers in
multi-jobcell �rms. Within jobcells�where tasks and ladders overlap�the promotion crowd-
out is substantial. Across jobcells, however, I �nd no systematic declines and, when older
workers possess substantial �rm- or task-speci�c human capital, I �nd small positive wage
spillovers. This highlights that complementarities among workers on distinct internal ladders
can o�set crowd-out pressures, consistent with classic and modern theories of �rm-speci�c
human capital (Becker, 1962; Lazear, 2009).

Taken together, the results show that spillover magnitudes and signs depend jointly on limited
external substitutability, cautioning against interpreting crowd-out estimates on external
hiring as pure elasticities of substitution, and on the concentration of skills within internal

5I de�ne jobcells as 3-digit occupation groups within establishments.
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labor markets, highlighting the value of older workers.

This paper contributes to the retirement literature by shifting focus from individual labor
supply responses6 to the smaller but growing body of work on intra-�rm spillovers of rising
retirement ages, thereby linking the retirement and internal labor market literature (Doeringer
and Piore, 1971; Lazear and Oyer, 2004).7 Existing evidence�mainly from Italy (Bianchi
et al., 2023; Boeri, Garibaldi, and Moen, 2022; Carta, D'Amuri, and Von Wachter, 2024),
and the Netherlands (Hut, 2024; Ferrari, Kabátek, and Morris, 2023)�o�ers mixed �ndings
on whether older worker retention crowds out or complements younger colleagues.8 One
explanation for these discrepancies lies in �rm heterogeneity: positive e�ects in Carta,
D'Amuri, and Von Wachter (2024) may re�ect di�erences in �rm characteristics, such as �rm
size and underlying hiring practices correlated with such characteristics, as their heterogeneity
analysis highlights that positive impacts are concentrated in larger �rms. This paper provides
new evidence from Germany, a large and institutionally distinct labor market, and o�ers
a reconciliation of prior puzzles through incorporating internal and external labor markets
into spillovers and novel mechanisms. The evidence presented here also contributes to
earlier related literature that examines aggregate trade-o�s between retirement and youth
unemployment; policies in the 1980s and 1990s promoted early exits with this objective
(Gruber and Wise, 2010), but the earlier studies �nd little systematic support and provide
limited insight into underlying mechanisms. The nuanced answer to this question appears
to be that the e�ect depends on the state of the internal labor markets and on the human
capital of the older workers.

Unlike settings in which �nancial frictions shape workforce adjustments (Hut, 2024), the long
pre-announcement horizon of the German reform makes liquidity constraints unlikely.9 My
�ndings are broadly consistent with slot-constraint logic (Bianchi et al., 2023): additional
retention of older workers is nearly fully o�set by reduced promotions and hiring among
younger workers. Nevertheless, the average pattern conceals important heterogeneity. When
suitable external replacements are scarce, turnover frictions amplify hiring crowd-out�echoing

6See, among others, Geyer and Welteke (2021), Lalive, Magesan, and Staubli (2023), Manoli and Weber
(2016), Mastrobuoni (2009), and Ye (2020).

7Related work studies �rm-level spillovers and worker substitutability in settings of labor force exit, such
as sudden worker death (Becker and Hvide, 2022; Bennedsen, Pérez-González, and Wolfenzon, 2020; Bertheau
et al., 2022; Jäger and Heining, 2022; Isen, 2013; Illing, Schwank, and Tô, 2024; Poege et al., 2025; Sauvagnat
and Schivardi, 2024), workers quitting (Kuhn and Yu, 2021), emigration (Dicarlo, 2022), childbirth and
parental-leave absences (Bonney, Pistaferri, and Voena, 2025; Brenøe et al., 2024; Carta et al., 2024; Schmutte
and Skira, 2023; Gallen, 2019; Ginja, Karimi, and Xiao, 2023; Corekcioglu, Francesconi, and Kunze, 2025;
Friedrich and Hackmann, 2021; Huebener et al., 2024), and the introduction of paternity leave (Johnsen, Ku,
and Salvanes, 2023).

8Further related work studies spillovers of retirement or labor force exit at di�erent levels of aggregation.
Evidence on intra-�rm and local labor market spillovers includes studies from Portugal (Martins, Novo, and
Portugal, 2009), Norway (Hernæs et al., 2023), and the 1992 German reform (Berg et al., 2025), as well as
commuting-zone analyses in the US (Mohnen, 2025) and Italy (Bertoni and Brunello, 2021), and cross-country
evidence (Kalwij, Kapteyn, and De Vos, 2010). Di�erences in institutional context, data coverage, and
identi�cation strategies make these studies informative but not fully comparable to the setting examined here.

9While prior work examines upstream labor supply responses to pension reforms (Carta and De Philippis,
2024; Mastrobuoni, 2009; Rabaté, Jongen, and Atav, 2024; Staubli and Zweimüller, 2013), I provide the �rst
evidence on upstream spillovers within �rms.
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evidence on high replacement costs and thin labor markets (Ginja, Karimi, and Xiao, 2023;
Jäger and Heining, 2022; Huebener et al., 2024; Schmutte and Skira, 2023). Inside a �rm,
promotion spillovers depend on internal structure and human-capital speci�city: using
establishment�occupation identi�ers, I show that within jobcells�where tasks and ladders
overlap�retained older workers intensify competition and reduce promotions of coworkers,
whereas across jobcells their �rm- and task-speci�c expertise can complement those of
younger coworkers. Together, these patterns suggest that neither liquidity constraints nor
pure slot-constraint mechanisms alone explain �rms' responses. Instead, delayed retirements
interact with thin external markets and concentrated internal skill hierarchies�consistent
with human-capital and internal labor-market theories (Baker, Gibbs, and Holmstrom, 1994;
Huitfeldt et al., 2023). This uni�ed view helps reconcile divergent �ndings across countries
and �rm types as being possibly related to variations in hiring frictions and competition
hidden in internal labor market structure, and cautions against treating crowd-out estimates
as direct elasticities of substitution.

The rest of the paper is organized as follows. Subsection 1.2 describes the institutional setting.
Subsection 1.3 describes the data source, the sample construction, and the corresponding
identi�cation strategy. Subsection 1.4 presents the baseline results, followed by subsection 1.5,
which outlines a simple model of �rm decisions and quanti�es the elasticity of substitution.
Subsection 1.6 shows intra- and inter-jobcell spillovers. Finally, I conclude in subsection 1.7.

1.2 Institutional Setting

Features of the labor market in Germany.

Wage setting and rigidity. Germany features relatively decentralized wage setting, allowing
�rms to deviate from collective agreements (Dustmann et al., 2014; Jäger and Heining, 2022).
Despite this �exibility, wages remain downward-rigid due to unions and incentive contracts
for lower-skilled workers, and to �rm-speci�c human capital for higher-skilled workers (Franz
and Pfei�er, 2006).

Employment protection. Older workers are strongly protected under the Equal Treatment Act
(AGG), 10, and severance pay rises steeply with tenure (Hut, 2024). Germany has relatively
stable jobs and relatively high severance pay, compared to countries such as the US. Together,
wage rigidity and dismissal protections imply that deferred compensation (Lazear, 1979)
makes separating from older workers costly, so �rms are more likely to adjust to workforce
aging by reducing hiring rather than by dismissing older workers.

Industry segregation by gender. Germany exhibits pronounced gender segregation across
industries. Table 1.D.1 shows that women are overrepresented in service-oriented sectors,
while men dominate goods-producing and infrastructure-related industries. A comparison
between Panels A and B indicates that this pattern remains largely stable over time.

10General Act on Equal Treatment of 14 August 2006 (Federal Law Gazette I, p. 1897) as last amended by
Article 4 of the Act of 19 December 2022 (Federal Law Gazette I, p. 2510).
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Key features of the German public pension system. The German pension system
has three main pillars: public, occupational pensions, and private provisions. Public pension
insurance is the most popular choice among the working population, covering approximately
90% of the German workforce (Geyer and Welteke, 2021; Zwick et al., 2022). The public
pension system consists of a pay-as-you-go scheme, where the retirement pensions are �nanced
by social security contributions of the insured workers and taxes.

Germany has two statutory retirement ages: the early retirement age (ERA), the earliest age
at which a pension can be claimed, and the normal retirement age (NRA), the earliest age
to claim a full pension without actuarial deductions. On the regular pathway to retirement,
which requires only �ve years of social-security contributions, the ERA equals the NRA.
Reduced ERAs exist only for special pathways targeted at speci�c groups� including women,
long-term insured workers, and the unemployed�upon them meeting the relevant eligibility
criteria. Retiring between the ERA and NRA entails actuarial deductions of 0.3% per month.11

Workers respond strongly to these statutory ages, which function as reference points and
generate pronounced bunching (Seibold, 2021). Consequently, reforms that shift the ERA or
NRA induce signi�cant adjustments in labor supply (Riphahn and Schrader, 2021; Geyer and
Welteke, 2021). Importantly, the 0.3% monthly deduction is low by international standards
and not actuarially neutral (Queisser and Whitehouse, 2006), making ERA claims particularly
attractive. Cross-country evidence shows that ERA are more successful in raising the e�ective
age of retirement than changes in NRA (Boeri and van Ours, 2021). Although Germany does
not mandate retirement, continued employment beyond the NRA requires contract renewal,
which employers can decline. These institutional features make early-retirement reforms
especially well-suited for studying intra-�rm spillovers of workforce aging.

The 1999 reform: Abolishment of the women's early-retirement pathway. Before
1999, women could claim the �Old-Age Pension for Women� at age 60 if they had accumulated
at least 15 years of social security contributions, including ten after age 40; roughly 60% of the
1951 cohort quali�ed (Geyer and Welteke, 2021). The 1999 reform abolished this pathway for
women born on or after January 1, 1952, creating a sharp discontinuity in retirement eligibility.
Another common route into early retirement was the �Long-Insurance Pathway�, available
to workers with su�ciently long contribution histories. For most a�ected women�about
90% of those previously eligible, who also met the 35-year contribution requirement for the
long-insurance pathway�the early retirement age (ERA) rose from 60 to 63. Women eligible
only for the �Regular Pathway� experienced an even larger increase of up to 5.5 years.12

Further institutional details, such as the description of pathways, are provided in section 1.7.

Discontinuity in birth cohorts and labor supply responses. This discontinuous three-year rise
in ERA is the largest statutory shift a�ecting adjacent cohorts in recent years in Germany
(Panel A of Figure 1.1). It generated substantial labor-supply responses: Geyer and Welteke
(2021) document a 13.3 p.p. increase in employment at ages 60�62 with no o�setting rise
in disability, unemployment, or inactivity. Conditional on employment at ages 58�59, the

11For a woman in the 1951 cohort, retiring at age 60 implies a 10.8% permanent reduction.
12The regular pathway retirement age also increased due to the 2007 reform, which raised the NRA in

small increments; thus, the NRA rose from 65 for the 1951 cohort to 65.5 for the 1952 cohort.
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employment discontinuity at ages 60�63 reaches 17.3 p.p. (Badalyan, 2025) (Panel B in
Figure 1.1). Consistent with these patterns, Figure 1.C.1 shows pronounced bunching at the
relevant ERA (60 and 63) and NRA thresholds (65 and 65.5) for the 1951 and 1952 cohorts.

Figure 1.1: Early retirement age and employment at ages 60�62: Discontinuities across birth
cohorts

Panel A: Assignment rule Panel B: Scatter plot (Badalyan, 2025)

Notes: Panel A shows the policy rule for the earliest age a woman could claim a pension by birth cohort.

Panel B plots the fraction of women employed at ages 60�62 across birth cohorts 1947�1956. The dashed

line presents the birth cohort cuto�, January 1952, starting from which the ERA rose by at least three years.

Reform timing: upstream, main reform, and downstream periods. The 1999 reform was
approved on January 1, 1999 (Gohl, 2023), when the �rst a�ected cohort was only 47 (see
Figure 1.A.1). Because the �rst treated cohort reached the pre-reform early retirement age
(ERA) of 60 in 2012, the policy generates three analytically distinct periods. The upstream
period spans 1999�2012, when �rms could anticipate the reform and adjust their workforces
before workers reached ERA. The main reform period covers the years when the 1952 cohort
transitioned through the pre- and post-reform ERAs (ages 60�62), during which the delayed-
retirement shock materializes. The downstream period begins when a�ected cohorts pass
the post-reform ERA and regain the option to exit at age 63. While the main reform period
is the core focus, the upstream and downstream periods are informative about anticipatory
adjustments and post-shock recovery.

The reform o�ers a useful case to study �rm responses to workforce aging. Its sharp, cohort-
based three-year increase in early retirement age provides clean identi�cation and primarily
a�ected women, limiting general-equilibrium concerns, such as shifts in industry composition
by gender. The pre-announcement enables analysis of anticipatory behavior. Because �rms
cannot foresee exits at the early retirement age�contracts end only at the NRA�the reform
generated unexpected retention, plausibly a�ecting younger workers who would normally be
replacing retirees.
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1.3 Data and Empirical Framework

Identifying the e�ects of increased older-worker employment on coworkers and external hires
is di�cult due to nonrandom selection of workers into late-career employment based on their
unobserved characteristics and of �rms that employ more older women. I leverage the 1999
reform, which exogenously raised women's early retirement age. I �rst describe the data
source and sample construction�private-sector establishments with 5 to 500 employees that
employed at least one focal worker in 1998 (upstream analysis) and 2008 (main reform period).
I then outline the outcome variables, descriptive patterns, and the identi�cation strategy
used to estimate the reform's impact on coworker promotions and on external hiring.

1.3.1 Data Source and Sample Construction

I proceed in two steps. First, I describe the data source, and next, the sample construction
necessary to identify the intra-�rm spillovers.

Integrated Employment Biographies Database. The source of the dataset used in this
paper is the Integrated Employment Biographies (IEB) database, provided by the Data- and
IT-Management (DIM) at the Institute for Employment Research (IAB).13 It is based on the
integrated noti�cation procedure for health, pension, and unemployment insurance. Data are
collected from employers on all of their employees subject to Social Security. Hence, such
data exclude workers with self-employment spells and civil servants. Such exclusion does
not matter for this study, because participation in the public pension system in Germany
is mandatory for everyone except self-employed and civil servants. Employers must �le
noti�cations of their workforce at least once each year, by June 30th , or whenever there is a
change in employment spells, such as the start of employment, exit, or change of a contract.
These data include all the workers subject to social security in Germany until 2021, with a
starting date in 1975 for West Germany and 1992 for East Germany.14

The data include precise day-to-day information on the start and end dates of employment
spells and wages, which include overtime pay and bonus payments.15 The data are rich in
demographic, occupational, and establishment-level variables. The demographic variables
include birth month and year, gender, education level, nationality, and district-level place of
residence. The workplace data include detailed 3-digit occupational codes based on the 1988

13I use data from the full universe of German employment records (IEB, version 17_00_00_202212) of
the IAB. Due to its administrative origin, these data are con�dential and can only be accessed on-site at
IAB. Access for guest researchers requires clearance from the German Federal Ministry of Labour and Social
A�airs.

14Throughout the paper, I refer to East Germany to de�ne New Länder (including Berlin), and to West
Germany as the current regions of the former Federal Republic territory.

15Wages are top-coded. Because the reform I study a�ected primarily women, and given that due to
occupational and industry segregation by gender, women are less likely to pass the threshold, potential wage
correction would impact only a small fraction of workers in my sample (Drechsler, Ludsteck, and Moczall,
2023); hence, I refrain from performing such imputations.
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classi�cation of occupations (5-digit occupational variables starting from 2011), contract type
by the number of working hours (part-time, full-time), and employment type (for example,
regular employment opposed to traineeships), etc. The establishment variables include 3-digit
industries and the district-level location of the establishments. The detailed occupation and
industry codes allow me to observe teams within establishments and to count the number of
available internal and external substitutes for retiring workers, as described in subsection 1.5.

The data consist of a universe of single locations of multi-site �rms, that is, establishments.16

This data feature is a signi�cant advantage in my research, because I can identify the
spillovers on local coworkers. Nevertheless, I follow the existing literature and use the terms
establishment and �rm interchangeably throughout this paper (Card, Heining, and Kline,
2013; Dustmann, Ludsteck, and Schönberg, 2009; Jäger and Heining, 2022), because single-
establishment �rms constitute the majority of the data (Jäger and Heining, 2022). More
information about the data can be found in Jacobebbinghaus and Seth (2007).

Sample Construction for the Upstream Period

First, I construct a worker�year panel following Dauth and Eppelsheimer (2020), aggregating
annual records as of June 30th �the date when employers submit annual workforce noti�cations
and the reference point used in the IAB Establishment Panel.17 I de�ne focal workers as
female employees born within two years of the 1952 cuto��the �rst cohort a�ected by
the abolition of the female early-retirement pathway�excluding miners and sailors, whose
special retirement rules are not identi�able in the data (Lorenz et al., 2018).18 I retain all
establishments that employed at least one focal worker in 1998. Sampling �rms prior to the
reform avoids endogeneity arising from workforce adjustments after the policy change. The
identi�cation strategy compares �rms with similar baseline characteristics and the same total
number of focal workers, but quasi-random variation in the number born just after the cuto�
(the treated focal workers; see subsection 1.3).

I restrict the sample to private-sector establishments19 with 5�500 employees in 1998. I
exclude the public sector because employment dynamics di�er markedly (Ober�chtner and
Schnabel, 2019) and substitutability responses may be muted by politically �xed budgets
(Ginja, Karimi, and Xiao, 2023). Firms with fewer than �ve workers are removed to avoid cases
in which focal workers are �rm owners. Establishments with more than 500 employees are
excluded due to administrative data limits; this threshold corresponds to the 98th percentile of
the size distribution and is standard in spillover studies using similar identi�cation strategies
(Ginja, Karimi, and Xiao, 2023). After de�ning the �rm sample, I keep all workers employed
in these establishments from 1995 to 2019�four pre-announcement years for baseline trends
and extending until all focal workers have reached ERA and NRA. I restrict the sample to
workers in standard employment relationships (employees liable to social security and those

16The assignment of establishment identi�ers is based on ownership, location at the municipality level, and
industry. Firms may be assigned multiple establishments if they belong to di�erent sectors and/or locations.

17June 30th aligns reporting across datasets and captures the administrative employment stock.
18For details, see Deutsche Rentenversicherung Knappschaft-Bahn-See.
19Public-sector industries are de�ned as 5-digit classi�cations beginning with 84�85 and 99, based on 2008

classi�cation of industries.
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in vocational training). As a result, individuals in partial retirement are not classi�ed as
employed in this analysis.20 These restrictions (sampling in 1998, at least one focal worker,
private sector, and �rm size 5�500) and their impacts on sample size are summarized in Panel
A of Table 1.D.2.

Sample Construction for the Main Period

To estimate the e�ects of the reform between the pre-reform ERA and post-reform NRA, I
employ the same sampling steps as above, except that now, instead of sampling the �rms in
the pre-reform year 1998, I sample them in 2008- a year in which all focal workers were under
the age of 60. Resampling is necessary because many �rms appear only after 1998 and employ
focal workers. Panel B in Table 1.D.2 records the sample size after each sample restriction.
The sample for the main reform period consists of 160,667 establishments that employed
1,234,969 workers in 2008, 414,209 of which were focal workers. Over 94% of these focal
workers would be eligible for the women's pathway to retirement if it were not abolished.21

Focal workers constitute approximately 10% of the total workforce on average (Panel A in
Figure 1.C.7).

To assess how the selection criterion a�ects my sample, Table 1.D.3 and Table 1.D.4 show
comparisons of establishments in the analysis sample with the random sample of all the
establishments in Germany in 1998 (Panel A), the pre-reform year, and 2008 (Panel B).
The sampled establishments have, on average, more women and part-time workers, which is
expected, given that I keep only �rms that have at least one focal worker in my sample in 1998
or 2008. The sampled establishments and random samples have roughly equal likelihood of
being located in the West or East, and overall, the industry composition of the establishments
is also similar, except the construction sector is underrepresented, while the health sector is
overrepresented in my analysis sample. This is likely because there is some gender segregation
in industry employment in Germany (see the discussion in subsection 1.2). As noted above,
public sector establishments are absent in the data by construction.

1.3.2 Main Outcome Variables

Below, I describe the main outcome variables used in this paper. There are two main outcome
variable groups- turnover and pro�tability outcomes, and they are de�ned similarly for the
upstream and main reform period.

To measure the turnover variables, I count the number of workers in given yeart who are
hired and separated from the establishment. To count establishment-level hiring, promotions,
etc, I need to de�ne these outcomes at the individual level and then only aggregate them to

20Partial retirement corresponds to separate employment status categories in the data (e.g., codes 103 and
119) and is therefore excluded by construction. While partial retirement was an important pathway during
this period, it re�ects a transition out of standard employment relationships. The focus of this paper is on
how retention of older workers in standard employment a�ects internal labor markets within �rms.

21Own calculations based on full employment biographies of focal workers.
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years and �rms.

To capture heterogeneity in career-stage exposure to the reform, these turnover variables are
further decomposed by age group, distinguishing young workers (ages 15�34) from middle-
aged workers (ages 35�54), and by gender, as the reform primarily extended the working lives
of women.

External hires and separations. I de�ne external hires as workers employed in year t
but not t � 1. These workers can have employment biographies. For example, they may
come from di�erent establishments, from nonemployment, or be new graduates who have
just entered the labor force. Similarly,separation is recorded if employment is recorded in a
current year but not in the following year.

Promotions. I de�ne promotion based on Ginja, Karimi, and Xiao (2023) and Bronson and
Thoursie (2019), which rely on the relative real wage growth of individuals within a �rm.22

First, I de�ate wages by consumer price indices in 2015, and, following the recommendation of
Drechsler, Ludsteck, and Moczall (2023), I allocate lump-sum payments to regular employment
spells weighted by spell length. Own-wage growth is computed as a logarithmic di�erence
in real wages relative to the previous year. As a next step, I compute the mean wage
growth of coworkers in the establishment. The di�erence between one's own and coworkers'
wage growth shows the relative real wage growth. I de�ne promotions as a dummy if an
employee's own real wage growth is at least ten log points higher than their mean coworker
wage growth. This measure of promotions captures wage growth through establishment-level
wage hierarchies and excludes wage increases that are due to reasons unrelated to promotions,
such as collective bargaining or �rm performance. This measure captures upward movements
within the �rm's internal wage hierarchy rather than formal job title changes. In settings with
structured wage ladders, such relative wage increases are closely aligned with promotions, as
they re�ect movement to higher-paying positions within the establishment. While this proxy
does not directly observe occupational transitions, it is widely used in administrative data
where job titles are either unavailable or are measured with error (Ginja, Karimi, and Xiao,
2023; Bronson and Thoursie, 2019).23

I construct promotion measures separately for focal workers and coworkers (nonfocal workers).
I de�ne the coworker promotion measure excluding focal workers, so that it captures spillover
e�ects on other workers without mixing in direct e�ects of the reform.

22Although German social security data include 5-digit occupation codes, they are not a reliable measure
of promotions. Establishments often fail to update codes when workers advance, many occupations lack a
hierarchical 5-digit structure that maps onto internal ladders, and the detailed codes are only available from
2011. As a result, administrative occupation changes would misclassify both upward and lateral mobility. I
thank Katja Wolf and Wolfgang Dauth for these insights.

23In the papers on intra-�rm spllovers, Bianchi et al. (2023) and Ferrari, Kabátek, and Morris (2023)
apply a 10% increase of wages relative to the previous year. I prefer relative wage growth over individual
wage growth because the measure is de�ned relative to coworkers within the same establishment, so that
it nets out common wage shocks, including collective bargaining and �rm-wide pay adjustments. While
individual bonuses or renegotiations may still contribute to observed wage growth, such changes are unlikely
to systematically generate large relative deviations across workers within the same �rm.
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Changes in coworker wages could re�ect both working hours and promotions. It is di�cult to
test for the intensive margin adjustments in German social security data because working
hours are available only for certain years, and the only variable available throughout the years
is the part-time versus full-time indicator.24 I de�ne promotion conditional on a constant
working-time status (part-time or full-time). I exclude workers who switch between part-time
and full-time employment from the promotion measure to avoid mechanically classifying such
transitions as promotions. Negative wage growth may still occur due to changes in hours
within these categories, but such adjustments are unlikely to generate large relative wage
increases that meet the promotion threshold. Hut (2024) �nds no e�ect on hours worked or
hourly wages in a similar reform in the Netherlands, and argues that these outcomes are set in
collective labor agreements and are di�cult to change (Cahuc, Carcillo, and Le Barbanchon,
2019); therefore, most of the wage e�ects captured likely re�ect the promotions.

After de�ning the main treatment and outcome variables, such as individual-level hiring
and promotion, among others, I aggregated them at the establishment level to observe the
employment and wage dynamics of the entire workforce employed from 1995.

Wage bills. Given that I do not observe pro�t outcomes for the establishments, I rely
on the existing literature (Dustmann et al., 2022; Huebener et al., 2024) and use (1) wage
bills, and (2) �rm closure, de�ned as a transition to zero employment with no subsequent
re-employment (Huebener et al., 2024).

1.3.3 Identi�cation: Generalized Di�erence-in-Di�erences

In an ideal experiment, �rms employing workers near retirement age would be randomly
assigned to a regime in which the pensionable age is increased or left unchanged. In Germany,
however, the pension reform applied uniformly to all women born after 1951, implying that
exposure to the reform varies across �rms only through di�erences in workforce composition.
Firms employing substantially younger or older workers may di�er systematically, creating a
key identi�cation challenge.

To address this concern, I restrict attention to establishments that employed at least one
woman born within a narrow two-year window around the 1952 cuto�. This restriction ensures
that �rms are comparable in workforce composition while generating quasi-random variation
in exposure to the reform through the number of women born just after the cuto�. Firms
that happened to employ more women born in 1952�1953 in 1998 (for upstream analyses) or
2008 (for the main reform period) were mechanically more exposed to the increase in the
early retirement age.

I exploit this variation to estimate the e�ect of employing an additional treated focal
worker�i.e., a woman whose retirement age was raised�on �rm-level outcomes, including
older-worker retention, coworker promotions, and external hiring. The strategy is implemented

24Fitzenberger and Seidlitz (2020) argue that more than half of women have been employed part-time in
recent years in Germany.
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separately for the upstream period and the main reform period, when no treated worker had
yet reached retirement eligibility.

Upstream e�ects. To identify the �rm responses to their labor inputs (coworkers and hired
workers), I follow an identi�cation similar to that employed by Hut (2024) and compare
establishments with a similar workforce composition (total number of focal workers in the
reform year) but with a variation in the number of treated focal workers, that is, workers who
experienced a rise in the ERA (see Figure 1.A.2 for the graphical illustration of identi�cation
strategy). The resulting estimation strategy is generalized di�erence-in-di�erences.

I estimate a generalized Di�erence-in-Di�erences (DiD):25

yjt = � j + � t +
2019X

t=1995
t6=1998

1fyear = tg (� t � N_T reatedFocalj + 
 t � N_Focal j + � t � N j ) + � jt

(1)

whereyjt are the outcomes of interest (number of hires, promotions of both focal workers and
their coworkers, number of separations, etc.),N_T reatedFocalj - number of workers in 1998
that belong to 1952-1953 (treated focal) cohorts,N_Focal j - number of workers in 1998 that
belong to 1950-1953 (treated and control focal) birth cohorts,N j - total number of workers in
1998. � t - year �xed e�ects controlling for time-varying shocks common to all establishments
and � j - �rm �xed e�ects.

The coe�cient of interest, � t , shows the di�erence in the evolution of the outcome variable
across �rms with a similar workforce composition (including, the number of focal workers,
number of old workers (men who will reach ERA and NRA around the main reform period),
and the total number of workers) but di�erent exposure to the reform (number of workers
who experienced the rise in ERA among the focal workers) before and after the intervention.
In other words, it estimates the e�ect of having an additional worker who experienced a rise
in the ERA (born to the right of the cuto�, that is, 1952�1953) employed in the pre-reform
year, 1998, on the outcomes of interest. The reference period is 1998 (treatment construction
year).

I interact the treatment variables with time variables: either the �exible time dummies
1fyear = tg to observe how the treatment e�ects evolve over the years (where8t =
1995; :::; 2019). The interactions with time dummies help me to visually analyze the detailed
e�ects of the reform over the years. To aid interpretation, I pool together the years when the
workers in the 1950-1953 cohorts turn 60-65. In the simpli�ed DiD model, I aggregate the
time dummies to Post, which stands for the years from 2012, when the �rst treated cohort
(born in 1952) turns 60, until 2017, when she turns 65.

25The di�erence from the identi�cation strategy employed by Hut (2024) is that my 1999 reform a�ected
primarily women, while the Dutch reform in Hut (2024) a�ected both genders. In addition, the German
reform was uniform by industries and other characteristics, while in the Dutch reform the raise of retirement
age and its amount depended on the industry and other characteristics.
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Main reform and downstream e�ects. For the main reform period, I resample the
�rms with at least 1 focal worker in 2008. The choice of 2008 re�ects a trade-o� between
measuring workforce composition su�ciently close to retirement ages and avoiding excessive
noise in treatment assignment. De�ning the sample too early would rely on workforce
composition at ages far from retirement, which provides a weak signal of actual retention
behavior at older ages. By 2008, all focal cohorts (1950�1953) remain below retirement
eligibility, while being su�ciently close to retirement margins to yield a more informative
measure of exposure to the reform (see subsubsection 1.3.1 for details). The challenge is
that this design falls short of the ideal experiment for two reasons. First, �rms with many
a�ected workers may di�er systematically from others in unobservable ways�such as size,
technology, or HR policies�that are correlated with employment dynamics. Second, even
conditional on observables, the composition of the workforce evolves endogenously over time.
To restore the experimental ideal, I include �rm �xed e�ects that absorb all time-invariant
�rm characteristics (� j ), and year �xed e�ects that capture macroeconomic shocks common
to all �rms ( � t ). I additionally control for the evolution of establishment age categories,
East German location, broad industry groups, and baseline hiring levels in 2008 (X j ). These
controls account for systematic di�erences in �rm characteristics correlated with workforce
composition and labor demand, which is particularly important in the main reform sample,
where �rms are observed several years after the reform announcement. Including these controls
improves comparability across establishments and supports the identifying assumptions.26

The coe�cient on the interaction between treatment intensity and post-reform enaction
years is therefore identi�ed from within-�rm changes in employment outcomes relative to
pre-reform trends, across �rms with di�ering exposure intensities.

The corresponding identi�cation resembles that of upstream e�ects:

yjt = � j + � t +
2020X

t=2005
t6=2008

1fyear = tg (� t � N_T reatedFocalj + � t � N_Focal j + ! t � N j + � t � X j ) + u jt

(2)

This speci�cation mimics the ideal randomized experiment: conditional on �rm and year
�xed e�ects and controls, the remaining variation stems from plausibly exogenous di�erences
in exposure to the reform determined by historical workforce composition, not by contempora-
neous decisions. In some parts of the paper, I run the same regressions at the �rm-occupation
level, adding the subscript c-occupations.

Identi�cation assumption. The key identifying assumption is a parallel-trends condition:
absent the reform, outcomes such as hiring and promotions would have evolved similarly across
�rms with di�erent treatment intensities (i.e., di�erent numbers of treated focal workers).
While counterfactual post-treatment trends are unobservable, I assess this assumption by
showing that event-study coe�cients in pre-treatment years (1995�1997 for the upstream

26Speci�cations without controls are less comparable due to observable di�erences across establishments,
and I therefore do not report them as baseline results.
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period and 2005�2007 for the main reform period) are statistically indistinguishable from
zero.

I further support the identi�cation strategy with falsi�cation tests by estimating the results on
placebo cohorts and placebo gender in subsection 1.4. In addition, I exploit the structure of
internal labor markets by estimating both intra- and inter-jobcell spillovers. If the estimated
e�ects re�ected unobserved confounders or aggregate shocks, they would plausibly appear
across occupations within �rms. Instead, I �nd crowd-out e�ects only within jobcells,
while spillovers across jobcells are absent (subsection 1.6), lending credibility to the causal
interpretation.

Finally, Panel B of Figure 1.C.7 shows that, within the estimation sample, the share of
workers born after the cuto� is close to 50 percent and varies smoothly across �rms with
di�erent treatment intensities, consistent with quasi-random exposure to the reform.

Standard errors. I cluster standard errors at the level of treatment variation. In the baseline
speci�cations (Equation 1 and Equation 2), standard errors are clustered at the establishment
level. In speci�cations at the establishment-by-occupation level (subsection 1.6), standard
errors are clustered at the establishment-by-occupation level to account for within-cell
correlation.

E�ect heterogeneity. The average e�ects that the Equation 2 estimates could hide
substantial heterogeneity across di�erent �rms, industry, and/or labor market characteristics.
I estimate the same regressions on the corresponding subsamples to study the e�ect of
heterogeneity.

1.4 Intra-Firm Personnel Decisions

1.4.1 Upstream E�ects

As discussed in subsection 1.2, there are three main e�ects of interest- the upstream e�ects
(before the pre-reform ERA at the age of 60), the main reform e�ects (between the pre-reform
ERA and NRA, that is, 60-65 years old), and the downstream e�ects after reaching the NRA,
corresponding to the three periods in Figure 1.A.1. First, I present the upstream e�ects on
focal worker retention, followed by spillovers on promotions, external hiring, and the wage
bill.

Although Carta and De Philippis (2024) �nd signi�cant upstream e�ects of employment,
Rabaté, Jongen, and Atav (2024) and Mastrobuoni (2009) �nd no sizeable e�ects in the
Netherlands and the US. Neither of these studies analyzed spillover e�ects. I �nd upstream
e�ects on employment and retention of focal workers starting from around 55 years old, and
almost no signi�cant upstream spillover e�ects.

Focal worker retentions. Panel A in Figure 1.C.3 shows that establishments with more
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treated focal workers (1952�1953 birth cohorts) in 1998 retained more focal workers (1950�1953
birth cohorts) from around 2007. This pattern indicates that treated workers increasingly
stayed with their employer beyond the age of 60, the former early retirement threshold. An
additional treated focal worker employed in 1998 leads to around 0.140 more focal worker
retentions. Although some of the retained workers were on part-time contracts in 2012-2017
(31%), most were on full-time contracts (69%). While Figure 1.C.3 suggests that retention
responses begin prior to 2008, this earlier variation is relatively small and noisy. Measuring
treatment closer to retirement age for the main reform period improves the signal-to-noise
ratio in retention and resulting spillovers.27

Null upstream spillover e�ects on coworker promotions and hiring. A natural
follow-up question is whether the increase in the number of focal workers spills over to
coworker promotions and external hiring. Having an additional treated focal worker in 1998
does not lead to any changes in coworker promotions (Panel B of Figure 1.C.3) or in the
number of external hires (Panel C in Figure 1.C.3). There is a small decrease in the number
of hired workers up to three years after the reform, but overall, there are no signi�cant e�ects
afterward, even in the years after the focal workers reach 60. For the analysis of spillover
e�ects, I focus on the 2008 sample, which provides a more representative cross-section of
�rms at the time when retention becomes binding. While the �rst-stage retention e�ects are
similar across the 1998 and 2008 samples, the 2008 sample better captures contemporaneous
�rm adjustment along promotion and hiring margins.28

Firm closure. Panel D of Figure 1.C.3 shows the e�ects of an additional treated worker
employed in 1998 on the probability of �rm closure. There are no e�ects up to 2010, followed
by a small negative e�ect around 2010-2014, around the main reform period. These results
show that, if anything, having an additional focal worker who faced an increase in retirement
age (due to gender-neutral retirement ages) does not lead to �rm closure, but, on the contrary,
has a positive e�ect on �rm closure around the reform years.

1.4.2 Main Reform E�ects

In the previous section, I show that upstream �rm responses occur only after focal workers
reach older ages (around 55+), with almost no signi�cant spillover e�ects on coworker
promotions or external hiring before age 60. I now turn to the �main reform� period, when
the cohorts directly exposed to the increase in the early retirement age (ERA) reach the ages
of 60�65, and examine how �rms adjust internal personnel policies and hiring in response to

27Because the sample is constructed after the reform announcement, I additionally control for observable
�rm characteristics to improve comparability across establishments, see details in subsection 1.3.

28The 1998 sample consists of �rms observed long before the reform becomes binding and therefore
disproportionately includes surviving, more established �rms by the time outcomes are measured in 2012�2017.
Bianchi et al. (2023) argue that spillover e�ects are more likely to be concentrated in non-growing �rms. This
sample composition may attenuate observed spillover e�ects on promotions and hiring, even though �rst-stage
retention e�ects are similar across samples. For this reason, I focus on the 2008 sample for second-stage
estimates, as it includes a large chunk of the labor market that is missing in the 1998 sample.
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delayed retirements.

Positive direct e�ects on retention and promotion of focal workers. Figure 1.2
shows that having an additional treated focal worker (a woman born in 1952�1953) employed
in 2008 leads to a sizeable increase in the number of focal workers (1950�1953 birth cohorts)
who remain employed at the same establishment once they reach age 60. The event-study
coe�cients lie between 0.08 and 0.25 additional retentions per year during 2012�2017. When
I aggregate over these main reform years, one additional treated focal worker in 2008 increases
focal retention by �R = 0:163 workers. 29

Figure 1.2: The e�ect of an additional treated focal worker employed in 2008 on focal worker
retentions, external hiring, and coworker promotions

Notes: This �gure represents the e�ect of having one additional treated worker (1952-1953 birth cohorts) in

2008 on the number of focal worker retentions, external hiring, and coworker promotions in each year. The

points represent the estimated coe�cients � t in Equation 2 and the vertical bars represent 95% con�dence

intervals. The dashed vertical line represents the year before policy enactment, when all focal workers

(1950-1953 birth cohorts) were under the age of 60. Standard errors are clustered at the establishment level.

Negative spillover e�ects on coworker promotions and hiring. Next, I examine
whether the retention of older workers comes at the expense of younger and middle-aged
employees. Figure 1.2 summarizes the main margins: focal worker retentions, coworker
promotions, and numbers of external hires. The aggregated treatment e�ects over 2012�2017

29All treatment e�ects in this section refer to the impact of one additional treated focal worker employed
in 2008, with coe�cients averaged over the years 2012�2017.
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show clear evidence of negative spillovers: one focal worker employed in 2008 generates -0.075
fewer coworker promotions and -0.103 fewer external hires.

The timing of promotion e�ects re�ects cohort-speci�c retirement eligibility rather than an
immediate response to the reform. In particular, untreated focal workers (e.g., born in 1950�
1951) reach the pre-reform early retirement age earlier and begin to exit before 2012, while
treated cohorts (1952�1953) remain employed. This already generates di�erences in workforce
composition and promotion opportunities prior to 2012. The e�ects become fully pronounced
from 2012 onward, when treated cohorts reach their pre-reform designated retirement ages but
are no longer able to exit. For this reason, I focus on the period 2012�2017 when the reform
is fully binding. These dynamics are therefore driven by di�erential retirement eligibility
across cohorts rather than by the choice of baseline year.

Substitution rates: how many hires and promotions are forgone per retained older worker?
To quantify how �rms substitute between older workers and other labor inputs, I relate the
reform-induced increase in focal workers' retentions to the corresponding decline in hires
and promotions. For any outcomeY, I compute the ratio � �Y

�R , which measures how many
forgone units ofY correspond to one additional older worker retained due to the reform.30 For
total external hiring, the substitution rate is 0.63. In other words, retaining one additional
older worker reduces total hiring by about 0.63 workers. For coworker promotions, the
corresponding rate is 0.46, so roughly 0.46 coworker promotions are lost per extra retention
of an older worker.

Allocation of promotion �slots�. An alternative normalization uses the increase in focal
promotions, 0.017, as the denominator and captures how promotion �slots� are reallocated
within a �rm. The implied ratio of 4.4 suggests that, for each additional promotion of an older
focal worker, about 4.4 coworker promotions are forgone. This large magnitude re�ects that
focal promotions are a relatively rare margin�most retained older workers remain in their
positions�so the denominator is small. It also re�ects that promotions and operate along
hierarchical ladders, where a single blocked senior position can prevent multiple downstream
promotions. Together, these patterns highlight that the reform does not simply keep older
workers in place but reshapes internal promotion ladders.

Who is crowded out? Heterogeneity by age and gender. To understand which groups
of workers are most a�ected, I estimate treatment e�ects on hiring by age and gender. The
aggregated coe�cients for 2012�2017 are displayed in Figure 1.3.

To quantify how �rms substitute between older workers and other labor inputs, I relate the
reform-induced increase in the retention of focal workers to the corresponding decline in hiring
across di�erent groups. For each groupg, I compute the ratio � � H g=� R, which measures
how many forgone hires of typeg correspond to one additional older worker retained due to

30Formally, this ratio is a reduced-form substitution rate in headcounts rather than a structural Hicksian
elasticity of substitution, because both � Y and � R are estimated in levels (numbers of workers). Under the
approximation that the changes are small relative to baseline employment, this ratio can be interpreted as an
elasticity-like object, but I avoid a structural interpretation and use the ratio as a transparent measure of
crowd-out per additional retained older worker.
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Figure 1.3: The e�ect of an additional treated focal worker employed in 2008 on targeted
external hiring and coworker promotions

Panel A: Targeted hiring Panel B: Targeted promotions

Notes: Coe�cient plots. Each row corresponds to the e�ect of having one additional treated worker (1952-1953

birth cohorts) in 2008 on the number of external hiring (Panel A) and coworker promotions (Panel B)

in 2012-2017, between the new ERA and NRA, decomposed by age- and gender-based demographic groups

(displayed in rows). The points represent the mean estimated coe�cients� t in Equation 2 over 2012-2017,

and the bars represent 95% con�dence intervals. Standard errors are clustered at the establishment level.

the reform. The resulting substitution responses are economically meaningful. Firms reduce
overall hiring by 0.63 workers for each additional focal worker retained. The largest component
is the decline in hiring of middle-aged workers (0.44), followed by a smaller substitution
away from young workers (0.22). Such a result could be driven by better substitutability
of middle-aged workers with older focal workers, suggesting that the relevant margin of
adjustment is movement within the core workforce rather than at the point of entry into
the �rm. Gender-speci�c estimates indicate that substitution occurs against both women
(0.25) and men (0.38), with slightly stronger crowd-out among men. See Figure 1.C.6 for the
dynamic e�ects of hiring by gender and age groups.

Hence, the crowd-out is strongest for middle-aged hires overall, and somewhat more pro-
nounced for men than for women. These patterns suggest that the relevant margin of adjust-
ment is among workers who are the closest substitutes for the retained older women�middle-
aged workers�rather than those at the bottom of the age distribution.

Panel B in Figure 1.3 reveals that crowd-out in promotions is concentrated among middle-aged
and female coworkers, with no responses for young and male coworkers. Combined with the
hiring results, these �ndings point to compressed career ladders in the middle of the age
distribution rather than at entry.

Null e�ects on wage bills and probability of establishment closure. As a next step,
I assess whether the aging workforce enlarged by the reform raises overall labor costs. Panel
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A of Figure 1.4 plots the e�ect of one additional treated focal worker on total wage bills at
the establishment level. The aggregated e�ect over 2012�2017 is slightly negative: -2,479,
indicating that �rms do not experience higher wage bills despite retaining more older workers.
To investigate how �rms maintain low wage bills, Panel B of Figure 1.4 decomposes wage
bills by worker type. Wage bills for focal workers increase by about 1,841, while wage bills of
external hires decline su�ciently to more than o�set this increase. Overall, the rise in focal
wage bills is absorbed by lower wage bills of coworkers and external hires. This pattern is
consistent with �rms re-optimizing the composition of their workforce rather than expanding
total employment. Overall, �rms adjust primarily along the composition margin: they retain
and pay more older focal workers, but economize on other labor inputs so that total wage
costs do not rise.

Figure 1.4: The e�ect of an additional treated focal worker employed in 2008 on wage bills:
total and by worker type

Panel A: Total wage bills Panel B: Wage bills by worker types

Notes: This �gure represents the e�ect of having one additional treated worker (1952-1953 birth cohorts)

in 2008 on the total establishment wage bills in each year. Panel A displays the total wage bills, Panel

B decomposes the total wage bill into the focal worker, coworker, and hired worker wage bills. The points

represent the estimated coe�cients � t in Equation 2 and the vertical bars represent 95% con�dence intervals.

The dashed vertical line represents the year before policy enactment, when all focal workers (1950-1953 birth

cohorts) were under the age of 60. Standard errors are clustered at the establishment level.

Turning to �rm closure, I estimate the impact of the reform on the probability of an
establishment closure on Figure 1.C.4. The corresponding event-study coe�cients are
statistically insigni�cant. This suggests that, if anything, having more older workers whose
retirements are delayed does not increase the likelihood that �rms exit the market.

1.4.3 Downstream E�ects

Finally, I examine whether treated and less-treated �rms converge when the a�ected cohorts
pass the new ERA. The event-study coe�cients become small and statistically insigni�cant
after 2017 for most outcomes in Figure 1.2, suggesting that �rms gradually return to similar
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trajectories when the main reform window closes. However, downstream e�ects should be
interpreted with caution, because the abolishment of the women's early retirement pathway
also raised the normal retirement age from 65 to 65.5, so part of the adjustment beyond 2017
re�ects changes at the normal retirement margin.

In sum, the German reform that raised the early retirement age for women leads to (i) higher
retention and slightly higher promotion rates for older focal workers, (ii) unchanged or slightly
lower total wage bills due to o�setting declines in coworkers' and external hires' wage bills,
and (iii) sizeable crowd-out of coworker promotions and external hiring, particularly among
middle-aged workers. One additional treated focal worker crowds out roughly 0:63 external
hires and 0:46 coworker promotions per establishment during the main reform period. These
magnitudes are close to, although somewhat smaller than, those found in the Netherlands by
Hut (2024), consistent with the idea that the more strongly pre-announced German reform
allowed �rms more time to plan their adjustment.

A natural follow-up question is whether the crowding-out promotion e�ects on middle-aged
women cascade to younger workers. Though this is di�cult to test empirically, the downward
trend in the coworker wage bills in Panel B in Figure 1.4 and the limited separation pattern
from the �rm in Panel B of Figure 1.C.5 imply pronounced and persistent negative e�ects
that increase with retirement delay.

1.4.4 Robustness and Falsi�cation Checks

Below, I conduct a set of robustness and sensitivity analyses that assess the stability of
the baseline results to alternative modeling choices. Details on the corresponding sample
construction and resulting sample sizes are provided in section 1.7.

Falsi�cation tests: placebo birth cuto� and gender. A concern is that contemporaneous
macroeconomic shocks, such as the 2008�2009 Great Recession, could di�erentially a�ect
�rms with more treated workers. This is unlikely, as such shocks should not correlate with
the share of women born around the 1952 cuto�, and industry Ö year �xed e�ects absorb
sector-speci�c business-cycle dynamics.

Nevertheless, to assess whether the estimated spillovers re�ect the reform rather than
coincident shocks, I conduct placebo tests that rede�ne the treatment along dimensions
una�ected by the reform. Panel A of Figure 1.C.8 uses placebo birth cohorts (1952�1955),
assigning a false cuto� at 1954; Panel B rede�nes focal workers as men born between 1950
and 1953. In both cases, I �nd no evidence of intra-�rm spillovers. These null results support
the interpretation that the baseline e�ects are driven by the retirement reform rather than
by macroeconomic conditions or unrelated trends.

Robustness check: altering the estimation bandwidth. The baseline speci�cation
uses a two-year bandwidth around the reform cuto�. In Figure 1.C.9, I re-estimate the
main results using a narrower one-year bandwidth. Focusing on cohorts born in 1951�1952
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increases the share of �rms with a single focal worker, e�ectively reducing the design to
a di�erence-in-discontinuities framework with a binary treatment. The estimates remain
qualitatively similar, though less precise, indicating that the results are robust to the choice
of bandwidth and treatment de�nition.

Pre-reform behavior of focal workers. One of the identi�cation concerns is that �rms
employing focal workers in 2008 may have non-random treatment intensity, potentially biasing
the baseline estimates in the main reform period. To assess this, I analyze focal workers
directly�independent of �rm sampling�and test whether treated workers (born after January
1952) exhibit di�erential employment, hiring, or separation behavior prior to retirement ages.

Regressions of employment outcomes on treatment status show no di�erences until the
mid-50s (Panel A of Figure 1.C.2). The number of days worked (conditional on employment)
is una�ected (Panel B of Figure 1.C.2), indicating that responses operate on the extensive
margin. Panels C and D of Figure 1.C.2 show no di�erential hiring or separation by treatment
status before the pre-reform ERA. Overall, there is no evidence of anticipatory worker or
�rm adjustments before age 55, consistent with prior �ndings (Badalyan, 2025; Geyer and
Welteke, 2021). This supports the identifying assumption that sampling �rms in 2008�before
any treated worker reaches pensionable age�is plausible.

1.5 Elasticity of Substitution

The baseline results show that extending the employment of older women induces sizable
within-�rm reallocations: establishments retain more older focal workers and reduce both
promotions and external hiring of younger employees. These average e�ects, however, mask
substantial heterogeneity arising from di�erences in �rms' internal structures and their access
to an external labor supply. Understanding these heterogeneities is essential for interpreting
whether the observed crowd-out re�ects technological substitutability, turnover frictions, or
constraints imposed by internal career ladders.

To organize this analysis, I distinguish between two complementary dimensions of adjustment
capacity: the thickness of the internal labor market (ILMT) and the thickness of the external
labor market (ELMT). ILMT captures the extent to which coworkers within a �rm represent
viable substitutes for older incumbents on internal ladders, whereas ELMT captures the
availability of suitable replacement candidates in the broader labor market. Variation along
these dimensions provides a lens through which crowding-out of promotions and hiring can
be mapped into economic parameters of interest�most notably, the elasticity of substitution
between older and younger workers.
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1.5.1 De�nitions: Internal and External Labor Market Structures

Internal labor market thickness (ILMT). Internal labor market thickness is de�ned
as the establishment-level concentration of employment in its largest occupation, following
Ginja, Karimi, and Xiao (2023) and Cortes and Salvatori (2019). For establishmentj in year
t,

sjt =
N largest occupation

jt

N jt
; (3)

whereN jt denotes the establishment's total employment. An establishment is classi�ed as
having a �thick� internal labor market when this share exceeds the sample median (slightly
above 0.5), meaning that a large share of workers occupy the same occupational ladder.
Such settings are expected to exhibit strong internal competition and greater sensitivity of
promotions to delayed retirements.

External labor market thickness (ELMT). To capture hiring frictions arising from local
labor supply, I compute an index of external labor market thickness for each commuting zone.
Using the full population of social security records, I de�ne 141 commuting zones based on
mobility patterns, following Kosfeld and Werner (2012).31 For industry k in zonec at time t,
external market thickness is measured as:

� kct =
Nkct =Nct

Nkt =Nt
; (4)

whereNkct is local employment in industryk, Nct is total local employment, andNkt and N t

are the corresponding national values. Values above one indicate that an industry is locally
overrepresented relative to the national distribution, implying a thicker external market
and lower turnover frictions. Thin external markets, by contrast, constrain a �rm's ability
to replace or expand its workforce and are therefore expected to amplify hiring crowd-out.
Figure Figure 1.C.10 illustrates these patterns for motor vehicles and hospital activities.32

1.5.2 A Slot-Constraint Model with Human Capital and Turnover Frictions

Setup. A �rm �lls a �xed number of job slots in each period. For any given slot, the �rm
may (i) retain an incumbent older worker, (ii) promote an internal junior coworker, or (iii)
hire externally. The indicator variables for these choices are denoted by r; p; h 2 [0; 1] with

31I choose the �ner 141-zone classi�cation, rather than broader regional aggregates as in Jäger and Heining
(2022), because women are typically less mobile across regions (Meekes and Hassink, 2022), making �ner
spatial units more relevant in this context.

32I thank Niklas Vetterer for help getting started creating these maps.
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r + p + h = 1 (5)

The �rm maximizes current net output from �lling the slot:

�(r; p; h) = rf d + pf p(� p) + hf h(� h) � C(p; h; � ) (6)

wheref d is the output from retaining an older incumbent,f p(� p) the output from promoting
a younger coworker (with� p measuring how close a promoted worker is to the productivity
of an older incumbent), andf h(� h) the output from hiring externally (with � h measuring
substitutability of a new hire).

Turnover frictions enter through the adjustment cost function C(p; h; � ), with

@C
@p

> 0;
@C
@h

> 0;
@C
@�

< 0 (7)

so that thicker external labor markets (larger� , corresponding to thicker ELMT) reduce the
cost of replacing a worker.

Solution. Because (5) implies h = 1 � r � p , the problem can be rewritten in (r; p) only.
The �rst-order conditions for an interior solution are

f d � f h(� h) � C r + C h = 0 (8)

f p(� p) � f h(� h) � C p + C h = 0 (9)

These conditions determine the �rm's allocation (r; p; h) as functions of the primitives
(f d; f p; f h) and of turnover frictions � .

Comparative statics: e�ects of a higher retention incentive. The reform increases
the value of retaining older workers,f d. dr denotes the induced marginal change in retention.
Di�erentiating (8)�(9) gives the responses of promotion and hiring:

dp
dr

=  (� p; � h; � );
dh
dr

= �

 

1 +
dp
dr

!

(10)

where  (�) is decreasing in external labor market thickness� (i.e., increasing in external
frictions).:
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dp
dr

!

< 0;
@
@�

 
dh
dr

!

> 0 (11)

Thus, in thin external labor markets (low � ), external adjustment is costly (i.e., hiring is
a less attractive margin), and the �rm relies more on internal adjustment, while reducing
hiring more strongly because external hiring is a costly margin.

Observed crowd-out and its decomposition. Empirically, the observed e�ect of one
additional retained older worker on younger-worker outcomes is

�Y obs = � p
dp
dr

+ � h
dh
dr

(12)

Substituting (10) yields

�Y obs = �� h + (� p � � h)
dp
dr

(13)

Equation (13) highlights two determinants of observed spillovers:

(i) Relative substitutability: if promoted workers are closer substitutes than external hires
(� p > � h), the promotion channel ampli�es crowd-out; the opposite holds when �p < � h.

(ii) Turnover frictions: in thin markets (low � ), hiring is a costly adjustment margin, so �rms
reduce hiring more strongly when retention increases (i.e.,dh=dr is more negative), while in
thick markets hiring adjusts more smoothly.

Implications for interpreting elasticities of substitution. A naïve elasticity-of-
substitution estimate maps � Yobs directly into a structural substitution parameter. Equation
(13) shows that such an interpretation is biased whenever �rms face frictions (� �nite) or
when promotion and hiring substitute imperfectly for each other.

Underestimation. If external hires are the closer substitutes (� h large), but hiring is di�cult
(low � ), �rms reduce hiring strongly (i.e., dh=dr is more negative). However, because
adjustment is distorted by frictions, the observed response re�ects both substitutability
and constraints, which may lead to an underestimation of the underlying technological
substitutability.

Overestimation. If promoted juniors are the closer substitutes (large� p) and the �rm strongly
reallocates internally when external hiring is constrained, the promotion response may
exaggerate crowd-out relative to the frictionless benchmark, overstating substitutability.

In summary, observed spillovers equal a combination of technological substitutability (� p; � h)
and turnover frictions (� ). The empirical heterogeneity by ILMT and ELMT maps directly
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onto these mechanisms: thick ILMT a�ects� p (internal substitution), while thin ELMT
raises adjustment costs C(�; � ) and shifts the �rm toward internal responses.

Mapping to empirical estimates. The empirical speci�cation estimates the e�ect of
an additional retained older worker on promotions and hiring at the establishment level.
In the model, these correspond todp

dr and dh
dr , respectively. The heterogeneity analysis by

internal and external labor market thickness maps to variations in (� p; � h) and � : thicker
internal labor markets increase the scope for internal substitution (� p), while thinner external
labor markets increase turnover frictions (low� ) and shift adjustment toward promotions.
The empirical estimates can therefore be interpreted as reduced-form counterparts of these
structural relationships, capturing how adjustment is distributed across margins.

Link to empirical speci�cation. The model is written at the level of a single job slot, while
the empirical analysis is conducted at the establishment level. To connect the two, I interpret
establishments as consisting of multiple slots subject to similar decision problems. Under the
assumption that slot-level decisions are additively separable and that the reform a�ects the
marginal value of retentionf d uniformly across slots, aggregate �rm-level responses can be
approximated as the sum of slot-level adjustments. In this case, the empirical coe�cients
can be interpreted as averages ofdp

dr and dh
dr across slots within the establishment. This

interpretation highlights that the model is intended as a conceptual framework to guide the
empirical analysis rather than as a fully structural estimation.

1.5.3 Results

Below, I show the heterogeneous e�ects of the reform by internal and external labor market
structures. The heterogeneity results should be interpreted with caution. While several
patterns are consistent with the proposed mechanisms, di�erences across subgroups are not
always statistically distinguishable, and the evidence should therefore be viewed as suggestive
rather than de�nitive.

Focal worker retentions. Before analyzing the mechanisms behind crowd-out e�ects, it
is important to understand how internal and external labor market thickness shapes the
retention decisions of focal workers. Retention appears to vary systematically with internal
labor structure. Panel A in Figure 1.5 shows that older workers tend to be retained more
often when the ILMT is thin (0.175), where few internal substitutes exist, and the loss of
experienced workers would be particularly costly. Estimated retention is somewhat lower when
the ILMT is thick (0.147), meaning that internal candidates are more abundant. By contrast,
the thickness of the external labor market does not appear to strongly a�ect retention: the
e�ects are similar in magnitude in thin (0.153) and thick (0.167) ELMTs (Panel B).

These results are closely aligned with Badalyan (2025), which, using individual-level regres-
sions, �nds that internal substitutability appears to strongly shape labor supply responses
to this reform, while industry-based ELMT generates relatively little heterogeneity. That
study also documents heterogeneity by occupation-based ELMT, showing that older workers
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in occupations with scarce external substitutes are more likely to remain employed.

Together with the �rm-level evidence here, the pattern is consistent with the interpretation
that retention decisions are driven primarily by �rm-speci�c human capital and internal
knowledge complementarities, rather than by external hiring frictions for given industries.
Such speci�c skills and low substitutability may help explain the higher retention and lower
hiring rates for older workers documented in the literature (Hutchens, 1986).

Figure 1.5: The e�ect of an additional treated focal worker employed in 2008 on retentions
by internal and external labor market thicknesses

Panel A: Retentions by ILMT Panel B: Retentions by ELMT

Notes: This �gure represents the e�ect of having one additional treated worker (1952-1953 birth cohorts)

in 2008 on the number of retentions of focal workers. Panel A represents subsample analysis by internal

labor market thickness- the share of the largest employment occupation in the establishment in the total

workforce. Panel B represents subsample analysis by external labor market thickness (ELMT). The ELMT is

categorized into two groups based on the commuting zone being at least as concentrated as the country-level

concentration (ELMT > 1). The points represent the estimated coe�cients � t in Equation 2 and the bars

represent 95% con�dence intervals. Standard errors are clustered at the establishment level.

Hiring. The crowd-out of external hiring appears to vary with labor market thickness. In
thin external markets, where �rms face severe turnover frictions, hiring declines more strongly
(�0.174). In thick external markets, the hiring response is smaller in magnitude (�0.068).
Because retention rates are similar across ELMT groups, these di�erences suggest that
failing to account for external frictions may lead to overstating the substitutability between
older workers and external hires. What may be interpreted as �strong crowd-out� could,
in thin markets, partly re�ect limited hiring possibilities rather than purely technological
substitution.

Internal labor market structure also appears to shape hiring responses, although in a di�erent
direction: hiring declines more strongly when ILMTs are thick (�0.923) and less so when
ILMT is thin (�0.081). When many workers share the same occupation, �rms may adjust
internally by reallocating career progression rather than by expanding the workforce. This is
consistent with larger hiring reductions relative to retention e�ects in thick ILMTs, suggesting
an apparent substitution that may partly re�ect internal hierarchy constraints rather than
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purely technological substitution.

Figure 1.6: The e�ect of an additional treated focal worker employed in 2008 on hiring by
internal and external labor market thicknesses

Panel A: Hiring by ILMT Panel B: Hiring by ELMT

Notes: This �gure represents the e�ect of having one additional treated worker (1952-1953 birth cohorts)

in 2008 on the number of hired workers. The points represent the estimated coe�cients� t in Equation 2

and the bars represent 95% con�dence intervals. Panel A represents subsample analysis by internal labor

market thickness- the share of the largest employment occupation in the establishment in the total workforce,

and Panel B represents subsample analysis by external labor market thickness (ELMT). The ELMT is

categorized into two groups based on the commuting zone being at least as concentrated as the country-level

concentration (ELMT > 1). Standard errors are clustered at the establishment level.

Promotions. Promotion responses provide additional evidence that internal bottlenecks
may mediate the impact of delayed retirement. In high-ILMT establishments, coworker
promotions decline more strongly (�0.134)�substantially more than in thin ILMTs (�0.026).
Because focal-worker retention is similar across ILMT categories, this gap is consistent with
tighter congestion along internal career ladders in thick markets. By contrast, promotion
e�ects are more similar across ELMTs (�0.106 in thin vs. �0.057 in thick), suggesting that
promotion crowd-out is more closely related to internal rank constraints than to external
hiring frictions.

These patterns are consistent with Bertheau (2021), who shows that a large share of �rms
�ll vacancies internally, re�ecting imperfect substitutability between internal and external
candidates. Such imperfect substitution implies that coworker promotions may be more
sensitive to delayed retirements than external hiring. Taken together, these results suggest that
internal coworkers may be closer substitutes for older workers and therefore may experience
larger crowd-out e�ects than external hires, although these di�erences should be interpreted
with caution.

Industry tradability. To provide additional suggestive evidence on the role of turnover frictions,
I analyze whether �rms in more tradable industries exhibit di�erent retention patterns for
focal workers. Because production can be relocated across borders, tradable industries may
o�er greater scope for worker substitution through outsourcing than non-tradable sectors

32



Figure 1.7: The e�ect of an additional treated focal worker employed in 2008 on coworker
promotions by internal and external labor market thicknesses

Panel A: Promotions by ILMT Panel B: Promotions by ELMT

Notes: This �gure represents the e�ect of having one additional treated worker (1952-1953 birth cohorts) in

2008 on the number of coworker promotions. The points represent the estimated coe�cients� t in Equation 2

and the bars represent 95% con�dence intervals. Panel A represents subsample analysis by internal labor

market thickness- the share of the largest employment occupation in the establishment in the total workforce,

and Panel B represents subsample analysis by external labor market thickness (ELMT). The ELMT is

categorized into two groups based on the commuting zone being at least as concentrated as the country-level

concentration (ELMT > 1). Standard errors are clustered at the establishment level.

(Drenik et al., 2023). I classify industries by tradability following Gregory, Salomons, and
Zierahn (2022).33

Figure 1.C.11 shows that establishments in non-tradable industries tend to exhibit larger
increases in the retention of older workers, which is consistent with their more limited
exposure to external competitive pressures. By contrast, the crowd-out of younger workers'
promotions and hiring appears more pronounced in tradable industries. These patterns are
in line with earlier evidence suggesting that external market conditions shape the adjustment
margin: tradable industries may rely more on external hiring and therefore exhibit stronger
displacement when retention rises.

These di�erences across industries should be interpreted with caution, as con�dence intervals
overlap and the estimates are imprecise. Nevertheless, the observed patterns suggest that �rm-
level averages may mask meaningful within-�rm di�erences in adjustment. This motivates
the subsequent analysis at the jobcell level, which more directly captures internal bottlenecks
and the role of occupation- and task-based constraints in shaping spillovers.

Wage bills. If retention of focal workers is concentrated among workers who are less

33Tradable industries are: Mining (WZ08: B); Manufacturing (WZ08: C); Electricity, water supply (WZ08:
D, E); Transport, storage (WZ08: H); Financial services (WZ08: K); Real estate (WZ08: L); Agriculture
(WZ08: A); Information and communication (WZ08: J); Scienti�c and technical services (WZ08: M). I thank
Duncan Roth for the help with the data.
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substitutable internally, this may a�ect �rm-level wage bills, particularly in settings with thin
internal labor markets. The average e�ects of an aging workforce may mask heterogeneity in
how �rms adjust total labor costs.

Panel A in Figure 1.8 shows that, in thick internal labor markets, the estimated wage bill
response is negative (though not statistically signi�cant): an additional treated focal worker
is associated with a reduction in total wage bills of roughly EUR 11,415. This decline may
re�ect reductions in coworker wage bills documented in the previous section, consistent with
compressed promotion opportunities and slower wage growth in more competitive settings.34.

Figure 1.8: The e�ect of an additional treated focal worker employed in 2008 on wage bills
by internal and external labor market thicknesses

Panel A: Wage bills by ILMT Panel B: Wage bills by ELMT

Notes: This �gure represents the e�ect of having one additional treated worker (1952-1953 birth cohorts)

in 2008 on wage bills. The points represent the estimated coe�cients� t in Equation 2 (2012-2017 pooled

together) and the bars represent 95% con�dence intervals. Panel A represents subsample analysis by internal

labor market thickness- the share of the largest employment occupation in the establishment in the total

workforce. Panel B represents subsample analysis by external labor market thickness (ELMT). The ELMT is

categorized into two groups based on the commuting zone being at least as concentrated as the country-level

concentration (ELMT > 1). Standard errors are clustered at the establishment level.

Implications. Taken together, these results suggest that observed spillovers depend on
market structure�both inside and outside the �rm. This pattern can be related to the
conceptual framework introduced earlier, where adjustment occurs through internal promotion,
external hiring, or continued retention, and where these margins are shaped by internal
substitutability and external turnover frictions. Two implications emerge.

First, not accounting for external labor market thickness may lead to overstating substi-
tutability between older workers and young hires. In thin ELMTs, �rms reduce hiring more

34By contrast, according to Panel B in Figure 1.8, in thin internal labor markets, the wage bill e�ect is
small and positive (EUR 2,478), which may re�ect the limited pool of internal substitutes and the higher
relative value of retaining experienced workers. External labor market thickness appears to play a more
limited role: wage bill responses are near zero in thin external markets (EUR �35), but reach a negative value
(EUR �6,062) in thick external markets, where hiring adjustments may be easier to implement, although
both estimates are statistically insigni�cant
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strongly than in thick ELMTs despite similar increases in retention. This stronger hiring
response is consistent with the interpretation that it re�ects the limited availability of external
candidates rather than a purely technological ability to substitute older workers for younger
ones. Estimates that treat all hiring reductions as technological substitution may therefore
overstate the implied elasticity of substitution. In my data, this corresponds to an increase
in the implied substitutability of roughly a factor of 2.8 when ELMT is not accounted for.
This pattern is consistent with the model case in which turnover frictions suppress the hiring
margin, shifting adjustment toward other channels.

Second, not accounting for internal labor market thickness may understate the crowd-out
of promotions. In thick ILMTs, delayed retirements are associated with substantially lower
promotion rates (�0.134), whereas the same reform is associated with much smaller e�ects
in thin ILMTs (�0.026). Averaging across �rms may therefore mask environments in which
internal competition is more intense and promotion ladders are more congested. Analyses
that do not condition on ILMT may therefore understate the career costs borne by workers
in occupations with dense hierarchies. In terms of the earlier conceptual framework, thick
ILMTs can be interpreted as settings with high internal substitutability: when older workers
stay longer, promotions appear to become the primary margin of adjustment.

Overall, the evidence suggests that spillovers from raising retirement ages re�ect the interaction
of: (i) internal substitutability and �rm-speci�c human capital, (ii) turnover frictions in
external labor markets, and (iii) hierarchical congestion within occupations. Adjustment
across margins appears interrelated: when external hiring is constrained (thin ELMT),
promotions tend to absorb more of the adjustment; when internal ladders are congested (thick
ILMT), external hiring tends to decline, even when the labor supply is relatively abundant.
These interactions suggest that reduced-form crowd-out estimates combine technological
substitution with adjustment constraints, and should be interpreted in light of both internal
and external market structure.

1.6 Intra- and Inter-Jobcell Personnel Decisions

The evidence that spillover e�ects vary systematically with the thickness of internal labor
markets (ILMT) suggests that �rms' adjustment mechanisms operate at a �ner level than
the �rm-level used in the sections above. If internal promotions and hiring decisions depend
on the pool of available coworkers within speci�c job ladders, then analyzing only �rm-level
outcomes may conceal important heterogeneity in how delayed retirements a�ect coworkers.
This motivates a closer examination of intra- and inter-jobcell spillovers. By zooming into
establishment�occupation cells (jobcell), I can disentangle whether crowd-out e�ects arise
primarily within job ladders (intra-jobcell) or through broader reallocation across occupations
or establishments (inter-jobcell).35

35The occupations are based on 3-digit classi�cations, as the ILMT was constructed above.
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1.6.1 Baseline Inter- and Intra- Jobcell E�ects

Previous literature �nds con�icting results on intra-�rm spillovers of an aging workforce, with
most papers �nding negative impacts (Bianchi et al., 2023; Ferrari, Kabátek, and Morris,
2023), while others, using slightly larger �rms, �nd positive impacts (Carta, D'Amuri, and
Von Wachter, 2024). The positive impacts on larger �rms could be driven by a lack of
availability of more granular data, such as occupations within establishments; therefore, such
analyses could hide negative spillovers. On the other hand, larger �rms may �nd it easier to
spread work to incumbent workers and to grant promotions, due to their capacity to make
more �exible internal organizational adjustments (Hensvik and Rosenqvist, 2019; Jäger and
Heining, 2022), for example, due to human resource management systems (Holzer (1987) as
cited in Schmutte and Skira (2023)). If internal adjustments are more muted in larger �rms
despite zooming into occupations, then this is evidence for their �exibility in making internal
adjustments.

First, I show that the hiring responses are relatively larger in small establishments than in
larger ones. Then, I zoom into the jobcells, proxied by occupations that interact within
establishments. Zooming in on larger �rms enables me to test whether there are negative
e�ects hidden within workplaces that are not apparent in �rm-level estimates. Such analyses
help to highlight the di�erences in the sign of spillover e�ects on hired workers, even in
studies that use the same reforms (Carta, D'Amuri, and Von Wachter, 2024; Bianchi et al.,
2023).

Firm size heterogeneity. A �rm's size is a �rst-order determinant of how it adjusts to
delayed retirements. Larger establishments typically operate with deeper internal hierarchies,
more diversi�ed jobcells, and more �exible redeployment possibilities. These features allow
them to absorb shocks through internal reallocation�via promotions or transfers across
jobcells�rather than through hiring or separations. Smaller �rms, by contrast, generally have
thinner internal structures: occupational ladders are short, jobcells are narrow, and external
hiring often plays a relatively larger role. As a result, the same increase in retention may
generate di�erent patterns of spillovers in small versus large �rms. Examining heterogeneity
by �rm size, therefore, provides an important bridge between the baseline establishment-level
results and the more granular intra-, as opposed to inter-jobcell analysis that follows. It helps
to clarify whether the observed adjustment margins are driven by di�erences in organizational
depth or by within-occupation constraints operating inside jobcells.

Figure 1.C.12 shows that establishment size also moderates �rms adjustments to delayed
retirements. Smaller �rms exhibit larger increases in the retention of older incumbents,
consistent with their more limited internal substitution possibilities. By contrast, crowd-out
coe�cients are noisier but tend to be larger in establishments with more than 30 workers;
however, the estimates for small �rms lie well within the con�dence intervals of large �rms,
suggesting no statistically signi�cant di�erence in spillovers across size groups. These patterns
motivate the next step of the analysis, which decomposes spillovers into intra- and inter-jobcell
responses to examine more �nely how �rms reallocate tasks and mobility opportunities when
internal substitution options vary.
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Intra- opposed to inter-jobcell spillovers. I next decompose the �rm-level spillovers
into within- and across-jobcell adjustments. Jobcells are de�ned as 3-digit occupations
(Klassi�kation der Berufe (KldB) 1988 ) within establishments. I keep establishments that
had at least two jobcells in 2008 to enable intra- opposed to inter-jobcell analyses.

Figure 1.9: Intra- and inter-jobcell e�ects

Panel A: Intra- opposed to inter hiring Panel B: Intra- opposed to inter promotions

Notes: This �gure represents the e�ect of having one additional treated worker (1952-1953 birth cohorts)

in 2008 on hiring (Panel A) and promotions (Panel B) in each year, decomposed by intra-jobcell (black)

and inter-jobcell (gray) spillovers. The points represent the estimated coe�cients � t in Equation 2 and the

vertical bars represent 95% con�dence intervals. The dashed vertical line represents the year before policy

enactment, when all focal workers (1950-1953 birth cohorts) were under the age of 60. Standard errors are

clustered at the establishment level.

The results reveal that crowd-out operates primarily within the focal worker's own jobcell.
Panel A in Figure 1.9 shows that an additional treated older worker retained in 2008
reduces intra-jobcell hiring by approximately 0:086 workers, nearly twice the magnitude
of the reduction in inter-jobcell hiring (0:052). Internal promotions show an even sharper
segmentation (Panel B in Figure 1.9): promotions decline meaningfully within the focal jobcell
(by 0:109 per retained older worker), whereas promotions in other jobcells are essentially
una�ected, with estimates close to zero.

The lack of spillover impacts on hiring across occupations is in line with the previous literature
on worker substitutability (Brenøe et al., 2024; Huebener et al., 2024; Jäger and Heining,
2022; Schmutte and Skira, 2023). Moreover, the absence of spurious e�ects across occupations
con�rms that the intra-�rm adjustments are the result of the aging workforce as opposed to
establishment-speci�c impacts of the crisis or other reforms.

These patterns indicate that adjustment frictions are highly localized. Firms substitute most
strongly among workers who share tasks, supervisors, or career ladders, foreshadowing the
heterogeneities to come: the importance of internal labor market structure, �rm-speci�c
human capital, and bottleneck occupations is concentrated precisely in those segments where
intra-jobcell substitution is feasible.
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1.6.2 Mechanisms: Human Capital and Value of Old Workers

Existing evidence suggests that delayed retirements disproportionately retain older work-
ers who are costly to replace�such as managers and workers in occupations with strong
job-speci�c skill requirements�highlighting the importance of �rm-speci�c human capital
and turnover frictions (Badalyan, 2025). If �rms optimally retain these workers because
they embody valuable knowledge, relationships, or organizational capital, their continued
presence may have implications beyond mechanical crowd-out e�ects. In particular, while
slot constraints may intensify competition for promotions among workers on the same career
ladder, retained older workers may simultaneously generate positive spillovers for coworkers
in complementary roles by preserving �rm-speci�c human capital that is di�cult to replicate.
This insight motivates an explicit analysis of inter-jobcell spillovers: distinguishing between
competitive e�ects within narrowly de�ned career ladders and complementarities across
occupations that rely on shared expertise, coordination, or managerial oversight.

Figure 1.10: Inter-jobcell e�ects on coworker promotions by human capital speci�city

Notes: This �gure represents the e�ect of having one additional treated worker (1952-1953 birth cohorts) in

2008 on inter-jobcell promotions in each year by low (in gray) and high (in black) human capital speci�city of

occupations. The points represent the estimated coe�cients� t in Equation 2 and the vertical bars represent

95% con�dence intervals. The dashed vertical line represents the year before policy enactment, when all focal

workers (1950-1953 birth cohorts) were under the age of 60. Standard errors are clustered at the establishment

level.

Human capital speci�city of occupations. Occupations di�er by how much of a worker's
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productivity stems from job-speci�c skills. When human capital is highly occupation-speci�c,
workers are harder to replace externally and may generate complementarities for coworkers
whose tasks rely on their accumulated know-how. To measure this speci�city, I follow the
approach in Jäger and Heining (2022) and Bleakley and Lin (2012) and estimate occupation-
level Mincer regressions for each 3-digit occupation.36 I use the occupation-speci�c return to
experience as a measure of how strongly wages depend on on-the-job learning. Occupations
with returns above the median are classi�ed as having high human-capital speci�city.

Figure 1.10 displays the results. When older workers are employed in occupations with high
�rm-speci�c human capital, there are positive impacts on coworkers' promotions in intra-cell
occupations. Overall, these results highlight that older workers can be particularly valuable
to �rms and can generate higher productivity for some coworkers.37

1.7 Conclusion

This paper exploits a large retirement reform�abolition of the female pathway to early
retirement in Germany�to examine how �rms adjust when a large group of older workers
remains employed longer than prior cohorts. Using rich administrative data with detailed
occupational information, I document how establishments respond to the extended retention
of older female workers and how these adjustments cascade through internal promotion
structures and external hiring pipelines.

The reform substantially raised older-worker retention when the a�ected cohorts reached
pension-eligible ages, but �rms made little systematic adjustment beforehand, suggesting that
the long pre-announcement horizon muted any liquidity-driven responses. When older workers
ultimately remained in their jobs longer, �rms shifted their personnel decisions: internal
promotions slowed, and external hiring declined, consistent with an internal substitution
mechanism in which the delayed exit of older workers constrains advancement opportunities
and reduces openings for new recruits. These e�ects were unevenly distributed. Promotion
losses were concentrated in thick internal labor markets, where many workers compete for
the same rungs on tightly structured ladders, whereas hiring declines were greater in thin
external markets, where �rms face limited replacement options.

A broader implication emerging from these �ndings is that the conventional view of older
workers simply crowding out younger ones provides only a partial picture. Prior studies
on worker exits highlight the costs of turnover�losses of tacit �rm-speci�c human capital,
the di�culty of replicating high-quality matches, and the time required for external hires
to become productive insiders. My results illuminate the converse mechanism: when older
workers remain, these same forces can preserve valuable expertise and, across occupations, can
bene�t coworkers whose tasks complement the know-how accumulated by senior employees.

36I run these regressions on a random sample of all the workers to classify occupations, and merge these
classi�cations with my analysis data.

37Subsample analyses by alternative measures of human capital speci�city, such as managerial status and
tenure, are available upon request.
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This helps to reconcile seemingly contradictory �ndings�negative spillovers within jobcells
but neutral or positive e�ects across jobcells�by showing that the sign of spillovers depends
on whether workers compete on the same ladder or operate in complementary roles. Taken
together, the evidence provides a richer account of how �rms navigate workforce aging and
underscores the central role of turnover frictions, match quality, and internal labor market
structure in shaping the distributional e�ects of retirement reforms.

Future research could examine whether these within-�rm adjustments propagate across �rms
and whether they generate general equilibrium responses in labor markets. Moreover, the
limited ability to hire or promote younger workers may have consequences for productivity
or service quality�for example, in health and care professions�where sta�ng shortages
have been shown to harm patient outcomes (Friedrich and Hackmann, 2021). Finally, the
mechanisms documented here�career-stage substitution, internal bottlenecks, and frictions
in external hiring�are likely to be relevant in other settings where a component of the
workforce is retained, and warrant further comparative study.
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1.A Appendix: The Public Pension System, Reform, and Identi�ca-
tion Details

Pathways to retirement. There are several pathways to retirement in Germany, including
regular, disability, long-term insurance, women's, and unemployment pathways. While the
rules of some of these pathways changed or the pathways abolished altogether, the workers
eligible for regular pathways to retirement were subject to a single statutory retirement
age, because ERA and NRA are equivalent for them. ERA exists on pathways for more
vulnerable groups, including women, the unemployed, and the long-insured workers with over
35 contribution years. More details can be found in Lorenz et al. (2018).

Birth cohorts a�ected by the 1999 reform. Panel A in Figure 1.1 shows how the
retirement age increased discontinuously starting from the 1952 birth cohort. Although the
reform also abolished pensions for the unemployed and persons on a progressive retirement
plan (Lorenz et al., 2018), I focus primarily on the abolishing of women's pathways to early
retirement because the other two categories are not recorded in the data.

Timing of the 1999 reform. The 1999 Reform (�Rentenreformgesetz 1999�) abolished
the women's pathway to early retirement. The reform was drafted in October 1997, and the
a�ected cohorts were announced on December 17, 1997, through publication in the Federal
Law Gazette; however, according to Etgeton, Fischer, and Ye (2023), there was uncertainty
regarding implementation due to the federal elections in 1998, as the reform was drafted
under the old government which might not have remained in power the following year.

The Social Democratic Party and the Green Party coalition promised to change the established
reform during the election campaign, but even two months after the elections and their victory
in September 1998, there was still uncertainty about which parts of the reform would be
changed (Bulmahn, 1998; Etgeton, Fischer, and Ye, 2023). In the end, the new government
did not revoke the abolition of the women's pathway to early retirement. Due to this
uncertainty, the news of the reform is unlikely to have changed worker or �rm behavior
in advance (Etgeton, Fischer, and Ye, 2023). The reform became e�ective on January 1,
1999. The previous literature studying this reform, such as (Etgeton, Fischer, and Ye, 2023),
uses 1998 as a pre-reform year. Given the uncertainty about implementation and use of
the pre-reform period from 1998 in prior literature, I also use that year for the treatment
construction to study the upstream period. Other papers (Geyer and Welteke (2021) and
Badalyan (2025) among others) use the pre-reform enactment year, close to 60 years old,
which I use for the main reform period.

The Figure 1.A.1 shows the reform timeline. Because the �rst a�ected cohort (1952) was
only 47 years old when the reform became e�ective in 1999 and would turn 60 only in 2012,
there is a large upstream period.

Illustration of empirical strategy. Below, I provide an illustration of the identi�cation
strategy in Equation 1 and Equation 2.
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Figure 1.A.1: The reform timeline

Notes: This �gure represents the timeline of the reform. The upper section describes the periods, while the

bottom part indicates the corresponding calendar years. For simplicity, the calendar years are written for the

years of the ERA of the �rst a�ected cohort - the 1952 cohort (see Figure 1.1).

Figure 1.A.2: Illustration of identi�cation strategy: di�erence-in-di�erences

Panel A: Illustration for identi�cation of upstream e�ects

Panel B: Illustration for identi�cation of main reform e�ects

Notes: This graph illustrates the identi�cation strategy for upstream e�ects (Panel A, displayed in Equation 1)

and main reform e�ects (Panel B, displayed in Equation 2).42



1.B Appendix: Additional and/or Alternative Sample De�nitions

As discussed in subsection 1.3, the universe of comparable establishments is reserved for
the main reform analyses, where precise measurement of �rm-level spillovers, such as within
and across workgroups, and subgroup analyses are essential for mechanisms. For robustness
and falsi�cation tests, I use the Sample of Integrated Employer�Employee Data (SIEED), a
1.5% random sample of German establishments with complete employment biographies of
workers ever employed in them, because it focuses only on intra-�rm spillovers and provides
the necessary longitudinal detail while ensuring data parsimony and compliance with data
security constraints.

I create four additional samples. The Samples B-D below follow all the data creation steps
as in the main reform period, and alter one attribute described. Sample E follows a similar
sample construction to that in the upstream period, except that I observe full biographies of
focal workers regardless of the establishment at which they are employed.

Sample B: placebo birth cuto� sample. These data are sampled analogously to the
main period data, with the exception that I de�ne focal workers as those women who were
fully treated, that is, born in 1952-1955 cohorts.

Sample C: placebo gender sample. These data are also sampled analogously to the main
period data, but I de�ne focal workers as males rather than females.

Sample D: alternative window (1951-1952). In this section, I sample all the �rms that
had focal workers born within a 1-year bandwidth around the cuto�.

The sample sizes, including the number of coworkers, peers (by treatment), and workgroups,
are recorded in Table 1.B.1.

Table 1.B.1: Sample sizes in baseline and alternative samples for the main reform period

No. of establishments No. of jobcells No. of workers No. of focal workers

Panel A: baseline sample
Sample A 160,667 1,234,969 8,029,046 414,209

Panel B: alternative samples
Sample B 2,621 19,565 127,381 7,276
Sample C 2,706 22,295 135,580 7,774
Sample D 1,637 13,655 98,722 3,290

Notes: This table describes the number of establishments, jobcells, workers, and focal workers in the baseline

(Panel A) and alternative samples (Panel B). For the details on baseline and alternative sample de�nitions, see

subsection 1.3 and section 1.7.

Sample E: Individual-level focal worker biographies. I construct a complementary
sample of focal workers born within a 2-year window of the January 1952 cuto� and follow
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their complete employment biographies, independent of the establishments in which they
were employed in 1998 or 2008. This analysis is not feasible in the IEB data used for the
baseline regressions, which restrict workers to their original establishments in order to identify
intra-�rm spillovers. Therefore, I rely on the SIEED 1975�2018, which provides complete
employment histories for a random 1.5% sample of establishments. Unlike �rm-level analysis,
I do not condition on continued employment in a given establishment, since the objective here
is to test whether treatment status a�ects workers' probabilities of employment, hiring, or
separation. Treatment is de�ned by a dummy for being born after the cuto�. The resulting
sample includes 14,707 focal workers observed across 23,264 establishments in which they
were employed over their working lives.
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1.C Appendix: Figures

Figure 1.C.1: Retirement age distribution by birth cohorts

Panel A: Sample of workers employed at the age
of 58 Panel B: Sample of workers employed in 1998

Notes: These graphs show the distribution of retirement ages. Panel A shows retirement ages based on

focal workers employed at the age of 58. Panel B displays the distribution of retirement ages for workers

employed in 1998. Both graphs are generated from the 2% random sample of IEB records.
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Figure 1.C.2: Direct e�ects of the rise in ERA on employment, probability to become a new
hire, or to separate from an employer

Panel A: Employment dummy Panel B: No. of days employed at a given age

Panel C: Dummy for being a new hire Panel D: Dummy for being separated

Notes: Coe�cient plots. These graphs represent simple regressions of outcome variables on being born a year

after the cuto�, separately for each age cohort. Panel A: employment dummy, Panel B: number of days

employed at a given age, Panel C: dummy for being a new hire, Panel D: dummy for being separated. For

sample construction details, see section 1.7.
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Figure 1.C.3: The e�ect of an additional treated focal worker employed in 1998 on the
probability of a �rm closure, number of focal worker retentions, coworker promotions, and
external hires

Panel A: No. of focal worker retentions Panel B: No. of coworker promotions

Panel C: No. of hires Panel D: Probability of a �rm closure

Notes: This �gure represents the e�ect of having one additional treated worker (1952�1953 birth cohorts)

in 1998 on number of focal worker retentions (Panel A); coworker promotions (Panel B); external hires

(Panel C); and �rm closure (Panel D). The points represent the estimated coe�cients � t in Equation 1 and

the vertical bars represent 95% con�dence intervals. The dashed vertical line in 1998 represents the year

before the reform passed, while the second dashed line represents when the �rst a�ected cohort (1952 birth

cohort) reached the age of 60. Standard errors are clustered at the establishment level.
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Figure 1.C.4: The e�ect of an additional treated focal worker employed in 2008 on the
probability of an establishment closure

Notes: This �gure represents the e�ect of having one additional treated worker (1952-1953 birth cohorts)

in 2008 on the probability of a �rm closure each year. The points represent the estimated coe�cients� t in

Equation 2 and the vertical bars represent 95% con�dence intervals. The dashed vertical line represents the

year before policy enactment, when all focal workers (1950-1953 birth cohorts) were under the age of 60.

Standard errors are clustered at the establishment level.
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Figure 1.C.5: The e�ect of an additional treated focal worker employed in 2008 on promotions
and separations of focal workers and coworkers

Panel A: No. of promotions Panel B: No. of separations

Notes: This �gure represents the e�ect of having one additional treated worker (1952-1953 birth cohorts) in

2008 on the number of promotions (Panel A) and separations (Panel B) of focal workers (cohorts 1950-1953,

in gray) and coworkers (in black) in each year. The points represent the estimated coe�cients� t in Equation 2

and the vertical bars represent 95% con�dence intervals. The dashed vertical line represents the year before

policy enactment, when all focal workers (1950-1953 birth cohorts) were under the age of 60. Standard errors

are clustered at the establishment level.

49



Figure 1.C.6: The e�ect of an additional treated focal worker employed in 2008 on coworker
promotions, separations, and external hiring by age groups and gender

Panel A: No. of coworker promotions by age Panel B: No. of coworker promotions by gender

Panel C: No. of hires by age Panel D: No. of hires by gender

Panel E: No. of coworker separations by age Panel F: No. of coworker separations by gender

Notes: This �gure represents the e�ect of having one additional treated worker (1952-1953 cohorts) in 2008

on the number of coworker promotions by age (Panel A) and gender (Panel B); the number of hires by

age (Panel C) and gender (Panel D); the number of coworker separations by age (Panel E) and gender

(Panel F) in each year. The points represent the estimated coe�cients � t in Equation 2 and the vertical bars

represent 95% con�dence intervals. The dashed vertical line represents the year before policy enactment,

speci�cally when all the focal workers (1950-1953 cohorts) were under the age of 60. Standard errors are

clustered at the establishment level.
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Figure 1.C.7: Firm-level treatment variables

Panel A: Distribution of share of treated focal workers in total workforce

Panel B: Main treatment variables in 2008

Notes: Panel A displays the distribution of the share of focal workers in the total workforce in 2008. The

vertical dashed line displays the median value in the distribution, which stands for almost 10% of the total

workforce and is almost equivalent to the distribution mean. In both panels, the part-time workers are

counted as 0.5 workers (the headcounts are adjusted for working hours). Panel B displays the share of 2008

workers (black circles show the share of treated focal workers (birth cohorts 1952-1953)) in focal workers (birth

cohorts 1950-1953), medium-gray diamonds show the share of treated focal workers in the total workforce,

and the light-gray triangles show the share of focal workers in the total workforce) over di�erent establishment

sizes. The horizontal dashed line at 0.5 indicates a point of no excess mass of share of treated focal workers

among the total focal workers.
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Figure 1.C.8: Falsi�cation tests by birth cohorts and gender

Panel A: Placebo birth cohorts (1952-1955, all
treated) Panel B: Placebo gender (males)

Notes: This �gure represents the e�ect of having one additional placebo-treated worker in 2008 on the number

of focal worker retentions, number of external hires, and number of internal promotions. I perform falsi�cation

tests by rede�ning the focal workers as women born between 1952 and 1955, that is, all treated (Panel A)

and as males born between 1950 and 1953 (Panel B). The points represent the estimated coe�cients� t in

Equation 2 and the vertical bars represent 95% con�dence intervals. Standard errors are clustered at the

establishment level. For sample construction details, see section 1.7.
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Figure 1.C.9: Robustness check: altering the estimation bandwidth around the 1952 cuto�

1-year bandwidth (1951-1952)

Notes: This �gure represents the e�ect of having one additional treated worker (1952 cohorts) in 2008 on the

number of focal worker retentions, number of external hires, and number of internal promotions. I perform

a robustness test by rede�ning the window of focal workers as women born in 1951-1952, that is, a 1-year

bandwidth. The points represent the estimated coe�cients � t in Equation 2 and the vertical bars represent

95% con�dence intervals. Standard errors are clustered at the establishment level. For sample construction

details, see section 1.7.
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Figure 1.C.10: Example of external labor market thickness in 2007

Panel A Panel B

Notes: This map shows the computed external labor market thicknesses (ELMT) for each of the 141 German

labor market regions based on the classi�cation of Kosfeld and Werner (2012), based on high within-region

commuting and low between-region commuting. I compute ELMT based on Equation 4 for the two large

German industries: �manufacture of motor vehicles� (Panel A) and �hospital activities� (Panel B). I plot

the ELMT indices on the map using the eight quantile ranges (octiles) shown in the left corner of each graph.
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Figure 1.C.11: The e�ect of an additional treated focal worker employed in 2008 on focal
worker retentions, coworker promotions, and external hiring by industry tradability

Panel A: No. of focal worker
retentions Panel B: No. of hires Panel C: No. of promotions

Notes: This �gure shows the e�ects of an additional treated focal worker employed in 2008 on the number

of retentions (Panel A), the number of external hires (Panel B), number of promotions (Panel C) by

industry tradability. The points represent the estimated coe�cients � t in Equation 2 and the vertical bars

represent 95% con�dence intervals. The dashed vertical line represents the year before policy enactment,

when all the focal workers (1950-1953 cohorts) were under the age of 60. Standard errors are clustered at the

establishment level.
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Figure 1.C.12: The e�ect of an additional treated focal worker employed in 2008 on focal
worker retentions, coworker promotions, and external hiring by establishment size

Panel A: No. of focal worker
retentions Panel B: No. of hires Panel C: No. of promotions

Notes: This �gure shows the e�ects of an additional treated focal worker employed in 2008 on the number

of retentions (Panel A), the number of external hires (Panel B), number of promotions (Panel C) by

establishment size categories. I split the establishments by those below 30 (gray color) and above 30 (black

color) workers. The points represent the estimated coe�cients � t in Equation 2 and the vertical bars represent

95% con�dence intervals. The dashed vertical line represents the year before policy enactment, when all the

focal workers (1950-1953 cohorts) were under the age of 60. Standard errors are clustered at the establishment

level.
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1.D Appendix: Tables

Table 1.D.1: Share of industry employment by gender in 1998 and 2007

Panel A: 1998 Panel B: 2007

Industry
share

women
share
men

share
women

share
men

Agriculture, forestry, and �shing 0.32 0.68 0.32 0.68
Mining and quarrying 0.09 0.91 0.09 0.91
Manufacturing 0.26 0.74 0.25 0.75
Electricity, gas, steam, air conditioning supply 0.21 0.79 0.23 0.77
Water supply; sewerage, waste management

and remediation activities 0.18 0.82 0.18 0.82
Construction 0.12 0.88 0.12 0.88
Wholesale and retail trade; repair of

motor vehicles and motorcycles 0.50 0.50 0.50 0.50
Transportation and storage 0.27 0.73 0.25 0.75
Accommodation and food service activities 0.58 0.42 0.57 0.43
Information and communication 0.38 0.62 0.36 0.64
Financial and insurance activities 0.54 0.46 0.55 0.45
Real estate activities 0.49 0.51 0.49 0.51
Professional, scienti�c, and technical activities 0.53 0.47 0.53 0.47
Administrative and support service activities 0.42 0.58 0.40 0.60
Public administration and defense; compulsory

social security 0.59 0.41 0.61 0.40
Education 0.67 0.33 0.67 0.33
Human health and social work activities 0.80 0.20 0.80 0.20
Arts, entertainment, and recreation 0.48 0.52 0.50 0.50
Other service activities 0.66 0.34 0.66 0.34
Activities of household as employers; undif-

ferentiated goods and services-producing
activities of households for their own use 0.86 0.14 0.88 0.12

Activities of extraterritorial organizations and bodies 0.33 0.67 0.36 0.64

Notes: This table shows the female and male employment share in each of 22 industries. I aggregate 3-digit industries

(based on the 2008 classi�cation) into 22 groups following suggestions by Statistisches Bundesamt. The numbers are

generated from the universe of full-time employed workers aged 18-64 employed in jobs subject to social security or

vocational training as of June 30th, 1998 (Panel A) or 2007 (Panel B).
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Table 1.D.2: Sample restrictions to obtain the original data extract for upstream and main
reform periods

Restriction No. of establishments No. of workers

Panel A: upstream period
Universe of establishment and workers in 1995-2019 8,611,676 69,208,790
+ observed in 1998 2,044,663
+ employed at least 1 focal worker in 1998 413,995
+ private sector 382,007
+ at least 5 employees in 1998 221,853
+ at most 500 employees in 1998 218,588 32,506,683
+ Workforce with positive wages and
employment subject to social security
in 1998, and rede�ned focal group (cohorts 1950-1953) 140,222 21,774,237
+ 5-199 workers 131,592 15,625,535

Panel B: main reform period
Universe of establishments and workers in 1995-2020 8,241,529 69,296,143
+ observed in 2008 1,958,754 23,798,218
+ employed at least 1 focal worker in 2008 352,836 15,364,408
+ private sector 317,912 13,388,108
+ at least 5 employees in 2008 193,612 13,059,745
+ at most 500 employees in 2008 190,228 9,117,917
Universe of a�ected establishments, and
their employed workers in 1995-2020 190,228 26,593,003

Notes: This table shows the number of establishments and workers after each restriction in the data extract requested,

separately for the upstream period (Panel A) and main reform period (Panel B).
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Table 1.D.3: Comparison of characteristics in analysis sample with a random sample of German establishments

Panel A: upstream period Panel B: main reform period
Random
sample

Sampled
establishments

Random
sample

Sampled
establishments

located in East Germany 0.234 (0.424) 0.264 (0.441) 0.209 (0.407) 0.221 (0.415)
No. of non-German workers 11.784 (84.822) 2.434 (6.693) 1.154 (19.372) 3.216 (10.174)
No. of female workers 5.322 (35.329) 18.755 (23.43) 6.677 (33.933) 24.335 (37.797)
No. of workers with university degree 1.519 (21.804) 3.835 (9.01) 2.516 (40.415) 6.643 (18.181)
No. of workers 15-34 y.o. 4.486 (36.634) 12.631 (15.084)4.064 (31.398) 11.971 (20.64)
No. of workers 35-54 y.o. 6.722 (52.281) 21.375 (22.962)9.583 (78.63) 30.381 (46.063)
No. of workers 55+ y.o. 1.475 (10.704) 4.864 (6.865) 1.991 (11.456) 7.622 (10.742)
No. of full-time workers 10.81 (87.239) 33.435 (36.106) 12.765 (107.217) 39.396 (62.526)
No. of part-time workers 1.842 (17.585) 5.085 (12.21) 2.867 (19.896) 10.562 (24.56)
Observations 30,296 131,592 21,581 160,667

Notes: This table shows the characteristics of a random sample of establishments (1.5% random sample based on SIEED7518 data and

the sampled establishments (universe of a�ected �rms sampled from IEB). IEB data are described in subsection 1.3, while the sampling is

described in subsection 1.3. The comparison is performed separately for the upstream period (Panel A, variables measured in sampling

year 1998), and main reform period (Panel B, variables measured in sampling year 2008).

59



Table 1.D.4: Comparison of the industry composition in the analysis sample with a random sample of German establishments.

Panel A: upstream period Panel B: main reform period
Random
sample

Sampled
establishments

Random
sample

Sampled
establishments

Agriculture, forestry, and �shing 0.017 (0.128) 0.016 (0.125) 0.016 (0.127) 0
Mining and quarrying 0.002 (0.043) 0.002 (0.048) 0.002 (0.049) 0
Manufacturing 0.111 (0.314) 0.232 (0.422) 0.109 (0.311) 0.199 (0.399)
Electricity, gas, steam and air conditioning supply 0.002 (0.044) 0.004 (0.066) 0.003 (0.051) 0.005 (0.067)
Water supply; sewerage, waste management, and remediation activities 0.004 (0.064) 0.007 (0.085) 0.004 (0.067) 0.008 (0.087)
Construction 0.121 (0.326) 0.078 (0.269) 0.107 (0.31) 0.049 (0.215)
Wholesale and retail trade; repair of motor vehicles and motorcycles 0.229 (0.42) 0.231 (0.421) 0.211 (0.408) 0.247 (0.431)
Transportation and storage 0.043 (0.204) 0.036 (0.185) 0.041 (0.199) 0.039 (0.195)
Accommodation and food service activities 0.07 (0.255) 0.042 (0.201) 0.056 (0.23) 0.043 (0.203)
Information and communication 0.015 (0.123) 0.022 (0.145) 0.021 (0.144) 0.02 (0.14)
Financial and insurance activities 0.024 (0.154) 0.038 (0.191) 0.027 (0.162) 0.034 (0.182)
Real estate activities 0.024 (0.152) 0.013 (0.113) 0.021 (0.142) 0.012 (0.107)
Professional, scienti�c, and technical activities 0.082 (0.275) 0.231 (0.421) 0.089 (0.285) 0.075 (0.263)
Administrative and support service activities 0.036 (0.186) 0.036 (0.185) 0.042 (0.201) 0.047 (0.211)
Public administration and defense; compulsory social security 0.018 (0.131) 0.042 (0.201) 0.019 (0.137) 0
Education 0.024 (0.154) 0.013 (0.115) 0.031 (0.173) 0
Human health and social work activities 0.093 (0.29) 0.082 (0.275) 0.118 (0.323) 0.15 (0.357)
Arts, entertainment, and recreation 0.013 (0.113) 0.008 (0.088) 0.012 (0.108) 0.01 (0.101)
Other service activities 0.056 (0.23) 0.043 (0.203) 0.059 (0.236) 0.049 (0.216)
Activities of the household as employers; undi�erentiated goods and

services-producing activities of households for their own use 0.014 (0.119) 0 (0.021) 0.009 (0.097) 0 (0.011)
Activities of extraterritorial organizations and bodies 0.002 (0.047) 0 (0.011) 0.001 (0.031) 0.014 (0.118)
Observations 30296 131592 21,581 160,667

Notes: This table shows the characteristics of a random sample of all the establishments in Germany (1.5% random sample based on SIEED7518
data and the sampled establishments (universe of a�ected �rms sampled from IEB). IEB data are described in subsection 1.3, and the sampling is
described in subsection 1.3. I aggregate 3-digit industries (based on the 2008 classi�cation) into 22 groups following suggestions by Statistisches
Bundesamt. The comparison is performed separately for the upstream period (Panel A, variables measured in sampling year 1998), and the main
reform period (Panel B, variables measured in sampling year 2008).
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2 Retirement Age Reforms and Worker Substitutabil-
ity: Implications for Employment of Older Workers

Single-authored paper.38

2.1 Introduction

The dynamics of labor markets are profoundly in�uenced by the interplay between worker
substitutability and �rm-speci�c human capital. The ease with which workers can be replaced
a�ects various labor supply decisions, including absences due to temporary illness (Hensvik
and Rosenqvist, 2019), the duration of actual parental leave in reaction to extension of
parental leave duration (Ginja, Karimi, and Xiao, 2023) and increase of paid parental leave
eligibility coverage (Huebener et al., 2024), and labor supply following a coworker's death
(Jäger and Heining, 2022). Worker substitutability has also been associated with wage losses
after job displacement (Jacobson, LaLonde, and Sullivan, 1993), as workers with more speci�c
skills, such as those tied to a particular industry or occupation, face greater di�culty �nding
comparable jobs in the external labor market. However, the role of worker substitutability in
the context of retirement, a signi�cant driver of workforce turnover, remains underexplored.

In this paper, I analyze a German retirement age reform that raised women's pensionable age
by at least three years, to examine how worker substitutability shapes employment and wage
outcomes. While the analysis focuses on employment, I interpret these outcomes through
�rms' incentives to retain older workers (i.e., to continue employing them) when turnover costs
are high, linking individual labor supply decisions to �rm-side labor demand and the interests
of �rms facing replacement costs. In this sense, employment at older ages re�ects �rms'
willingness to retain workers given turnover costs, making employment outcomes informative
about organizational decisions and stakeholder interests.

While a substantial literature examines how statutory retirement age reforms impact labor

38An earlier version of this paper circulated as a working paper (Badalyan, 2025). I thank Achim Ahrens,
Dan Black, Wolfgang Dauth, Randall Filer, Johannes Geyer, ’t¥pán Jurajda, Andreas Mense, Nikolas Mittag,
and Paolo Zacchia for their feedback; Dan Black for inviting me to the University of Chicago, where parts of
this paper were written; Michael Moritz, Wolfgang Dauth, and the �Regional Labour Markets� Department
at the Institute for Employment Research (IAB) for their belief in this project; Philipp vom Berge and Katja
Wolf for help with understanding the data; Thomas Zwick for sharing a programming �le that computes
pension eligibility; Deborah Nováková from the CERGE-EI Academic Skills Center for language editing. This
paper bene�ted from presentations at CERGE-EI Applied Brown Bag; ILRR workshop on Organizational
Perspectives on an Aging Workforce (all 2026); HUN REN 2025; ifo Institute 2025; EWMES 2024; EALE
2024 & 2023; IAB Brown Bag and Regio Flash Talks 2024; ESPE 2024; IZA Summer School 2024; Dutch
National Bank 2024; Young Economists Seminar (Croatian National Bank) 2024; SITES 2023; AIEL 2023
& 2022; Student Workshop at Harris School of Public Policy at UChicago 2023; BSE Summer School 2022;
Czech Economic Society Biennial Conference 2022; Armenian Economic Association Annual Meeting 2022;
CERGE-EI Brown Bag 2023, Applied Microeconometrics Reading Group 2022, DW 2022 & DPW 2020
Seminars.
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supply (Atalay and Barrett, 2015; Brinch, Vestad, and Zweimüller, 2015; Geyer and Welteke,
2021; Hanel and Riphahn, 2012; Hernæs et al., 2016; Lalive and Staubli, 2015; Lalive, Magesan,
and Staubli, 2023; Manoli and Weber, 2016; Mastrobuoni, 2009; Staubli and Zweimüller, 2013;
Vestad, 2013), there is limited understanding of how labor demand mechanisms, such as job-
speci�c skills and worker substitutability, shape employment responses to such reforms because
existing analyses often assume that labor demand is perfectly elastic at the relevant margins.
In contrast, my paper argues that labor demand is not uniformly elastic and highlights the role
of worker substitutability in shaping �rms' retention decisions. This paper aims to bridge this
gap in the retirement literature by integrating insights from studies on worker substitutability
with research on employment reactions to retirement reforms. Understanding this mechanism
is crucial, as it o�ers deeper insights into how worker substitutability in�uences labor supply
adjustments to retirement reforms and the coping strategies adopted by workers and �rms.
This challenges the standard assumption of uniformly elastic labor demand and o�ers new
insights into the incidence and e�ciency of retirement reforms.

The seminal study by Becker (1962) posits that �rm-speci�c human capital renders incumbent
workers less substitutable by external hires. Under such imperfect labor market conditions,
the old-age employment decisions are driven by �push factors�, mainly explained by labor
demand (Boeri and van Ours, 2021). In the context of reforms that raise the retirement age,
this theory suggests that employment responses by older workers may exhibit substantial
heterogeneity based on their substitutability and the speci�city of the human capital required
for their roles. A pertinent question arises: When early retirement options are curtailed, do
�rms respond uniformly across worker types, or do employment gains disproportionately
accrue to those with more speci�c skills and lower substitutability? Such di�erences may
re�ect how �rms and workers coordinate�depending on their turnover costs�in response to
extended employment horizons. The demand for workers rises due to �rm- or job-speci�c
human capital, or challenges in �nding suitable replacements internally or externally. However,
in the presence of outside options in the form of pensions, �rms may have di�culties retaining
such workers. Reforms raising the retirement age could help �rms to retain such workers.39

Employment decisions at older ages are a�ected by many factors, including health, ability,
income, and �exibility of contracts and �rms; hence, in the absence of exogenous drivers,
such decisions are likely endogenous at the individual level. Moreover, given an option to
retire and receive a pension, workers may opt to exit the workplace and instead prioritize
personal bene�ts (such as health, leisure time with family, etc) over �rm factors (such as
their substitutability and costs of replacement) in deciding to retire. A reform that raises the
retirement age shifts the employment dynamics of those a�ected. I overcome this endogeneity
challenge by studying the e�ects of a reform in Germany that abolished the women's pathway
to early retirement by making the statutory retirement ages gender neutral. This reform

39Stole and Zwiebel (1996) and Stole and Zwiebel (1996) provided theoretical discussions of intra-�rm
bargaining and its relation to �rm-speci�c human capital, while Lazear (2009) and Cahuc, Marque, and
Wasmer (2008) extended the discussion by arguing that, similar to �rm-speci�c human capital, the ease
with which a �rm can �nd a suitable replacement could a�ect the wages of workers. However, having lower
bargaining power after the removal of the option to receive pensions, �rms may be in a stronger position
than workers.
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resulted in a sharp rise of at least three years (from 60 to 63) in the Early Retirement Age
(ERA), the earliest age women could begin to claim a pension. This discontinuous policy
change, which impacted women born from 1952 onward, provides a natural experiment
for causally identifying the e�ect of raising the retirement age on employment and wages
using a Regression Discontinuity Design (RDD), and exploring the relationship of worker
substitutability with a large labor supply increase.

The German labor market, characterized by substantial variation in worker substitutability40

and strong dismissal protections, o�ers a suitable setting for investigating whether workers
delay retirement based on their skills and substitutability. The availability of comprehensive
German establishment data, which encompasses entire workforces and employment histories,
together with job cell data (3-digit occupation groups within the establishments), enables
analysis of internal markets, measurement of the availability of internal substitutes (workers
sharing the same 3-digit occupation), and a study of personnel practices employed by the
establishments.

To examine how employment responses to the rise in retirement age interact with worker
substitutability, I start by sketching a simple model of the interplay between the reform that
raises the age of the option to receive pensions, turnover costs, and employment decisions at
60-62. I also outline a Nash bargaining model with implications for the e�ects of the reform
and of substitutability on wages conditional on employment at 60-62.

To test these implications empirically, I �rst construct several proxies for worker substi-
tutability (and therefore turnover costs). First, I examine whether workers with speci�c
skills are more likely to be retained at older ages. Speci�c human capital and managerial
roles are key determinants of worker substitutability, as external replacements for these skills
are often scarce (Baker, Gibbs, and Holmstrom, 1994)41. Consistent with theories of �rm-
and job-speci�c human capital (Becker, 1962), Bertheau (2021) shows that jobs requiring
teamwork and training with senior workers are more often �lled internally. In the context of
retirement reform, this suggests that establishments where older workers' positions rely on job-
or �rm-speci�c human capital may bene�t most from the extended retention of older workers.
Next, I explore internal (coworkers in the same occupation) and external (potential hires in a
commuting zone for a given occupation or industry) labor market thickness. According to
Topel and Ward (1992), both internal and external labor markets a�ect workers' life-cycle
labor market outcomes. In thin labor markets, �nding suitable replacements is more chal-
lenging, making worker turnover costly for �rms (Lazear, 1979). Automation can substitute
for some types of labor, leading to reduced employment and wages, particularly in economies
with aging populations like Germany (Acemoglu and Restrepo, 2022). Hence, I test whether
the substitutability matters beyond the worker level, by dividing occupations by routineness,
a proxy for substitution by automation. Finally, I consider the tradability of industries as
another dimension of worker substitutability. Firms in tradable industries can replace workers

40Previous literature for Germany has shown that frictions in replacing workers are important (Jäger and
Heining, 2022; Huebener et al., 2024).

41See also Bartel et al. (2014), Friedrich and Hackmann (2021), Jäger and Heining (2022), Jaravel, Petkova,
and Bell (2018)
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not only locally but also by outsourcing tasks globally, increasing substitutability (Drenik
et al., 2023). While characteristics such as managerial status or skill speci�city may re�ect
both �rm-side costs and worker-side preferences, I interpret heterogeneity in the reform's
e�ects primarily through the lens of �rms' retention incentives � that is, the labor demand
channel.

My �ndings con�rm the implications of the model and indicate that the reform increased
employment among women aged 60�62 by 17.3 percentage points (a 22% increase relative
to the control mean of workers who were eligible to retire at 60). These results are robust
to variations in model speci�cation. To gauge the potential scale of the reform's impact,
I conduct a back-of-the-envelope calculation. This treatment e�ect would translate into
roughly 540,000 additional women remaining employed at ages 60�62 due to the reform.42

Conditional on employment, the workers whose retirement age rose by the reform are less
likely to bargain for higher wages at ages 60�62, compared to those previously eligible for
pension bene�ts. The reform removed access to early retirement, weakening outside options
and shifting bargaining power toward employers. This e�ect is likely ampli�ed for older
workers with speci�c skills and low substitutability, who already face limited mobility in
the labor market. The observed decline in monthly wages partly re�ects a compositional
shift toward part-time or partial-retirement contracts, but also suggests a change in the
wage-setting environment. These patterns are consistent with monopsony models, where
�rms exploit weak outside options to o�er lower wages or fewer hours. Recent evidence
for Germany supports this interpretation, showing that �rms in more monopsonistic labor
markets reduce wage costs when workers' alternatives are constrained (Plöger, 2024).

My �ndings reveal that raising the retirement age does not have a uniform e�ect across
workers; instead, its impact depends on how easily �rms can replace those approaching
retirement. The largest employment gains are observed among women whose leave would be
associated with high turnover costs for the employers, i.e., women with speci�c skills and
those who are employed in occupations that are more di�cult to replace both internally and
externally. The �ndings suggest that reforms raising the retirement age are most e�ective in
extending careers for workers who are less easily replaced, shedding light on the interplay
between �rm- and occupation-speci�c human capital, labor market frictions, and retirement
decisions. It is noteworthy that substitutability by automation does not display post-reform
di�erences. Moreover, external substitutability of industries does not show di�erences as
widely as do the external substitutabilities of occupations, nor does the tradability of industries.
These �ndings suggest that substitutability by humans is more likely to explain retirement
decisions than substitutability by automation, and that skills and occupations are more linked
to substitutability than industries. Importantly, heterogeneous RDD e�ects do not imply
that �rms actively dismiss substitutable workers; employment protection laws make such
terminations unlikely. Rather, the reform removes the early retirement option, shifting the
retention margin: �rms now retain more older workers overall, but the largest increase occurs

42This is a rough calculation based on local treatment e�ects for women born in 1951�1952, who were
employed continuously at 58-59 years old. The estimate assumes that the sample is nationally representative
and that the e�ect generalizes across cohorts a�ected by the reform. It does not adjust for compositional
di�erences or cohort trends and should be interpreted as illustrative.
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among non-substitutable workers�those who previously left voluntarily when early retirement
was available. Other explanations could be that some workers who are not retained can, for
example, be encouraged by employers to use up to two years of unemployment as a bridge
to retirement (Gudgeon et al., 2023), or choose self-employment or inactivity. Due to data
limitations, I do not test for these alternative explanations, and only focus on employment.
Because Geyer and Welteke (2021) do not �nd strong evidence for active substitution to
unemployment for this speci�c reform, I conclude that the main explanation of these results
are pre-reform voluntary exits of substitutable workers.

Before the reform, i.e., when these women were eligible to retire at 60, although �rms faced
greater constraints when substitutes were scarce, they generally could not prevent women
from retiring at ages 60 to 62. Therefore, before the reform, retirement decisions were
primarily driven by workers rather than employers. However, after the reform, �rms became
more likely to retain women who were less substitutable�even as they were o�ering them
lower wages compared to their peers who were eligible to retire at 60. These �ndings imply
that raising the retirement age shifts the dynamics of retirement decisions from the individual
level to the �rm level, conditional on turnover costs measured by low substitutability. In this
context, reforms that raise the retirement age may help �rms operating in imperfect labor
markets to better manage workforce turnover and skill retention. This is a signi�cant relief
for �rms, especially as, according to Muehlemann and Pfeifer (2016), �rms in Germany bear
sizable hiring costs for high-skilled labor, amounting to almost two months' wages.

The e�ects of the retirement age rise on wages vary across worker types. While overall wage
bargaining power declines due to the reform, wage increases are observed among managers
and workers in occupations with thin external labor markets, consistent with �rms raising
wages to retain more di�cult-to-replace employees. However, this pattern does not hold for
all subsamples that proxy for high turnover costs. With the early retirement path closed,
older workers are e�ectively locked into the labor market, and for some, into their current
�rm, especially those in thin labor markets or with high job-speci�c skills. This weakens their
outside options and enhances employers' monopsony power, allowing �rms to suppress wages
even for valuable workers. The reform e�ectively increases �rms' monopsony power over older
workers by removing early retirement as a credible outside option. This shift particularly
a�ects less substitutable workers, who, before the reform, could leverage their high retention
costs and scarce replacements to negotiate better conditions or to exit. With retirement no
longer available until age 63, these workers become more reliant on their current employer,
which limits their bargaining position despite their value to the �rm. This explains why
employment rises without proportional wage gains and highlights how policy-induced changes
to outside options can amplify monopsony e�ects in segmented labor markets.

This study contributes to several strands of the literature. First, it adds to the empirical
research on worker substitutability and workplace characteristics a�ecting labor market
decisions (Jäger and Heining, 2022; Ginja, Karimi, and Xiao, 2023; Huebener et al., 2024).
My results align with recent evidence on �rm responses to retention shocks. Jäger and Heining
(2022) �nd that �rms facing the removal of their least substitutable workers experienced
substantial wage growth and hiring strain. Similarly, Huebener et al. (2024) document how
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extended paid parental leave weakened the link between internal substitutability and return-
to-work behavior, showing how such policy-induced frictions can distort employer�employee
coordination. Opposed to a reform that increases worker absence due to parental leave, I
study a reform that decreases worker absences due to a rise in retirement age. My �ndings
suggest that the reform delaying retirement strengthens the employer-employee coordination:
�rm responses depend on skill-speci�c turnover costs, with large e�ects concentrated among
workers with few internal or external substitutes. My paper introduces novel evidence on
how substitutability mediates �rm responses to a retirement age increase. A key distinction
is the nature of the shock: whereas parental leave is temporary and expected (as the mothers
usually return to their prior employers), raising the early retirement age (ERA) from 60 to 63
binds older workers more tightly to their jobs up until their new pensionable age. Anticipated
parental leave absences allow �rms to plan. By contrast, the removal of early retirement
compresses exit options, increasing reliance on speci�c workers while weakening their leverage
in wage negotiations. I �nd that �rms are more likely to retain workers who are more di�cult
to replace, as these workers have weaker bargaining positions due to reduced outside options.
The reform thus reshapes employment, especially for less substitutable workers, and average
wage dynamics.

Second, this paper contributes to the literature on employment decisions at older ages by
examining the novel labor demand mechanisms that shape them. Most existing studies
focus on mechanisms related to individual and household characteristics, while less attention
has been given to the role of �rms and labor demand. For example, previous research
shows that retirement decisions are often coordinated within households, particularly among
couples (Atalay, Barrett, and Siminski, 2019; Bloemen, Hochguertel, and Zweerink, 2019;
García-Miralles and Leganza, 2024; Johnsen, Vaage, and Willén, 2022; Lalive and Parrotta,
2017; Selin, 2017; Zweimüller, Winter-Ebmer, and Falkinger, 1996). I extend this literature by
demonstrating that older women also e�ectively coordinate their retirement timing with their
employers, depending on potential turnover costs. Additionally, I extend the seminal paper
by Geyer and Welteke (2021) that analyzed the 1999 reform43 by (1) studying workplace
labor demand mechanisms, in particular those highlighting turnover costs, worker job-speci�c
skills and substitutability, which have not been analyzed for retirement reforms; (2) analyzing
employment responses beyond 62 years of age, including bunching at the Normal Retirement
Age; (3) analyzing whether the option to receive a pension before the reform helps workers
to bargain for higher wages, i.e., the link between wages and employment, which has not
been analyzed previously for this reform. My �ndings also complement Boockmann, Kroczek,
and Laub (2023), who �nd that the e�ects of this 1999 reform are smaller for workers in
physically and psycho-socially demanding occupations and manual non-routine tasks.

Third, while several studies have examined the role of �rms in shaping retirement behavior,
they primarily focus on institutional constraints. Deshpande, Fadlon, and Gray (2024) show
that �rms contribute to the rigidity of retirement decisions, with many workers continuing to
retire at the pre-reform statutory age despite policy changes in the U.S. Similarly, Rabaté,
Jongen, and Atav (2024) �nd that automatic job termination policies in the Netherlands

43Geyer and Welteke (2021) use data on pension insurance, which is not linked to workplaces.
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drive much of the observed bunching at the statutory retirement age. The only paper that
provides evidence on replacement costs using a di�erent reform in Germany is by Geyer
et al. (2022). They show that employers with a high share of older worker in�ow compared
with their younger worker in�ow, employers in sectors with few investments in research and
development, and employers in sectors with a high share of collective bargaining agreements
allow their employees to remain employed longer after a reform that raised the normal
retirement age. Frimmel et al. (2018) show that �rms that have higher labor costs for old
workers relative to their productivity are more likely to incentivize them to leave early. These
studies imply that �rms play an important role in old-age employment of workers. My
research builds on these insights by introducing worker substitutability as a key labor demand
factor in�uencing retirement responses that has been overlooked by the literature due to the
scarcity of workplace data linked to retirement decisions. Detailed job-cell data from German
social security records, combined with employment data of monthly frequency, allow for such
analyses. Several papers analyze spillovers of raising retirement age on hiring using Italian
(Bianchi et al., 2023; Boeri, Garibaldi, and Moen, 2022; Carta, D'Amuri, and Von Wachter,
2025) and Dutch data (Hut, 2024; Ferrari, Kabátek, and Morris, 2023); however, due to
limited data on occupations and job cells in these administrative records, these studies do not
analyze the direct e�ects of a reform on older workers' employment by availability of internal
and external substitutes, or by human capital speci�city of occupations, which I focus on in
this paper. This study also bolsters understanding of the �ndings of papers that argue that
institutional constraints and �rms explain retirement behavior (Deshpande, Fadlon, and Gray,
2024; Rabaté, Jongen, and Atav, 2024). I focus on workers aged 60�62, who fall between the
pre- and post-reform early retirement ages. At these ages, employment is not determined by
formal contract changes or layo�s by employers, but by more implicit coordination between
�rms and workers. Building on this insight, I examine how these dynamics interact with
voluntary early retirement decisions. I show that the reform, by restricting early retirement
eligibility, enables �rms to selectively retain workers who are more di�cult to replace. My
study extends theirs by focusing on retirement choices, policy-induced separation risk, and
voluntary exits.

The structure of this paper is as follows. In subsection 2.2, I describe the institutional
setting, including details about the 1999 reform that raised women's retirement age and the
conceptual framework with implications of employment and wage dynamics. Subsection 2.3
presents the data and sample construction. Subsection 2.4 speci�es the identi�cation strategy
I employ to study the e�ect of the reform on labor supply and the mechanisms associated with
employment, while subsection 2.5 shows the corresponding estimation results for employment
at 60-62 and wages, and robustness checks. Subsection 2.6 studies the mechanisms associated
with labor demand, skills, and worker substitutability, and is followed by the conclusion.

2.2 Institutional setting and conceptual framework

This section presents the German labor market institutions and the 1999 reform, followed by
the conceptual framework and implications I aim to test empirically.

67



2.2.1 Institutional setting

The German labor market is characterized as a labor market with relatively decentralized
wage setting (Jäger and Heining, 2022; Dustmann et al., 2014). This labor market feature
makes it easier for wages to deviate from the levels set by bargaining agreements. Overall,
the labor market structure during the years under study makes it unlikely for �rms to easily
�re older workers.44 Such regulation implies that the older workers are more likely to either
leave voluntarily or in a subtle agreement with their employers through o�ering di�erentiated
contracts, working hours, or wages. The downward rigidity of wages implies that wages
usually decrease through o�ering di�erent contracts, for example, through lower working
hour agreements.

There are three pillars of the German pension system: public pensions, occupational pensions,
and private provisions. Public pension insurance is the most popular choice among the
working population, covering about 90% of the German workforce, according to Zwick et al.
(2022). Given that in this paper I analyze a reform that changed some attributes in the public
pension system, it had an impact on many people in the country because participation in the
public pension is mandatory for all workers except for civil servants and the self-employed.45.

The early retirement age (ERA) serves as a key behavioral anchor and coordination point in
the German retirement system. It marks the �rst age at which workers can begin claiming a
pension, albeit with actuarial deductions, while the normal retirement age (NRA) determines
when a full, undeducted pension can be drawn. Workers respond strongly to both thresholds:
Seibold (2021) documents bunching at these statutory ages, and Riphahn and Schrader (2021)
and Geyer and Welteke (2021) �nd large labor supply shifts when either is reformed. In my
setting, a reform raised the ERA from 60 to 63 for certain cohorts, e�ectively eliminating a
prominent and widely used exit option between ages 60 and 62. This creates a new period
where workers must either continue working or negotiate alternative exit paths. Importantly,
this window still lies below the NRA, so continued employment is legally possible and common,
but less predictable. Understanding the institutional role of ERA helps motivate the analysis:
it clari�es why changes at 60 to 62 years generate observable e�ects and why �rm decisions
about retention and wages matter in the absence of this early retirement channel.

There are several pathways to retirement, including regular, disability, long-term insurance,
women's, and unemployment. While rules surrounding some pathways changed and some
were abolished altogether, workers eligible for the regular pathways to retirement had a single
statutory retirement age. ERA followed by NRA applied to women, the unemployed, and
the long-insured workers. Some of these pathways were modi�ed or abolished, including the
women's pathway that I analyze in this paper.

44The Equal Treatment Act protects older workers from unjusti�ed dismissal (Allgemeines Gleichbehand-
lungsgesetz � AGG, General Act on Equal Treatment of 14 August 2006 (Federal Law Gazette I, p. 1897), as
last amended by Article 4 of the Act of 19 December 2022, Federal Law Gazette I, p. 2510).

45The public pension system consists of a pay-as-you-go scheme. Pay-as-you-go scheme means that pensions
of the old are paid by social security contributions of insured working people and taxes.
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The 1999 reform abolished the women's pathway to early retirement at 60 years old by
making the statutory retirement ages gender-neutral.46 Before the reform, women could
start claiming pensions earlier than men. Therefore, the gender-neutral statutory retirement
ages introduced by the reform increased the early retirement age for women. The 1999
reform o�cially came into force on January 1, 1999, (Gohl et al., 2020), and a�ected women
born from January 1, 1952. Hence, the change was discontinuous in terms of birth cohorts.
For those who had accumulated enough contributions to be eligible for the long insurance
pathway, the ERA rose by three years, while for workers on a regular pathway to retirement,
the ERA rose by 5.5 years. Overall, the reform increased ERA for women by at least three
years (Panel A of Figure 2.1).47

Figure 2.1: Discontinuity in birth cohorts

Panel A: ERA assignment rule Panel B: Fraction employed at 60-62

Notes: The Panel A shows the policy rule for the earliest age a person could claim pensions by birth cohort.

The Panel B shows the scatter plot of the fraction of women employed at the ages 60-62 over the birth

cohorts 1947-1956. The dashed line presents the birth cohort cuto�, January 1952, starting from which the

ERA rose by at least three years.

2.2.2 Conceptual framework and implications

Firms operating in imperfect labor markets face frictions in replacing experienced workers,
particularly those with occupation- or �rm-speci�c skills. As these workers approach re-
tirement age, �rms risk productivity losses and incur hiring costs due to turnover. Early
retirement eligibility grants workers considerable autonomy in deciding when to exit the labor

46While the reform also abolished early pathways to retirement for the unemployed and for persons under
a progressive retirement plan (Lorenz et al., 2018), I focus primarily on the abolishment of women's pathway
to early retirement because the other two categories are not recorded in the data.

47Before the 1999 reform, the NRA of women's pathway to retirement was �xed at 65. After the abolishment
of women's pathway to early retirement, women were also a�ected by another reform that a�ected the regular
pathway to retirement. In particular, due to the 2007 reform, workers on the regular pathway experienced a
retirement age increase starting from 1946 by one month per birth year (Figure 2.A.1), and their retirement
age is expected to reach 67 for the 1963 birth cohort by 2029. This 2007 reform a�ected the women under
my study because the NRA of those born in 1951 was 65, while that of those born in 1952 became 65.5.
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force. This paper studies how a policy reform that raised the early retirement age (ERA)
from 60 to at least 63 alters the interaction between worker substitutability and retirement
behavior.

The model builds on the idea that retirement is not only a worker's choice, but also re�ects
the relative bargaining power of workers and �rms. When early retirement is an option,
workers with valuable skills may leverage this as a bargaining chip in wage negotiations.
When the option is removed, �rms can retain even valuable workers without raising wages. To
understand how �rms respond to a rise in early retirement age, I �rst develop a static model in
which the �rm's decision to retain a worker depends explicitly on the worker's substitutability
and the policy environment. I then extend the framework with a Nash bargaining model,
allowing wages to be endogenously determined. This yields testable implications conditional
on employment.48

2.2.2.1 Firm's problem of employment decisions

Setup. Consider a �rm employing worker i , who is approaching retirement age. Continued
employment at ages 60�62 depends on whether the match between the worker and the �rm
remains viable. I model this using a latent retention condition, in which both the �rm
and the worker must bene�t from continued employment. While the �rm's willingness to
accommodate employment re�ects the economic value of the match, the worker's outside
option plays a key role in the joint decision. I do not model active dismissal, consistent with
strong employment protections. Instead, I interpret �retention� as the match continuing
when both parties �nd it preferable to separation. The reform removes a key voluntary exit
channel (early retirement), extending employment among older workers, especially those with
high speci�city. I specify the �rm maximization problem as follows:

max
di 2f0;1g

8
>>>><

>>>>:

� i = d i � (y � o(R i ; si ))| {z }
surplus if

match continues

+(1 � d i ) � (�c(s i ))| {z }
cost if

match ends

9
>>>>=

>>>>;

(14)

where:

y is the worker's output. I abstract from heterogeneity in output across workers, as sub-
stitutable workers may be either more or less productive depending on job �t and skill
speci�city. 49

48The theoretical framework presented in this section builds on Nash bargaining models of labor market
frictions (e.g., Pissarides (2000)), adapting them to retirement contexts by incorporating outside options
shaped by policy. It also draws on Acemoglu and Pischke (1999) in the implications of �rm-speci�c skills for
wage setting and turnover, and from Gruber and Wise (2008) the responsiveness of retirement to institutional
incentives. Lastly, the interaction between substitutability and tax incidence in determining the incidence of
adjustment costs is conceptually linked to Gruber (1997), and is applied here to changes in retirement age.

49I thank Wolfgang Dauth for this discussion.
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The model uses a single speci�city parametersi to capture employer-side turnover costs.
These costs increase when workers are more di�cult to replace (due to specialized knowledge
or task-speci�c skills) and when they have limited outside options (due to thin external
markets for their skills). In this sense, speci�citysi represents a reduced-form measure
encompassing both skill speci�city and substitutability.

o(Ri ; si ) is the outside option, shaped by the policy reformRi and worker speci�city si . It
is decreasing inRi ( @o(Ri ;si )

@Ri
< 0) because pension eligibility is delayed post-reform, and

decreasing insi because workers with speci�c skills face thinner external labor markets,
especially after age 60 (@o(Ri ;si )

@si
< 0). Such speci�city could, for example, decrease the

likelihood of leaving the social insurance for other pathways than retirement (move to another
country, start self-employment, etc.).50

c(si ) denotes the replacement cost of an employee, increasing in speci�city, and re�ecting
dismissal, severance, and other compensation payments, as well as hiring, training, and
productivity ramp-up costs that rise with the degree of human capital speci�city (@c(si )

@si
> 0).

Solution. The match continues if the joint surplus from continuing exceeds the cost of
separation:

y � o(R i ; si ) + c(s i ) > 0 (15)

Interpretation. While the equation is modeled as a �rm-side optimization problem, the
interpretation re�ects a joint agreement between the �rm and the worker: continued em-
ployment occurs when both bene�t relative to separation. The reform shifts this condition
by removing early retirement as a fallback, thus altering the outside optiono(Ri ; si ) and
increasing the likelihood of match continuation, especially for workers with high speci�city.

Implication 1: A higher ERA rises employment of older workers.

@
@Ri

(y � o(R i ; si ) + c(s i )) = �
do(Ri ; si )

dRi| {z }
<0

> 0 (16)

Delaying pension eligibility reduceso(Ri ; si ), making continued employment more attractive
to the �rm and less avoidable for the worker, thereby increasing employment.

50Such argument is also in line with the �nding of literature on displaced workers: those unemployed
who switch to another industry or occupation experience much larger declines in earnings (e.g. Neal (1995);
Addison and Portugal (1989)).
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Implication 2: Workers with higher speci�city ( si ) are more likely to remain
employed.

@
@si

(y � o(R i ; si ) + c(s i )) = �
do(Ri ; si )

dsi| {z }
<0

+
dc(si )

dsi| {z }
>0

> 0 (17)

Less substitutable workers are more likely to remain in employment due to both weaker
outside options and higher replacement costs. As a result, the joint surplus of continued
employment is larger, sustaining the match.

2.2.2.2. Wage determination under Nash bargaining

Conditional on retention (di = 1), the �rm and the worker bargain over the wagewi based
on the total surplus generated by employment:

Si = y � o(R i ; si ) (18)

With worker bargaining power � 2 (0; 1), the Nash wage splits the surplus between the
worker and the �rm. The wage thus depends on both the worker's productivityy and their
outside option o(Ri ; si ). The general form of the Nash-bargained wage is:

wi = � � y
| {z }

productivity-based reward

+ (1 � �) � o(R i ; si )| {z }
outside-option fallback

(19)

Intuition. The worker's wage is a weighted average of what they contribute to the �rm's
output (through y) and what they could earn elsewhere (viao(Ri ; si )). Workers with high
productivity naturally command higher wages, all else equal. However, their outside op-
tion�such as retirement income or alternative employment�also determines their bargaining
position. If their fallback option weakens, the �rm can o�er a lower wage even if the worker
is productive.

To understand how wages change due to the reform and di�erences in substitutability, I
examine how wi responds to changes in Ri and si .

Implication 3: The reform lowers wages via weaker outside options.

@wi
@Ri

= (1 � �) �
do(Ri ; si )

dRi| {z }
<0

< 0 (20)
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When the policy raises the early retirement age (i.e., increasesRi ), the outside optiono(Ri ; si )
declines. This reduces the worker's fallback position in wage negotiations, shifting surplus
toward the �rm. The wage falls even though the worker remains employed. This mechanism
is stronger when the worker has low bargaining power� , and when the reduction in outside
options is large.

Implication 4: The e�ect of speci�city on wages is ambiguous.

@wi
@si

= � �
dy(si )

dsi
+ (1 � �) �

do(Ri ; si )
dsi

(21)

Higher speci�city si a�ects both productivity and outside options. If more speci�c workers
are more productive (dy(s i )

dsi
> 0), then wages may increase through the �rst term. However,

speci�city also reduces outside options (do(R i ;si )
dsi

< 0), which lowers wages through the second
term. If outside options deteriorate faster than productivity improves, or if the worker has
low bargaining power, the overall e�ect on wages may be negative.

Intuition. Even if the worker is valuable to the �rm (due to di�cult-to-replace skills), the
�rm may exploit their lack of external alternatives. The reform ampli�es this asymmetry
by removing early retirement as a viable fallback, especially for workers in thin external
labor markets (e.g., managers, specialists). This is a form of monopsony power, where the
employer's ability to set wages below marginal product is strengthened by the worker's limited
exit options.

Summary. Implications three and four jointly imply that the wage response to the reform
depends on the interaction between substitutability and bargaining frictions. For workers
with low speci�city (who are easy to replace), wages fall mostly due to the loss of retirement
options. For workers with high speci�city, the story is more nuanced: while their productivity
makes them costly to replace (increasing employment), their weakened fallback position
gives the �rm the leverage to suppress wages. Thus, employment may rise while wages
fall or stagnate, despite high skill speci�city, due to increased employer monopsony power
post-reform. This prediction is aligned with recent evidence of wage setting in imperfect
German labor markets.

2.3 Data

This section consists of two parts. First, I describe the data I utilize, its sampling procedure,
and its suitability to my research question. Second, I describe how I constructed my sample,
the reasoning behind each restriction, and the resulting sample size.
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2.3.1 The Sample of Integrated Employer-Employee Data

I use the Sample of Integrated Employer-Employee Data (SIEED7518), a random 1.5%
sample of all establishments in Germany. The establishment identi�ers are �xed by industry,
ownership, and location at the municipality level; hence, an establishment is not equivalent
to a �rm in all cases. Nevertheless, I use the terms �rms and establishments interchangeably.
Employers are obliged to report data on all of their employees subject to social security
contributions. Self-employed and civil servants are not covered by the data. At the end
of each year, employers report the start and end date of employment, wages, and other
occupational, educational, and demographic indicators of all of their workers. Typically, the
data is a snapshot of the employment state as of June 30th of each year. Employers are also
obliged to report changes in employment contracts.51

For each of these establishments, the entire employment biographies of all employees are
included over the observation period 1975-2018 for West Germany and 1992-2018 for East
Germany. Hence, the data also include the establishments that did not constitute the random
1.5% of the establishments originally sampled, in case the workers from the establishments
originally sampled were ever employed elsewhere. Observing the entire workforce of the
sampled establishments is critical for my analyses, because I study substitutability mechanisms
behind employment reactions to the raise in retirement age, which requires observing all
coworkers of a given establishment. Schmidtlein, Seth, and Vom Berge (2020) describe the
data sampling in more detail.

2.3.2 Sample construction for analyses

To construct the �nal sample for my analysis, I keep only women born in 1951, the control
group, i.e., women who were potentially eligible for the women's pathway to early retirement,
if they accumulated enough years of social security contributions in later life; and 1952, the
treatment group, i.e., women who experienced the rise in the women's ERA. I drop women
who were ever employed as miners and sailors (for clarity) because their retirement rules
di�er from those in other occupations.52

To address the issue of parallel spells in the data, which is possible, for example, due to dual
earners (employed at several establishments simultaneously), I keep the spells in the randomly

51One of the data limitations is the lack of working hours; hence, I am limited to the analyses of only the
extensive margin of employment.

52The seminal work by Geyer and Welteke (2021) on labor supply responses to the 1999 reform makes a
restriction of keeping only women who are eligible for the women's pathway to retirement at the age of 60. I
make restrictions that proxy for eligibility, following Lorenz et al. (2018). I do not explicitly make sample
restrictions that keep the women eligible for the women's pathway (e.g., 15 years of contributions in total and
ten years after 40 years old, etc), because I do not observe the unemployment spells that also contribute to
the contribution years. Because unemployment spells still count towards the contributions to social security,
not making this restriction results in smaller treatment e�ects in my sample, compared to that of Geyer and
Welteke (2021).
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selected 1.5% establishments. If both spells come from randomly sampled establishments,
I keep the spells where the worker accumulated more tenure. In cases where the employee
works in two randomly selected establishments and has accumulated an equal amount of
tenure in each of them, I keep the job with the highest wage. Dropping parallel spells allows
me to construct Panel data and study the �rm mechanisms for only the establishments to
which the dual workers are more attached.

The �nal data consists of person-age entries (in age-month), where I observe women from
the age of 42 (age-month 504) until 66 (age-month 792). The choice of this time frame is
driven by the fact that the �rst a�ected cohort was 47 years old at the time of the reform
announcement in 1999, and in some of my analyses I want to observe employment (1) before
the reform announcement, (2) between the reform announcement and its inaction at 60,
(3) and workers who continue working beyond both the ERA (60 or at least 63) and NRA
(65 or 65.5). First, studying employment before the reform announcement shows whether
the treatment and control groups had di�erent labor supply frequencies before the reform
announcement. Second, studying employment between 47-60 can show whether the rise in
ERA leads to di�erent employment choices during middle age, in expectation of a longer
employment period. Finally, studying the e�ects beyond the new ERA shows how the e�ect of
raising ERA also spills over to post-ERA employment, which could show indirect employment
e�ects beyond the age targeted by the reform, further increasing its e�ectiveness in keeping
workers in employment longer.

I keep workers who are continuously (in each age-month) employed at 58 and 59. To make
such a restriction plausible, I have to assume that the employment at 58-59 is una�ected by
the reform. Geyer and Welteke (2021) show that there are no employment e�ects before the
age of 60; therefore, such a restriction is not likely to lead to a selection bias. Because most
of the main heterogeneity variables are constructed at the establishment level, this restriction
helps me to obtain a sample of workers with su�cient attachment to their establishments.
The �nal data consists of 32,770 workers, and 9,036,582 worker-age months (Table 2.B.1
records the number of workers after each restriction). Out of these workers, 15,640 are in the
control group (born in 1951), and 17,130 are in the treatment group (born in 1952).

2.4 Identi�cation

First, I describe the identi�cation strategy based on reform discontinuity in birth dates, and
then I provide some descriptive results that con�rm the presence of discontinuity in the data.
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2.4.1 Regression discontinuity design

I follow Geyer and Welteke (2021) to locally identify the e�ect of the reform that raised the
ERA on employment, �m , in an RDD framework53:

yim = � m + � m1fb i � b � g+

+ � 0m1fb i < b� g(bi � b � ) + � 1m1fb i � b � g(bi � b � ) + X 0
i � m + � im

(22)

where yim - is employment state, recorded for each womani at every age-monthsm; bi is
the birth cohort of the individual i ; 1fb i � b � g is an indicator showing that i was born
after the cuto� b� (January 1952), i.e., experienced the rise in the ERA (treatment group);
while 1fb i < b� g includes the individuals who are below the cuto� (control group). I use a
local linear regression, and by interacting the running variable (bi � b � ) with the treatment
indicator, I allow for di�erent slopes in treatment and control groups. Figure 2.1 shows
that a linear trend in the running variable is a plausible assumption, and there is a clear
discontinuity that is unlikely to be attributed to a wrong functional form of polynomials. To
compute the RDD estimates, I use a triangular kernel function and the optimal bandwidth
choice based on mean square error (Imbens and Kalyanaraman, 2012). As a result, I calculate
the bias-corrected RDD estimates with a robust variance estimator.

I also control for calendar month, a dummy for Western German residence, wages at the
age of 46, and two education categories (out of 3), because previous literature con�rms that
education is an important determinant of employment at an older age (Geyer et al., 2022). I
cluster the standard errors at the birth month level to account for the potential correlation
of standard errors� im for the women belonging to the same birth cohort.54 In robustness
and sensitivity checks, I re-run the regressions, altering all the speci�cation parameters- the
procedures for estimating the parameters and covariance matrices, polynomial order, kernel
weights, bandwidth choice, included covariates, and clustering level.

The baseline regressions pool the 60-62 age (720-756 age months) together, because this is
the age frame that was a�ected by the ERA reform. This identi�cation results in a local
average treatment e�ect of higher ERA on employment outcomes at ages 60-62 (coe�cient
� m in equation Equation 22).55

53There are several di�erences from the identi�cation in Geyer and Welteke (2021). First, I do not control
for the presence of children in my RDD regression as I do not observe such variables in the data. Second,
because the most recent year observed in my data is 2018, the data allow me to pool all the age months
corresponding to 60-62 years of age in the baseline regression and beyond 63 in the supplementary analyses,
while Geyer and Welteke (2021) pooled only 60-62 due to their right-censored data. Finally, I use the mean
square-based optimal bandwidth, while they use a 12-month ad-hoc bandwidth selection procedure.

54Clustering at the level of birth dates aligns with literature suggesting clustering the standard errors at
the treatment level.

55Because I cannot claim that all the women included in my sample were eligible for women's pathway
to early retirement, the coe�cient could also capture the Intention-to-Treat (ITT) e�ect. However, Lorenz
et al. (2018) show which sample restrictions are likely to lead to eligibility imputations, and because most of
my restrictions match their proposed restrictions, my sample likely captures most of women eligible for the
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Identi�cation assumptions. This identi�cation relies on two main assumptions.

(1) Smoothness in density. This assumption requires continuity of the running variable (birth
cohort) around the cuto�, which eliminates the possibility of strategic bunching (manipulation
of the treatment status) at the cuto�. This assumption holds by construction because it
is impossible to change one's own birth date.56 Nevertheless, in the sensitivity tests, I
re-estimate the main regressions by omitting the observations close to the cuto� and con�rm
the robustness of the results.

(2) Smoothness in covariates. This assumption requires continuity of the distribution of the
observed and unobserved variables around the threshold, showing that the assignment of
the treatment around the cuto� is as good as random. Table 2.B.2 shows that there is no
sizeable signi�cant discontinuity in pre-determined variables. In particular, I choose a variable
showing whether a woman has Western origin (proxied by the place of living according to
the �rst biographical spell) and nationality, as these variables are �xed over time and hence
are pre-determined.

Main outcome variables. In terms of outcome variables, at each age month, I create
three mutually exclusive main labor market categories - employment, nonemployment, and
retirement. I further disentangle the employment into three groups- employees liable to social
security, marginal part-time employment, and partial retirement. Nonemployment stands for
a gap in the employment age-month spells. I proxy retirement with the last labor market
activity of a worker. Figure 2.A.2 displays the evolution of the three main employment states
over age by treatment status, i.e., the gap in employment and retirement statuses at 60-62.

In addition to these employment state categories, I also de�ne wages, because I am also
interested in wages conditional on employment.57 Wages are created at the detailed monthly
level, and are non-zero only if the worker is employed.

E�ect heterogeneity. To study the mechanisms behind these e�ects, I perform subsample
analysis using several categories of variables, which show turnover costs associated with
retirement in the next section. Because the research question relates to the labor demand
factors in�uencing employment at ages 60-62, I de�ne these variables at the age of 58, just
before the pre-reform retirement age of 60.

women's pathway to early retirement.
56One could argue that the reform cohorts could be chosen by policy-makers in a way that violates the

assumption, for example, by the cohort of baby-boomers, etc. However, because I compare cohorts born
around the cuto�, and the cuto� does not appear in any other reforms, policies, or characteristics (both
of these cohorts are typically classi�ed in the baby-boomer generation) that would make the 1951 cohort
di�erent from the 1952 cohort, there is no reason to believe that the assumption is likely to be violated.

57Although wages are top-coded in the social security data, this data feature is unlikely to constitute an
issue for the analyses as women are less likely to cross the threshold for wage censoring.
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2.4.2 Descriptive evidence of the discontinuity

The abolishment of women's pathway to early retirement led to a large increase in employment
rates at 60-62, as shown in Panel B of Figure 2.1. While overall there is an upward-sloping
employment trend at 60-62 over the birth cohorts, there is also a clear discontinuity around
the 1952 cohort. Only around 75% of women born in 1946-1951 were employed at 60-6258.
However, the employment rate jumped to approximately 90 percent starting with the 1952
cohort, the reform cuto�.

Figure 2.A.3 extends the analyses to display employment rates by treatment status at all
age months (corresponding to the ages between 42 and 66), and con�rms the presence of a
discontinuity in employment rates at 60-62 (due to the 1999 reform that I study) and to a
smaller magnitude of discontinuity at the ages 65-65.5 (due to the 2007 reform). Estimating
the treatment e�ects of the 2007 reform is beyond the scope of this paper; hence, in the next
section, I causally quantify the largest employment discontinuity that happens due to the
1999 reform, i.e., at 60-62.

2.5 Results

In this section, I �rst focus on the e�ect of the 1999 reform on employment, con�rming
the results of prior studies on this reform (Geyer and Welteke, 2021). I show the e�ects
of retirement on employment trajectories before studying the labor demand mechanisms of
employment, because I want to provide a general picture of the labor supply behavior overall
before zooming in on the total employment mechanisms.

Based on the theoretical framework, I expect that the rise in the ERA should extend
employment among a�ected workers, particularly those whose exit would impose high
turnover costs on �rms. These costs are likely higher for workers with speci�c skills or those
employed in occupations with limited internal or external substitutes. Therefore, I expect
the employment e�ects of the reform to be stronger for such workers. On wages, the model
predicts ambiguous e�ects depending on workers' outside options and replacement di�culty:
lower bargaining power due to the loss of pension eligibility may lead to wage decreases,
while high replacement costs for speci�c or non-substitutable workers could result in wage
premiums to incentivize retention.

2.5.1 The e�ect of the rise in ERA on employment states

I start by analyzing how the employment states (employment, non-employment, and retire-
ment) change at the ages targeted by the retirement reform, i.e., at 60-62; hence, I con�rm the

58This control mean is higher than that in existing literature studying the labor supply response of
this reform (Geyer and Welteke, 2021), likely because the sampling of SIEED and my sample restriction
(employment at the ages 58-59) results in a sample of workers who are more attached to the labor force.
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result of Geyer and Welteke (2021).59 In this section, I analyze several employment states as
outcome variables- (1) employment (which is further disentangled into employment subject to
social security, marginal part-time employment, and partial retirement), (2) nonemployment,
and (3) retirement60.

Figure 2.2: The e�ect of the rise in ERA on the employment state (overall and from each
category)

Notes: Coe�cient plots. Each row corresponds to the RDD regression of the share of the employment state

of the corresponding category (left axis) around the 1952 cuto�. For computing the RDD estimates, I use

local linear regressions, a triangular kernel function, and mean square error-based optimal bandwidth choice.

I control for calendar month, a dummy for Western residence, wages at the age of 46, and education. The

points represent the estimated coe�cients, and the bars represent the 95% con�dence intervals. The control

means (right column) are the means of the share of employment state in the corresponding category over the

control group (born in 1951). A corresponding table with more details can be found in Table 2.B.3.

The right column of Figure 2.2 shows the causal e�ect of the rise in ERA on employment
59I pool the ages 60-62 together because when analyzing the employment e�ects separately by performing

RDD for each age-month in Figure 2.3, there are 2 main periods of signi�cant e�ects- at the ages of 60-62
and 65-65.5; the rest are either insigni�cant or very small. The widest gap in employment appears at 60-62,
corresponding to the e�ects of the rise in ERA per the 1999 reform, while the rise at 65-65 years and 6
months corresponds to the 2007 reform's NRA response. Even though the 2007 reform resulted in an NRA
rise for the same cohorts under study, the direction of e�ects is the same and is unlikely to cause any threat
to the identi�cation of the 1999 reform under study. Analyzing the e�ects of the 2007 reform is beyond the
scope of this paper.

60See subsection 2.4 for more details about these variables
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statuses at 60-62. I �nd that 77.4% of women in the control group (born in 1952) are
employed at 60-62, while 5% are non-employed, and 17.9% are already retired. Higher ERA
leads to an increased likelihood of being employed at 60-62 by 17.3 percentage points (pp)
(p < 0:01; a 22.4% increase relative to the control mean).61 Although most of the increase in
employment is attributed to employment subject to social security, i.e., 7 p.p. (p < 0:01; a
15.4% increase relative to the control mean), there is also some evidence for an increase in
partial retirement claims by 4.8 p.p. (p < 0:01; a 60.8% increase relative to the control mean).
Hence, the employees respond at the extensive margin, but not necessarily the intensive
margin of employment.

Figure 2.2 shows that the likelihood to retire at 60-62 falls by 15 p.p. (p < 0:01; an 83.8%
decrease relative to the control mean), and there is a negative e�ect on nonemployment: 2.1
p.p. (p < 0:01; 42% decrease relative to the control mean). Overall, these results show that
workers are likely to work longer in response to the reform. In the next subsection, I con�rm
that the results presented are robust to speci�cation and have a credible speci�cation.

Employment beyond 63. Figure 2.3 displays the RDD coe�cients at each age month.
The workers whose ERA rises do not only work until they reach pensionable age, but are also
more likely to extend their employment beyond 63 and to bunch at their Normal Retirement
Age of 65.5, before the e�ects fade away at 66.62

While the e�ects of the rise in ERA on employment beyond 62 are smaller than those at
60-62, they are signi�cant. In most of the sections below, I concentrate on employment at
60-62, as this is the main retirement age shift impacted by the reform.

2.5.2 Robustness and sensitivity checks for the baseline RDD results

Below, I perform robustness and sensitivity tests that con�rm the speci�ed model �ndings
by altering speci�c parameters of the model. In particular, I alter the estimation procedure
for the coe�cients or variance estimators, the polynomial order, and speci�ed weights in
RDD regressions, and cluster levels of standard errors. I also alter the number of covariates
included in the baseline regression and remove the observations close to the cuto� to have a
more robust estimation with respect to potential bunching. All the tests indicate that the
coe�cient estimates presented above are within the con�dence intervals of all the alternative
models below. Finally, I perform a falsi�cation test by re-estimating the RDD regressions
around placebo cuto�s and �nd no jumps, con�rming the validity of the estimation strategy.

Sensitivity to the estimation procedure. Table 2.B.4 shows the sensitivity of estimates
with respect to the three di�erent coe�cient and variance estimators procedures, and shows
that the choice of bias-corrected or conventional coe�cient estimates or robust vs. conventional

61Figure 2.A.4 zooms in on the employment outcome in a regression discontinuity plot, and con�rms once
more the presence of a discontinuous jump.

62The ineligibility of some women for long-insurance pathway could explain the bunching at the NRA,
which is the age when workers on the regular pathway to retirement can begin to claim pensions.
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Figure 2.3: RDD by age in months

Notes: Coe�cient plots. Each vertical line corresponds to the RDD regression of the share of employed at

a given age-month. For computing the RDD estimates, I use local linear regressions, a triangular kernel

function, and mean square error-based optimal bandwidth choice. The points represent the estimated robust

coe�cients, and the bars represent the 95% con�dence intervals, clustered at the birth month level. The red

solid line represents the control mean (with corresponding values displayed on the reversed y-axis), while the

red dashed lines represent the con�dence intervals for the control means.

variance estimators does not lead to signi�cantly di�erent results.

Sensitivity to the choice of polynomial order. Table 2.B.5 changes the linear regressions
to the second-order polynomials. Even the 4th order polynomial choice shows discontinuity
in the running variable (the second graph in Figure 2.A.4). Hence, the discontinuity in the
running variable is not due to the wrong polynomial choice.

Sensitivity to the speci�ed weights. Table 2.B.6 shows that the estimates with uniform
and Epanechnikov kernel function speci�cations do not signi�cantly di�er from the baseline
speci�cation that uses triangular weights.
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Ad-hoc bandwidths and �donut RD�. One of the concerns related to RDD estimation
is the potential bunching at the cuto�. To show that bunching would not alter the results,
I repeat the estimation and inference without the data points in the area just around the
treatment threshold, i.e., the December 1951 and January 1952 birth cohorts, and compare
the results to the ad-hoc bandwidth of twelve months.63 Table 2.B.7 con�rms that excluding
the observations close to the cuto� does not alter the results of regressions with 12-months
bandwidth.

Sensitivity to the inclusion of covariates. Table 2.B.8 reports an RDD regression
(1) controlling for Western German origin and nationality in addition to the covariates in
baseline speci�cation (calendar months, western residence and education dummies), and (2)
the speci�cation with no control variables at all. I do not have enough evidence to argue
that the speci�cation is sensitive to the included covariates, as the con�dence intervals in all
three speci�cations include the coe�cient of the baseline speci�cation.

Sensitivity to clustering level. In an alternative speci�cation, I cluster the standard
errors at the establishment level, which captures the main mechanisms discussed later, as
opposed to the birth months in the baseline speci�cation, which captures the treatment level.
The signi�cance of results does not change from the alternative clustering method, and the
con�dence intervals generated by this clustering method include the coe�cients from the
baseline regressions (Table 2.B.9).

Placebo cuto�s. Finally, I perform falsi�cation tests by using placebo cuto�s. I test whether
employment at 60-62 rises for women at the other birth cohort cuto�s who were not a�ected
by the reform.64 I use the cuto�s corresponding to January 1947, January 1948, January
1949, January 1950, and January 1951, as women were eligible for the women's pathway to
retirement at these cuto�s. Table 2.B.10 shows that all the placebo cuto�s yield insigni�cant
e�ects (p > 0:05).

2.5.3 The e�ect of the rise in ERA on wages

While the direct e�ect of the reform is to delay retirement and extend employment at older
ages, its broader implications also depend on the quality of these additional years in the
labor force. Wages provide a natural measure of labor market returns, productivity, potential
employer valuation, and bargaining power. Studying wages allows me to assess whether not

63The �donut RD� does not work in combination with the optimal bandwidth selection procedure due to
missing data around the cuto�; hence the necessity to perform such analyses in comparison with the ad-hoc
bandwidth.

64Table 2.B.11 shows the RDD around the 1952 cuto� for male workers. Although male workers were
a�ected by the 1999 reform to a lesser extent than women (due to the abolishment to early retirement
programs for workers on other pathways), they do not constitute an ideal setting placebo group, because if
they were on the regular pathway to retirement, their NRA could increase by one month around the cuto�,
so at 60-62 they could extend their employment as a forward-looking approach towards retirement after 65
and �ve months vs. 65 and six months. Still, I report the results, and as expected, there is a discontinuity in
employment at 60-62 years old, but it is very small in magnitude.
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having an outside option for a pension at 60-62 results in lower bargaining power of workers,
and hence, lower wages, as derived in a theoretical model in subsection 2.2. Below, I extend
the analyses of the rise in ERA on wages, conditional on employment.

The estimated discontinuity in wages at 60-62 re�ects the e�ect of the reform on those
who remained employed at 60�62. The last column of Table 2.B.3 shows that, among
those who remain employed, the rise in ERA is associated with 116.522 EUR lower wages
(p < 0:01; 6.8% decrease relative to the control mean). However, because the reform extended
employment, the composition of employed individuals may have changed, introducing selection
into the observed wage sample. While the observed wage declines are consistent with reduced
bargaining power due to fewer outside options, they may also partially re�ect the increased
incidence of part-time work or partial retirement among older workers. However, as shown in
Figure 2.2, most of the employment responses are driven by employment that is subject to
social security rather than other employment types.

2.6 Labor demand mechanisms: replacement costs

After analyzing the overall employment e�ects above, as a next step, I investigate the labor
demand mechanisms of the employment response to the reform through subsample analyses.
As outlined in the conceptual framework (subsection 2.2), workers associated with higher
turnover costs are predicted to be signi�cantly more likely to remain employed after age
60 following the reform. This suggests that �rms retain older employees when replacement
is costly, consistent with a labor demand mechanism in which internal �rm frictions shape
post-reform employment outcomes. Before the reform, older workers with low substitutability
could leave the labor force due to generous early retirement options, despite their high
�rm-speci�c value. The reform thus can reduce outside options, making retirement less
accessible and shifting the relative cost-bene�t calculus in favor of retaining less substitutable
workers whose departure would impose higher replacement costs on �rms.

I create two groups of labor demand measures - worker job-speci�c skills and market-level
worker substitutability, both of which proxy for turnover and replacement costs for the
employers. While neither of these groups is preferred over the other, they show di�erent
dimensions of substitutability and complement each other for a fuller picture. Worker skills
may be �rm-speci�c; hence, with turnover, some information may be lost, making incumbent
workers less substitutable by potential new hires. Meanwhile, the internal and external labor
market thicknesses show the availability of potential hires. Searching for suitable replacements
in the labor market or through internal hiring is costly due to hiring costs.

For the remainder of the paper, I focus only on employment as an outcome variable to study
the labor demand mechanisms. I show that women who possess high skills and are more
di�cult to substitute internally (by coworkers) or externally (by external hires) are more
likely to extend their employment years in response to the reform, con�rming that the reform
helps the �rms to avoid replacement costs associated with worker turnover.
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2.6.1 The role of job-speci�c skills

The �rst group of variables showing turnover costs and worker substitutability is worker skills.
In the presence of �rm- and occupation-speci�c human capital and knowledge that is di�cult
to substitute for, turnover can be costly for the establishments. Hence, workers possessing
such skills may be more likely to remain employed at an older age. I create two measures: (1)
return to occupation (which I interchangeably call human capital speci�city of occupation);
(2) managerial occupations.

Human capital speci�city of occupation. Guvenen et al. (2020) show that wage growth
is largely tied to �rm and occupation-speci�c factors, supporting the idea that human capital
speci�city can shape workers' ability to remain employed after a retirement age increase.
If a worker's human capital is very occupation-speci�c (skills tied closely to their current
job/occupation), they are valuable in their current job, and their employer might want to
keep them because their replacement would be costly. In terms of the worker's perspective,
they may have higher returns to staying and face di�culties in switching occupations if
needed. In contrast, if a worker's human capital is more general (easily transferable skills),
they can more easily move to other jobs if needed, and employers might replace them more
easily followed their retirement.

Human capital speci�city, proxied by the return to experience, thus constitutes an important
mechanism moderating the e�ects of retirement age reforms on employment outcomes at
older ages. To obtain a measure of the human capital speci�city of an occupation, I follow a
strategy similar to those used by Jäger and Heining (2022) and Bleakley and Lin (2012) to
estimate Mincer equations for each of 3-digit occupations.65 I use the occupation-speci�c
returns to experience, which essentially quantify the impact of on-the-job training and skill
accumulation on an individual's wage, and classify the specialization as high if this return is
greater than the median value (0.12, i.e., 12% increase in wages associated with an additional
year of experience).

I examine treatment e�ects separately for occupations requiring high levels of speci�c human
capital and those that require less speci�c human capital to investigate potential heterogeneity.
Panel A of Figure 2.4 displays that the workers employed in occupations with above median
value of returns to experience have signi�cantly higher employment e�ects. Among the
occupations requiring less speci�c human capital, the treatment increases employment by
11.3 percentage point (14.5% relative to the control mean of workers who did not experience
the rise in ERA and were employed in occupations requiring low human capital speci�city).
For workers with high human capital speci�city, the treatment e�ect is 23 p.p (29.8% increase
relative to a control mean). The di�erence in point estimates (11.7 p.p.) suggests that the
employment response to the treatment is substantially larger for the workers performing
occupations requiring speci�c skills. Thus, human capital speci�city (proxied by returns to
experience) moderates the e�ect of retirement age reforms.

65Given my smaller sample size, I use only 3-digit occupations as opposed to Jäger and Heining (2022),
who use 5-digit occupations.
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Figure 2.4: The e�ect of the rise in ERA on employment at ages 60-62 by return to experience
in a given occupation and occupational hierarchy level

Panel A: Human capital speci�city Panel B: Hierarchical positions

Notes: Coe�cient plots for RDD regressions around the 1952 cuto�. For computing the RDD estimates, I use

local linear regressions, a triangular kernel function, and mean square error-based optimal bandwidth choice. I

control for calendar month, a dummy for Western residence, wages at the age of 46, and the highest education.

The subsample analysis in Panel A is performed by the human capital speci�city of occupation. Panel B

stands for managerial status. The vertical lines indicate 95% con�dence intervals based on robust standard

errors clustered at the birth month level. The control means (on the x-axis) show the employment share at

the ages of 60-62 in the corresponding subsample over the control group (born in 1951). A corresponding

table with more details can be found in Table 2.B.12.

Managerial status. Managerial occupations often entail a higher degree of �rm-speci�c
and occupation-speci�c human capital, due to their reliance on accumulated institutional
knowledge, leadership skills, and relationship-speci�c investments within the �rm. Managers
are typically more di�cult to replace than are non-managers, particularly at older ages when
experience and �rm-speci�c knowledge peak. Therefore, distinguishing between managers
and non-managers o�ers a meaningful way to capture heterogeneity in turnover costs and
the value of worker retention following a rise in the early retirement age. Even if two workers
have the same returns to experience, managerial roles may imply extra �rm-speci�c value.

In a related study, Jäger and Heining (2022) �nd that the death of a manager or a worker in a
specialized occupation results in more negative e�ects on the coworkers in other occupations.
In my setting, if a worker is a manager, she likely has many coworkers under her hierarchy,
communicates with them more, and has more information, making her less substitutable,
and thus making the extension of her working life more valuable. I create a variable showing
managerial or supervisory status based on the last two digits of the 5-digit occupations. I
pool the supervisors and managers into the dummy variable manager.66

Panel B of Figure 2.4 shows that workers in managerial positions are signi�cantly more likely
to remain employed at older ages in reaction to the reform. The workers in managerial
positions extend their employment by 43.1 p.p. (55.3% relative to the control mean- the

66Depending on occupation type, some occupational hierarchies have managers, while others have supervisors
as the highest occupation level in a hierarchy.
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managers whose retirement age was not altered by the reform), while the non-managers
raise their retirement ages by 17.1 p.p. (22.1% increase relative to the control mean). The
di�erence in point estimates (26 p.p.) suggests that the employment response to the treatment
is substantially larger for workers performing managerial occupations.

Alternative measures of skills and speci�city. To test whether the results presented
above are sensitive to approximating worker skills, I explore alternative proxies for worker
skill speci�city. The baseline analysis relies on hierarchical job positions as indicators of
skill-speci�c roles. As an alternative, I use an occupational classi�cation by Blossfeld (1985).
This classi�cation groups occupations into ten categories and shows the occupational split
by required skills- simple vs. professional67 Figure 2.A.5 shows that across all occupational
groups, workers in skilled (i.e., professional) categories exhibit greater employment gains
after the reform than those in corresponding simple roles. Managers and professionals
are particularly likely to remain employed longer, reinforcing the idea that skills and job
speci�city drive retention. Although one might suspect that this is driven by longer job
tenure, Figure 2.A.6 shows that employment gains do not increase monotonically with tenure.
This suggests that hierarchical position captures more than tenure alone.68

I further explore whether employment responses di�er across occupational task types, o�ering
another dimension of worker substitutability. Following Dengler, Matthes, and Paulus (2014),
I categorize jobs along two dimensions: (i) skill content�analytical, interactive, cognitive,
or manual tasks�and (ii) routineness�routine vs. non-routine. 69 High-skilled workers
typically perform analytical or interactive tasks, while low-skilled workers perform manual
non-routine tasks. Panel A of Figure 2.A.7 shows that workers in high-skill task occupations
experience the largest post-reform employment extension. In contrast, workers in routine
occupations�often more replaceable by automation�do not exhibit systematically di�erent
employment responses. These results are in line with the �ndings of Boockmann, Kroczek,
and Laub (2023) for the same reform. They show that employment e�ects are smaller for
workers performing manual non-routine tasks. I next perform a more granular analysis in
Panel B of Figure 2.A.7, where I classify occupations by quartiles of task routineness and �nd
higher employment responses across the upper three quartiles. Overall, these results suggest
that, in the period studied, task routineness and the potential for substitution by automation
play a more limited role in driving employment e�ects than overall skill speci�city.

67I use the codes from material published by Schmieder, von Wachter, and Bender (2016) to implement this
classi�cation. Education level is not a suitable candidate for skill di�erentiation in this context, as it is directly
controlled for in the baseline speci�cation due to institutional reasons (subsection 2.2 and subsection 2.4).
The results by education level are shown in Panel C of Table 2.B.22 and exhibit no meaningful di�erences.

68Tenure is an imperfect proxy for skills in this context because eligibility for retirement at age 63 depends
on tenure. Thus, its use con�ates eligibility rules with substitutability.

69This classi�cation is matched to my main data using the 3-digit occupation identi�er. Task types include
analytical non-routine, interactive non-routine, cognitive routine, manual routine, and manual non-routine.
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2.6.2 The roles of internal and external substitutability

The next group of variables showing the turnover costs and substitutability of workers is
based on the markets- internal (by availability of coworkers in the same job cell as an older
woman) and external (potential hires in the local labor market). The main motivation for
studying internal labor market thickness is that the scarcer the job performed is, the more
di�cult it is for the employer to replace potential retirees with coworkers, thus leading to
higher employment responses to the retirement reform. Internal substitutability is particularly
important, as internal workers are imperfect substitutes for external workers (Jäger and
Heining, 2022); hence, often the internal substitutes weigh more than the external substitutes.
When fewer workers are working in the speci�c occupation of an older woman in the commuting
zone, the less substitutable such a woman is. Similarly, when fewer workers are working in
the speci�c industry of an establishment in local labor markets, the less substitutable the
older women of such establishments are by external hires.

Availability of internal substitutes. To capture internal substitutability, I use the number
of available coworkers in the same 3-digit occupation as women born around the reform cuto�.
I count only workers in employment positions subject to social security. Following Huebener
et al. (2024), I de�ne three categories of such variables by the availability of coworkers in the
same 3-digit occupation as the a�ected women: 0, 1-4, and �ve or more internal substitutes.
I perform the analyses for establishments with fewer than 100 workers, as the levels of
substitutability will be less dependent on establishment size (such a restriction also closely
follows Huebener et al. (2024) de�nitions). Panel A of Figure 2.5 shows that when there are
no coworkers who perform the same job as the older workers, the older workers are more
likely to remain employed at 60-62 following a retirement reform. The group with more than
�ve substitutes has signi�cantly lower employment responses than those with 0 coworkers in
the given job cell.

Workers who have no internal replacements respond to the reform by extending their employ-
ment by 26.8 p.p. (35% increase relative to the control mean of workers who were allowed
to retire at 60 and were employed in non-substitutable establishments). While the e�ects
are insigni�cant for the group of workers who have between one and four coworkers, the
workers who have more than �ve coworkers in the same occupation extend their employment
by 6.5 p.p. (7.9% increase relative to the control mean). The di�erence in point estimates
(20.3 p.p.) suggests that the employment response to the reform that raised the ERA is
substantially larger for workers who have no internal substitutes, relative to those who have
at least �ve internal substitutes, in line with the prediction that �rms retain workers who are
more di�cult to replace. 70

70Figure 2.A.9 repeats the analyses for all establishments, regardless of size. When at least �ve coworkers
perform the same job as a woman, the e�ects are still large, despite being slightly smaller (but not signi�cantly
smaller) than those of women with no internal worker substitutes. This pattern could be driven by the
variation in treatment e�ects by establishment size. Indeed, in larger establishments, women are more likely
to work longer in reaction to the reform than those in smaller establishments (Figure 2.A.8); hence, when
analyzing internal substitutability, it is important to account for the establishment size by restricting the
sample to those with at most 100 workers. Even in large establishments, if there are no internal substitutes,
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Figure 2.5: Subsample analyses for the e�ect of the rise in ERA on employment at ages 60-62
by number of internal and external substitutes for the given occupation

Panel A: Internal substitutability in the sam-
ple of small establishments

Panel B: External substitutability (occupa-
tions)

Notes: Coe�cient plots from RDD regressions around the January 1952 cuto�. The estimates are obtained

using local linear regressions with �rst-order polynomials, a triangular kernel, and mean square error�optimal

bandwidth selection. Controls include calendar month of birth, Western German residence, wages at age

46, and education. Subsample analyses are conducted by internal substitutability in Panel A and external

substitutability in Panel B. Internal substitutability in Panel A is measured by the number of coworkers in

the same 3-digit occupation as the old worker, restricting the sample to establishments with fewer than 100

workers. Panel B shows external labor market thickness (ELMT), based on the commuting zone at most

half as concentrated in a given occupation relative to the country-level (ELMT < 0:5), or at least half as

concentrated but less concentrated than the country-level (0:5 < ELMT < 1), and at least as concentrated

as the country-level concentration (ELMT > 1). Vertical lines represent 95% con�dence intervals based

on robust standard errors clustered at the birth-month level. Control means (on the x-axis) refer to the

average employment rate at ages 60�62 among the control group within each group's optimal bandwidth.

The corresponding detailed tables are reported in Table 2.B.13 and Table 2.B.17.

To address concerns that internal labor market thickness (ILMT) may partly capture dif-
ferences across occupations, such as comparing workers in occupations with inherently few
coworkers (e.g., accountants) to those in larger occupational groups, I control for detailed
occupation �xed e�ects and �rm size in Panel B of Figure 2.A.9. The results remain statisti-
cally signi�cant and similar in magnitude. This suggests that the estimated e�ects are not
solely driven by cross-occupation di�erences in skill composition, but instead re�ect within-
occupation variation in internal substitutability. These �ndings reinforce the interpretation
that internal replacement capacity, rather than solely occupation-speci�c characteristics per
se, is also a key determinant of �rms' retention responses.

External labor market thickness (ELMT). I de�ne ELMT in two steps. First, I create
141 local labor markets based on high within-region and low between-region commuting for
work, following Kosfeld and Werner (2012). Next, I create an indexELMT kc, showing the

the e�ects are quite large, which highlights that, although in large �rms workers stay in employment longer,
those who have no substitutes still work longer regardless of the establishment size.
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local labor market share of 3-digit occupation (or industry) employment (Ekc=Ec) over the
national share of occupation (or industry) employment (Ek=E). I count only workers between
18 and 64 years old who are either in employment subject to social security contributions or
trainee workers.

ELMT kc =
Ekc=Ec

Ek=E
(23)

where k is a 3-digit occupation (or industry), andc is a commuting zone,Ekc shows the
number of workers employed in the occupation (or industry)k, and in the commuting zonec,
Ec is the number of workers employed in the commuting zonec and all the occupations (or
industries) together,Ek is the number of workers employed in the occupation (or industry)k
in all the commuting zones together, whileE is the number of workers employed in all the
occupations (or industries) and all the commuting zones together (i.e., country).71

Figure 2.6 displays an example of this index construction for the nursing occupation and
hospital activities industry. While Passau has many workers employed in these industries
relative to the national level, Leipzig does not. This means that for an establishment located
in Leipzig, an older worker in a given occupation and industry is more valuable (i.e., such
a worker is associated with higher turnover costs) than for an establishment located in
Passau. I call an external labor market thick if this index is over 1, i.e., if the thickness of
an occupation (or industry) in a given commuting zone is denser than the thickness at the
national level. Additionally, I de�ne a group where the indexELMT kc is below 0.5 (i.e., the
commuting zone is at most half as concentrated in a given occupation or industry as the
country-level), between 0.5 and one (at least half as concentrated but less concentrated than
the country-level).

Panel B of Figure 2.5 displays the RDD results split by external labor market thicknesses of
occupations. If women are employed in a commuting zone at most half as concentrated in a
given occupation as the country-level, they extend their employment by 41.3 p.p. (58.4%
increase relative to the control group). I �nd that if a woman is employed in a commuting zone
at least half as concentrated but less concentrated than the country-level, the employment
increase is 15.6 p.p. (19.9% increase relative to the control mean). Finally, in the commuting
zones in which a given occupation is more represented than at the national level, the reform
leads to an 11.7 p.p. increase in employment at ages 60- 62 (15.3 % increase relative to the
control mean). This increase in employment is 29.6 p.p. lower than in commuting zones at
most half as concentrated in a given occupation as the country-level. This pattern indicates
that employment responses are strongest in thin external labor markets, consistent with lower
worker substitutability.

Next, I examine heterogeneity in employment e�ects along external labor market thickness
71All of these variables are de�ned based on my SIEED data, but because the sample is representative of

all German establishments in the country (and the random sampling provides representativeness of workforce
subject to social security at the commuting zone level), I expect these indices to proxy the country-level index
well.
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Figure 2.6: External labor market thickness by German industry and occupation in 2010

Notes: This map shows the computed external labor market thicknesses (ELMT) for each of the 141 local

labor markets based on the Kosfeld and Werner (2012) classi�cations, which are constructed based on high

within-region and low between-region commuting. I compute ELMT based on Equation 23 for the industry

and occupation with the largest share of female employees: �Hospital activities industry� (Panel A) and

�Nursing occupation� (Panel B). I plot the ELMT indexes (Equation 23) on the map based on the ten deciles

presented in the left corner of each graph.

at the industry level (Figure 2.A.10). Unlike the baseline occupation-based results, which
showed clear di�erences by substitutability, I �nd no signi�cant heterogeneity in responses
across industries with di�erent levels of labor market thickness. One potential explanation is
that industry-level measures are too broad to capture substitutability for speci�c skills or
tasks. Additionally, larger �rms, which are included in the full sample, may be less a�ected
by external labor market conditions because they can rely more on internal replacement
options. A likely explanation is that industry-level labor market thickness does not cleanly
capture external replacement options, because it is in�uenced by the presence of large �rms.
In such settings (e.g., a large employer such as BMW that dominates a local industry, such
as the motor vehicle sector within the Munich commuting zone), the measure re�ects both
external labor supply and �rms' internal replacement capacity, attenuating the link between
external substitutability and employment responses. This issue is less pronounced at the
occupation level, where markets are more granular. As a result, industry-level thickness is a
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noisier proxy for substitutability, which may explain the weaker heterogeneity.

To account for this concern, I re-estimate the analysis for a subsample of establishments with
fewer than 100 employees, where �rms are less likely to rely on internal labor markets.72

In this subsample, the e�ects of the reform do di�er signi�cantly by industry-level labor
market thickness: I �nd that workers are more likely to remain employed in industries in
which the external labor markets are thin (Figure 2.A.11). This �nding is consistent with
external substitutability becoming more salient when internal replacement options are limited.
Overall, the occupation-based measure remains more informative, as industry-level thickness
may re�ect broader agglomeration patterns rather than job-speci�c substitutability.73

Does the external substitutability matter beyond the local level? Tradability of
industries. The results above show that workers employed in less substitutable occupations
in a given local labor market are more likely to extend their employment in response to
the reform. I analyze the broad industry groups and discuss the results in terms of the
conventional classi�cation of industries by tradability to test whether the workers in tradable
industries are more likely to respond to the raised retirement age. Such analyses allow me to
test whether external substitutability matters beyond the local level. In tradable industries,
�rms can replace workers not only locally but also by outsourcing tasks globally, increasing
substitutability (Drenik et al., 2023). I classify the industries by tradability following Gregory,
Salomons, and Zierahn (2022).74 Figure 2.A.12 shows no di�erence between tradable and
non-tradable sectors. The result implies that substitutability does not matter beyond the
local level when it comes to the e�ects of the reform on remaining in employment after 60.75

To conclude, I �nd that job-speci�c skills and low internal and external substitutability are
associated with a stronger increase in employment at ages 60�62 following the reform. While
the analysis captures equilibrium e�ects � that is, match-speci�c attributes shaped by both

72Studies examining worker substitutability in Germany�such as those focusing on coworker death (Jäger
and Heining, 2022) and parental leave extensions (Huebener et al., 2024)�typically restrict their samples
to small �rms. While one approach would be to construct a leave-one-out measure of ELMT, I instead
re-estimate the e�ects using a sample of small �rms, thereby aligning the measurement more closely with the
existing literature.

73In section 2.7, I extend the analysis to gender-speci�c substitution by constructing ELMT measures
based on female workers only and by examining gender dominance of occupations and establishments. I
�nd weaker di�erences across subgroups. Because the ELMT is constructed from a sample, restricting it to
women introduces additional measurement noise. For this reason, I rely on ELMT measures based on the full
workforce in the main analysis.

74Tradable industries are: Mining (WZ08: B); Manufacturing (WZ08: C), Electricity, water supply (WZ08:
D, E); Transport, storage (WZ08: H); Financial services (WZ08: K); Real estate (WZ08: L); Agriculture
(WZ08: A); Information and communication (WZ08: J); Scienti�c and technical services (WZ08: M). Non-
tradable industries are Construction (WZ08: F), Wholesale and retail trade (WZ08: G), Hotels, restaurant
(WZ08: I), Public administration (WZ08: O), Education (WZ08: P), Health and social services (WZ08: Q),
Cultural, social and personal services (WZ08: R, S), Household-related services (WZ08: T), Other economic
services (WZ08: N), Extraterritorial organizations (WZ08: U).

75In addition, the generalized categories of industries help me to test whether the external substitutability
operates beyond the national level. I de�ne industries by mapping based on the IAB establishment Panel,
following the procedure described in Dauth and Eppelsheimer (2020). Figure 2.A.13 does not display
signi�cant di�erences by tradability.
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worker and �rm � the pronounced retention of managers and speci�c workers is consistent
with higher replacement costs, pointing to an important role for labor demand frictions.

Extensions: bunching at the NRA. As an additional extension, I examine employment
and wage responses at ages 64�65, when workers become eligible for full pensions. The results,
reported in section 2.7, show a modest increase in employment driven primarily by part-time
work, with limited evidence of heterogeneity across substitutability measures. This pattern
is consistent with the theoretical framework: when pension eligibility is restored, workers'
outside options improve, which weakens the role of substitutability in shaping employment and
wage outcomes. However, these estimates should be interpreted with caution, as employment
at ages 64�65 re�ects a selected sample of workers who remained employed at earlier ages.

2.6.3 The e�ect of raised ERA on wages by replacement costs

The theoretical framework in subsection 2.2 predicts that raising the early retirement age
weakens older workers' outside options, most directly by removing the fallback of early
pension access. Such elimination of outside options in the form of pensions reduces wages for
a�ected workers on average. In this section, I analyze whether the e�ects on wages display
heterogeneity by substitutability and job-speci�c skills.

There are two main opposite forces that display heterogeneity. On the one hand, the negative
e�ect might be more pronounced for workers with high speci�city (e.g., job-speci�c skills or
high-level managerial roles), because their outside options may be especially limited. On
the other hand, if such workers are more productive, �rms may have incentives to o�er
wage premia to retain them, potentially o�setting the negative e�ect on their wages (see the
derivations in subsection 2.2). Hence, the e�ect of the rise in ERA on wages by substitutability
and speci�city of skills required to perform the given job may be both positive and negative.

I test this implication by estimating RDD regressions with monthly wages as the outcome,
focusing on subsamples that di�er in job-speci�city and substitutability. Figure 2.7 presents
the results. As expected, the overall wage e�ect is negative, consistent with reduced outside
options weakening employee bargaining power, but e�ects vary across groups. Among the
more replaceable workers, wages decline post-reform. In contrast, managers and those in
occupations that are di�cult to replace externally sometimes experience wage gains after the
reform, likely re�ecting �rms' reluctance to lose strategically important employees.

This result may re�ect �rm retention motives: when speci�c workers contribute more to �rm
pro�ts, �rms may o�er wage premia despite weak outside options. However, selection into
employment, whereby only the most productive or critical workers remain, may bias the
upward wage e�ects observed in these groups. Overall, these �ndings highlight that the wage
e�ects of the retirement reform are shaped by a complex interplay between retention needs
and bargaining power, conditional on continued employment.
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Figure 2.7: Subsample analyses for the e�ect of the rise in ERA on wages at ages 60-62 by
substitutability measures

Panel A: Human capital speci�city Panel B: Hierarchical positions

Panel C: Internal substitutability in the sam-
ple of small establishments

Panel D: External substitutability (occupa-
tions)

Notes: Coe�cient plots from RDD regressions around the January 1952 cuto�. The estimates are obtained

using local linear regressions with �rst-order polynomials, a triangular kernel, and mean square error�optimal

bandwidth selection. Controls include calendar month of birth, Western residence, wages at age 46, and

education. The vertical lines represent 95% con�dence intervals based on robust standard errors clustered at

the birth-month level. Control means (on the x-axis) refer to the average employment rate at ages 60�62

among the control group within each group's optimal bandwidth. The corresponding detailed tables are

reported in Table 2.B.23, Table 2.B.24, and Table 2.B.25.

2.7 Conclusion

This paper highlights the often-overlooked role of worker substitutability in shaping �rm
responses to retirement age reforms. While raising the early retirement age extends working
lives among older workers on average, this result masks substantial heterogeneity driven by
di�erences in skill speci�city to perform a given job and substitutability of a given occupation
internally (coworkers in the same occupation) and externally (potential external hires in
commuting zone for a given occupation or industry).

The results show that workers in occupations with high skill speci�city required to perform a
given job and limited substitutability are more likely to be retained post-reform. In these
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settings, raising the early retirement age reduces sta�ng frictions and extends working lives.
However, these e�ects are not uniformly bene�cial for the workers: less substitutable workers
are retained more often, but may experience weaker wage growth due to reduced outside
options, while more easily replaced workers face greater employment risk. These �ndings
suggest that retirement age reforms can alleviate sta�ng constraints in rigid labor markets,
but may also enhance �rms' wage-setting power, especially when older workers have fewer
fallback options. Evaluating such policies thus requires attention to both labor supply and
�rm-side frictions. These �ndings also underscore that retirement age reforms a�ect not only
older workers but also the interests of organizational stakeholders�particularly employers
and managers�as �rms' employment decisions re�ect trade-o�s between workforce stability,
turnover costs, and wage-setting power.

Future research could investigate the exit routes taken by workers who leave employment
before the statutory retirement age, including transitions into self-employment, unemployment,
or other non-employment states. This is particularly important because selective movement
of more substitutable workers into unemployment�potentially encouraged by employers as
a bridge to retirement�could represent an alternative mechanism behind the employment
patterns observed and thus would pose a threat to the interpretation of the results. While my
data do not allow me to observe unemployment spells directly, existing evidence for this reform
does not point to substantial substitution into unemployment (Geyer and Welteke, 2021),
suggesting that the main �ndings are unlikely to be driven by such behavior. Nevertheless,
understanding these margins remains important for fully disentangling �rm retention from
potential displacement e�ects.
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2.A Appendix: Figures

Figure 2.A.1: The assignment of normal retirement age by birth cohorts

Notes: This �gure depicts the assignment rule of normal retirement age by birth cohorts. Before the 1952

cohort, there was a women's pathway to retirement (dashed line). The vertical dashed line at the January

1952 cohort indicates the birth cuto� from which the women's pathway to early retirement was abolished.

Starting from the 1952 cohort, the NRA for people eligible for the regular pathway to retirement is equal to

the NRA for long-term insured, which used to be 65, but increased by monthly increments per birth year

starting from the 1947 cohort (black line).
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Figure 2.A.2: Fraction of women employed, nonemployed, and retired at each age-month by
treatment and control group

Notes: This �gure displays the evolution of three main employment states (employment in black, nonemploy-

ment in dark gray, and retirement in light gray- see subsection 2.4 for more details) over age by treatment

status: (i) treated - women born in 1952 (solid lines), and (ii) control- women born in 1951 (dashed lines).

The �rst short-dashed vertical line (at age 47) corresponds to the age of the 1st treated cohort in 1999. The

next two short dashed vertical lines show the age frame between the old ERA scheme (at age 60) and the

new one (at least age 63) per the 1999 reform, while the last two short-dashed vertical lines show the old

NRA scheme (at age 65) and the new one (at age 65 years and six months) per the 2007 reform.
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Figure 2.A.3: Fraction of women employed at each age-month by treatment and control group

Notes: This �gure displays the fraction of women employed at each age month by two treatment statuses:

treated (the 1952 birth cohort, in black) and control (the 1951 birth cohort, in gray). The period between the

two dashed lines at 60 and 63 years old indicates the gaps between the two groups due to the 1999 reform

under study.
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Figure 2.A.4: The e�ect of the rise in ERA: RDD plot

Panel A: �rst-order polynomials Panel B: fourth-order polynomials

Notes: RDD regression of the share of employed at ages 60-62 around the 1952 cuto�. For computing the

RDD estimates, I use �rst-order polynomials (Panel A) or automatic 4 th order (Panel B), triangular kernel

function, and mean square-based optimal bandwidth selection procedure. The vertical line marks the birth

cohort threshold 1952 (e.g., 0 corresponds to January 1952, -6 corresponds to people born six months before,

in June 1951).
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Figure 2.A.5: Subsample analyses for the e�ect of the rise in ERA on employment at ages
60-62 by aggregate occupations

Notes: Coe�cient plots for RDD regressions around the 1952 cuto�. For computing the RDD estimates, I

use local linear regressions, a triangular kernel function, and mean square error-based optimal bandwidth

choice. I control for calendar month, a dummy for Western residence, wages at the age of 46, and education.

I perform subsample analyses by ten categories of occupations based on occupational classi�cation. The

vertical lines indicate 95% con�dence intervals based on robust standard errors clustered at the birth month

level. The control means (on the x-axis) show the employment share at the ages of 60-62 in the corresponding

subsample over the control group (born in 1951). A corresponding table with more details can be found in

Table 2.B.15.
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Figure 2.A.6: Subsample analyses for the e�ect of the rise in ERA on employment at ages
60-62 by tenure

Panel A: tenure measured at 46 years old
(Me=4.5 years)

Panel B: tenure measured at 58 years old
(Me=7.7 years)

Notes: Coe�cient plots for RDD regressions around the 1952 cuto�. For computing the RDD estimates, I

use local linear regressions, a triangular kernel function, and mean square error-based optimal bandwidth

choice. I control for calendar month, a dummy for Western residence, wages at the age of 46, and education.

I perform subsample analyses by median split of tenure recorded at 46 years old (Panel A), and 58 years

old (Panel B)- 4.5 and 7.7 years, respectively. The vertical lines indicate 95% con�dence intervals based

on robust standard errors clustered at the birth month level. The control means (on the x-axis) show the

employment share at the ages of 60-62 in the corresponding subsample over the control group (born in 1951).

A corresponding table with more details can be found in Table 2.B.14.
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Figure 2.A.7: Subsample analyses for the e�ect of the rise in ERA on employment at ages
60-62 by task type and quartiles of occupational task routineness

Panel A: task type Panel B: task routineness

Notes: Coe�cient plots for RDD regressions around the 1952 cuto�. For computing the RDD estimates, I

use local linear regressions, a triangular kernel function, and mean square error-based optimal bandwidth

choice. I control for calendar month, a dummy for Western residence, wages at the age of 46, and education.

I perform subsample analyses by �ve task-type categories (Panel A) and quartiles of task routiness (Panel

B). The vertical lines indicate 95% con�dence intervals based on robust standard errors clustered at the birth

month level. The control means (on the x-axis, abbreviated as �CM�) show the employment share at the

ages of 60-62 in the corresponding subsample over the control group (born in 1951). A corresponding table

for Panel A with more details can be found in Table 2.B.18.
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Figure 2.A.8: The e�ect of the rise in ERA on employment at ages 60-62 by establishment
size

Notes: Coe�cient plots for RDD regressions around the 1952 cuto�. For computing the RDD estimates, I

use local linear regressions, a triangular kernel function, and mean square error-based optimal bandwidth

choice. I control for calendar month, a dummy for Western residence, wages at the age of 46, and education.

I perform subsample analyses by establishment size categories. The three categories of establishment size are

(1) up to 19, (2) 20-249, (3) 250-999, and (4) more than 1,000 workers employed at the establishment. The

vertical lines indicate 95% con�dence intervals based on robust standard errors clustered at the birth month

level. The control means (on the x-axis) show the employment share at the ages of 60-62 in the corresponding

subsample over the control group (born in 1951). A corresponding table with more details can be found in

Table 2.B.16.
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Figure 2.A.9: Subsample analyses for the e�ect of the rise in ERA on employment at ages
60-62 by number of internal substitutes

Panel A: ILMT in �rms of all sizes
Panel B: ILMT in small �rms, controlling for
occupation and �rm size dummies

Notes: Coe�cient plots for RDD regressions around the 1952 cuto�. For computing the RDD estimates, I

use local linear regressions, a triangular kernel function, and mean square error-based optimal bandwidth

choice. I control for calendar month, a dummy for Western residence, wages at the age of 46, and education.

I perform subsample analyses by the number of coworkers in the same 3-digit occupation. Panel A includes

establishments of all sizes, while Panel B restricts the sample to establishments with fewer than 100 workers,

and includes occupation and �rm size �xed e�ects. The vertical lines indicate 95% con�dence intervals based

on robust standard errors clustered at the birth month level. The control means (on the x-axis) show the

employment share at the ages of 60-62 in the corresponding subsample over the control group (born in 1951).

A corresponding table with more details can be found in Table 2.B.13.
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Figure 2.A.10: Subsample analyses for the e�ect of the rise in ERA on employment at ages
60-62 by external substitutability of a given industry

Panel A: industry-based ELMT, all establish-
ment sizes

Panel B: industry-based ELMT, small estab-
lishments

Notes: Coe�cient plots from RDD regressions around the January 1952 cuto�. The estimates are obtained

using local linear regressions with �rst-order polynomials, a triangular kernel, and mean square error�optimal

bandwidth selection. Controls include calendar month of birth, Western residence, wages at age 46, and

education. The external labor market thickness (ELMT) is categorized in three groups based on the commuting

zone being at most half as concentrated in a given industry as the country-level (ELMT < 0:5), or at least

half as concentrated but less concentrated than the country-level (0:5 < ELMT < 1), and at least as

concentrated as the country-level concentration (ELMT > 1). Panel A displays the subsample analyses

in the sample of establishments of all sizes, while Panel B is restricted to small establishments. Vertical

lines represent 95% con�dence intervals based on robust standard errors clustered at the birth-month level.

Control means (on the x-axis) refer to the average employment rate at ages 60�62 among the control group

within each group's optimal bandwidth. The corresponding detailed table is reported in Table 2.B.17.
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Figure 2.A.11: Subsample analyses for the e�ect of the rise in ERA on employment at ages
60-62 by external substitutability of a given occupation: sample of small establishments vs.
all establishments with �rm size �xed e�ects

Panel A: occupation-based ELMT, small es-
tablishments

Panel B: occupation-based ELMT, all estab-
lishment sizes, with �rm size �xed e�ects

Notes: Coe�cient plots for RDD regressions around the 1952 cuto�. For computing the RDD estimates, I use

local linear regressions, a triangular kernel function, and mean square error-based optimal bandwidth choice.

I control for calendar month, a dummy for Western residence, wages at the age of 46, and education. Both

Panels show the subsample analyses by external labor market thickness (ELMT), based on the commuting

zone being at most half as concentrated in a given occupation (Panel A) or industry (Panel B) as the

country-level (ELMT < 0:5), or at least half as concentrated but less concentrated than the country-level

(0:5 < ELMT < 1), and at least as concentrated as the country-level concentration (ELMT > 1). The

vertical lines indicate 95% con�dence intervals based on robust standard errors clustered at the birth month

level. The control means (on the x-axis) show the employment share at the ages of 60-62 in the corresponding

subsample over the control group (born in 1951). A corresponding table with more details can be found in

Panels C and D of Table 2.B.17.
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Figure 2.A.12: Subsample analyses for the e�ect of the rise in ERA on employment at ages
60-62 by tradability of industries

Notes: Coe�cient plots for RDD regressions around the 1952 cuto�. For computing the RDD estimates, I

use local linear regressions, a triangular kernel function, and mean square error-based optimal bandwidth

choice. I control for calendar month, a dummy for Western residence, wages at the age of 46, and education.

I perform subsample analyses by tradability of industries. The vertical lines indicate 95% con�dence intervals

based on robust standard errors clustered at the birth month level. The control means (on the x-axis) show

the employment share at the ages of 60-62 in the corresponding subsample over the control group (born in

1951). A corresponding table with more details can be found in Table 2.B.19.
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