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Incentive Effects of Social
Security under an Uncertain
Disability Option

Axel Borsch-Supan

9.1 Introduction

In most industrialized countries, old-age labor force participation has
declined dramatically during the last decades. Together with population
aging, this puts the social security systems of the industrialized countries
under a double threat: Retirees receive pensions for a longer time while
there are less workers per retiree to shoulder the financial burden of the
pension system. The decline of old-age labor force participation has there-
fore turned attention to the incentive effects of social security systems: Is a
significant part of the threat homemade because pension systems provide
overly strong incentives to retire early? This “pull” view—that labor
supply has declined because early retirement provisions pull old workers
out of employment—is in contrast to the “push” view—that a secularly
declining demand for labor has created unemployment, one form of which
is to push older workers into early retirement.

The pull view is prominently put forward in a recent volume edited by
Gruber and Wise (1999). The authors from eleven countries argue that
the declining old-age labor force is strongly correlated with the incentives
created by generous early retirement provisions. Formal econometric anal-
yses (e.g., Stock and Wise 1990 for the United States; Meghir and
Whitehouse 1997 for the United Kingdom; Boérsch-Supan 1992, 2000 for
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Fig. 9.1 Pathways to retirement

Notes: The figure shows the share of pathways by year. The shaded areas are NR (normal
retirement); FR (flexible retirement [only after the 1972 reform]); UN (early retirement be-
cause of unemployment); DI-1 (early retirement because of onset of disability after age sixty
[only after the 1972 reform]); DI-2 (early retirement because of onset of disability before
age sixty).

Source: Verband deutscher Rentenversicherungstrager (1997)

Germany) find strongly significant coefficients of variables measuring the
incentive effects of pension rules (e.g., the option value to postpone re-
tirement).

Incentive effects of pension rules are usually estimated under the as-
sumption that the institutional environment provides a single optimal
pathway for retirement. This optimal pathway then defines present values
of retirement income at any retirement age, or an option value of postpon-
ing retirement at any prospective retirement age. However, most countries
provide competing pathways that include several early retirement options
in addition to normal retirement, typically at age sixty-five.

Jacobs et al. (1991) have stressed the variety of these pathway options
across Europe. Figure 9.1 shows how important these different exit routes
or pathways are in Germany. It is particularly impressive that early retire-
ment due to a disability before age sixty (denoted by DI-2) was the most
common pathway in most of the years 1958-94, while “normal” retirement
(denoted by NR) has a share of less than 20 percent since the mid-1970s.
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Early retirement due to unemployment (denoted by UN) increased steeply
in the early 1990s and accounted for roughly another 20 percent of labor
market exits. Complicating this picture even more, the exit routes depicted
in figure 9.1 are frequently preceded by preretirement schemes. These
schemes are industry- or company-specific and are popular not only in
Germany but also in many other European countries.

When measuring incentive effects, one encounters two distinct problems
associated with this multitude of exit routes. First, early retirement options
such as the special provisions for disabled and unemployed workers can
effectively be strategic variables for the employer and the employee. Em-
ployers may have an incentive to let the social security system pay for
the costs of restructuring the workforce, whereas employees may have an
incentive to enjoy leisure early at the expense of the contributors to the
social security system. As a result, constructs of incentive effects that rely
on indicators for the availability of a certain pathway are endogenous. A
prime example of such an indicator is the reported health status, often
measured as the extent of disability in percent of full work ability. This is
frequently the legal prerequisite for early retirement and can be manipu-
lated at least to some extent, as has been controversially discussed by
Bound (1989) and Parsons (1991). The complicated interaction between
health and the eligibility for disability benefits has been documented by a
working group led by John Rust (Benitez et al. 1998) as a prerequisite
for a structural estimation of incentive effects due to disability benefits,
improving on the large U.S. literature on this topic.

A second technical problem associated with the multitude of exit routes
is that the choice of a specific pathway to retirement is made when it is
not clear whether certain options are actually relevant for the individual
contemplating early retirement. Again, disability is the prime example:
Even if the reported health status has not been manipulated, econometri-
cians face the problem that the outcome of the screening process for eligi-
bility is far from certain ex ante. If econometricians specify the option set
too generously, they exaggerate the incentives at work and thus underesti-
mate the coefficient of the incentive variable. In turn, incentive effects may
be overestimated—and thus the pull view of early retirement—if the op-
tion set is too restrictive.

This paper shows that ignoring the uncertainty and endogeneity of the
relevant institutional setting (i.e., the available pathways) can severely bias
the estimates of incentive effects. The paper focuses on the disability op-
tion that provides particularly strong incentives. It proposes several esti-
mates to bound the “true” incentive effects of social security on early re-
tirement in the face of uncertainty, and it uses an approximate two-stage
procedure to tackle the endogeneity problem.

Section 9.2 provides the institutional background of the German pen-
sion system and the early retirement incentives it creates. Section 9.3 intro-
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duces the data, a sample of German workers aged fifty-five to seventy
drawn from the German Socio-Economic Panel, and describes patterns of
retirement, disability and health in the sample. Section 9.4 presents esti-
mation results for several specifications aimed at correcting for uncertainty
and endogeneity of the disability benefit eligibility. Section 9.5 concludes
and draws policy recommendations.

9.2 Incentives Created by the German Public Pension System

The German public pension system is particularly well suited to a mi-
croeconometric study of incentive effects on labor force participation be-
cause it is almost universal and we do not need to account for a variety of
firm pension plans that create their own incentive effects but are usually
not well captured in survey data (Borsch-Supan and Schnabel 1998). The
homogeneity arises for two reasons. First, the German public pension sys-
tem is mandatory for every worker except for the self-employed and those
with very small labor incomes. Because almost all German workers have
been dependently employed at least at some point in their working careers,
almost every worker has a claim on a public pension. Second, the system
has a very high replacement rate, generating net retirement incomes that
are currently about 70 percent of preretirement net earnings for a worker
with a forty-five-year earnings history and average lifetime earnings. This
is substantially higher than the corresponding U.S. net replacement rate
of about 53 percent. In addition, the system provides relatively generous
survivor benefits that constitute a substantial proportion of the total pen-
sion liability. As a result, social security income represents about 80 per-
cent of household income for households headed by persons aged sixty-
five and over; the remainder is divided about equally among firm pensions,
asset income, and private transfers.

A detailed description of the German public pension system is given by
Borsch-Supan and Schnabel (1999). In the sequel, we only summarize the
features that create incentives to retire early. Until 1972, retirement was
mandatory at age sixty-five. Early retirement was possible and frequent
through the disability pathway (see fig. 9.1). With the landmark 1972 pen-
sion reform, several early retirement options were introduced. Figure 9.1
shows that early retirement almost instantaneously substituted for a con-
siderable portion of disability benefits—a fairly strong indication that dis-
ability status was not related only to health. The pension system estab-
lished in 1972 now provides old-age pensions for workers aged sixty and
older, and, for workers below age sixty, disability benefits, which are con-
verted to old-age pensions at age sixty-five at the latest.

The main feature of the old-age pensions is flexible retirement from age
sixty-three for workers with long service histories. In addition, retirement
at age sixty is possible for women, unemployed workers, and workers who
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cannot be employed appropriately for health or labor market reasons. It is
noteworthy that these features were introduced by the 1972 reform as so-
cial achievements before unemployment began to rise in the mid-1970s.
Only later was it realized that they helped to keep the unemployment rate
down. Twenty years after the introduction of the various early retirement
options, the 1992 pension reform is attempting to close some of those op-
tions. However, the effects are irrelevant for the current sample because
they will be visible only after the year 2004.

Old-age pension benefits are computed on a lifetime contribution basis.
They are the product of four elements: (1) the employee’s relative wage
position, averaged over the entire earnings history, (2) the number of years
of service life, (3) several adjustment factors, and (4) the average pension
level. The first three factors make up the “personal pension base,” which
is calculated when one is entering retirement. Old-age pensions are propor-
tional to length of service life, a specific feature of the German pension
system. The fourth factor determines the income distribution between
workers and pensioners in general and is adjusted annually to net wages.
Thus, productivity gains are transferred each year to all pensioners, not
only to new entrants. Due to a generous exemption, social security benefits
are tax free unless income from other sources is high.

Early retirement incentives are created by the (lack of) adjustment fac-
tors. Before the 1992 pension reform, there was no explicit adjustment of
benefits when a worker retired earlier than age sixty-five, except for a bo-
nus when retirement was postponed from ages sixty-five or sixty-six by
one year. Nevertheless, because benefits are proportional to the years of
service, a worker with fewer years of service would get lower benefits even
before the bonus. With a constant income profile and forty years of service,
each year of earlier retirement decreased pension benefits by 2.5 percent.
This is substantially less than the actuarial adjustment, which increases
from about 5.5 percent for postponing retirement one year at age sixty to
8 percent for postponing retirement one year at age sixty-five. The 1992
pension reform will gradually change this by introducing retirement age—
specific adjustment factors to the benefit formula. However, they will re-
main about 2 percent below those required for actuarial fairness. Figure
9.2 displays actuarial adjustments as well as those under the current (i.e.,
relevant for our working sample) and future institutional settings.

Disability pensions before reaching age sixty are particularly generous.
First, the service life used in a similar computation as for old-age pensions
is extended by the time between the onset of the disability and age sixty,
albeit at a reduced earnings base at two-thirds of the last earnings. Second,
disability benefits are not actuarially adjusted, even after the 1992 reform,
but are computed as if the worker had retired at age sixty. Disability pen-
sions after age sixty are computed like old-age pensions, but without actu-
arial adjustments.
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Fig. 9.2 Adjustment of retirement benefits to retirement age

Source: Borsch-Supan and Schnabel 1998.

Notes: RR1972 denotes the adjustment factors introduced by the 1972 pension reform.
RR 1992 symbolizes the adjustments that will be phased in by the 1992 pension reform.
“Fair” refers to actuarially fair adjustment factors.

The key statistic needed to measure the early retirement incentives ex-
erted by the actuarially unfair adjustment factors is the change in social
security wealth. If social security wealth declines because the increase in
the annual pension is not large enough to offset the shorter time of pension
receipt, workers have a financial incentive to retire earlier. We define social
security wealth as the expected present discounted value of benefits minus
applicable contributions. Seen from the perspective of a worker who is S
years old and plans to retire at age R, social security wealth (SSW) is

> R-1
SIS = (2 YRET,(R)-q, 5) ) (ZC'YLAB, a 6)
(=R =

with

SSw present discounted value of retirement benefits (= social secu-
rity wealth),

S planning age,

R retirement age,

YLAB, labor income at age ¢,
YPEN/(R) pension income at age ¢ for retirement at age R,
c, contribution rate to pension system at age ¢,
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a, probability to survive at least until age ¢ given survival until
age S, and
S discount factor = 1/(1 + r).

The accrual rate of social security wealth between age ¢+ — 1 and 7 is

[SSW, (1) — SSW, (¢ — 1)]
SSW (1 — 1) '

ACCR (1) =

A negative accrual can be interpreted as a tax on further labor force partic-
ipation. It is particularly handy to express this as an implicit tax rate: the
ratio of the (negative) social security wealth accrual to the net wages
(YLABNET) that workers would earn if they would postpone retirement by
one year

~ [SSW,(¢) — SSW,(r — 1)]

TAXR (1) = VL AR

Figure 9.3 shows that the early retirement incentives created by the old-
age pension formula in Germany are strong. We will see below that the
incentives created by disability benefits are even stronger. The accrual
function (panel 4) has three distinctive kink points. The first kink occurs
at age sixty, the earliest retirement age into the public pension system with-
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Fig. 9.3 Loss in social security wealth when postponing retirement (1972 rules,
old-age pensions only): (4) accrual rate, (B) implicit tax rate
Source: Borsch-Supan and Schnabel 1998

Note: See text for definition of accrual rate ACCR(¢) and implicit tax rate TAXR(?) for S =
S5andt=55...69.
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Fig. 9.4 Implicit tax on postponing retirement, disability case
Source: Borsch-Supan and Schnabel 1998.
Note: See text for definition of implicit tax rate TAXR (¢).

out disability status. Two other kinks are generated by the bonus for post-
poning retirement at ages sixty-five and sixty-six, interrupting the steady
increase in negative pension wealth accrual.

The lack of actuarial fairness of the old-age pension system creates a
negative accrual of pension wealth during the early retirement window at
a rate reaching —9 percent when retirement is postponed from age sixty-
four to sixty-five. In 1995, this was a loss of about 22,000 deutsche mark
(US$10,500 at purchasing power parity) for the average worker. Expressed
as a percentage of annual labor income, the loss corresponds to a “tax”
that exceeds 50 percent.

The 1992 pension reform will moderate but not abolish this incentive
effect. After 2004, when the 1992 reform will have been fully phased in,
the negative accrual rate will reach —5 percent, corresponding to an im-
plicit tax rate of almost 30 percent when retirement is postponed by one
year at age sixty-four.

Disability benefits create even stronger labor supply disincentives. The
resulting implicit tax rates for postponing retirement are very large (see
figure 9.4). They are likely to create strong incentives to manipulate dis-
ability eligibility: If there is a chance to claim disability, not taking it corre-
sponds to a 60 percent implicit tax on earnings.

9.3 Data and Descriptive Statistics

How do these incentives affect actual retirement behavior? We use the
1984-96 waves of the German Socio-Economic Panel (GSOEP) to tackle
this question. The GSOEP is an annual panel study of some 6,000 house-
holds and some 15,000 individuals. Its design corresponds closely to that

70
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of the U.S. Panel Study of Income Dynamics (PSID). Response rates and
panel mortality are also comparable to those for the PSID. The GSOEP
data provide a detailed account of income and employment status. The
data are used extensively in Germany, and the increasing interest in the
United States prompted the construction of an English-language user file
available from Richard Burkhauser and his associates at Syracuse Univer-
sity. Burkhauser (1991) reports on the usefulness of the German panel
data and provides English-language code books for the internationally ac-
cessible GSOEP version. Since 1990, the West German panel has been
augmented by an East German sample.

For this paper, however, I use only West German workers because prere-
tirement is frequent in East Germany and I lack the necessary company-
specific information to describe the incentives appropriately. My working
sample consists of all West Germans who are aged fifty-five to seventy
years and have at least one spell of employment in this window in order
to reconstruct an earning history. This working sample includes 1,610 indi-
viduals. We construct an unbalanced panel of these individuals with 8,577
observations and an average observation time of 5.3 years. A few sample
persons are right-truncated with respect to retirement (i.e., they are em-
ployed throughout the entire window period) but most individuals retire
before the age of seventy. Of the 1987 individuals, 666 have no transitions,
643 have a single transition from employment to retirement, and 301 indi-
viduals have more complex histories with at least one reverse transition.
Thirty-five percent are female, and the most common retirement age is
sixty.

I define a worker to be retired when the self-reported employment status
is “out of labor force.” This includes unemployed workers and workers on
preretirement who may not receive public pensions but may receive other
support ranging from unemployment benefits to severance pay. Figure 9.5
depicts the percentage of retired persons in my working sample and shows
three distinct jumps: the largest at age sixty, and two smaller ones at ages
sixty-three and sixty-five, corresponding to the earliest ages at which eligi-
bility to various pension types begins (see section 9.2). Very few individu-
als are working after age sixty-five. These patterns in the working sample
strongly correspond to administrative records (e.g., Verband deutscher
Rentenversicherungstrager [VAR] 1997). Even before official old-age re-
tirement begins, about 15 percent of the workers have retired. This per-
centage in our working sample is somewhat lower than in the administra-
tive records, depicted in figure 9.1, indicating that the working sample
underrepresents problem cases who retire very early. This reflects the
middle-class bias typical for the GSOEP.

The jump at age sixty is due to three institutional features. Women with
a work history of at least fifteen years may retire at age sixty; any unem-
ployed worker may retire at age sixty if certain mild requirements are satis-
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Fig. 9.5 Self-reported retirement by age
Source: German Socio-Economic Panel (GSOEP) 1984-96 and author’s calculations.

fied; and, most importantly, workers who are able to claim “old-age dis-
ability” may also retire already at age sixty. This old-age disability between
ages sixty-one and sixty-five has weaker health and job status require-
ments than “normal disability” before age sixty.

Disability is officially measured as percent of earnings capability. If this
falls below 50 percent, workers after age sixty can claim a disability pen-
sion that corresponds to a normal pension, without actuarial adjustments.
Indeed, the average degree of disability in the sample increases steadily
until age sixty-two, when it reaches 20 percent. After age sixty-three, it
increases much more slowly (see fig. 9.6).

Since it seems implausible that this sudden change is caused by a change
in health status, this pattern suggests an institutional reason. It is easy to
find. From age sixty-three on, all male workers can receive a normal pen-
sion, provided they have thirty-five years of work (which most male work-
ers have). In fact, a striking finding is the weak correlation between the
degree of disability and self-reported health. Figure 9.7 shows that self-
reported health changes very little, and although a regression of the degree
of disability on self-reported health features a significant positive correla-
tion between bad health and disability, its R? is only about 3 percent.
Partly, this weak correlation is due to the fact that disability status is
granted not only for health-related but also for employment-related rea-
sons. Even healthy workers are classified as disabled if there are no jobs
available for their specific skills. Leniency in those regulations has changed
frequently and unpredictably. They were subject not only to government
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Fig. 9.6 Average degree of disability by age (percentage)
Source: GSOEP 1984-96 and author’s calculations
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Fig. 9.7 Average self-reported health on a 0—10 scale
Source: GSOEP 1984-96 and author’s calculations

policy (e.g., in order to manipulate the unemployment rate) but also to law
cases (which at some point ruled, for example, that earnings tests for disa-
bled workers were illegal).

9.4 Alternative Estimates of Incentive Effects to Retire Early

The evidence in the previous section suggests that disability is an impor-
tant mechanism for early retirement. However, even in the lenient German
system, disability is not granted automatically. Only 16 percent in my




292 Axel Borsch-Supan

working sample report a disability status of 50 percent or more. In addi-
tion, the discussion at the end of the preceding section has shown that
when one is planning ahead for the choice of retirement age, it is far from
clear whether this exit pathway can be taken. Incentives for early retire-
ment thus have a strong element of uncertainty, which must be built into
measures of incentive effects.

I capture the economic incentives provided by the pension system using
the option value to postpone retirement (Stock and Wise 1990). This value
captures for each retirement age the trade-off between retiring now (re-
sulting in a stream of retirement benefits that depends on this retirement
age) and keeping all options open for some later retirement date (with
associated streams of first labor, then retirement incomes for all possible
later retirement ages). Consequently, the option value for a specific age is
defined as the difference between the maximum attainable consumption
utility if the worker postpones retirement to some later year minus the
utility of consumption that the worker can afford if he or she would retire
now. The definition corresponds closely to the construction of social secu-
rity wealth in the preceding section.

Let V(R) denote the expected discounted future utility at age ¢ if the
worker retires at age R. Let R*(¢) denote the optimal retirement age if the
worker postpones retirement past age ¢, i.e., max[V(R)] for r > ¢. With
this notation, the option value is

OPTVAL(!) = V[R*1)] - V(1).

Since a worker is likely to retire as soon as the utility of the option to
postpone retirement becomes smaller than the utility of retiring now, re-
tirement probabilities should depend negatively on the option value.
I specify the expected utility as follows:
R-1

V(R) = Su(YLAB)-a, -8 + oY u[YRET(R)a, -5
s=R

5=t
with

YLAB, labor income at age s, s =¢... R — 1,
YRET (R) expected retirement income at age s, s > R,
R retirement age,

marginal utility of leisure, to be estimated,
probability to survive at least until age s, and
discount factor, set at 3 percent.

»QQ

To capture the utility from leisure, utility during retirement is weighted
by a > 1, where 1/a is the marginal disutility of work. We use an estimate
of @ = 3.13 that was obtained by grid search (see Borsch-Supan 2000). A
dollar that must be earned by work is therefore valued at only about a
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third of a dollar that is given as a public transfer through the retirement
system. This value is somewhat higher than estimates for the United States
(Stock and Wise 1990) but not implausible for Germany with an arguably
higher preference for leisure. I apply a very simple utility function by iden-
tifying consumption with income. Preliminary estimates with an isoelastic
utility function, u(Y) = Y, yield a vy coefficient that is not significantly
different from 1. Finally, the discount factor & is assumed to be 3 percent.
Other discount factors in the range between 1 and 6 percent yield qualita-
tively similar results.

Uncertainty enters the option value through future income. For labor
income, I assume it to be constant after age fifty-five. This is typical for
German workers who have seniority rules that flatten out about this age.
However, retirement income depends on retirement age and the rules ap-
plicable to the individual at that age. As stressed before, it is uncertain
which rules will actually apply.

The common procedure in the literature is to use the retirement income
according to the rules that have ex post been applied to the sample individ-
ual. This procedure is correct for fixed personal characteristics. For ex-
ample, as pointed out in section 9.2, German public pension rules have a
more generous retirement age for women than for men. Hence, male per-
sons are assigned pension rules for males, and females likewise.

Similarly, the literature has typically assigned disabled individuals a
pension according to the rules for disabled workers. However, as opposed
to such fixed characteristics as gender, this procedure ignores both uncer-
tainty and potential endogeneity. First, the option value approach is an ex
ante (not an ex post) view of the utility of a certain retirement age. The ex
ante uncertainty cannot be resolved by the econometrician by using its ex
post value. Rather, one needs to use the expected value applicable at the
time of decision making. Specifically, the ability to claim disability status
is not certain at age fifty-five, the beginning of my decision window. The
retirement income YRET in the above equation should therefore be a
probability-weighted sum of the relevant pathways, in this simple case
“disability” and “normal retirement.”

Moreover, as stressed before, eligibility can be manipulated to some ex-
tent, and there are strong incentives to do so. Thus the probability of tak-
ing this pathway is potentially endogenous. I therefore must use an instru-
mental variable (IV) approach to compute fitted probabilities of the
pathways “disability” and “normal retirement.” This leads to four variants
of the option value to postpone retirement:

o The tough variant. All individuals are assigned retirement incomes ac-
cording to normal retirement rules.

o The generous variant. All individuals are assigned retirement incomes
as if they could claim disability benefits.
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o The endogenous variant. Disabled persons are assigned disability pen-
sions, nondisabled persons normal pensions.

o The probabilistic variant. Individuals are assigned an expected value,
where disability pensions are weighted by a probability p, and normal
pensions by (1 — p). Taking the endogeneity of p into account, I use
three IV approaches:

a. I use the population frequency of being disabled (15.97 percent),

b. I regress the probability of having a degree of disability of 50 per-
cent or higher on a cubic polynomial in age and use this fitted value
as probability p, and

c. I regress the probability of having a degree of disability of 50 per-
cent or higher on a cubic polynomial in age, a set of branch and
education dummies, plus gender and marital status, and use this
fitted value as probability p.

I then insert the resulting option value into a discrete choice model with
“retired” as the dependent variable, and add the usual suspects as other
explanatory variables: an array of socioeconomic variables such as gender,
marital status, and wealth (indicator variables of several financial and real
wealth categories), and a self-assessed health measure. Obviously, I cannot
use the legal disability status as a measure of health because this is poten-
tially endogenous.

Inserting the option value in a regression-type model is much less com-
putationally involved and more practical than the estimation procedure
employed by Stock and Wise (1990), which in turn much more closely
approximates the underlying dynamic programming structure (Rust and
Phelan 1997; see Lumsdaine, Stock, and Wise 1992). The regression ap-
proach generates robust estimates of the average effects of the option value
on retirement, although it is inferior in predicting individual choices when
incentives vary widely across individuals.

I begin by using a simple logit model. Table 9.1 presents a summary,
table 9.2 the full range of results.

In the “generous” specification of expected retirement income— “every-
body is eligible for disability benefits”—the sign of the option value co-
efficient is counterintuitive. All other specifications have the expected neg-
ative sign: An increase in the option value to postpone retirement
decreases the probability of being retired. The probabilistic variants are
very close to each other and are bracketed by the “generous” and the
“tough” variants. The first-stage R?s in the last two specifications are 8
and 15 percent, respectively. The “endogenous” specification, however, is
far outside this bracket, considerably larger and with an (apparent) very
high precision as indicated by the t-statistic. The endogeneity bias pro-
duces a threefold higher estimate of the option value coefficient than the
probability-weighted specifications.
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Table 9.1 Option Value Coefficients for Six Variants of Expected
Retirement Income
Estimated
Coefficient of Option Value t-statistic

Model 1 (generous variant) 0.0053 4.63
(0.00115)

Model 2 (tough variant) —0.0046 —4.72
(0.00098)

Model 3 (endogenous variant) —0.0096 —12.02
(0.00080)

Model 4a (p = sample frequency) —0.0034 =2.79
(0.00122)

Model 4b (p = age polynomial) —0.0038 —-3.28
(0.00116)

Model 4c (p = full regression) —0.0032 —2.84
(0.00114)

Source: Author’s calculations based on GSOEP working panel of men, 1984-96.
Notes: Standard errors in parentheses. See text for explanation of variants.

Table 9.2 presents the full results. A positive coefficient indicates that
the corresponding explanatory variable increases the probability of retire-
ment. In addition to the option value, health, and an array of socioeco-
nomic variables, we include a full set of age dummies to nonparametrically
capture all other unmeasured effects on the retirement decision that are
systematically related to age, such as social customs. The reference cate-
gory is age sixty-five.

Prediction success rates are high and vary from 88.7 to 89.3. This fit
compares favorably to the baseline probability of 67.9 percent of retirees
in our working sample. Except for the difference among the option value
coefficients, all other coefficient estimates are fairly close to each across
the six specifications.

The other economic incentives for retirement, namely the wealth vari-
ables, are only partially significant. The GSOEP data do not contain levels
of wealth and provide only indicators of whether certain portfolio compo-
nents—firm pension, life insurance, stock and bonds, and real estate—are
present. There are many missing values, here coded as “not present.” In
general, presence of financial and real wealth decreases the retirement
probability. This is not especially plausible for the presence of a firm pen-
sion. However, significant firm pensions are rare in Germany and usually
indicate more highly valued jobs in which retirement may occur later for
reasons not related to the firm pension per se.

The pattern of age dummies reflects the obvious: Older workers are
more likely retired than younger ones. It is important to measure the op-
tion value with the age dummies included in order to purge its estimated
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coefficient from all other noneconomic effects. The omission of age dum-
mies roughly triples the estimated coefficient of the option value. Quite
noticeable is the lack of spikes in the pattern of age dummies. In this sense,
retirement behavior is correctly described by the option value, the main
economic incentive for retirement.

Most other sociodemographic variables are not significant. The impor-
tant differences between social security regulations for women and men
(women can retire at age sixty if they have at least fifteen years of retire-
ment insurance history, whereas men need thirty-five years to retire at age
sixty-three, unless they claim disability) appears to be fully captured by
the option value. Marital status and education is also insignificant. I did
not do full justice to the retirement subsystem for civil servants. They are
actually treated as if they were part of the standard social security system,
which is not really the case. Civil servants are required to work longer than
other employees, with a fairly rigid retirement age at sixty-five, although
claims to disability are frequent, as is early retirement due to the downsiz-
ing of the civil service sector. I find an expected negative coefficient, indi-
cating later retirement for civil servants.

One may be suspicious that a simple logit model biases results because
it ignores the panel nature of the working sample. I therefore employ a
panel Probit model that permits a combination of random effects and se-
rial correlation. This model follows Borsch-Supan (2000), where all neces-
sary econometric details are presented. It is estimated by numerical simu-
lation methods (see Borsch-Supan and Hajivassiliou 1993). The model can
be interpreted as a semi-nonparametric hazard model for multiple-spell
data, permitting unobserved heterogeneity and state dependence. It is
nonparametric in the sense that the model does not impose a functional
form on the duration in a given state. Fairly flexible hazard rate models
of retirement have been estimated by Sueyoshi (1989) and Meghir and
Whitehouse (1997), although not in combination with an option value de-
scribing the incentives to retire. Parametric hazard rate models for Ger-
man data have been estimated by Schmidt (1995) and Borsch-Supan and
Schmidt (1996).

I estimate three models, using the probabilistic version of the option
value based on the full regression (specification 4c in tables 9.1 and 9.