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1 Introduction

The demographic transition puts financial pressure on pay-as-you-go pension systems
around the world. Governments have answered to these challenges by reforming their
pension systems. A central objective of these reforms is to delay retirement and to in-
crease incentives to work longer. This policy extends the contributory period and reduces
the number of beneficiaries at the same time. Typical pension reforms include tightening
early retirement provisions and raising the statutory retirement age.
From a budgetary perspective it is important to empirically assess if these pension re-

forms created spillover effects in other government programs such as unemployment or
disability insurance. Large spillovers could undermine the positive fiscal effects of the pen-
sion reform. However, these reforms might also have undesired distributional effects as
the ability to work long and the remaining life expectancy may depend on socio-economic
status. In particular, workers with health problems and weak labor market position might
be negatively affected by fewer retirement options (Staubli, 2011).
The empirical evaluation of the incentive effects of social security systems on employment

behavior is a complex task. Many studies directly model financial retirement incentives to
estimate behavioral responses (the common approach in the literature builds on the option
value model by Stock and Wise, 1990). These models are primarily identified by cross-
sectional variation which limits the power of their identification (Coile and Gruber, 2007;
Chan and Stevens, 2004). In particular estimates might be biased because unobserved
retirement preferences are most likely correlated with program incentives. A possible
solution to this problem are pension reforms which generate exogenous variation in the
social security system and can be viewed as quasi-natural experiments. The design of
pension reforms often includes a different treatment of adjacent birth cohorts which creates
discontinuities along the year of birth in retirement incentives (Krueger and Pischke, 1992;
Mastrobuoni, 2009; Staubli, 2011; Hanel and Riphahn, 2012; Atalay and Barrett, 2015).
These cohort discontinuities have the advantage for empirical evaluation that endogenous
sorting into treatment is ruled out and close birth cohorts share similar characteristics.
In our analysis we use a German pension reform that created a cohort discontinuity in the

eligibility age for early retirement. In 1999 Germany decided to abolish an important early
retirement program for women and restricted the access for all women born after 1952.
Women with a sufficient employment history could claim retirement benefits as early as
with age 60. The cohort born in 1951 was the latest cohort that could claim these benefits.
The reform effectively raised the early retirement age for women to 63. Retirement before
age 63 is only accessible for women with severe health problems. We exploit this sharp
discontinuity to quantify the impact on female employment and to analyze if the reform lead
to spillover effects in other programs such as the reduced earnings capacity (REC) pension
or unemployment insurance. Moreover, we examine whether the behavioral reactions differ
by socio-economic background and health, and asses the fiscal consequences of the raise in
the early retirement age for women.
The sharp discontinuity in the eligibility age for early retirement allows to analyze

this policy using a regression discontinuity design that compares employment behavior
of women born in 1951 to those born in 1952. We not only focus on differences between
cohorts after the age of 60 but take into account that the early retirement age also af-
fects employment before age 60. We are mainly interested in the effects on employment,
unemployment and the reduced earnings capacity pension program. We use high quality
administrative data of the pension insurance records that include monthly information on
employment status and income.
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We contribute to a growing literature that analyzes pension reforms of the retirement
age to study their behavioral impacts (e.g., Duggan et al., 2007; Karlström et al., 2008; Li
and Maestas, 2008; Mastrobuoni, 2009; Coe and Haverstick, 2010; Staubli, 2011; Hanel and
Riphahn, 2012; Staubli and Zweimüller, 2013; Borghans et al., 2014; Lalive and Staubli,
2014; Atalay and Barrett, 2015; Engels et al., 2016). These studies analyze the impact of
changes of the eligibility age for early retirement, changes of the normal retirement age
as well as changing financial incentives for early retirement. In addition to the effects on
retirement age and employment several studies also aim to quantify spillover effects.
Staubli and Zweimüller (2013) is one of the few papers that explicitly analyzes an increase

of the eligibility age for early retirement. They analyze an Austrian pension reform that
gradually increased for men and women the eligibility age. Each quarter of birth the
eligibility age increased by 2 months. They find a modest increase of employment and a
substantial increase in registered unemployment for both men and women. They do not
find large effects on disability take-up.
The paper proceeds as follows. Section 2 briefly outlines the German Federal Public

Pension system and the 1999 pension reform. Section 3 describes the pension insurance
record data which is used in our analysis. Section 4 describes our empirical strategy and
Section 5 presents the results of the regression discontinuity and survival analysis. Finally,
Section 6 concludes.

2 Institutional background

The German Federal Public Pension system is almost universal and covers about 90 per-
cent of the working population and is by far the largest source of income after retirement
entry. The public pension system can be divided into two classes: the mandatory retire-
ment insurance for employees which is financed by contributions, and the tax-financed
pension system for civil servants. Self-employed individuals can be exempt from the public
retirement insurance. In this study, we focus on the employment decisions of individuals
who are subject to public pension insurance contributions. Old-age pensions are designed
to extend the standard of living achieved during working career; therefore they are roughly
proportional to individual’s average lifetime labor income and feature few redistributive
properties.
The system is financed by a pay-as-you-go (PAYG) scheme, which is fed by contributions

by the insured workers and their employers in equal parts. Individual benefit claims de-
pend on the employment history using a system of premium points which are accumulated
individually over the lifetime. One premium point corresponds to one year of average pen-
sion contributions. In the case of lower or higher than average contributions, the premium
points credited are adjusted proportionally. All contributions are weighted equally over
the lifetime.
The most important component of the Federal Public Pension is the old-age pension.

For individuals born before 1947, the statutory old-age pension retirement age at which full
pension benefits can be claimed is 65. Starting with the 1947 cohort, the full retirement
age was gradually increase to 67 in monthly steps. Benefits can be drawn regardless of
the employment status and no further contributions have to be paid after reaching the full
retirement age (FRA). However, there are several exceptions that enable early retirement,
before reaching the FRA, for some groups of workers.
There are four types of old-age pensions that can be claimed before reaching the full

retirement age:

1. individuals who paid pension insurance contributions for at least 35 years can retire
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early at age 63

2. a disability pension can be claimed by individuals, who have a severe disability status,
at age 601

3. unemployed individuals can retire at age 60 up to cohorts born in 1945, afterwards
the ERA was increased gradually to 63

4. women are eligible for the women’s old-age pension at age 60, if they fulfill relatively
weak eligibility criteria

For those individuals who are not eligible for an old-age pension there are mainly two
ways to exit the labor force early: by bridging the time to the earliest possible retirement
entry by unemployment benefits, or by claiming a reduced earnings capacity pension (REC
pension), which can be granted at any age before the FRA for a restricted time after a
medical examination. Reduced earnings capacity is defined as the inability to work more
than three hours per day at customary working conditions for an unforeseeable period of
time, which will last for an indeterminate time. The REC pension is usually grated for a
period of no longer than tree years, if the reduced earnings capacity is not very unlikely to
cease.
There was no direct benefit reduction associated with early retirement before the pension

reform process that started in 1992.2 As a result, there was a strong incentive to retire early
which can be observed in the data: only a third of the workers retires at the statutory
retirement age (Deutsche Rentenversicherung, 2014). In the last two decades, several
pension reforms have been implemented to reduce the financial burden and increase labor
supply of older workers. One of the most important changes was effectuated by the 1992
pension reform, which introduced benefit deductions of 0.3 percent for each month of early
retirement, up to a maximum of 18 percent. Most kinds of early retirement benefits are
subject to deductions, including the old-age pension for women and the REC pension.
The reform was gradually implemented but fully in place for the cohorts who are subject
of this study (1944 onwards). A few years later, the 1999 pension reform, which will be
subject of this analysis, abolished early retirement with age 60 for unemployed individuals
and women.(an overview of pension reforms until 2003 can be found in Börsch-Supan and
Wilke, 2004)

2.1 The 1999 pension reform

To cope with the increasing cost of early retirement in a country with an aging population,
the 1999 pension reform was designed with the purpose to respond to demographic changes,
distribute the financial burden more balanced over generations, and assure that the function
of the public pension as main pillar of old-age income insurance can be preserved. The
reform package entails multiple changes to the public pension system. The early retirement
age of the disability pension was increased from 60 to 63 in monthly steps starting with
individuals born in January 1952 and the old-age pension for the unemployed was abolished
for all individuals born after 19513.

The 1999 reform also abolished the old-age pension program for women born after 1951.
Women with a sufficient employment history could claim retirement benefits as early as at

1The minimum age for claiming disability pension was increased to 63 in monthly steps starting with
individuals born in January 1952.

2There is an indirect benefit reduction resulting from less contribution years.
3The early retirement age for this pension was already increased from 60 to 63 for cohorts from 1948
onwards by an earlier pension reform.

4



age 60. The reform effectively raised the earliest retirement age for women to 63. Women
born before 1952 can still request old-age pension benefits on their 60th birthday if they
fulfill certain eligibility criteria. The eligibility criteria for claiming an old-age pension for
women are, according to § 237a SGB VI, (i) a waiting period4 of at least 15 years; (ii) at
least 10 years of pension insurance contributions due to employment after the age of 40.
These criteria ensure a minimum labor market attachment of eligible women. About 70
percent of all women born in 1951 were eligible for the old-age pension for women5.

3 Data

We are using administrative data from the Research Data Center of the German Federal
Pension Fund (Deutsche Rentenversicherung) on public pension insurance accounts. The
VSKT (Versicherungskontenstichprobe) is a stratified random sample of all open pension
insurance accounts and serves as a tool to calculate future pension benefit claims and
monitor the financial development of the Federal Pension Fund. The population of pension
insurance accounts contains everybody with at least one public pension insurance entry,
who was at least 15 and at most 67 years old at the date of data collection. That excludes all
people with different pension programs; among them miners, civil servants, self-employed,
and people with foreign pensions and specific partial pensions. Individual observations
are discontinued if the insurance account is closed, the individual reaches the maximum
age of 68, the individual dies, or all contributions were paid and no new contributions are
received.
The VSKT was initially sampled in 1983 and is since then continued as a panel containing

monthly information on the individuals included in the sample 6. Since the data is process-
produced, recall errors due to memory gaps and wrong temporal assignment are avoided,
panel mortality is negligible and non-response does not occur. Furthermore, individual
employment behavior and retirement entry is reported with monthly accuracy. A drawback
is that socio-economic variables are only recorded to the extent that they are relevant for the
calculation of pension benefits. Consequently, information on education is missing in about
half of the cases and children are only reported if individuals received child care credits,
which is mostly the case for women. It is not possible to link partners and households
within the data. Information about occupations is only available for the last occupation at
the time of data collection, which may not be representative of entire employment histories.
For our analysis we use the anonymized scientific use file SUFVSKT 2013, which contains

a 25 percent subsample of the VSKT, drawn randomly in December 2013. The SUFVSKT
includes only German citizens aged 30 to 67 in December 2013, who live in Germany and
were born between 1946 and 1983. The total number of individuals included in the 2013
wave of the SUFVSKT is 65,047. We use only women born between 1948 and 1952 who
fulfill the eligibility criteria of the old-age pension for women. Our final sample contains
2,440 women, observed over 6 years (age 55 to age 61). In our main analysis, we further
restrict the sample to the cohorts of 1951 and 1952, which amounts to 1,027 women and
73,944 person-months.
The SUFVSKT is stored in separate files for time-invariant information on background

characteristics and current status information, and time-variant monthly information on
individual employment histories. In our analysis, we combine the time-invariant part with

4Explain waiting period.
5Source: own calculations using SUFVSKT 2013.
6After 1983, new panel cases need to be added every year to have a representative sample of the general
population. See methodological report (?) for a detailed description of the panel sampling methodology.
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monthly social employment status (SES) information. The SES variable contains one status
for each person in every biography month7, and includes the following mutually exclusive
categories: employed with social security contributions, unemployed, retired receiving old-
age pension, reduced earnings capacity pension, education, professional training, providing
non-commercial care, child raising, illness or work disability, military or civilian service,
marginal employment, self-employed, and a category for all other status. The outcome vari-
ables of interest in this analysis are whether or not an individual is employed, unemployed,
receiving an old-age pension, or receiving a reduced earnings capacity pension at any given
age in months. An individual counts as employed if she had a job which was subject to
social security contributions, which excludes marginal employment and self-employment
in many cases. Unemployment comprises all periods were unemployment benefits were
received. The definition of reduced earnings capacity pension participation makes use of
both time-invariant and monthly SES information as the latter is not unambiguously de-
fined. As displayed in Figure 1, among 55 to 59 year old-women born between 1948 and
1952, 53.1 percent are employed, 12.3 percent are unemployed and 6.4 percent receive a
reduced earnings capacity pension.

Table 1: SES status of 55 to 59 year-old women by cohort, in percent
Cohort Employed Unemployed REC pension
1948 51.8 13.4 14.2
1949 52.1 12.6 4.7
1950 53.6 12.2 5.3
1951 53.1 13.1 4.3
1952 54.6 10.1 4.4
Total 53.1 12.3 6.4

Source: SUFVSKT 2013

These fraction differ by cohort and age, as younger women are more likely to work for all
age groups and employment rates decline with age. The distribution of SES status by age
in months is displayed in Figure 1 for the 1951 cohort, and Figure 2 for the 1952 cohort.
It can be seen that a large fraction of women born in 1951 receive an old-age pension from
the month after their 60th birthday onwards. This fraction almost disappears if we look
at the 1952 cohort due to the 1999 reform. A closer look at the fractions of women in
different SES categories reveals that women born in 1950 and 1951 exhibit a large drop
in employment rates when reaching age 60 (721 months), as well as a large drop in both
unemployment rates and reduced earnings capacity pension rates (see Figure 4, Figure 5,
and Figure 7), while these discontinuities are not observed for the cohort of 1952.

4 Empirical strategy

Our empirical strategy makes use of the 1999 pension reform, which eliminates the option
to retire with age 60 for women born in 1952 and thereafter. We employ a regression
discontinuity research design to estimate the effect of an increase in the early retirement
age on employment rates, unemployment rates, and the fraction of older women receiving

7The variable part of the VSKT is stored in biography months. For each individual in the sample, the
first observation is equal to January of the year in which the person became 14 years old. For our
purposes, we recoded the data to contain monthly information by age in months. Furthermore, we
created a variable that contains calendar time. SES categories are mutually exclusive. Parallel spells
underlie a priority ranking described in detail in the methodological report.
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a reduced earnings capacity pension. To evaluate whether the reform had an effect on
women below the age of sixty, our specification allows us to estimate the reform effects on
different age groups separately.
The standard RD framework is, however, not suitable for the estimation of reform ef-

fects on transition rates of working women above the age of 55 into unemployment and
early retirement. In order to account for the problem of right-censoring of the observed
employment and unemployment spells, we make use of duration models, which are widely
used in the literature on retirement entry and unemployment exit.
The main identifying assumption of our analysis is that in the absence of the reform,

the employment outcomes would have been the same between cohorts after controlling
for age and pension eligibility criteria. In particular, we need to assume that differences
between the cohorts in questions are not caused by other policy changes. Two other pension
policy changes became effective for individuals born after January 1st, 1952. Firstly, the
old-age pension for the unemployed was abolished for all individuals born after 1951 as
part of the 1999 pension reform. However, the early retirement age for this pension was
already increased from 60 to 63 for cohorts from 1948 onwards by an earlier pension reform.
Secondly, the early retirement age of the disability pension was increased from 60 to 63 in
monthly steps starting with individuals born in January 1952. We cannot distinguish the
effect of the abolishment of the old-age pension for women from the effect of an increase
ERA for the disability pension. However, we argue that the latter is likely to be negligible
because the fraction of women eligible for disability pension is small, and eligibility criteria
are not flexible. To support our argument, it can be seen in Figure 2 that only a very
small fraction of women born in 1952 retires before reaching the new ERA. This fraction
can be interpreted as women participating in the disability pension program because no
other old-age pension was available for this cohort at this age.

4.1 Regression discontinuity approach

We implement a regression discontinuity research design by estimating the following em-
pirical model:

yi = α+ βDi + γ0f(zi − c) + γ1Dif(zi − c) +X ′
iδ + εi

Where Di = 1 if the individual was born after January 1952 and zi is the month of birth,
which enters the empirical model in difference to the last month of birth where the women’s
old-age pension was available. We try two different specifications, one with a linear trend
in the running variable, where f(zi−c) = zi−c, and one with a quadratic function f(zi−c).
Both specifications allow for different slopes before and after the cutoff. All regressions
include calendar time quarter fixed effects, accumulated pension points and a dummy for
West Germany. We estimate the effects on three monthly employment status outcomes of
interest: employment, unemployment, and REC pension participation, which are defined
as binary variables equal to one if an individual is recorded to have the corresponding social
employment status (SES) in a given month. Furthermore, we analyze the reform effects
on women below the age of 60 by including age-treatment interactions into our empirical
model. The inclusion of age-dummies and interactions with the treatment variable Di = 1,
allows us to interpret the coefficient of the interaction term as the reform effect on a specific
age group.
The RD design is only valid if women cannot manipulate the treatment assignment

variable (Lee and Lemieux, 2010), which is the month of birth in our research design.
Evidently, it is impossible that women or their parents manipulated the date of birth in
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anticipation of the policy change, as the reform was introduced long after the cohorts in
question were born. Furthermore, we are not aware of any changes in the incentive to give
birth in 1951 as opposed to 1952. Women born 1952 may still be different from women
born earlier due to time trends in employment outcomes. Employment rates of women
have been increasing over the past decades for every age. Including linear and quadratic
trends in birthdates should solve this problem in an RD research design, as long as we can
assume that women who were born closely to the cutoff are not different from each other.
In another specification, we estimate the reform effect at the eligibility cutoff age of 60

years (720 months), by combining the discontinuity in employment trends by age with
the difference in eligibility rules by cohort. This differences-in-discontinuities approach is
implemented by estimating the following regression:

yit = δ0 + δ1f(xt) + γ0Tt + γ1Ttf(xt) + Ji[α0 + α1f(xt) + β0Tt + β1Ttf(xt)],

where xt is equal to age in months, normalized to zero in the month of the 60th birthday,
Tt = 1 if the individual crosses the age threshold of 60 years (age in months > 720) and
Di = 1 if the individual was born after January 1st, 1952. The treatment effect is estimated
by the coefficient β1 of the interaction term Di ∗ Tt. The differences-in-discontinuities
estimator β̂1 can be interpreted as the reform effect at the eligibility cutoff age. However,
we are more interested in the total effect of the entire age group, instead of the jump at
the cutoff. The results of the differences-in-discontinuities approach can nevertheless be
found in the appendix.

4.2 Survival analysis

To estimate transition rates of older employed women into unemployment and retirement,
we implement a duration model. Starting point is the cumulative distribution function of
employment spells,

F (t) = Prob[T ≤ t],

where t is a random duration time, equal to age in months starting at age 55 in our
case, and T is the failure time. The function F (t) can be interpreted as the probability
that the spell is to end within duration t. The corresponding probability distribution
function is denoted f(t) = dF (t)/dt. From F (t) we can easily derive the survivor function
S(t) = Prob[T > t] = 1 − F (t), which can be interpreted as the probability that the
duration of the spell exceeds t. From the probability distribution and the survivor function,
we can derive the hazard function

λ(t) = f(t)/S(t),

which is the instantaneous probability of leaving a state, conditional on survival to time
t. We aim to estimate the hazard function of exiting the labor force at high age. The
hazard function can be estimated using different model specifications. An obvious non-
parametric discrete time estimate is the number of spells ending at time t divided by the
number of observations at risk of ending at time t. However, we are not solely interested
employment exits, but rather want to know whether women exit into unemployment or
early retirement. Consequently, we implement a competing risk model between two mutu-
ally exclusive alternatives. The advantage of this specification is that it does not require
failure types to be independent of each other. For this specification to be valid, we have
to assume that employment exit is an absorbing state. Furthermore, there should be no
unobserved heterogeneity between women born in 1951 and 1952.

8



In addition to an analysis of employment exits, another outcome of interest is the tran-
sition rate from unemployment into reemployment. It is plausible to expect an increase
in the reemployment probability of older women due to the prolonged time span until the
earliest retirement entry is possible. We will apply a competing risk model, similar to (?),
to estimate the hazard rate of leaving unemployment into reemployment or retirement.

5 Results

5.1 Preliminary regression discontinuity results

Women who don’t have the option to retire at age 60, even though they would have retired
in the absence of the 1999 reform, necessarily have to divert into another employment sta-
tus. It can be seen in Figure 1 that women born in 1951 enter the old-age pension program
not only from employment, but also from unemployment, the REC pension program, and
other categories summarized in the residual. A mechanical positive reform effect on several
social employment categories can therefore be expected, when comparing 60 year-olds born
before and after the reform cutoff birthdate.
While the positive effect on the fractions of women in most other SES categories in lack

of the option to retire early can be interpreted as mechanical, we are interested in answering
the question of the magnitude of the reform effect on labor supply of 60 year-old women8.
Both older workers and their employers may have grown accustomed to an early retirement
age of 60 for women. Coworkers and other peers of women born after the reform-cutoff may
still be able to retire early. If labor supply of older women were inelastic, we would expect
women to exit the labor force around the age of 60 despite the unavailability of an early
old-age pension. As a result we would expect a reform-induced increase in unemployment
and REC pension participation rates for women around the age of 60, who were previously
employed.
The elimination of the old-age pension for women is equivalent to an increase in the

early retirement entry age. Consequently, women who are affected by the reform face an
expected extension of the time horizon until an old-age pension is available. The expected
extension varies between 3 years, in the case of early retirement with 63, and 5.5 years in
the case of retirement at the full retirement age of 65 years and 6 months. A minimum of
three additional years of future labor income increases the expected utility from lifetime
labor income and thereby decreases the incentives to exit the labor force. Therefore, we
expect an increase in the employment rates of women due to an ERA increase, even before
reaching the former early retirement age of 60. Note that the reform was introduced in
1999, while the first affected cohorts reached age 60 only in 2012. Consequently, the ERA
increase was no surprise for the affected cohorts. On the contrary, there was enough time
to adapt employment behavior according to the new expected earliest age of retirement
entry.
It is quite common for older German workers to exit employment a few years before

reaching the ERA. Bridging the time from employment exit to retirement entry by unem-
ployment benefits or the REC pension program is often supported by employers, and is
facilitated by relatively generous unemployment benefits Arbeitslosengeld I, which are paid
up to two years to older workers, and the REC pension benefits, which are usually granted
for a maximum of three years. An increase in the ERA leads to an extension of the bridge
period that is likely to be costly for both employer and employees, if employment exit is

8At this time, data for older women is not yet available. However, we may be able to add an analysis of
the employment behavior of 61 and 62 year-old women when newer data waves become available.
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not delayed. If women who are affected by the reform instead adjust their employment
behavior and delay their (bridge into) retirement, we expect a negative effect on unem-
ployment and REC pension rates for women approaching age 60, in particular among 57
to 59 year-olds.
The results of the RD analysis of the reform effect on employment rates are displayed

in Table 2. The ERA increase had a positive effect of about 15.7 percentage points on the
employment rate of 60 year-old women. Including a quadratic function of month of birth
does not alter the result considerably. The coefficients of treatment and a specific age group
can be interpreted as the percentage point increase (or decrease) in employment rates of
this age group due to exposure to the reform. The results suggest that employment rates
of 56 and 59 year-old women increased slightly, although not significantly for all age groups
and specifications. Figure 10a to 10d visualize the local linear RD estimates of the reform
effect on employment rates of 57 to 60 year-olds. Column (2) and (3) of Table 2 repeat
the analysis for a restricted sample of women who were employed with age 55, and women
who were unemployed with age 55 respectively. Women who were employed with age 55
are even more likely to be employed with age 60 due to the reform, and significantly more
likely to be employed when they are 58 and 59. Even though the point estimate is slightly
smaller for women who were unemployed at age 55, the reform seem to have increased the
employment rate at age 60 compared to women who were born before 1952. However, we
cannot follow that the reemployment probability increased. The effect may simple be due
to an unchanged reemployment probability combined with an early employment exit of
those women who got reemployed but were eligible for the old-age pension with age 60.
A survival analysis will provide a deeper understanding of the changes in reemployment
probabilities of older unemployed women due to the ERA increase.
Descriptive evidence suggests that unemployment rates increased around age 60 among

women who weren’t eligible for the early old-age pension (see Figure 5). However, this
could be due to general trends in unemployment rates. An RD analysis allows the estima-
tion of causal effects by exploiting the discontinuity in unemployment rates by month of
birth. The RD estimates of the effects on unemployment rates of older women are displayed
in Table 3, and Figure 12a to 12d. The coefficients on unemployment rates of 60 year-old
women are positive but insignificant. Note that an increase in unemployment and REC
pension program rates can be solely due to the fact that many women switched from these
programs into the old-age pension program before the reform. In order to evaluate the
effectiveness of the reform, we are interested in the effect on women who were previously
employed. For previously employed women, the coefficient is small and insignificant. The
empirical evidence does not suggests the existence of spillover effects into unemployment
benefits due to an increase in the ERA. We find negative effects of −3.8 to −4.4 per-
centage points on unemployment rates of 58 and 59 year-olds respectively. However, the
coefficients of unemployment rates of 56 and 57 year-olds are positive, and in the case of
previously unemployed women quite substantial in magnitude. A possible explanation is
that the 1951 cohort delayed unemployment to age 58 or 59, which enabled them to receive
unemployment benefits until retirement entry. Another explanation, consistent with the
results for the effects on REC pension participation, is that women in the 1951 cohort
change from unemployment into the REC pension program at high rates in their late 50s.
The results of the RD analysis of the reform effect on the fraction of older women

receiving REC pension benefits is displayed in Table 4, and Figure 14a to 14d. We find
negative effects on REC pension participation rates of 60 year-old women, ranging from
−2.5 to −5.5, which provides evidence against the existence of spillover effects. In the case
of women who were employed at age 55 the effect is almost zero, suggesting that employed
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women are not more likely to enter REC pension due to the reform. In contrast, 60 year-
old women who were previously unemployed are 7 percentage points more likely to receive
REC pension benefits due to the ERA increase. This is not surprising since unemployed
women entered the old-age pension at the earliest possible age in absence of the reform.
Consistent with the expected response to an extension of the time horizon until an old-age
pension is available, we find negative effects of −2.8 to −9.0 percentage points on REC
rates of 58 and 59 year-olds respectively. These effects are even larger for those women
who were unemployed with age 55. However, previously employed women are slightly more
likely to receive REC pension benefits in their late 50s due to the reform.
[Analysis by region, health status, and employment history is to be completed ]

5.2 Survival analysis results

[To be completed ]

5.3 Fiscal consequences

Given the thorough analysis of the effects of the 1999 reform, we can quantify the effects
of the reform on public finances.

[To be completed ]

6 Conclusion

We study how a strong increase in the ERA for women affect labor supply, unemployment
and REC pension take-up. We identify a causal impact of ERA using variation from a
pension reform in Germany from 1999. The reform effectively increased the ERA for all
women born after 1952 from 60 to 63. Women born until 1951 were not affected by this
reform. The sharp discontinuity in the ERA by cohort allows us to analyze the behavioral
responses using a regression discontinuity design. This reform is interesting because it
restricts the opportunity set for women near the retirement age. Previous studies have
shown that labor market exits increase significantly at the age of first eligibility for pension
benefits. If women shift their employment exit to the new ERA, it might an effective tool
to raise old-age employment. However it could imply that some women who are not able
to extend their working life are adversely affected by this reform.
Preliminary results suggest that the increase in the ERA had a large and positive impact

on employment rates of older women. Not only are 60 year-old women 15.6 percentage
points more likely to be employed, but the ERA increase seems to have led to higher
employment rates of women in their late 50s as well. A central result of our empirical model
is also that we do not find spillover effects into alternative social security programs. On the
contrary, we find negative effects on reduced earnings capacity pension rates, ranging from
−2.5 to −5.5, and a small and insignificant effect on unemployment rates of 60 year-old
women.
Consistent with the expected response to an extension of the time horizon until an old-

age pension is available, we find negative effects of −2.8 to −9.0 percentage points on
REC pension participation rates of 56 to 59 year-olds. The effect on unemployment rates
of women in their late 50s is ambiguous. Smaller unemployment rates of 58 and 59 year
olds and larger unemployment rates of 56 and 57 year-olds suggest that women who could
receive old-age pension benefits at age 60 may have exited employment one or two years
before reaching age 60, bridging the time until retirement entry by unemployment benefits.
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While our preliminary results suggest that the ERA increase achieved its intended goals
without large spillovers into other social security programs, we yet have to explore whether
these effects differ by region, health and employment history.
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7 Appendix

7.1 Descriptive statistics: graphs of SES categories by age in months

Figure 1: Employment status by age in months: cohort 1951
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Figure 2: Employment status by age in months: cohort 1952
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Figure 3: Old-age pension recipient rate by age and cohort
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Figure 4: Employment rate by age and cohort
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Figure 5: Unemployment rate by age and cohort
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Figure 6: Reduced earnings capacity pension recipients by age and cohort
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Figure 7: Combined pension recipients (old-age and REC pension) by age and cohort
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Figure 8: Residual category, summarizing all categories except employment, pensions,
unemployment and disability pensions, by age and cohort
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7.2 Regression discontinuity results

Table 2: Effect on employment rates of different age groups
(1) (2) (3) (4)

VARIABLES Linear Employed Unemployed Quadratic

Di ∗Age60 0.157** 0.183*** 0.123* 0.160**
(0.0068) (0.0004) (0.0097) (0.0060)

Di ∗Age59 0.027 0.018* 0.040 0.043
(0.0054) (0.0027) (0.0114) (0.0070)

Di ∗Age58 0.035* 0.040*** -0.004 0.065*
(0.0047) (0.0004) (0.0064) (0.0060)

Di ∗Age57 0.008 -0.006** 0.002 0.042
(0.0045) (0.0003) (0.0172) (0.0075)

Di ∗Age56 0.005 -0.002 -0.020*** 0.041*
(0.0014) (0.0026) (0.0000) (0.0058)

mob 0.018 0.014 0.010 0.031
(0.0071) (0.0047) (0.0025) (0.0202)

Constant -0.417 0.581** -0.266 -0.433
(0.1375) (0.0284) (0.0502) (0.1270)

Observations 73,944 52,272 16,488 73,944
R-squared 0.158 0.081 0.049 0.159

Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

Notes: We try two different specifications one with a linear trend in the
running variable (1), and one with quadratic trends (4). Both specifica-
tions allow for different slopes before and after the cutoff. Column (2)
and (3) include only women who were employed/unemployed for at least
one month when they were 55 years old. All regressions include calendar
time quarter fixed effects, accumulated pension points and a dummy for
West Germany.
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Figure 9: Employment rate by age and month of birth (January 1952=0)
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(d) Age 57

Notes: The scatter plot is based on monthly averages by month of birth. The lines are drawn using local
linear regression with triangular kernels and a bandwidth of 12 months.
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Table 3: Effect on unemployment rates of different age groups
(1) (2) (3) (4)

VARIABLES Linear Employed Unemployed Quadratic

Di ∗Age60 0.007 0.013 0.010 0.015
(0.0024) (0.0039) (0.0303) (0.0036)

Di ∗Age59 -0.044** -0.003 -0.157 -0.004***
(0.0009) (0.0020) (0.0367) (0.0000)

Di ∗Age58 -0.038* -0.028*** -0.038 -0.038*
(0.0032) (0.0001) (0.0205) (0.0038)

Di ∗Age57 0.009 0.015** 0.132 0.042**
(0.0017) (0.0005) (0.0428) (0.0030)

Di ∗Age56 0.037 0.039* 0.149* 0.061**
(0.0067) (0.0051) (0.0131) (0.0027)

mob 0.001 0.002 -0.001 -0.000
(0.0013) (0.0020) (0.0043) (0.0023)

Constant 0.428* 0.204** 0.971 0.444*
(0.0418) (0.0092) (0.2494) (0.0614)

Observations 73,944 52,272 16,488 73,944
R-squared 0.041 0.013 0.141 0.041

Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

Notes: We try two different specifications one with a linear trend in the
running variable (1), and one with quadratic trends (4). Both specifica-
tions allow for different slopes before and after the cutoff. Column (2)
and (3) include only women who were employed/unemployed for at least
one month when they were 55 years old. All regressions include calendar
time quarter fixed effects, accumulated pension points and a dummy for
West Germany.
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Figure 11: Unemployment rates by age and month of birth (January 1952=0)
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Notes: The scatter plot is based on monthly averages by month of birth. The lines are drawn using local
linear regression with triangular kernels and a bandwidth of 12 months.
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Table 4: Effect on reduced earnings capacity pension rates of different age groups
(1) (2) (3) (4)

VARIABLES Linear Employed Unemployed Quadratic

Di ∗Age60 -0.025* 0.004* 0.070* -0.055**
(0.0031) (0.0005) (0.0088) (0.0039)

Di ∗Age59 -0.030** 0.013* -0.019** -0.090**
(0.0021) (0.0019) (0.0012) (0.0039)

Di ∗Age58 -0.028* 0.021* -0.089* -0.067**
(0.0042) (0.0024) (0.0094) (0.0042)

Di ∗Age57 -0.037** 0.024** -0.156** -0.085**
(0.0014) (0.0010) (0.0040) (0.0039)

Di ∗Age56 -0.046** 0.005** -0.125** -0.067**
(0.0020) (0.0001) (0.0046) (0.0037)

mob -0.001 -0.000 0.004 0.010
(0.0005) (0.0012) (0.0026) (0.0054)

Constant 0.251 0.062* 0.162 0.253
(0.0468) (0.0065) (0.0690) (0.0625)

Observations 73,944 52,272 16,488 73,944
R-squared 0.046 0.028 0.083 0.048

Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

Notes: We try two different specifications one with a linear trend in the
running variable (1), and one with quadratic trends (4). Both specifica-
tions allow for different slopes before and after the cutoff. Column (2)
and (3) include only women who were employed/unemployed for at least
one month when they were 55 years old. All regressions include calendar
time quarter fixed effects, accumulated pension points and a dummy for
West Germany.
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Figure 13: REC pension rates by age and month of birth (January 1952=0)
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Notes: The scatter plot is based on monthly averages by month of birth. The lines are drawn using local
linear regression with triangular kernels and a bandwidth of 12 months.

24



7.3 Difference-in-discontinuities results

Table 5: Net effect on employment rate when reaching age 60
(1) (2) (3) (4) (5)

VARIABLES Linear Quadratic Fixed effects West Germany East Germany

Di ∗ Tt 0.089*** 0.056*** 0.089*** 0.065** 0.126***
(0.0099) (0.0035) (0.0093) (0.0218) (0.0160)

Ageit -0.005* -0.008** -0.001** -0.004 -0.009**
(0.0018) (0.0017) (0.0007) (0.0034) (0.0031)

Tt -0.100*** -0.070*** -0.099*** -0.092*** -0.112***
(0.0057) (0.0018) (0.0038) (0.0104) (0.0055)

Ageit ∗ Tt -0.003*** -0.003** -0.003*** -0.003* -0.003*
(0.0005) (0.0010) (0.0005) (0.0012) (0.0013)

Ageit ∗Di 0.001** 0.005*** 0.001*** 0.000 0.002**
(0.0002) (0.0006) (0.0001) (0.0002) (0.0005)

Ageit ∗Di ∗ Tt 0.008*** 0.007*** 0.003** 0.010* 0.001
(0.0017) (0.0010) (0.0015) (0.0038) (0.0039)

Year of Birth = 1949 0.032 0.034 0.057 -0.041
(0.0216) (0.0214) (0.0388) (0.0366)

Year of Birth = 1950 -0.004 -0.003 0.025 -0.108
(0.0426) (0.0427) (0.0776) (0.0785)

Year of Birth = 1951 -0.048 -0.048 -0.029 -0.160
(0.0644) (0.0644) (0.1184) (0.1189)

Year of Birth = 1952 -0.015 0.016 0.020 -0.185
(0.0849) (0.0882) (0.1621) (0.1620)

Constant -0.658*** -0.658*** 0.631*** -0.297 -1.528***
(0.1319) (0.1333) (0.0662) (0.2188) (0.1780)

Observations 175,680 175,680 175,680 114,840 60,840
R-squared 0.166 0.166 0.077 0.154 0.211
Number of id 2,440

Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

Notes: We include cohort and calendar time quarter fixed effects, as well as the accumulated pension points
and a dummy for West Germany in the baseline specification. In specification (3), we include individual fixed
effects instead of time-invariant characteristics. In specification (4), we only include women who potentially
fulfill the eligibility criteria for the women’s old-age pension, regardless of age and year of birth. Standard
errors are clustered by year of birth.
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Table 6: Net effect on unemployment rate when reaching age 60
(1) (2) (3) (4) (5)

VARIABLES Linear Quadratic Fixed effects West Germany East Germany

Di ∗ Tt 0.054*** 0.072*** 0.056*** 0.042*** 0.079**
(0.0111) (0.0121) (0.0091) (0.0085) (0.0258)

Ageit 0.002 0.003 -0.001 0.002 0.003
(0.0018) (0.0016) (0.0007) (0.0017) (0.0024)

Tt -0.049** -0.060*** -0.050*** -0.030* -0.089***
(0.0126) (0.0105) (0.0038) (0.0115) (0.0173)

Ageit ∗ Tt -0.002*** -0.003 -0.001*** -0.002 -0.002
(0.0002) (0.0015) (0.0005) (0.0008) (0.0013)

Ageit ∗Di -0.001** -0.003** -0.001*** -0.000 -0.002***
(0.0002) (0.0008) (0.0001) (0.0004) (0.0003)

Ageit ∗Di ∗ Tt -0.005* -0.005* -0.001 -0.005* -0.003
(0.0019) (0.0022) (0.0014) (0.0022) (0.0030)

Year of Birth = 1949 -0.016 -0.017 -0.017 -0.008
(0.0214) (0.0222) (0.0193) (0.0284)

Year of Birth = 1950 0.005 0.005 0.005 0.021
(0.0443) (0.0453) (0.0394) (0.0609)

Year of Birth = 1951 0.016 0.016 0.020 0.031
(0.0669) (0.0675) (0.0602) (0.0918)

Year of Birth = 1952 0.006 -0.011 0.020 0.006
(0.0895) (0.0856) (0.0869) (0.1215)

Constant 0.579*** 0.580*** 0.109* 0.434*** 0.775***
(0.0941) (0.0966) (0.0651) (0.0857) (0.1341)

Observations 175,680 175,680 175,680 114,840 60,840
R-squared 0.042 0.042 0.016 0.015 0.035
Number of id 2,440

Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

Notes: We include cohort and calendar time quarter fixed effects, as well as the accumulated pension points
and a dummy for West Germany in the baseline specification. In specification (3), we include individual fixed
effects instead of time-invariant characteristics. In specification (4), we only include women who potentially
fulfill the eligibility criteria for the women’s old-age pension, regardless of age and year of birth. Standard
errors are clustered by year of birth.
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Table 7: Net effect on reduced earnings capacity pension rate when reaching age 60

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

VARIABLES Linear Quadratic Fixed effects West Germany East Germany

Di ∗ Tt 0.056*** 0.052*** 0.057*** 0.061*** 0.050**
(0.0086) (0.0073) (0.0060) (0.0107) (0.0156)

Ageit 0.002 0.002 0.002*** 0.002 0.003
(0.0016) (0.0018) (0.0004) (0.0027) (0.0017)

Tt -0.063*** -0.060*** -0.062*** -0.070*** -0.049**
(0.0059) (0.0054) (0.0025) (0.0065) (0.0111)

Ageit ∗ Tt -0.002** -0.002* -0.002*** -0.002* -0.002
(0.0007) (0.0008) (0.0003) (0.0008) (0.0010)

Ageit ∗Di -0.000 0.000 -0.000*** -0.000 -0.000
(0.0001) (0.0005) (0.0001) (0.0002) (0.0003)

Ageit ∗Di ∗ Tt -0.004** -0.004*** -0.001 -0.006** 0.000
(0.0010) (0.0006) (0.0009) (0.0019) (0.0011)

Year of Birth = 1949 -0.023 -0.023 -0.028 -0.001
(0.0178) (0.0177) (0.0313) (0.0184)

Year of Birth = 1950 -0.022 -0.022 -0.020 -0.003
(0.0356) (0.0354) (0.0626) (0.0392)

Year of Birth = 1951 0.009 0.009 0.020 0.021
(0.0536) (0.0535) (0.0945) (0.0572)

Year of Birth = 1952 -0.038 -0.034 -0.038 0.009
(0.0700) (0.0674) (0.1219) (0.0673)

Constant 0.437** 0.436** 0.130*** 0.357 0.845***
(0.1180) (0.1181) (0.0425) (0.1886) (0.1074)

Observations 175,680 175,680 175,680 114,840 60,840
R-squared 0.047 0.047 0.034 0.040 0.097
Number of id 2,440

Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

Notes: We include cohort and calendar time quarter fixed effects, as well as the accumulated pension points
and a dummy for West Germany in the baseline specification. In specification (3), we include individual fixed
effects instead of time-invariant characteristics. In specification (4), we only include women who potentially
fulfill the eligibility criteria for the women’s old-age pension, regardless of age and year of birth. Standard
errors are clustered by year of birth.
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