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A B S T R A C T

Retirement is commonly described as a pure labor-supply decision, despite the potential importance of the
demand side. This partly reflects that the two dimensions are often difficult to disentangle. I here man-
age to overcome this difficulty by using a unique natural experiment, the progressive ban on mandatory
retirement in France in the 2000s. Drawing on an extensive administrative dataset, I use reform-induced
inter-industry variations in mandatory retirement legislation, thereby separating this factor from other
retirement determinants, such as financial incentives. I find that the demand-side determinants through
mandatory retirement do affect retirement patterns: the exit rates from employment are estimated to be
10% higher when mandatory retirement is possible. This effect is mostly driven by individuals with high
earnings, steep wage profiles and good health. Second, as the mandatory retirement age coincides with the
full-rate age, I reveal a previously unexamined determinant of the bunching in retirement distribution at
this age. Mandatory retirement is estimated to explain 12% of the observed spike at the full rate.

© 2019 Elsevier B.V. All rights reserved.

1. Introduction

Increasing the average retirement age is the most common option
chosen by policy makers to relieve the financial pressure on pub-
lic pension systems. The financial sustainability of the system thus
depends on the evolution of labor-force participation at older ages.
As such, it is essential to understand the mechanisms underlying
retirement behavior.

In France, as in most OECD countries, the labor-force participation
of older workers has been U-shaped over time (Schirle, 2008): since
the early 2000s, after several decades of steep decline, employment
rates started to increase sharply. The underlying causes of this trend
reversal are not yet fully understood. The two main explanations
usually put forward in France are the shutdown of early-retirement
routes in the main public pension schemes and the strengthening
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of financial incentives for continued activity (actuarial adjustment
beyond the full-rate age or lower replacement rates). The relative
role of each of these potential causes is difficult to determine, as
many reforms were implemented within a short period of time.

This article focuses on another overlooked, yet potentially impor-
tant, channel: labor demand-induced retirement. This channel is
explored through the impact of mandatory retirement rules in the
French private sector. Mandatory retirement refers to particular job-
termination rules for older workers. It is important to note that
this does not mean that the employee is forced to claim a pen-
sion, but rather that the employer can dismiss the employee with
far fewer restrictions than in general. Demand-side effects are often
cited as important drivers of older workers’ labor-force participation
(see for example Lumsdaine and Mitchell, 1999; Duval, 2003). The
theoretical mechanism is straightforward: with (perceived) declin-
ing productivity with age and some degree of wage rigidity, firms
have incentives to lay off older workers and hire younger ones. Yet
most existing economic models describe retirement as the result
of an individual trade-off between work and leisure.1 The implicit

1 There are two main strands in the literature on retirement decisions: structural
models (e.g., Rust and Phelan, 1997; French, 2005), or reduced-form estimations elic-
iting the main determinants of retirement decisions (e.g., Coile and Gruber, 2007;
Brown, 2013). In both of these, retirement is modeled as a purely individual (or
household) decision.
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assumption is that labor demand is infinitely elastic, and that the
retirement age is chosen by workers. This focus on the supply-side
dimension may be partly due to a lack of identifying variations:
as employers’ and employees’ incentives and preferences are often
aligned, demand- and supply-side effects are difficult to disentangle.

Taking advantage of a unique quasi-natural experiment, the pro-
gressive ban on mandatory retirement in the 2000s in France, I
can identify the effect of the employer’s decision in the retirement
process. Before 2003, mandatory retirement was possible from the
full-retirement age, which is 60 for individuals who have accu-
mulated enough years of contributions. The minimum mandatory
retirement age was then increased from 60 to 65. The increase was
implemented progressively over time, and at different times for
different types of employer, reflecting French industry-based labor
market legislation. More precisely, the 2003 reform banned manda-
tory retirement before 65 in the general case, but allowed some
industries to circumvent this increase via collective agreements. I
use a difference-in-differences approach, comparing industries that
implemented a derogatory agreement extending mandatory retire-
ment to those that did not. As the two groups may be exposed
to different shocks, I also use the conditions for mandatory retire-
ment, comparing the eligible to the non-eligible within industries in
a triple-difference approach. As such I can isolate this factor from
other determinants of retirement (in particular financial incentives
for continued activity) that were also affected by the 2003 reform.

I explore these questions using an extensive administrative
database provided by the Caisse nationale d’assurance vieillesse
(CNAV), the public pension scheme for private sector wage earners.
This is the largest pension scheme in France, covering two-thirds
of the working population. This dataset provides the employer–
employee link required to analyze the interaction between labor
demand and supply in the retirement process.

The paper contributes to the relatively scarce literature identi-
fying a labor-demand effect on retirement, and is mainly related to
the work identifying employer effects on retirement using changes
in firms’ incentives to lay off older workers. These have exploited
changes in age-specific employment protection (Behaghel et al.,
2008; Hakola and Uusitalo, 2005) or the steepness of the wage profile
(Frimmel et al., 2018). It is also directly related to the papers evaluat-
ing the effect of banning mandatory retirement in the United States
(Neumark and Stock, 1999; Ashenfelter and Card, 2002; Adams,
2004) and Canada (Shannon and Grierson, 2004), using State- or
Province-specific changes in legislation. As reviewed in Neumark
(2003), the literature finds that increasing employment protec-
tion for older workers has a positive but overall modest effect on
their labor-force participation. The existing literature on mandatory
retirement focuses on the specific context of the North American
labor market, with reforms occurring in the 1960–1980s. Paradox-
ically, there is no work on the effect of this type of scheme in
Europe, where labor market legislation is suspected to have a con-
siderable impact on the employment rates of older workers (Dorn
and Sousa-Poza, 2010). As mandatory retirement schemes still exist
in many European countries (Austria, Italy and Germany, and the
Netherlands and Sweden for some particular contracts) and were
recently removed in others (Spain in 2012 and the UK in 2011), this
is an important issue to address. This paper provides robust evi-
dence of a causal effect of these rules on older workers’ labor-force
participation in France.

In addition, this paper is related to the literature on the bunch-
ing in retirement at certain key ages in the social security system,
namely the minimum and full retirement ages. Those spikes have
been well-documented in the literature for a number of different
countries (Gruber and Wise, 2004). There are a variety of comple-
mentary explanations for the bunching in retirement at the full
retirement age: social security incentives, with less than actuarially
fair adjustment, incentives from firms’ private pension plans, and the

interaction with Medicare. All of these explanations together, how-
ever, do not suffice to explain the size of the spike, as suggested by
Lumsdaine et al. (1996). The unexplained part of the spike is usu-
ally attributed to norms or framing (Mastrobuoni, 2009; Behaghel
and Blau, 2012; Seibold, 2017). This paper explores a usually over-
looked channel: as the mandatory retirement age often coincide
with the full-rate age, retirement bunching at the latter may well be
partly explained by the former. Seibold (2017) does mention manda-
tory retirement as a potential determinant of the bunching at the
full retirement age in Germany. He, however, provides suggestive
evidence that demand-side’s contribution to bunching is likely to
be small, on the grounds that bunching also exists at ages where
there is no mandatory retirement contracts, and that bunching is not
stronger in firms more likely to have incentives to fire older workers.
In this paper, I do find evidence of a causal effect of mandatory retire-
ment in the concentration of retirement at full rate, hence, exhibiting
an original demand-side determinant of the “puzzle” of retirement
bunching.

The remainder of this paper is structured as follows. Section 2
describes the institutional setting. Section 3 introduces the data
and provides some descriptive statistics on the sample of inter-
est. Section 4 presents the empirical approach. Sections 5 and 6
respectively contain main and complementary results of the paper.
Section 7 concludes.

2. Institutional background

2.1. Mandatory retirement: rules and recent reforms

2.1.1. Dismissal via mandatory retirement
A typical long-term contract in France can only be terminated

under particular circumstances that constitute fair dismissal: eco-
nomic redundancies or dismissal for personal reasons. The minimum
compensations for fair dismissal are set by the national Labor Code or
collective labor agreements signed at the industry level. Employees
who consider to have been unfairly dismissed can file a complaint
to the Prud’hommes council, a specialized labor court consisting of
judges who are employees and employers representatives. The coun-
cil then decides whether the dismissal was fair, i.e. whether the firm
has valid grounds for misconduct or the obvious job inadequacy of
the worker (personal reasons) or faced real economic difficulties. The
burden of the proof is on the employer. If the dismissal is deemed
unfair by the council, the judges can decide on compensation to be
paid by the firm to the employee. This is a costly process from the
point of view of the firm. First, the council rules in favor of the worker
three times out of four, according to Fraisse et al. (2015). Second, the
average compensation decided by the judges is much higher (up to
5.5 times higher) than the legal severance payment (Patault, 2016).
Last, the legal process is slow with considerable uncertainty (Breda
et al., 2017), entailing potentially large transaction costs for the firm.

The common “mandatory retirement” term2 is somewhat mis-
leading, as it refers to labor market rules rather than pension legisla-
tion. Formally speaking, mandatory retirement is a third type of fair
dismissal: the employee can be dismissed without cause as soon as
she satisfies the mandatory retirement criteria, which are essentially
age-based. Prior to 2003, firms were allowed to lay off workers with-
out any justification after age 60, as soon as they reached the full-rate
age, under either the age or the duration condition (see below). This
rule was implemented in 1987 but was already common practice
before this date (Chaslot-Robinet, 2008). There are special dismissal

2 As popularized by the seminal paper of Lazear (1979). The official term in the
French legislation is Mise à la retraite d’office.
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compensations associated with this type of layoff, which must at
least be equal to the baseline compensation for fair dismissal.

Overall, it is much less risky to lay off an older worker via manda-
tory retirement, as the firm does not then face the uncertain and
potentially large costs associated with the legal process of unfair
dismissal.

2.1.2. A progressive increase in the mandatory retirement age
From the early 2000s, pension-system deficits made it necessary

to retain older workers in the labor force, and most of the schemes
providing incentives to retire as early as possible were progres-
sively removed. Along these lines, mandatory retirement was quickly
restricted in the 2003 reform that set the minimum age for manda-
tory retirement at 65, replacing the previous double condition of
age (60) and full-rate eligibility. As a large percentage of individuals
were eligible for a full rate pension at age 60, this reform essentially
amounted to an increase in the mandatory retirement age from 60 to
65.

The reform, however, was not implemented everywhere, as
exemptions were possible: some industries were allowed to con-
tinue with the previous scheme, if they signed a derogatory agree-
ment before January 1st 2008. Under fairly mild employment-related
compensations (e.g., hiring one new worker for every two layoffs via
mandatory retirement), some industries were allowed to maintain
the previous rules. Interestingly, these derogatory agreements were
not mentioned in the first draft of the Law (published two month
before the vote of the reform in August 2003), suggesting resistance
to this change, possibly from industrial lobbies.3 Facing a wave of
such derogatory agreements, the Legislator forbade any new signa-
tures in 2006, and the derogatory schemes were scheduled to be
closed by January 2010.

A last reform in 2010 further increased the minimum age for
mandatory retirement from 65 to 70. In this paper, I focus on the
increase of the mandatory retirement age from 60 to 65, as in the
period of interest labor-force participation after 65 was only limited.

2.2. The interaction with pension rules and reforms

2.2.1. The French public pension system
The public pension system in France is large and fragmented. It

consists of over 30 different pension schemes, with benefits amount-
ing to roughly 14% of GDP. In this paper, I focus on the Régime Général,
the main scheme for private sector wage earners. As France’s largest
public pension scheme, this covers over two-thirds of the working
population. Together with its complementary points-based public
mandatory pillar, it provides the main part of income during retire-
ment. Appendix A presents the main features of the public pension
system for private sector wage earners in detail, I focus on the two
elements that are essential for the understanding of the effect of
mandatory retirement: the definition of the full-rate age and the
financial incentives embedded in the pension formula.

In addition to the usual statutory eligibility age (SEA, minimum
claiming age) and normal retirement age (NRA, age of automatic
eligibility for a full-rate pension), a key feature of the French pen-
sion system is the existence of a full-rate age (FRA). The FRA is an
alternative criterion for a full-rate pension, before the NRA. The full-
rate conditions are that the worker has (i) reached the SEA and (ii)
attained the required work duration for the full rate DFR. A full-rate
pension can then be claimed from the SEA with a sufficient number of
trimesters contributed to the system. This FRA is key in the analysis

3 See Ciccotelli (2016) for an analysis of the role played by employers’ unions in
labor market policies in France since 1960.

of the effect of mandatory retirement. Only workers who are eligible
for a full-rate pension can be laid off via mandatory retirement. This
means that, before the NRA, only workers who have attained the FRA
are concerned by the mandatory retirement scheme and its reforms.

Pension benefits are determined by: (i) a reference wage Wref,
which summarizes the earnings trajectory by the mean of the 25 best
annual earnings figures; (ii) a conversion rate equal to 50% at the
full rate that can rise or fall according to whether pension-claiming
occurs before or after the full-rate age; and (iii) a coefficient equal
to the proportion of the career spent in the pension scheme (with
a maximum value of one). Working for one additional year there-
fore increases pension benefits through these three channels, with
the size of the accrual mainly depending on the earnings trajectory –
whether the additional year changes Wref and the proportionality
coefficient – and the rate of actuarial adjustment from the penalty
and bonus either side of the full-rate age.

2.2.2. Contemporaneous reforms to the pension system
The changes to the mandatory retirement legislation took place

at the same time as other significant pension-system reforms.
The first and main change was the introduction of a bonus for

working beyond the full-rate age FRA. Before 2003, there was no
increase in the pension replacement rate once the individual had
reached the required duration, DFR. The reform introduced an actu-
arially fair adjustment (the surcote) in January 1st 2004. This greatly
increased the incentive to work after the full-rate age. Importantly,
this change in the financial incentive to work operated in the same
direction as the repeal of mandatory retirement before 65: both
reforms are therefore expected to increase the probability of working
beyond the full-rate age.4

Another important element of the 2003 reform was the imple-
mentation of early retirement before the statutory eligibility age (60
at the time). Those early retirements were only available for workers
who had worked for a long time and who started to work early, and
eligible individuals could retire from age 56. This reform potentially
interacts with the change in the rules for mandatory retirement as it
can induce selection bias into the population of interest (those aged
60 to 64).

Last but not least, the 2010 pension reform increasing the statu-
tory eligibility age from 60 to 62 was implemented gradually starting
in 2011. This kind of reform generally has a considerable impact
on retirement (see for example Staubli and Zweimüller, 2013), and
in France had different effects according to career trajectories, and
in particular employment duration Rabaté and Rochut, 2017). As a
result, this reform had a differential effect by industry, and directly
interacted with the mandatory retirement reform. As I cannot iso-
late the effect of the two reforms, I only use the years preceding the
implementation of the 2010 reform (2000–2009) in the empirical
analysis.

3. Data and descriptive statistics

3.1. The French Social Security administrative dataset

To examine the impact of mandatory retirement on labor-force
participation, I use highly detailed administrative data from the
general retirement scheme of private sector wage earners (CNAV).
The CNAV 1/20th sample (thereafter CNAV sample) is a random
draw of 1/20th of the population affiliated to the general scheme

4 Benallah (2011) shows that the introduction of the surcote had a small but pos-
itive employment impact. The contemporaneous change in mandatory retirement
legislation is, however, not taken into account.
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(both workers and retirees), based on their individual Social Security
number.

The sample contains information on work history (from 1947 to
2014), and pension rights for retired members. The initial sample
contains about 2 million observations (on average, 50,000 by birth
year), of which 75% are on workers and 25% on retirees. As this
is an administrative dataset, we have only few demographic vari-
ables: date of birth, birth location (France or abroad), and gender. On
the other hand, labor-market outcome information is detailed: the
dataset contains, by individual and year, the number of trimesters
validated for pension calculation for each type of validation (work,
unemployment, maternity and sick leave), in all the different pension
schemes. Earnings are recorded for the periods worked as a wage
earner in the private sector only. From 2000 onward, the data pro-
vides a link between employee and employer characteristics that is
crucial for our identification strategy. A number of firm-specific vari-
ables are available for each employment spell: firm size, industry
affiliation and firm identifier.

The estimation sample contains all individuals who (i) worked at
least once in the private sector in the 60–65 age window between
2000 and 2010, and (ii) retired by 2016. The 2000–2010 restriction
is driven on the left by data availability and on the right by the 2010
reform (which interferes with the effect of mandatory retirement:
see Section 2.2 above). We focus on the retired as we require clean
data on the individual’s full-rate age, and this information is not well-
reported before pension claiming.5 Our final sample is of 167,484
individuals, for whom we keep all observations with a recorded
employment spell in the private sector between ages 60 and 65.

3.2. Data on collective agreements

As described in the next section, our identifying source of varia-
tion is the extension of mandatory retirement after 2003 by collec-
tive industry-based derogatory agreements. We thus need to know
whether the worker was covered by a derogatory agreement at a
given point in time.

We start by collecting all of the derogatory agreements for
mandatory retirement signed between 2003 and 2006. Using a list
provided by the French Ministry of Labor, we consider 69 out of
a total of 91 exemptions according to administrative sources (Bur,
2007).6 The missing exemptions concern firm-level agreements for
which there is no available data.7

The relevant collective labor agreement applying to a worker at
a given point in time is not directly available in the CNAV data,
and must be matched in from external data. Appendix A sets out
the matching method, which can be summarized as follows. I use
a correspondence table between the industry code of the firm and
the collective labor agreement. This contains, for all industries, the
percentage of workers attached to the different collective agree-
ments. The following rule is applied: for each industry, if at least
50% of the workers are found to be covered by a given collective
agreement, we consider that all workers from this industry belong
to the latter. There are two groups of industries that cannot be
matched to any main collective labor agreement: when no collec-
tive agreement represents more than 50% of workers in this industry
(“unmatched industries”), or when information is not available due
to statistical confidentiality (“unmatchable industries”). Comparison

5 This is the moment at which the Administration needs to have complete infor-
mation for pension calculation. The number of children and some periods worked in
other pension schemes, both of which contribute to the total insurance duration used
to calculate pension benefits, are not always reported before claiming.

6 The list of agreements, with their associated industry and implementation date
appears in Appendix B.

7 The list of all the derogatory agreements found and used is presented in the online
appendix.

of the matched and unmatched industries is shown in Table B.1 of
Appendix B.

As a result, the main source of variation – collective labor agree-
ments and the associated derogatory agreements – is only impre-
cisely measured. The quality of the matching can be assessed using
the latest version of the Echantillon inter-régime des retraités (EIR),
which includes direct information on the collective agreement by
which a given worker is covered from 2005.8 We can apply our
matching method to the EIR sample and compare the true collec-
tive agreement to the imputed value. This shows that we wrongly
classify only 10% of individuals. The misclassification of some indi-
viduals induces measurement error on the treatment variable. As
there is no reason to expect the error created by this matching pro-
cedure to be classical, we check that the results are overall robust to
alternative definitions of the treatment variable (see Section 5.3 and
Appendix B).

3.3. Descriptive statistics

The matching between our main dataset and the collective agree-
ments data creates our treatment and control groups. Some workers
are assigned to an industry that signed a derogatory agreement (DA) —
the treatment group; while others are assigned to an industry that
did not sign a derogatory agreement — the control group. Table 1
presents some descriptive statistics comparing those groups.

The treatment and control groups are of comparable size. They
do, however, differ significantly in their composition. Individuals in
industries with a derogatory agreement are relatively more often
men (27% vs. 45% of women), started to work younger, and vali-
dated more trimesters for retirement when they reach 60 (around
2 more years). Consequently, a larger share of them reach age 60
with the required contribution duration and are eligible for a full-
rate pension (72% vs. 64%). Average annual earnings at 60 are also
much higher (25,000€ vs. 17,000€), although this mainly reflects the
gender composition of the groups. Individuals working in firms for
which I imputed a derogatory agreement retire younger and with
higher pensions. This stems from the fact that they have higher earn-
ings and insurance duration, both of which increase pension benefits.
They also have lower pension accrual, i.e. a lower increase in pension
wealth when working one additional year. This is due to the fact that
workers of the treatment group are most often eligible to the full rate
pension, and that accruals are lower after full rate than before. These
differences in observables between the groups reflect that deroga-
tory agreements were not signed randomly among industries. Two
main sectors, “Manufacturing’ and “Construction”, represent half of
the industries with exemptions, and only 10% of the group of indus-
tries without. Conversely, this latter group is over-represented by the
Trade, Transportation and Food industries.

The fact that the groups of industries with and without deroga-
tory agreements are different was not a surprise. This does not mat-
ter for the main identification strategy, which relies on differences-
in-differences. What is more problematic is the differential evolution
of the key variables. As presented in the career section of Table 1, the
proportion of individuals eligible when they reach 60 increases much
more in the DA group (+ 5pp) than in the control group (+ 1pp). The
accrual also increased more for the DA group, as the implementa-
tion of the surcote increases accruals for individuals with the full rate,
that are relatively more numerous in this group. As discussed in the
next section, this change in the composition of individuals eligible
for full-rate pensions, as well as the different exposure to the change

8 The EIR is a panel of retirees with administrative career records in most existing
pension schemes. See Mahieu and Blanchet (2004) for a detailed presentation of the
data.
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Table 1
Descriptive statistics for the estimation sample.
SOURCE: CNAV 1/20th sample.

Treatment group Control group

All years After vs. before All years After vs. before

Sample size
Nb obs 48,951 38,577
Nb indiv 28,518 20,312

Demographics
Proportion of women 27.30 1.80 44.50 0.20
Proportion of natives 70.60 5.90 75.40 0.70

Career
Mean age of first report 19.5 −1.2 19.5 −0.8
Mean insurance duration at 60 152.7 5.1 145.4 4.9
Mean wage at 60 24,810.1 −5395.7 16,987.1 −4967.3
% full rate at 60 72.0 4.8 64.4 0.9

Retirement
Mean claiming age 62.1 −0.2 62.4 −0.3
Mean retirement age 62.0 −0.2 62.2 −0.2
Mean yearly benefits 11,981.3 797.7 9259.9 364.2
Mean pension accrual −748.9 1870.2 −262.4 1553.4

Industry
Manufacturing 32.82 −2.88 12.89 −2.24
Water supply 0.91 0.05 1.42 −0.10
Construction 24.34 −1.32 0.00 0.00
Trade 10.96 0.64 22.41 −2.64
Transportation and storage 1.30 0.71 12.89 1.95
Accommodation and food 0.00 0.00 15.11 −1.52
Information and communication 2.52 0.20 1.26 −0.29
Financial and insurance activities 7.73 1.92 0.81 −0.43
Real estate activities 3.16 0.44 0.00 0.00
Technical activities 9.42 1.62 7.60 1.26
Administrative service activities 5.80 −1.44 11.10 3.12
Public administration 0.00 0.00 0.66 −0.33
Education 0.51 0.14 4.60 1.13
Human health and social work 0.00 0.00 3.50 0.28
Arts and entertainment 0.00 0.00 2.14 −0.08
Other service activities 0.02 0.01 3.14 −0.02

NOTE: The table presents the descriptive statistics for the treatment group (individuals working in industries with a derogatory agreement) and the control
group (individuals in industries without such an agreement). After vs. before columns presents the difference between the statistics computed on years
2005–2009 and years 2000–2004.

in pension incentives, must be taken into account in the empirical
strategy as it may call the double-difference strategy into question.

4. Empirical strategy

4.1. A double-difference approach

4.1.1. Identification
The main reform of interest is that of pensions in 2003 that

banned mandatory retirement before age 65. The expected effect of
the reform is greater labor-force participation for individuals aged
60 to 64, as some workers who would have been forced to retire
via mandatory retirement instead continue to work beyond the full-
rate work duration. A simple before/after analysis is not possible in
this case, due to at least two potential confounding factors. There
are first considerable trends in both labor-force participation and
the business cycle around the period under consideration. Second,
in addition to changing mandatory retirement, the 2003 reform also
introduced a new pension bonus for working beyond the full rate
(the surcote). We expect this surcote to work in the same direction as
banning mandatory retirement. Identifying the effect of mandatory
retirement thus requires an additional source of variation.

The empirical strategy then takes advantage of the industry-
specific timing of the mandatory retirement rules. Mandatory
retirement before age 65 was banned in the general case, but some
industries were allowed to retain the previous mandatory retirement
rules. These exemptions are used as the identifying variations for
the effect of mandatory retirement. In exempted industries, manda-
tory retirement was possible from age 60, provided that the worker
was eligible for a full-rate pension. The treatment variable will then
be defined according to those exemptions, industries with a deroga-
tory agreement are treated and the control group is those without an
agreement. The difference-in-differences analysis then compares the
change in older workers’ employment in industries with and without
derogatory agreements keeping mandatory retirement before age
65.

4.1.2. Econometric specification
We retain a classic difference-in-differences specification, with

time and group fixed effects and a treatment dummy.

Yi,j,t = a + kt + lj + dTDD
j,t + bXXi,j,t + 4i,j,t (1)
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with:

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(i, j, t) : (individual, industry, year)

Yi,j,t : The labor market outcome

kt : Year dummy

lj : Industry dummy

TDD
j,t : DD treatment dummy

Xi,j,t : Controls

The main explanatory treatment variable TDD
j,t refers to the rat-

ification of a derogatory agreement. It depends on both time and
industry: it is 0 for everybody before 2003, and 0 or 1 afterwards
depending on whether the industry had a derogatory agreement and
its implementation date. The controls include age and gender dum-
mies, the age of labor market entry, a dummy for being born in
France, the number of years of employment between 45 and 60 and
firm size.

There are a number of different dependent variables Yi,j,t. The
most natural one is job exit, as mandatory retirement does not
formally correspond to forced retirement but to lay off. As such,
a worker can theoretically find another job after being laid-off by
mandatory retirement. However, as we want to identify employer-
driven retirement, we are more interested in exit from employment.
As pension claiming can occur much later than withdrawal from the
labor force, we use the following simple definition: Yi,j,t equals one if
individual i works in industry j at time t but is no longer employed in
the private sector at date t + 1. Alternative outcome variables, such
as job-to-job transitions or retirement, are tested in Section 6.1.

4.2. A triple-difference approach

4.2.1. Confounding factors
The empirical analysis is based on the hypothesis that the dif-

ferential evolution in the treatment and control groups only reflects
mandatory retirement rules. This assumption can be challenged on
four different grounds.

First, derogatory agreements were signed in particular industries
that may be exposed to specific macroeconomic shocks. This is all
the more likely as the treatment years overlap with the macroeco-
nomic crisis in the late 2000s. For example, it may be that industries
that signed a derogatory agreement were also more severely affected
by the crisis, and would have had higher turnover even without the
derogatory agreements.

Second, treatment exogeneity can be questioned, as the ratifica-
tion of a derogatory agreement may well be correlated with other
industry-level determinants of the labor-force participation of older
workers. Derogatory agreements could be correlated with unob-
served demand-side determinants of retirement, as industries that
decided to retain the former mandatory-retirement scheme were
plausibly more willing to use it. We may also imagine a positive
correlation between the derogatory agreement and the unobserved
determinants of labor supply, for example preferences for leisure.9

Third, the double-difference strategy relies on the assumption
that workers in treated and untreated industries face similar pension
incentives. We would otherwise wrongly attribute the differential
change in pension incentives in the treatment and control groups to
the change in mandatory retirement rules. As the effect of manda-
tory retirement is binding only for individuals who are eligible for
full-rate pensions, the evolution of the job exit rate between ages 60
and 64 will mechanically depend on the proportion of individuals

9 The fact that powerful labor unions, in many cases, also signed the agreement
points in this direction.

reaching the full rate at these ages. The fact that the proportion of eli-
gible workers evolves deferentially in the control and treated group
(Table 1) may undermine the validity of the difference-in-difference
strategy. Furthermore, as the bonus for continued work was intro-
duced at the same time as the change in mandatory retirement, we
have to assume that, absent the difference in mandatory retirement
rules in the treated and control industries, all workers would have
reacted similarly to the implementation of the bonus. This may not
necessarily be the case, as financial incentives from the bonus are not
the same for both groups.

Last, our estimation could be biased by spillover effects, as the
treatment can also impact the control group indirectly, for example,
if workers laid off in treated industries then enter the control group.
This inflow of new workers in the control group could in turn
decrease the average exit rate of the control group (say if they are
newer and more motivated workers), and bias upward our estimate
of the effect of the treatment.

4.2.2. DDD specification
As mandatory retirement before 65 is only possible when the

worker is eligible for a full-rate pension, we have another potential
source of identification for the effect of mandatory retirement: only
individuals with the required duration for full-rate eligibility DFR are
affected by the 2003 reform and the following derogatory agree-
ments. A natural extension of the previous specification is then to
introduce full-rate eligibility status in a triple-difference framework:

Yi,j,t =a + bXXi,j,t + 4i,j,t + lj

+ kt + b1DAj,t + b2FRi,t

+ c1TDD
j,t + c2(t, FR) + c3DAj,t ∗ FRi,t+

+ d TDDD
j,t (2)

with:

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

Yi,j,t : The labor market outcome

kt : Year dummy

lj : Industry dummy

DA : Dummy for industry with DA

FRi,t : Dummy for the full rate having been reached

(t, FR) : Year x FR set of interactions

TDD
j,t : DD treatment dummy

TDDD
j,t : DDD treatment dummy

Xi,j,t : Controls

In this specification, the main treatment variable is TDDD
j,t , which

is equal to 1 if and only if individual i has reached the full-rate age
(FR = 1) and works in an industry that signed a derogatory agree-
ment (DA = 1) and if the current year t is after the implementation
date of the agreement. We expect the d coefficient here to be positive,
as it reveals the effect of the double treatment of being at the full rate
in an industry in which mandatory retirement at the full rate is still
possible. We also expect the c1 coefficient to be zero, as mandatory
retirement should only affect job exit when the full rate is reached.

The triple-difference approach alleviates some of the concerns
listed above. There is no clear reason why industry-specific macro
shocks should affect workers who have reached the full rate and
those who have not differently. Similarly, if there are unobserved
demand- or supply-side factors regarding job exit, we expect these
to be unrelated to full-rate eligibility. This approach also deals with
the change in the composition of the two groups regarding full-
rate eligibility, as we control for the change in the proportion of
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individuals with a full-rate pension in the two groups. The triple dif-
ference then address to the most crucial confounding factors of the
double-difference approach.

The triple-difference strategy does not, however, account for the
potential difference in pension incentives resulting from the pension
bonus, nor for the potential spillovers between treated and non-
treated industries. The former issue is likely to induce a downward
bias: as the increase in pension accrual due to the implementation of
the bonus is stronger for the treatment group (cf. Table 1), the effect
of the reform should be stronger for them. The job exit rate would
then have fallen more rapidly than for the control group, absent the
reform of derogatory agreement. We control for this potential bias
by including pension accrual in the control variables.10

Second, spillover effects are not less likely to occur for individ-
uals who have reached the full rate. We can, however, assess their
importance by examining the effect of derogatory agreements on
job-to-job transitions and hiring rates. Laidoff workers from treated
industries entering non-treated industries would indeed increase
job-to-job transition from the treated group, and increase hiring in
the control group. Reassuringly, we find no effect on job-to-job tran-
sition and no negative effect on hiring (see Section 6). Yet, another
type of spillover arises in the triple-difference setting: treatment
for individuals at full rate can impact individuals without full rate,
through both general equilibrium effect or change in financial incen-
tives, as the reward to work beyond the full rate also increases
for them. Graphical evidence, presented in the next section, how-
ever, exhibits very stable patterns for job exit of individuals without
full rate. Overall, these results suggest that spillover effects, either
between types of industry or types of workers, are not a major threat
to identification in this setting.

5. Main results

5.1. Graphical evidence

Fig. 1 presents graphical evidence of the causal effect of manda-
tory retirement on the employment of older workers. Panel (a) shows
the evolution of the average exit rate out of employment between
2000 and 2009 (the probability that a worker will leave her current
job from one year to the next), for industries that signed a derogatory
agreement (the DA group) and those that did not (the no DA group).
We expect the job exit rate to fall as the (supply- or demand-side)
incentives to work rise, as workers may stay longer in employment.
We first note the fairly parallel trajectory in job exit rates for the con-
trol and treatment groups in the pre-treatment years (2000–2003),
and during the first years in which the derogatory agreements were
signed (2004–2005). From the mid 2000s, the two curves then clearly
diverge as the derogatory agreements are introduced. Between 2006
and 2010, the exit rate fell by around 10pp in the control group,
in industries where mandatory retirement was banned. This can be
interpreted as follows: when allowed to do so, at least some work-
ers decide to work longer. This is at least partly the effect of the rise
in the financial incentives to work provided by the actuarial adjust-
ments to the pension formula. The exit rate, however, remains stable
where mandatory retirement is maintained in the treatment group.
This suggests that mandatory retirement prevented the rise in older
workers’ labor-force participation.

In Panel (b), the evolution of the exit rate is broken down into
two subgroups: those who are eligible for a full-rate pension and
those who are not. The pattern in the whole sample is driven by the
job exit of those eligible for a full-rate pension. This confirms our

10 Accrual is computed following Coile and Gruber (2007), as the discounted lifetime
increase in pension wealth associated with an additional year of work. See the online
appendix for details.

previous interpretation, as both types of incentives, on the demand-
side through mandatory retirement and on the supply-side through
the pension bonus, only apply to eligible workers. It also underlines
the validity of the triple-difference approach, as individuals who are
not eligible for a full-rate pension exhibit similar changes in DA and
non-DA industries.

5.2. Estimation results

Table 2 presents the estimated effect of mandatory retirement
on the job exit rate. All models are estimated by OLS. The first
two columns present simplified versions of the double- and triple-
difference specifications, in which the time and industry dimensions
are collapsed into a two-period/two-group setting: before 2003
and after 2005, when most of the derogatory agreements were
implemented,11 and industries with or without an agreement. These
specifications provide useful baseline estimates for the job exit rates
in both groups prior to the reform, and for the trend in the non-
treated group. Columns (3) and (4) contain the double-difference
estimates and columns (5) and (6) those for the triple difference
(with and without controls). Standard errors are clustered at the
industry-level.

Overall, the estimated coefficients have the expected signs. We
find a positive and significant effect of the derogatory agreements
extending mandatory retirement on job exit. In the triple-difference
specification, this effect is concentrated on individuals who are eli-
gible for full-rate pensions. The interaction coefficient is positive
and significant and the coefficient for the effect of the derogatory
agreements without the full rate is close to zero. This confirms the
graphical evidence presented above, showing the causal impact of
employer’s decisions on retirement.

The size of the derogatory-agreement effect is comparable across
the various specifications. The point estimate of the effect on job exit
in the double-difference specification is +3.9pp, which is smaller but
close to that in the triple-difference(+6.5 pp), as the proportion of
workers eligible for the full rate is around 70% (6.5 × 0.7 ≈ 4.6 pp).
This suggests that the upward bias in the double-difference speci-
fication is only mild. Compared to the baseline 47% annual job-exit
rate in the treatment group before the reform, the estimation results
of the DD specification imply that workers in a firm with manda-
tory retirement are 10% more likely to exit employment compared
to those who cannot be forced to retire before 65. The effect size is
similar to those in Adams (2004) and Neumark and Stock (1999).12

This effect size seems small at the aggregate level. If we consider
that (i) every exit is permanent, (ii) there is no adverse effect of ban-
ning mandatory retirement on hiring, (iii) there are around 750,000
workers in the private sector aged 60–64, and (iv) derogatory agree-
ments affect 33% of them (as estimated in our sample, cf. Table 1),
then a 10% higher exit rate from mandatory retirement corresponds
to around 25,000 employment terminations every year between
2005 and 2009. We hence conclude that the derogatory agreements
did not hugely affect older workers’ labor-force participation.

The effect is sizable, however, if we compare it to the counterfac-
tual fall in the exit rate in the absence of reform, given by the trend
observed for the control group. Using estimates from the double dif-
ference estimation, the positive effect of derogatory agreements on
job exit (+4.7pp) significantly curbs the counterfactual fall over the
period (−7pp, according to Table 1). Derogatory agreements then
reduce the fall in the exit rate that we would have observed absent
the reform by around two-thirds (4.7/7). Assuming that the bonus

11 The years 2004 and 2005 are dropped from the main sample in this specification.
12 Adams (2004) estimates 2.75pp higher employment in the concerned population

(age 50 and above), corresponding to a 4.45% increase over the baseline rate. The esti-
mated effect is slightly smaller in Neumark and Stock (1999)t, at around 1.7pp. I use
the DD estimates that is more comparable to the studies mentioned.
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Fig. 1. The exit rate from employment by year. NOTE: Treatment status depends on the derogatory agreement: individuals working in an industry that signed a derogatory
agreement are in the treated group. Nobody is treated before 2004 (the pre-treatment period). Agreements were signed between 2004 and 2006, which corresponds to the first
shaded area (DA signed). Between 2006 and 2010, the treated group is treated, whereas the control group is not (the treatment period).
SOURCE: CNAV 1/20th sample.

is the main driver of the observed trend in job exit,13 our estimate
suggests that its effect is largely undermined by mandatory retire-
ment. This can be reformulated as follows: when the constraints on
the demand side are not loosened, increasing financial incentives to
work are not very effective in increasing the labor-force participation
of older workers.

5.2.1. The timing of the effect
The dynamics of the treatment effect help to interpret the results.

We complement our initial models by lag and lead dummies around
the treatment date, as in Autor (2003).

Yi,j,t =

⎛
⎝

2009∑
t=2001

dtDAj,t × 1year=t

⎞
⎠ + a + kt + lj + bXXi,j,t + 4i,j,t (1bis)

Yi,j,t =

⎛
⎝

2009∑
t=2001

d1 , t(DAj,t ×1year=t)+d2 , y(FRi,t ×1year=t)+d3 , t(DAj,t ×FRi,t ×1year=t)

⎞
⎠

+ a + kt + lj + b1FRi,t + b2DAj,t × FRi,t + bXXi,j,t + 4i,j,t (2bis)

These specifications are of interest for two reasons. They first
help to check that there is no reverse causality between the outcome
variable and the treatment (if the coefficients on the lags are insignif-
icant). Second, the leads can provide insights into the dynamics of
the effect. The point estimates of dy in the double-difference specifi-
cations appear in Fig. 2a, along with their 90% confidence intervals.
Reassuringly, there is no significant effect in the years preceding the
agreement. Regarding the dynamics, the treatment effect grows over

13 Which is admittedly a rather strong assumption, as this may also be driven by
long-term evolutions or macro-economic conditions.

time, and is much stronger from the third year after the signature
of the derogatory agreement. The removal of the labor-demand con-
straint thus does not seem to have a large instantaneous effect (it is
insignificant in the signature year), suggesting that it was not bind-
ing on workers’ choices. As time passes, labor supply adapts to the
changes in financial incentives: workers are increasingly willing to
work beyond their full-rate age. Firms’ and workers’ choices are then
more likely to be antagonistic, and mandatory retirement starts to
play a role.

Fig. 2b presents the estimates of d2,y (the dotted line) and d3,y (the
unbroken line). This confirms that over the whole period, the effect
of the derogatory retirement is concentrated on individuals who are
eligible for full-rate pensions. The spike observed in 2003 can be
interpreted as an anticipation effect from industries of the treat-
ment group, who used the mandatory retirement option before its
repeal, as they knew there would be some time before the derogatory
agreements could be implemented.

5.2.2. The effect on bunching at the full rate
As in many other countries (Gruber and Wise, 2004), there is

considerable retirement bunching at the key ages of social security
legislation: the statutory eligibility age (SEA), the full-rate age (FRA),
and the normal retirement age (NRA). As the FRA age can be reached
at any time between the SEA and the NRA, provided that the required
duration is attained, this may constitute the main focal point for
retirement. Bunching in pension claiming at the full rate has been
documented in previous work on French data (for example, Mahieu
and Blanchet, 2004), and is likely to have many determinants: finan-
cial incentives from the pension schedule; credit constraints; norms;
and finally mandatory retirement, since worker full-rate eligibility
is a condition for employers to use the scheme. Our empirical anal-
ysis identifies an effect of the latter, which is a hitherto-ignored
determinant of bunching at the full rate.
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Table 2
The effect of extended mandatory retirement: main results.
SOURCE: CNAV 1/20th sample.

2 periods/2 groups Multi periods/group

DD DDD DD DDD

(1) (2) (3) (4) (5) (6)

After 2005 −0.033∗∗∗ −0.023∗∗∗

(0.006) (0.005)
DA industries 0.042∗∗∗ −0.001

(0.011) (0.010)
FR 0.159∗∗∗ 0.337∗∗∗ 0.212∗∗∗

(0.017) (0.020) (0.021)
After 2005 × FR −0.051∗∗∗

(0.011)
DA industries × FR 0.073∗∗∗ 0.087∗∗∗ 0.053∗∗

(0.020) (0.030) (0.023)
DD Treatment effect 0.047∗∗∗ 0.004 0.036∗∗∗ 0.039∗∗∗ −0.012 −0.009*

(0.009) (0.010) (0.011) (0.009) (0.015) (0.012)
DDD Treatment effect 0.051∗∗∗ 0.067∗∗∗ 0.065∗∗∗

(0.019) (0.022) (0.018)
Pre-reform baseline 0.467 0.467 0.467 0.467 0.467 0.467
R2 0.149 0.158 0.053 0.168 0.142 0.182
No. obs. 87,528 87,528 87,528 87,528 87,528 87,528
No. ind. 48,238 48,238 48,238 48,238 48,238 48,238
No. clusters 438 438 438 438 438 438
Controls Yes Yes No Yes No Yes
Industry dummies No No Yes Yes Yes Yes
Year dummies No No Yes Yes Yes Yes

NOTE: The controls include age and gender dummies, age of labor-market entry, a dummy for being born in France and pension accrual. Standard errors are clustered at the
industry level. The six columns correspond to the following models (see text for details):
Columns (1–2): Specifications with two periods (before/after agreement signature) and two groups (treated and not treated). The signature-agreement years (2004–2005) are
excluded. Columns (3–4): Estimation of Eq. (1) with and without controls. Columns (5–6): Estimation of Eq. (2) with and without controls
∗∗∗ p < 0.01.
∗∗ p < 0.05.
∗ p < 0.1.

Fig. 3 shows the distribution of the distance to the full-rate age at
retirement, for individuals working in the pre-reform (left panel) and
post-reform (right panel) periods. Retirement is more concentrated
at the full-rate age in the pre-reform period, and this gap rises over
time: bunching at the full rate falls in the control group and rises in
the treatment group. This cannot however be directly interpreted as
the effect of mandatory retirement, as other determinants of retire-
ment at the full rate also change over the period, such as the number
of quarters validated before age 60. We cannot consequently directly
assess the contribution of mandatory retirement to full-rate bunch-
ing, for example in a difference-in-difference bunching analysis as in
Brown (2013).

The estimates in Table 2 do, however, show a causal effect of
mandatory retirement on retirement, which is concentrated on indi-
viduals with full-rate pensions. This implies that mandatory retire-
ment partly drives bunching at the full rate. Using the simpler
two-period specification (column (2)), we can quantify the contribu-
tion of mandatory retirement to the probability of retiring when the
full rate is reached.

The post-reform average exit rate from employment at full rate
is around 55% in the treatment group. Without the reform, it would
have been 6.5pp lower according to our point estimate. We can then
suggest that mandatory retirement explains around 12% (6.5/55) of
the attraction effect of the full rate.

5.3. Robustness tests

This subsection introduces a wide set of robustness checks. We
successively describe the rationale for these and the results they
yield, which are summarized in Table 3, and compare them to the
baseline (column 6 of Table 2, reproduced as column 1 of Table 3).

As shown in Table 1, the treated and untreated industries belong
to distinct economic sectors. They may consequently be exposed to

differential economic shocks, explaining the divergence in job exit
rates post-2003. We apply two robustness tests in this respect. We
first add interaction terms between the economic sector and the
current years to the main specification, in order to control for intra-
sector shocks. We then restrict our main sample to economic sectors
in which there are both treated and untreated industries. The treat-
ment and control groups are thus more similar and more likely to
be exposed to similar shocks. The estimated impacts of the treat-
ment in these two specifications appear in columns (2) and (3) of
Table 3. Reassuringly, the estimate remains positive and statistically
significant here, and is of similar size to the baseline. To see whether
the results are driven by one or two large industries we successively
remove each collective agreement from the main sample and re-
estimate the main model: the results are robust to this exercise, as
illustrated by the estimate in column 4 without the largest collective
agreement (the construction industry).

The second worry about the results above lies in the measure-
ment of the treatment variable. As described in Section 3.2, we do
not directly observe the relevant collective labor agreement for a
given worker, but only the percentage of workers belonging to each
collective agreement in each industry. We match this using the fol-
lowing rule: if at least 50% of the workers in an industry belong to a
collective agreement, this agreement and its related treatment status
are attributed to the entire industry. The industries that we cannot
match to a collective agreement (as the information is missing or
the 50% threshold is not reached) are dropped from the estimation.
We obviously do not want the results to depend on this arbitrary
matching method. A number of tests in Appendix B consider alter-
native but similar methods by changing, for example, the attribution
threshold. Table 3 presents the results of the main specification with
a 70% threshold (column 5). The results are overall quite stable to
different matching methods.
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Fig. 2. The estimated impact of mandatory-retirement extension, by year. NOTE: The left panel figure presents the ds coefficients from Eq. (1bis), with the 90% confidence intervals
(with standard errors clustered at the industry level). The right panel figure presents the d1 and d3 coefficients from Eq. (2bis).
SOURCE: CNAV 1/20th sample.

To deal with both treatment definition and the selection of indus-
tries that we cannot match, we can use continuous treatment intensity
in our difference-in-differences specification, as in Acemoglu et al.
(2004), instead of binary treatment. Treatment intensity is defined as

the percentage of workers, at the industry level, in a collective agree-
ment that includes a derogatory agreement. It then varies across time
and industry, according to the implementation of derogatory agree-
ments. The point estimate remains significant and positive, and close

Fig. 3. Distribution of the distance to the full-rate age. NOTE: These figures present the distribution of the distance to the full-rate age (with 6-month bins) in industries that
eventually signed a derogatory agreement (in black) and industries that did not (in gray). The left panel presents the distributions observed in the pre-reform years, the right
panel that in the post-reform distributions.
SOURCE: CNAV 1/20th sample.
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Table 3
The effect of extended mandatory retirement: robustness tests.
SOURCE: CNAV 1/20th sample.

Y = Exit from employment

(1) (2) (3) (4) (5) (6) (7)
Ref RT1. RT2. RT3. RT4. RT5. RT6.

DD Treatment effect −0.009∗∗ −0.018* −0.025 −0.014 −0.019 −0.002 −0.010
(0.012) (0.014) (0.016) (0.014) (0.015) (0.014) (0.011)

DDD Treatment effect 0.065∗∗∗ 0.064∗∗∗ 0.089∗∗∗ 0.076∗∗∗ 0.058∗∗∗ 0.064∗∗∗ 0.064∗∗∗

(0.018) (0.018) (0.023) (0.021) (0.020) (0.023) (0.020)
Pre-reform baseline 0.467 0.467 0.485 0.471 0.458 0.467 0.438
R2 0.182 0.183 0.197 0.188 0.163 0.182 0.186
No. obs. 87,528 87,528 65,365 78,737 90,832 87,528 69,627
No. ind. 48,238 48,238 36,785 43,411 42,656 86,302 37,745
No. clusters 438 438 376 418 291 715 437

NOTE: The controls include age and gender dummies, age of labor-market entry, a dummy for being born in France and pension accrual. Standard errors are clustered at the
industry level. The different columns correspond to the six robustness tests (see the text for details):
Column (1): Reference (column (4) of Table 2).
Column (2): RT1: Sector of activity × year dummies are added to the main specification.
Column (3): RT2: Only sectors with both treated and non-treated workers are retained.
Column (4): RT3: The largest industry (construction industry) is removed from the sample.
Column (5): RT4: We use another threshold (70% instead of 50%) for treatment assignment.
Column (6): RT5: All industries are kept, with a treatment intensity varying according to the proportion of workers with a derogatory agreement in each industry.
Column (7): RT6: Workers potentially affected by the early-retirement reform in 2003 are removed from the estimation sample.
∗∗∗ p < 0.01.
∗∗ p < 0.05.
∗ p < 0.1.

to the baseline (column 6 of Table 3). Neither the arbitrary threshold
nor the removal of unmatched industries in the main specification
appear to be major issues.

Finally, as mentioned in Section 2, there was another important
pension reform during the period we cover, allowing early retire-
ment before the minimum claiming age of 60 conditional on work
duration and early labor market entry. This does not directly affect
our population of interest as it refers to those under 60, but could
introduce bias via the selection of those still in work at 60. There will
be bias if the mandatory retirement treated and control groups are
differentially affected by the early-retirement reform. This is possible
as the two groups have different values of the variables determining
early-retirement eligibility (see Table 1). To control for this potential
selection issue, I estimate the model on a sub-sample of individu-
als who were not eligible for early retirement (both before and after
its introduction). I restrict the sample to workers with labor market
entry after age 17, who are thus not eligible via the age of labor

market entry criterion: again, the resulting estimate is very similar
to the baseline.

6. Additional results

6.1. Other outcomes

As mandatory retirement is a layoff, it may not coincide with
withdrawal from the labor force or pension claiming. The assessment
of the detrimental effect of mandatory retirement on the employ-
ment of older workers hence depends on the nature of the job exit.
Table 4 present the estimated effect of mandatory retirement on dif-
ferent outcomes. We conclude that the increase in the probability of
exiting the current industry (column 1) is completely driven by tran-
sitions to inactivity (column 2, the outcome variable used in the main
specification), as there is no effect on job-to-job transitions (column
3). This suggests that mandatory retirement plays a direct role in

Table 4
The effect of extended mandatory retirement: alternative outcomes.
SOURCE: CNAV 1/20th sample.

Alternative dependent variables

Exit industry Exit employment Change industry Permanent exit Pension claiming

DD Treatment effect −0.016 −0.009∗∗ −0.007* −0.011 −0.013
(0.013) (0.012) (0.004) (0.011) (0.014)

DDD Treatment effect 0.063∗∗∗ 0.065∗∗∗ −0.002 0.063∗∗∗ 0.070∗∗∗

(0.019) (0.018) (0.005) (0.016) (0.016)
Pre-reform baseline 0.509 0.467 0.042 0.455 0.557
R2 0.168 0.182 0.019 0.243 0.299
No. obs. 87,528 87,528 87,528 87,528 87,528
No. ind. 48,238 48,238 48,238 48,238 48,238
No. clusters 438 438 438 438 438

NOTE: The controls include age and gender dummies, age of labor-market entry, a dummy for being born in France and pension accrual. Standard errors are clustered at the
industry level. The different columns correspond to the re-estimation of Eq. (2) with different outcome variables: exit from current industry from one year to the other (column
1), exit from employment (column 2), job to job transition (column 3), permanent exit from the labor force (column 4), and pension claiming (column 5).
∗∗∗ p < 0.01.
∗∗ p < 0.05.
∗ p < 0.1.
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Table 5
The effect of extended mandatory retirement: heterogeneity.
SOURCE: CNAV 1/20th sample.

Y = Exit from employment

Earnings Wage gradient Health

Ref High Low High Low Good Bad

DD Treatment effect −0.009∗∗ −0.023* 0.014 −0.008 0.022 −0.014 0.025
(0.012) (0.020) (0.012) (0.008) (0.026) (0.012) (0.025)

DDD Treatment effect 0.065∗∗∗ 0.087∗∗∗ 0.026 0.067∗∗∗ 0.012 0.074∗∗∗ 0.019
(0.018) (0.022) (0.021) (0.017) (0.030) (0.018) (0.036)

Pre-reform baseline 0.467 0.498 0.430 0.312 0.734 0.456 0.507
R2 0.182 0.206 0.175 0.087 0.306 0.176 0.230
No. obs. 87,528 42,122 45,406 53,902 33,626 70,574 16,954
No. ind. 48,238 24,119 24,119 24,119 24,119 38,121 10,117
No. clusters 438 432 428 436 436 438 419

NOTE: The controls include age and gender dummies, age of labor-market entry, a dummy for being born in France and pension accrual. Standard errors are clustered at the
industry level. The first column reproduces the reference estimation (column (6) of Table 2). In the next columns, the same model is estimated on subsamples of the main
estimation sample broken down by earnings (above median in column (2), under median in column (3), steepness of the wage profile (above and below median in columns 4 and
5), and health status (no sickness leave in column 6, at least one in column 7).
∗∗∗ p < 0.01.
∗∗ p < 0.05.
∗ p < 0.1.

workers’ withdrawal from the labor force. This result is confirmed
by the last two columns of the table, presenting the effect of manda-
tory retirement on permanent exit from the labor force and pension
claiming.14 The sign and size of the effect is similar to that on job exit,
confirming that layoff via mandatory retirement broadly amounts to
demand-side-induced retirement.

6.2. Heterogeneous effects

The main model is then estimated on different sub-populations,
to see whether some populations are more strongly affected than
others. We re-estimate the main model (Eq. (2)) for three different
sub-groups. The results are presented in Table 5.

We first consider earnings, splitting the sample at the median
wage at 60. The rationale is as follows. On the one hand, the higher
are earnings, the greater the incentive to continue working, both
through the forgone earnings in the case of retirement and the bonus,
which is to some extent proportional to earnings. High earnings
are then likely positively correlated with employees’ willingness to
work. On the other hand, firms may want to get rid of high-pay work-
ers first, as they cost more. The effect of mandatory retirement may
then be stronger for high-pay workers, as they are more willing to
work beyond the full rate when they can and firms are more willing
to lay them off when possible: columns (2) and (3) of Table 6 show
that this is indeed the case.

Rather than the absolute level of earnings, firms may also decide
layoffs based on age-productivity profiles. Firms have incentives to
lay-off workers when there is a gap between wages and produc-
tivity, as in Lazear-type seniority wage schedules. This incentive to
fire older workers can reflect the steepness of the wage profile, the
wage gradient. This can be defined cross-sectionally, as in Frim-
mel et al. (2018), as the gap between the labor cost of current vs.
replacement (younger) workers. It can also be measured at the indi-
vidual level, with the steepness of the wage profile at the end of

14 Respectively defined as follows: a dummy for the current spell being the last spent
in employment, and a dummy for a pension being claimed in the current or following
year.

the career compared to (unobserved) flat or decreasing productivity.
The correct calculation of the wage gradient obviously requires us
to tackle difficult measurement and endogeneity issues, which is
beyond the scope of this paper. We use a crude measure of the
wage gradient: individual average wage growth over the last 10
career years, splitting the sample at the median value by industry. As
expected, the effect of mandatory retirement on job exit is larger for
those with high wage growth than for those with low wage growth
(no significant effect).

Last, we split the sample up by health status. Individuals with a
record of long-term sickness leave over the last 10 years are put in
the bad-health group, and we expect the effect to be lower here:
employer’s decisions may not be binding for them as they may wish
to retire as soon as possible anyway. This intuition is confirmed in the
last two columns of the table: the global effect of mandatory retire-
ment is entirely driven by workers in good health, who are more
likely to be put into retirement against their will.

Overall, the heterogeneity analyses confirm that the effect of
mandatory retirement is larger when workers’ and firms’ preferences
are not aligned: when workers want to work longer but the firm has
incentives to lay them off.

6.3. Effects on hiring

Theoretically, the negative impact of the derogatory agreement
on older workers’ employment could be counterbalanced by a posi-
tive effect on hiring. The exemptions agreement can indeed be seen
as lower job protection for the treated group relative to the con-
trol group. A fall in job protection has two standard effects: (i) a
higher exit rate, as dismissal is easier; and (ii) a rise in hiring, as
firms may be more willing to hire if the decision is less irreversible
(Behaghel et al., 2008). This is an important issue to assess for two
reasons. First, the assessment of the effect of mandatory retirement
must account for a potential counterbalancing effect of hiring: if
firms with mandatory retirement also hire more, the overall effect
on the employment of older workers is ambiguous (if some of this
new hiring concerns older workers). Second, selective hiring could
pose problems for identification: if hiring is different in the treated
and control groups, the relative rise in the job exit rate in firms
with mandatory retirement may partly reflect changing workforce
composition.
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Table 6
The effect of extended mandatory retirement: effects on hiring.
SOURCE: CNAV 1/20th sample.

Y = Hiring, age group 55–59 Y = Hiring, age group 60–65 Y = Exit, age group 60–65

Constant 0.842∗∗∗ 0.283∗∗∗ 0.580∗∗∗

(0.014) (0.017) (0.026)
DD Treatment effect 0.005 0.012∗∗ −0.020*

(0.004) (0.006) (0.016)
DDD Treatment effect 0.067∗∗∗

(0.020)
Pre-reform baseline 0.068 0.092 0.576
R2 0.125 0.084 0.199
No. obs. 447,541 107,106 65,934
No. ind. 153,021 56,309 37,091
No. clusters 439 439 438

NOTE: The controls include age and gender dummies, age of labor-market entry, a dummy for being born in France and pension accrual (when Y = exit).
Standard errors are clustered at the industry level. The first two columns correspond to the re-estimation of Eq. (1) with hiring instead of job exit as the
dependent variable. The last column corresponds to the estimation of the main specification (column (6) of Table 2) on a subsample of workers already
employed in their last industry at age 59.
∗∗∗ p < 0.01.
∗∗ p < 0.05.
∗ p < 0.1.

We address this issue and quantify the effect of derogatory agree-
ments on hiring rates, by estimating the double-difference model
(Eq. (1)), using a dummy for the worker having changed industry
in the past year. The first two columns of Table 6 present the effect
of derogatory agreements on hiring rates for age groups 55–59 and
60–65, respectively. We find no evidence of a positive counterbal-
ancing effect of hiring before 60, but do so after age 60, suggesting
that the industries that did not face a rise in job protection also hired
more.

To compare the relative impact on hiring and job exit, we can
calculate the number of job creations, with the similar back of the
envelope calculation as used in Section 5. Of the 750,000 employed
individuals in the 60–65 age group, 67,500 (9%) are newly-hired
according to the baseline. This number rises by around 13% (1.2/9.2),
amounting to 8775 new hires. A third of the job destruction (25,000
vs. 8775) is then compensated by new hiring. This admittedly rough
exercise suggests that at least part of the detrimental effect of
mandatory retirement on older workers’ employment via job exit is
compensated by more hiring.

Greater hiring can also produce a troublesome selection effect via
workforce composition if those recently hired also have higher exit
rates, for example, because they are more often on short-term con-
tracts. We find that selective hiring after 60 is not behind our results
as the estimated effect of derogatory retirement on the job exit rate
is robust to restricting the estimation sample to those who were
already in the industry at age 59 (column (3)).

7. Conclusions

The 2003 French pension reform encouraged the labor-force
participation of older workers via both labor demand and labor
supply: it increased the financial incentives to work beyond the
full-rate age and forbade mandatory retirement at the full rate
before 65. Without the possibility that firms had to retain the old
mandatory retirement scheme through derogatory agreements, it
would not have been possible to distinguish between these two
channels. We here rely on the industry-level variations produced
by the derogatory agreements to isolate the effect of mandatory
retirement: the employment of 60–64-year-olds rose less in firms
where mandatory retirement remained possible. The results are
robust to a number of checks. This can be interpreted as some
first evidence that part of the rise in older workers’ labor-force

participation in France comes from the demand-side of the labor
market.

The overall estimated effect is moderate (a 10% increase in job
exits with mandatory retirement), and admittedly explains only a
small part of the recent sharp rise in older workers’ employment. It
is moreover partly offsets by the increase in hiring of older workers
when job protection is reduced. This does not necessarily mean,
however, that labor demand is unimportant for older workers’ labor-
force participation, as mandatory retirement is only one part of the
story. Firms can affect labor-force participation through other chan-
nels – the discouragement of older workers, for example – which are
not captured here.

The second main contribution to this paper is to reveal an orig-
inal determinant of the bunching in retirement at the full-rate age.
Mandatory retirement is sometimes cited as one of the potential
drivers of these spikes, but without empirical support until now.
This paper identify a causal effect of mandatory retirement on the
probability of retirement for workers eligible for a full rate pension.
Mandatory retirement increases by 12% the retirement probability
at full rate, which gives a first evaluation of its contribution to the
bunching at full rate. As similar rules of mandatory retirement age
exist in many European countries – and almost always coincide with
the full rate age – this demand-side dimension of bunching should
be borne in mind when studying this phenomenon. Neglecting the
demand side could produce an overestimation of the importance
of the two main supply-side factors that are commonly mentioned,
namely financial incentives and norms.

Appendix A. The French pension system: main features and
reforms

A.1. The age parameters

In most pension systems, the calculation of benefits depends on
two key parameters: the minimum age at which one can claim a pen-
sion (statutory eligibility age, SEA); and the age at which workers
are eligible for full pension benefit, usually referred to as the normal
retirement age (NRA). The main peculiarity of the French pension
system is that both the minimum age and the full pension age are
individual-specific, as they do not only depend on age but also on
work trajectories.
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As in some countries (Austria, Germany and Norway, for
instance), the minimum pension claiming age depends on individual
work trajectories. The idea is that earlier retirement should be pos-
sible for individuals with long career durations. This special scheme
was implemented in France in 2003. It introduced the opportunity
to retire before the statutory eligibility retirement age (SEA), set at
60 at the time, and as early as age 56. Retirement before the SEA is
subject to the triple condition of (i) age at first period of work, (ii)
number of years validated in the system, D, and (iii) number of years
of contribution.

The age of eligibility for a full pension (full-rate age, FRA) is also
individual-specific. It can be reached under two conditions: a stan-
dard age condition or a working-duration condition. Any worker is
unconditionally eligible for a full-rate pension once she reaches the
normal retirement age (NRA). The full rate can also be reached before
the NRA if the individual has (i) reached the minimum claiming age
and (ii) reached the required work duration for full rate DFR. It is then
possible to claim a full-rate pension from the SEA if the number of
trimesters contributed to the system is high enough.

A.2. Benefit calculation

The general formula for benefits B for wage earners of the private
sector is the following:

B = Wref × CP × t (A1)

The pension is proportional to a reference wage Wref, which is
the average of the 25 best annual earnings figures under the Social
Security ceiling. It also depends on a coefficient of proportionality
(coefficient de proratisation, CP) accounting for the number of years
contributed to the pension scheme. It is capped to one, and is com-
puted as CP = max(1, D/DCP), with D the number on years on
contribution in the private sector and DCP a reference duration. The
main parameter of interest in the analysis is the pension rate, t. This
corresponds to a reference replacement rate tref of 50%, which can be
either increased by a bonus in the case of continued activity beyond
the full-rate age, or reduced by a penalty in the case of retirement
before this age. More formally it can be decomposed as:

t = tref × [1 − p × Npen + b × Nbon] (A2)

Here Npen is the number of quarters of penalty and Nbon the num-
ber of quarters of bonus. The former is calculated as the number
of quarters missing to reach the normal retirement age or the full-
rate duration DFR (the smaller number is taken) and the latter as
the number of quarters worked beyond DFR and after the minimum
age of eligibility (SEA). p and b respectively correspond to the rate
of penalty and bonus for each quarter. These parameters changed
considerably over the period of interest, as discussed in the next
subsection.

The pension accrual associated to one additional year is then the
sum of three effects:

• The change in the Wref, which depends on whereas the addi-
tional annual earnings is among the N best ones or not.

• The change in CP, which is equal to 0 if the reference dura-
tion DCP is reached, and 1/DCP otherwise. As this duration is the
same as the full rate duration DFR, workers eligible for a full rate
pension often have their CP capped to 1.

• The change in t, which depends on the distance to the full rate
age and the associated bonus and penalty rates.

A.3. Reforms in the period considered (2000–2012)

Apart from the reform to the mandatory retirement rules
described in detail in Section 2, several changes in the pension legis-
lation were enacted or implemented during the period we consider.
All of these changes are described graphically and summarized in
Fig. A.1.

A.3.1. 2010 reform: increase in the age parameters
The 2010 pension reform increased both the SEA and the NRA by

two years, respectively from 60 to 62 and 65 to 67. The Law was
published in November 2010. We find mentions of a possible rise
in the SEA in press records from mid-2009, but neither the reform’s
exact content nor its introduction date were known before October
2010. The reform is cohort-based: the parameters gradually increase
with the birth year of the individual. The 1951 cohort was the first
to be affected by the reform, with the SEA rising to 60 years and
4 months for those born in the second semester of 1951. The SEA then
gradually increased to 62 for the 1955 cohort, as depicted in Fig. A.1a.

A.3.2. Change in early retirement for long careers
After its 2003 introduction, the “long-career”-based early-

retirement scheme was also changed considerably, with reforms in
2009, 2010 and 2012. The two reform phases can be summarized
as follows. First, the eligibility conditions were progressively tight-
ened: in 2009, with the increase in the required number of validated
and contributed trimesters; and then in 2010, with the higher early-
eligibility age to match the rise in the statutory eligibility age. The
conditions were then mildly relaxed in 2012: the definition of con-
tributed trimesters became less stringent and, more importantly, the
conditions for early retirement at 60 were greatly relaxed, to coun-
terbalance the effect of the 2010 reform to the statutory age, which
progressively set the statutory retirement age to 62.

A.3.3. Increase in DFR

Successive reforms in 1993, 2003 and 2014 progressively
increased the required duration for a full rate pension DFR from 37.5
years to 43 years, with a cohort-based phase-in (the left-hand scale
of Fig. A.1b).

This change affects pensions via t, as it may postpone, for a given
career trajectory, eligibility for a full-rate pension. It also reduces the
proportionality coefficient, as it is calculated as the ratio between
the duration contributed in the scheme and DFR. It last changes the
proportionality coefficient CP, which is the ratio of the number of
validated quarters in the scheme to the reference duration DFR.

A.3.4. Changes in the calculation of Wref

The reference wage is average earnings over the career, calculated
for the N best career years. The number of years N taken into account
to calculate Wref increased over time, from 10 to 25 between cohorts
1933 and 1948 (the left-hand scale of Fig. A.1b). This change has two
principal effects on financial incentives: it reduces the total pension
amount (as the 25 best years are on average worse than the 10 best),
as well as the pension accrual from an additional year of work.

A.3.5. Changes in p and b
The penalty and bonus rates were significantly changed during

the period of interest. As presented in Fig. A.1b (right-hand scale), we
start from a situation with a high penalty rate (10% per year) and no
bonus, and end up with a symmetric situation with a 5% rate for both
the penalty and the bonus. As a result, the financial incentives have
been reduced before the full-rate age but strengthened after this age.
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Fig. A.1. The evolution of the main parameters of the system. NOTE: This figure presents the changes in the pension legislation described in Appendix A. The left panel presents
the changes in the age parameters, the increase in the statutory eligibility age (SEA) and normal retirement age (NRA), and the creation of the early-eligibility age (EEA) for long
careers. The right panel presents the other changes in the pension formula’s parameters: the full-rate work duration (DFR) and the number of years considered in the reference
wage (N) of the left hand scale (in black); and the bonus and penalty rates (b and p) on the right-hand scale (in gray).

Appendix B. The matching method for the derogatory agreements

As explained in sub-Section 3.2, the extension after 2003 of mandatory retirement before 65 through derogatory agreements, the main
treatment variable, is not directly observed and is matched in from external data. In this Appendix, we describe the matching method used for
our estimations and test the sensitivity of the results to alternatives.

B.1. Description of the matching method

The goal was to match every industry code (code naf) to a collective agreement (CA), using a correspondence table between industry and
CA. This tables gives, for a given year,15 the percentage of workers covered by the different collective agreements for all existing industry
codes. This information is missing for a non-negligible number of industries (around 20%). This is the case when under 50% of workers in an
industry are covered by collective agreements or when the information is confidential. As shown in Fig. B.1, industry and collective agreements
do not exactly match, as the latter are defined by job type: different workers in the same firm can thus be covered by different collective labor
agreements.

In the core of the paper, we apply the following matching rule: for each industry we sum the proportion of individuals from each collective
labor agreement, and we consider that if at least 50% of workers are covered by a given collective agreement all workers in this industry belong
to it. The industries for which we cannot match a collective agreement are dropped from the estimation sample. Treatment status is inferred
from the matched collective labor agreement and the list of derogatory agreements signed between 2003 and 2006.

This method produces a double issue of measurement error – some individuals will be considered as treated at a given date when they are
not, and vice versa –, and selection, as we only retain matched industries.

The matching between our main dataset and the collective-agreements data creates four distinct groups of employees. Some workers are
assigned to an industry that signed a derogatory agreement (DA), while others are assigned to an industry that did not sign a derogatory
agreement: these are our treatment and control groups. There are two groups of industries that cannot be matched to any main collective
labor agreement: when no collective agreement represents more than 50% of workers in this industry (“unmatched industries”), or when
information is not available in the correspondence table due to statistical confidentiality (“unmatchable industries”). Table B.1 presents some
descriptive statistics for these four groups, after sample selection and the application of the matching method above. The industries that are not
matched because they do not reach the 50% threshold seem to be relatively similar to industries without DA, both in terms of socio-economic
characteristics and industry. Unmatchable industries, those for which we do not have information on collective agreements, seem however
more particular, as they belong mostly to semi-public sectors (such as “Public administration” or “Health and social work”), as information on
collective labor agreements for the corresponding employers is not publicly provided.

15 Information is available for 2009, 2012 and 2014. The tables are constructed and provided by the French Ministry of Labor (http://travail-emploi.gouv.fr/conventions-
collectives,_675/table-de-passage-entre-secteur-d,_14612.html.

http://travail-emploi.gouv.fr/conventions-collectives,_675/table-de-passage-entre-secteur-d,_14612.html
http://travail-emploi.gouv.fr/conventions-collectives,_675/table-de-passage-entre-secteur-d,_14612.html
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Fig. B.1. Matching industry and collective agreements.

Table B.1
Description of the samples created by the matching.

Industries with DA Industries without DA Unmatched industries Unmatchable industries

Sample size
Nb obs 48,951 38,77 25,221 54,735
Nb indiv 28,518 20,312 13,543 28,335

Demographics
Proportion of women 27.26 44.55 45.68 59.64
Proportion of natives 70.59 75.43 78.12 80.11

Industry
Manufacturing 32.82 12.89 5.89 0.41
Water supply 0.91 1.42 0.45 0.00
Construction 24.34 0.00 0.66 0.14
Trade 10.96 22.41 28.32 0.46
Transportation and storage 1.30 12.89 3.22 2.56
Accommodation and food 0.00 15.11 2.62 0.00
Information and communication 2.52 1.26 6.81 0.25
Financial and insurance activities 7.73 0.81 7.66 0.23
Real estate activities 3.16 0.00 7.04 2.10
Technical activities 9.42 7.60 13.65 2.30
Administrative service activities 5.80 11.10 13.06 6.67
Public administration 0.00 0.66 0.00 32.72
Education 0.51 4.60 0.40 8.64
Human health and social work 0.00 3.50 5.25 32.70
Arts and entertainment 0.00 2.14 4.14 1.10
Other service activities 0.02 3.14 0.80 8.96

NOTE: The table presents the descriptive statistics for four groups: individuals working in industries with a derogatory agreement, individuals in industries without such an
agreement, individuals that we cannot match to a collective agreement, and individuals in industries to which we cannot assign a collective agreement as information is not
available.

B.2. Alternative matching methods

We here present some alternative matching methods, and provide for each one the results for the trade-off between measurement
error and selection. We use the EIR dataset to calculate the proportion of imputation errors in the matching method. The preferred
specification (column 5 in Table 2) is then estimated for each method to assess the sensitivity of our estimates to the imputation
method.
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B.2.1. Alternative methods
Two main approaches are considered for the identification of treated industries, using the correspondence table between industries and

collective branches:

(i): We attribute to each industry the collective agreement with the largest proportion of workers, if this proportion is over a given thresh-
old x%. The treatment variable directly results from this first step: if the industry is matched with a collective branch with a derogatory
agreement for mandatory retirement, the whole industry will be considered as treated from the implementation date of the derogatory
agreement.

(ii): We sum the percentage of each collective branch in the industry (with and without derogatory agreements) and consider as treated
those for which over x% of workers belong to a branch with a derogatory agreement. When an industry is treated, we take the year of
implementation of the derogatory agreement as that of the largest of the treated branches.

There are as many variants of those two approaches as there are values of the threshold x%. We test the values of 50% and 70%.
Another choice relates to the control group. Three options are considered. A first is to adopt the same method (i) and (ii) to define the
control group, removing all observations on industries that are not matched. The unmatched industries are either those for which we
have no information on collective branches, or industries for which the threshold x% is not reached. The other option is to include the
unmatched industries in the control group, with either all of them or only those for which we have information on collective branches.
The following table summarizes the different approaches that will be compared, with the M1a model being that used in the core of the
paper.

Name Identification of treated industries Control group

M1a Industries with a collective branch Same as for the treatment group
M1b representing at least 50% of the Every non-treated industry except missing
M1c workforce and with a DA. Every non-treated industry
M2a Industries with a collective branch Same as for the treatment group
M2b representing at least 75% of the Every non-treated industry except missing
M2c workforce and with a DA. Every non-treated industry
M3a Industries with at least 50% of the Same as for the treatment group
M3b workforce in collective branches Every non-treated industry except missing
M3c with a DA. Every non-treated industry

B.2.2. Match quality
The quality of the match can be assessed using the latest version of the Echantillon inter-régime des retraités16 (EIR) that includes direct

information on workers’ collective agreements starting in 2005. As we do not have information on pre-treatment years, we cannot use
this dataset in our main estimations. It can, however, be used to assess the extent of measurement error. We apply our matching meth-
ods to the EIR sample and compare the true collective branch to the imputed value, and then calculate the proportion of Type-I errors
(treated considered as untreated) and Type-I errors (untreated considered as treated). Table B.2 presents, for each matching method, the
proportion of each group (control and treated) and the sample share. We also calculate the misclassification percentage of the treatment
variable.

As expected, there is a trade-off between sample size and selection (we would like to keep as many workers as possible from the initial
sample) and classification errors. The looser the rules attributing control and treatment status, the larger the sample and the greater the
probability of misclassification. When we include everything that is not classified as treated in the control group, we retain the entire initial
sample but also make more Type-I errors (we put a larger share of treated workers in the control group). When we increase the imputation
thresholds (for example, from M1a to M2a), we reduce the sample size (from 80% to 57% of the sample) but also have fewer classification errors
(from 4% to 2%). The M1a method, which is used in the core of the paper, keeps a reasonable share of the initial sample (80%), with treated and
control percentages that are similar to their actual values, and a small rate of misclassification.

16 A panel of retirees with administrative career records in most existing pension schemes. See Mahieu and Blanchet (2004) for a detailed presentation of the data.
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B.2.3. Sensitivity of the estimations
In Table B.3, our main estimation of the impact of the derogatory agreements on exit rates is estimated with alternative matching methods.

The table only presents the main coefficients of interest: the DD and DDD treatment effects. The first column corresponds the main specification
used in the paper (last column of Table 2). Reassuringly, the estimated effect does not seem to depend too strongly on the imputation method.
Most of the coefficients are of the expected sign (close to zero for the DD coefficient, positive for the DDD coefficient). The DDD coefficient
however looses significance at conventional levels in some cases, as the number of treated industries declines (M2b and M2c models) and
when we put all the industries not treated in the control group (M2c and M3c models).

Table B.2
Testing alternative imputation methods: matching quality.

Ref M1a M1b M1c M2a M2b M2c M3a M3b M3c

Number of obs 543,231 434,848 525,613 542,773 308,945 525,613 542,773 477,935 525,613 542,773
% initial sample 1.00 0.80 0.97 1.00 0.57 0.97 1.00 0.88 0.97 1.00
Number of T 365,208 285,781 285,781 285,781 195,843 195,843 195,843 305,165 305,165 305,165
Share of T 0.67 0.66 0.54 0.53 0.63 0.37 0.36 0.64 0.58 0.56
Number of NT 178,023 149,067 239,832 256,992 113,102 329,770 346,930 172,770 220,448 237,608
Share of NT 0.33 0.34 0.46 0.47 0.37 0.63 0.64 0.36 0.42 0.44
% good match 1.00 0.96 0.85 0.83 0.98 0.69 0.68 0.94 0.88 0.86
% wrong match 0.00 0.04 0.15 0.17 0.02 0.31 0.32 0.06 0.12 0.14
% type I error 0.00 0.08 0.30 0.33 0.04 0.48 0.50 0.11 0.24 0.28
% type II error 0.00 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02

Notes: T = treated, NT = non treated. Type-I error: T imputed as NT. Type-II error: NT imputed as T.

Table B.3
Testing alternative imputation methods: estimation sensitivity.

M1a M1b M1c M2a M2b M2c M3a M3b M3c

DD Treatment effect −0.009 −0.007 −0.003 −0.008 −0.006 −0.003 −0.008 −0.007 −0.001
(0.012) (0.012) (0.011) (0.015) (0.014) (0.013) (0.013) (0.013) (0.013)

DDD Treatment effect 0.065∗∗∗ 0.051∗∗∗ 0.032* 0.061∗∗∗ 0.032 0.019 0.051∗∗∗ 0.047∗∗ 0.029
(0.018) (0.018) (0.018) (0.021) (0.020) (0.019) (0.019) (0.018) (0.018)

R2 0.182 0.172 0.163 0.173 0.171 0.163 0.176 0.172 0.163
No. obs. 87,528 112,744 167,478 61,289 112,744 167,478 103,135 112,744 167,478
No. ind. 48,238 60,285 86,254 33,784 60,285 86,254 55,717 60,285 86,254
No. clusters 438 556 695 291 556 695 519 556 695

∗∗∗ p < 0.01.
∗∗ p < 0.05.
∗ p < 0.1.

Appendix C. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.jpubeco.2019.104078.
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Glossary

Caisse nationale d’assurance vieillesse (CNAV): The public pension scheme for
private-sector wage earners.

Collective agreement (CA): It is an agreement between an employer (or a group
of employers) and one (or more) union organizations representing employees.
It complements the labor legislation by provisions specific to a given field of
application. In France, they often regroup several firms or industries.

Derogatory agreement (DA): Agreement signed at the level of industry-wide collec-
tive agreement regarding the rules of mandatory retirement. The 2003 pension
reform banned mandatory retirement before age 65 in the general cases, both
some exemptions could be signed, maintaining the pre-reform rules. I use the
notation DA to refer to those exemptions.

Full-rate duration: (DFR) The number of years of contribution required to be eligible
for a full rate pension before reaching the NRA.

Full-rate age (FRA): Age of eligibility for a full-rate pension. It corresponds to the
minimal age (above the SEA) where either the required duration DFR or the NRA is
attained.

Normal retirement age (NRA): Age of automatic eligibility for a full-rate pension,
regardless of the number of years contributed in the system.

Statutory eligibility age (SEA): Minimum age at which a pension can be claimed.
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