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ABSTRACT

This paper specifies and estimates a structural life cycle model of retirement and wealth that
explains the peaks in retirement both at ages 62 and at 65. Our estimates suggest that leisure and
time preference are widely distributed among the population, with a bimodal distribution of time
preference. Discount rates are either very low or very high. Those with high discount rates find the
actuarial adjustments in Social Security benefits, which use a 3 percent real interest rate, to be
inadequate. Once they reach age 62, the benefit accrual profile declines with age. This is the major
explanation for the spike in retirement activity at 62. Liquidity constraints from inability to borrow
on Social Security and pension benefits add to this effect.
Simulations with the model suggest that raising the Social Security early entitlement age from
age 62 to 64 will shift about three fifths of the bunching of retirements at age 62 to age 64. The
bunching amounts to about 8 percent of the population, so raising the Social Security early age of
entitlement will cause about 5 percent of the population to delay their retirement, implying a
substantial effect on the Social Security system and its finances.
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I. Introduction
Thirty years ago, the most common retirement age was 65.1 Economically, this age made
a lot of sense. This was the Social Security normal retirement age, and working beyond this age
resulted effectively in giving up a substantial part of Social Security benefits that would otherwise
have been paid. Although additional work did result in an increase in later benefits, the increase
was small in comparison to the benefits given up. In essence, potential workers felt a substantial
reduction in the net reward for continued work, and many of them chose retirement instead. This
was reinforced by the provisions of many private pension plans, which similarly penalized workers
for work beyond 65, and by mandatory retirement provisions.
Today, the most common retirement age is 62, with 65 as only a secondary peak.2 It is
relatively easy to see why the peak at age 65 has diminished. Additional work beyond 65 now
results in a greater increase in Social Security benefits, reducing the incentives to retire (Gustman
and Steinmeier, 1985; 1991). Age discrimination laws have eliminated formal age 65 mandatory
retirement provisions in most jobs and severely curtailed the ability of defined benefit pensions to
penalize workers for working beyond 65, and in any case defined benefit pensions are covering a
continually diminishing share of the labor force. The reduction in retirement at age 65 thus
appears to reflect a decline in the influence of firm policies fostering exit and to be a rational
response to changes in incentives.
The new peak at age 62 is a different story. The obvious thing that happens at age 62 is
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that workers become eligible for early retirement benefits under Social Security, albeit at a
reduced level. Working beyond 62 still results in giving up current benefits, but unlike the
situation thirty years age at age 65, current work beyond 62 increases future benefits in a way that
is approximately actuarially fair. There may be some incentives from pensions to retire at 62, but
these incentives have been eroding over time for the same reasons that the pension incentives to
retire at age 65 have been reduced. In short, it is difficult to devise a convincing story using
incentives to explain why workers are currently retiring in such numbers at age 62.
About the only way around this difficulty is to postulate a relatively high time preference
rate. Individuals with a high time preference rate who are considering retiring at age 62 will see
the loss of current benefits clearly, but they will devalue the increase in future benefits even
though the increase is actuarially fair. The loss of current benefits will be perceived as a reduction
in net compensation and will create an incentive to retire at age 62. However, a high time
preference rate creates a different problem having to do with the retirement peak at age 65.
Starting at age 65, current work results in increases in future Social Security benefits that are less
than actuarially fair. With a low time preference rate, workers would perceive this as a reduction
in net compensation and would be induced to retire. With a high time preference rate, though,
individuals would not care whether increases are actuarially fair or not, since the future benefits
are sharply discounted in any case. Consequently, they would have little incentive to retire
preferentially at 65. Although a high time preference rate can account for the retirement peak at
62, it fails for the peak at 65.
The difficulty in explaining observed retirement patterns has serious and unfortunate
implications for analyzing Social Security policy. It is well known that Social Security will face a
2

funding crisis in the next several decades, and there is much debate as to how best to avoid the
crisis. One step was taken in 1983 by gradually increasing the Social Security normal retirement
age to 67 in the coming two decades, with concomitant reductions in benefits for those who take
benefits at the early retirement age of 62. Some proposals include increasing the normal
retirement age further, and some include increasing the early retirement age, both to encourage
individuals to work longer and to avoid having benefits that are reduced too much (Congressional
Budget Office, 1999). The only problem is that no one is quite sure what will happen to
retirement if the early retirement age is increased. Although it is clear that Social Security is
responsible for the spike in retirements at age 62, it is not clear what mechanism is causing
retirements to cluster at age 62 in the first place. There has not been any experience with
changing the early retirement age since it was introduced in the early 1960's, so regression
analysis using the early retirement age as a right-hand variable is not likely to be useful. The most
promising approach is to use a structural retirement model, but the challenge is to come up with a
structural model that replicates the retirement peaks at ages 62 and 65 without forcing the result
by including discontinuities in the utility function at those ages.
To meet this challenge, we specify and estimate a structural model of retirement and
saving that relaxes the assumption, invariably made in existing empirical structural models, that
time preference rates are constant across the population. Our estimates indicate that time
preference rates are heterogeneous, and indeed are essentially bimodal. This finding
simultaneously answers several outstanding questions and makes structural retirement models
more realistic. First, it explains why there are peaks in retirement at both ages 62 and 65.
Individuals with high time preference rates have an increased tendency to retire at age 62 because
3

of the perceived loss of current benefits, and individuals with lower time preference rates have an
increased tendency to retire at age 65 due to the reduction in the actuarial adjustments at that age.
Secondly, individuals with high time preference rates have not saved very much and may not be
able to come close to their preretirement consumption if they retire before 62. Thirdly,
heterogeneous time preference rates explain the huge differentials in assets even among
households with similar lifetime incomes, differences that are very difficult to explain otherwise.
Fourth, they explain common complaints against the earnings test, in which individuals seem to
see the lost benefits as a tax without considering the offsetting future benefit increases. If
individuals have a high time preference rate, they ignore or heavily discount future benefit
increases. Finally, if many in the population have higher time preference rates, that helps to
explain why so many individuals collect benefits at the earliest opportunity, even when there might
be some actuarial advantage to delaying for a year or two.
The next section looks at some of the previous work on this topic, while Section III
examines some of the retirement patterns that a model must accommodate. The next two sections
describe the model and the data that are used to estimate it. Section VI describes the estimation
procedure and presents the basic estimates. The next section presents basic simulations with the
model and simulations with alternative policies, particularly regarding the early retirement age.
The final section contains some final thoughts.

II. Previous Literature
The literatures on saving and retirement converge in a model that would explain the spike
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in retirements at age 62 by heterogeneity in time preference.3 Consider first the literature on
saving. Studies of wealth accumulation suggest there is strong evidence of heterogeneity in time
preference. For example, using HRS data, Venti and Wise (1999) find a very wide dispersion of
wealth within lifetime earnings classes, attributing these differences to heterogeneity in
preferences for saving rather than to luck in securing high returns. Samwick (1998), using data
from the Survey of Consumer Finances, finds that time preference rates are dichotomous, either
clustering around 7 percent and below (there is also a peak in frequency at a negative rate, which
Samwick interprets as reflecting a bequest motive), or 17 to 20 percent and above.
The second thread is the retirement literature.4 Most relevant are structural retirement
models. These models typically explain retirement activity under the assumption of perfectly
operating capital markets. They do a good job in explaining the peak in retirements in years that
pension accrual rates peak and then decline, and have been applied to analyze retirements in
particular firms (Fields and Mitchell, 1984; Stock and Wise, 1987), retirements in the general
population (Gustman and Steinmeier, 1986), and retirements across countries (Gruber and Wise,
1999). Some have tried to use reduced form models with forward looking measures of benefit
accrual (Coile and Gruber, 2000). Neither the reduced form nor the structural models have
satisfactorily explained the peak in retirements at age 62. For example, Coile and Gruber (2002)
and Panis et al. (2002) include age dummies, and the coefficient on the dummy for age 62 is
strong and significant. The problem is that all of these models assume perfectly operating capital

3
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markets, so that actuarially fair adjustments in Social Security benefits do not generate an
incentive to retire at age 62. Similarly, the related literature on Social Security incentives does
not explain the very early claiming of benefits.5 Despite what appears to be an actuarial incentive
to postpone claiming, Social Security benefits are claimed as soon as they become available.
Diamond and Hausman (1984) and Kahn (1988) are two important contributions to the
literature that do consider the joint relation between retirement and saving. Rust and Phalen
(1997) and French (2002) present structural models of retirement and saving that consider the
effects of imperfectly operating capital markets. Rust and Phalen go to the extreme of assuming
that capital markets and insurance markets are both completely inoperative. Their main focus is
on retiree health insurance, however. They assume that those without retiree health insurance
could not purchase insurance in the market. This is contrary to fact. Many in their sample were
not observed to purchase health insurance simply because they continued to work during the
sample period, while others were free to purchase health insurance but chose not to. Their
methodology leads to an overestimate of the effects of market imperfections on retirement.
French (2002), using PSID data and imputing representative pension profiles gleaned from our
earlier work, but without benefit of restricted pension or Social Security data, finds no effect of
raising the Social Security early entitlement age on simulated retirements. This finding is in sharp
contrast to the one we report below.

III. Retirement Statistics
5
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In order to construct a sensible model, it is helpful to have a good idea of the pattern of
retirement statistics that the model is attempting to replicate. The data set we use, the Health and
Retirement Study (HRS), is discussed in detail in Section V below. Here we note that the HRS is
a nationally representative panel survey of over 7,600 households with at least one individual born
from 1931 to 1941. Figure 1a presents data from the HRS on the percentage of married men who
have left full-time work and those who have retired completely. Figure 1b looks at the net
retirements for full-time workers, calculated as the difference in the retirement rate at one age and
the value at the previous age. These should more properly be called “pseudo-retirements”, since
they are based not on individual retirements but on the differences of percentage retired for
adjacent ages. Figure 1b includes comparable data from the Retirement History Survey (RHS), a
survey of those born from 1906 through 1911, which was administered biannually from 1969 to
1979.6 This figure clearly shows the shift of the retirement peak from age 65 to age 62.
In the HRS, individuals working over 30 hours per week and more than 1560 hours per
year are counted as full-time. Individuals working more than 100 hours per year but less than 25
hours per week or 1250 hours per year are counted as part time, and individuals not doing any
work at all are counted as fully retired. Individuals who fall between full time and part time or
between part time and retired are classified on the basis of self reports. The RHS numbers are
taken from work done for Gustman and Steinmeier (2001) and are self reported.7 In both
surveys, the observations are made on the dates of the surveys; since both surveys are every-
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other-year surveys, figures for adjacent years generally refer to two separate groups of
respondents.
In addition to the spikes in retirement, the other thing to note in Figure 1a is the pattern of
part-time work. At ages before 60, most individuals who are working at all are working full-time
and only a small fraction are working part-time. By the late 60's however, the number working
part-time approaches and even exceeds the number working full-time. One of the aspects of
retirement that we would like the model to capture is the increasing preference for part-time over
full-time work for those individuals still in the labor force at later ages.
Figure 2 presents the retirement percentages for individuals who report that they are in fair
or poor health at the time of the survey.8 The number of observations at age 60 in this figure are
roughly a sixth of the number of observations at the corresponding age in Figure 1, and the
behavior of the percentages is correspondingly a bit more erratic. However, there are two things
which are readily apparent in comparing Figure 2 to Figure 1. First, and as no surprise, the
percentage of workers in poor health who are retired is uniformly higher than the corresponding
percentages of healthy workers. Second, and somewhat surprisingly, the percentage of part-time
workers among those in poor health is much lower, both as a percentage of the population and as
a percentage of those working, than is true for healthy workers. To the extent that poor health
reduces work effort, it evidently prompts workers to drop out of the labor force completely and
retire rather than to reduce their work effort to part-time. Again, this is a pattern of behavior that
we will want the model to capture if possible.
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IV. The Model
The model is a rather standard life cycle model consisting of a utility function and a budget
constraint. The utility function is given by

U =

∫

0

∑ {s
2

T

e

−ρt

m= 0

[ α C αm,t + h t L m,t ]} dt
1

m,t

In this equation, T is the maximum lifespan and m refers to the three possibilities of household
composition at time t (both spouses survive, only the husband survives, and only the wife
survives). sm,t is the probability that the household will have composition m at time t, Cm,t is
consumption in real terms at time t, and Lm,t is the utility value of leisure (retirement) at time t.
Lm,t takes on a value of 0 for full-time work or if the husband does not survive, 1 for complete
retirement, and a value Lp for part-time work. If leisure is assumed to have diminishing returns,
and if part-time work is half-time, Lp should lie between 0.5 and 1. ht is a term which measures
the value of leisure relative to consumption, and is assumed to be increasing in value as the
individual ages and finds work more difficult.
This utility function contains several elements which may be considered to be
heterogeneous between different individuals. Different individuals almost certainly have different
time preference rates as reflected by the parameter

D in the discount factor e-Dt. 9 They may also

have different preferences for leisure as reflected in ht. Finally, individuals may be heterogeneous
with regard to Lp, which measures the relative attractiveness of part-time vs. full-time work.
Since, for married men, a substantial part of Social Security benefits often accrue to the
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spouse as either spouse benefits or survivor benefits, it is critical to include the value of the
spouse benefits in the model. To do this, we model the death of the two spouses as stochastic and
include three consumption terms in the utility function: one for the instance where both partners
are alive at time t, one where only the husband is alive, and one where only the wife is alive. The
associated survival probabilities refer to the three states and implicitly contain the transition
probabilities that one of the spouses will pass away and leave the other spouse remaining. In
recognition that consumption is more valuable while both spouses are alive, the consumption
function is adjusted so that the marginal utility for a surviving spouse is equal to that for a couple
consuming 40% more. The respondent is assumed to give equal weight to his own and his
spouse’s consumption, although if the time preference rate is high the value of survivors benefits
will not be very high in any case.
The individual is assumed to start out with no assets. The asset accumulation over time is
given by
A t = (1+ r) A t − 1 + Wt (1− L t ) + E t + B t − C t

where At is the level of real assets at time t, r is the real interest rate, Wt is the real wage rate,
Et is the earnings of the spouse, and Bt is the level of Social Security and/or pension benefits at
time t. If the individual is working, the wage rate may depend on whether the work is full-time
or part-time. The level of benefits at time t depends on the previous decisions of the individual
as to when to leave full-time employment and when to retire fully. Note that this model does not
calculate the value of accruals to Social Security and pensions directly, but the value of the
accruals is implicit in the model because work during one period will affect the value of Social
Security and pension benefits in later periods. The implicit value of these accruals, of course,
10

depends strongly on the time preference rate.
In the model, At is restricted to be non-negative for each period. This assumption, along
with heterogeneous time preferences, is an important part of what drives this model. Otherwise,
individuals with high time preferences could simply borrow against their future labor income and
Social Security and pension benefits and consume most of their lifetime income early on. The
requirement for nonnegative assets prevents this from happening, and instead such individuals are
likely to consume essentially all of their income each period, acquiring very little in the way of
savings.
For married individuals, the budget constraint also includes the earnings, Social Security
benefits, and pension benefits for the spouse. In this paper, the spouse’s retirement decision is
taken as exogenous, so the income of the spouse is taken as essentially exogenous. We intend to
generalize the model in later work to include the possibility that the retirement decisions of the
couple are joint, but that is a substantial undertaking and will probably preclude looking at partial
retirement. The current model does consider the effects of the respondent’s work decisions on
the Social Security benefits which will be available to the spouse, however.10

V. Data
The dataset used in this study is the Health and Retirement Study (HRS).11 This is a
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nationally representative sample of households which contain at least one individual born between
1931 and 1941. The study was started in 1992 and conducts interviews with the respondents
every two years. The last year for which data are available is 2000. Since the ages of these
individuals was 51 to 61 in 1992, many of the respondents have retired over the sample period,
making it a nearly ideal data set for studying retirement. In addition, and unlike the previous
Retirement History Survey, the HRS interviewed the spouses with the same questionnaire, even if
the spouses were not in the specified birth cohorts. This gives invaluable information about the
financial resources that the spouses are contributing to the household.
An important advantage of the HRS is that in addition to the household interviews, the
survey attempted to collect information from the Social Security records of the respondents and
from the pension plans of the employers, if applicable. Social Security records could be obtained
only with the explicit permission of the respondents, and ultimately they were obtained for about
three-quarters of the sample. These are valuable not only because they provide an earnings
history which is difficult for the respondents to recall accurately, but they also allow potential
Social Security benefits to be calculated much more accurately. The survey also attempted to
collect the summary pension plan descriptions from the employers of the respondents. These
plans were coded into a program that enables one to calculate pension benefits, given the earnings
and retirement ages of the respondents. The plans were collected and successfully coded for
about two-thirds of the respondents who had a pension in their last observed job, and for about
one-third of the respondents who were covered in a previous job. Together, the Social Security
and pension records allow a much more accurate computation of the benefits which account for
half of the typical retiree’s post-retirement income.
12

Table 1 provides an accounting of the derivation of the final sample. The focus of this
study is on married males for two reasons. First, it appears that it would be inappropriate to
include both males and females in the same analysis, given the differences other researchers have
found in their retirement patterns. Secondly, among the males, most of the unmarried males have
previously been married, but because of the way the HRS is constructed there is little information
available on the former spouses. Thus, the study starts off with 4,928 potential male respondents
who were married as of the first interview in 1992.
It is evident from the table that there are the two main causes of deletion from the final
sample. The first is that the respondent is not committed to the labor force, which in this study is
defined as having worked full-time in at least half the years after age 40. Respondents not
satisfying this criterion are occasional workers at best, and for them the very concept of
retirement becomes somewhat hazy. The other major cause of deletion is that the respondent
reported that there was a pension in the last full-time job, but the survey failed to obtain a usable
pension from the firm. Since the incentives to retire vary so widely in pensions, the lack of a
usable pension means that a potentially very important piece of the retirement decision is
unobserved. Note that missing pensions in previous jobs are not causes for deletion, since those
jobs are not involved in the retirement decision. Rather, they are imputed.
There are several other causes of deletion which are not completely trivial but not as
important as the previous two. In some cases the spouse was not interviewed, and in others the
spouse was interviewed but failed to provide enough information to ascertain whether she was a
steady worker or an occasional worker. Some individuals did not provide the hours information
necessary to calculate the retirement status at any age. Others had business assets that were
13

greater than the sum of financial wealth plus real estate wealth. Since assets are used to indicate
time preference rates, and since individuals holding large business assets are usually holding them
for reasons other than time preference, we felt if best to exclude these individuals from the
estimates. Other minor causes of exclusion are an inability to determine if substantial jobs were
covered by Social Security and an inability to calculate earnings because the individual never
reported earnings in the household survey and either did not give permission for obtaining the
Social Security record or had several years of earnings over the limit in the record.
The dependent variables in the estimation are the retirement statuses as of the survey
dates, as discussed in the last section. Observations after an individual has applied for Social
Security disability benefits are not counted. Essentially, we are assuming that disability severe
enough to obtain disability benefits effectively ends the individual’s ability to make the decision
whether or not to work. These observations are treated as right censored, much as though the
respondent had died or dropped out of the survey. In Section VII we argue that this treatment of
DI applicants has only a small effect on our estimates of the reaction of retirements to changes in
the age of early Social Security benefit entitlement.
The main explanatory variables are the streams of potential earnings and benefits that
would accrue to the individuals if they retire at alternative ages. For respondents who allowed
access to the Social Security records, earnings prior to 1991 are taken from those records,
augmented by the self-reported data for periods of non covered work or years in which earnings
were at the earnings limit. Jobs are separated into full-time and part-time jobs based on the
information in the respondent interviews. Earnings after 1991 and, for those who had already
retired, potential earnings for years after retirement, are projected from the experience and tenure
14

coefficients taken from a wage regression reported in the Appendix Table 1. If the individuals
indicate that they were fired or laid off from the last full-time job, the projections assume a new
job beginning with zero tenure. For those without Social Security records, the earnings sequences
are projected on the basis of the job histories in the 1992 respondent interviews, with periods
between the reported jobs supplemented by information in the 1996 survey on the total amount of
work experience. If respondents report that they can reduce effort in a full-time job to half-time,
the hourly wage rate in partial retirement is assumed to be the same as for full-time work, unless
observed part-time wages indicate otherwise. For respondents who are never observed in parttime jobs and who report that they would have to change jobs to work part-time, part-time
earnings are imputed from the regression in Appendix Table 2.
For individuals who reported that they had pensions, the pension benefits for alternative
retirement dates are calculated by the pension provider program supplied by the HRS. For
defined contribution plans, these benefits are assumed to be available as a lump sum, while for
defined benefit plans they are available as an annuity. Benefits are imputed for jobs previous to
the last full-time job if the plan information is missing, but if the plan is missing for the last fulltime job, the individual is omitted from the sample on the basis that the observation is missing
very important incentives affecting the retirement date.
Social Security benefits are also calculated for respondents and their spouses. These
benefits include those available to a couple and those available to either spouse on the death of the
other spouse. The benefits are calculated based on the expected retirement date of the spouse,
but for alternative retirement dates for the respondent. Thus, they include the work incentives for
the respondent that operate through the respondent’s own benefits and the spouse and survivor
15

benefits for the spouse. As mentioned before, the model includes uncertainty to the extent that
either spouse has a random chance of mortality, and the available benefits depend on this mortality
experience.
The other explanatory variables in the analysis are age, cohort, and health status. Health
status is a binary variable that takes on a value of one if the individual has previously reported
poor health in at least two consecutive surveys or is in the first year of a stretch of poor health
that will ultimately last at least two surveys. This criterion is chosen because respondents
frequently report poor health in one survey but not in subsequent surveys, but if the report persists
for two surveys it is frequently more or less permanent. In this measure, respondents are
classified in poor health if in response to the question “Would you say your health is excellent,
very good, good, fair, or poor?” they answer “fair” or “poor.”

VI. Estimates
The first step in obtaining estimates is to specify the stochastic elements to the model.
These concern primarily the components of the heterogeneity terms having to do with leisure. We
follow this discussion with a discussion of the estimation technique and finish with the results of
the estimation.
Stochastic Elements
The term ht in the model, which is the coefficient of the leisure term, is taken to be of the
exponential form e β X

t

+ ε

. In this form,

$ is taken to be a coefficient vector and Xt is a vector

of explanatory variables including a constant, age, health status, and cohort. As the age variable
increases over time, leisure becomes more attractive for reasons of gradually deteriorating
16

physical capacities and similar factors which eventually result in retirement. It is important to note
that this term explicitly does not contain any binary age variables or splines in age which might
encourage retirement at a particular age. The variable

, in this expression is a term randomly

drawn from a normal distribution, but which is constant over time for a particular individual. The
idea here is that tastes for leisure (or conversely, tastes for work) vary over the population, with
some individuals who have a high taste for leisure activities and others who do not mind work, or
even enjoy it.
The other heterogeneity term affecting leisure is Lp, the utility value of part-time work as
opposed to complete retirement. If Lp has a value close to 0.5, then the individual regards the
disutility of an hour of work as about the same regardless of whether the work is full-time or parttime. If it has a value closer to unity, then the individual does not mind part-time work too much
but really dislikes having to work full-time. Again, this term is assumed to come from a random
draw from a distribution for the population. Initial work used a truncated normal distribution to
allow for the possibility that the distribution has a peak between 0.5 and unity and falls off to
either side, but the implied peak of the distribution was always considerable less than 0.5, and the
range between 0.5 and unity was always on one of the tails. For this reason, we changed to an
truncated exponential distribution function k e δ L p , where k is the factor required for the
distribution function to integrate to unity between 0.5 and 1. If
unity will be more common, while if

* is positive, values of Lp toward

* is negative, values near 0.5 will be more common.

The model in this form, however, produces part-time work which is too common at
younger ages and too rare at later ages. As discussed in the section on descriptive retirement
statistics, the ratio of part-time to full-time work increases at older ages. To accommodate this,
17

we add an age term to the distribution:

* = *0 + *a Age. If *a is positive, the distribution of Lp

shifts upward over time, so that part-time work becomes relatively more attractive to full-time
work, and hence more common. In this formulation, individuals do not get a completely new
draw of Lp at every age. Rather, they get a draw from Lp at a particular age, and they are
assumed to maintain the same relative position in the distribution of Lp’s even as that distribution
shifts over time. A similar problem occurs with respect to health. Recall that the descriptive
results indicated that poor health greatly reduces the amount of partial retirement. When we tried
to introduce health into the

* term in the same way we introduced age, the coefficient tended

toward minus infinity, indicating that when a health problem causes individuals to retire, it usually
causes complete retirement rather than partial retirement. To reflect these results, the value of Lp
is set to 0.5 for individuals with health problems.
The treatment of

, and Lp in this model is technically known as random effects, wherein

the values are randomly drawn from assumed distributions. Obtaining the parameters of these
distributions is part of the estimation. On the other hand, time preference, which is the third
element of heterogeneity in the model, is treated as a fixed effect. Recall that the symptom of
high time preference rates is low assets, and vice versa. Hence the model uses the asset levels in
the 1992 survey to infer the time preference rate. Assets for this purposes are taken to be
financial, real estate and business assets. The time preference rate is calculated as the value of

D

for which the model would compute the observed amount of assets in 1992, given the individual’s
expected retirement age and the associated streams of lifetime earnings and subsequent benefits.
It is possible for an individual with modest assets to still have a low calculated time preference
rate if the pension plus Social Security benefits are very high, but more commonly the calculated
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time preference rate is high or low depending on whether observed assets are low or high relative
to lifetime income. The consumption and asset computations are made on the basis of the
parameters assumed for the model, and thus the time preference rate must be recalculated
whenever the estimation procedure considers a different set of parameters.
There are two circumstances where this calculation is slightly modified. First, some
individuals have more assets than they would be calculated to have even at a zero time preference
rate. The calculations do allow for inheritances, but such individuals may have had better
investment returns than the calculations allow, or they may be higher for other reasons. In any
case, they almost undoubtedly do signal low time preference rates, and are assigned a value of
zero for the time preference rate. A second group has zero assets, even allowing for defined
contribution lump sums which would be available if they retired. Because they are at a corner
solution with regard to assets, the time preference rates for such individuals cannot be completely
determined. But because only individuals with very high time preference rates would have zero
assets on the verge of retirement, such individuals are assigned an arbitrarily high time preference
rate which essentially implies that they will consume their income every period.
The parameters to be estimated are as follows:
elements of

", the consumption parameter, the four

$, the linear term describing the value of leisure, *0 and *a, which describe the

relative attractiveness of partial retirement, and

F,, which gives the variation of leisure

preferences. It is helpful to consider the kind of information which would help identify these
parameters.

$0 determines the average retirement age, and F, governs the general width of the

distribution of retirement ages.

$h, the coefficient of health, determines how much earlier

individuals in poor health retire, and

$c does the same thing with respect to older vs younger
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cohorts.

$a, the coefficient of the age variable, determines how sensitive retirement ages are to

economic incentives. A high value for

$a means that the value of leisure is rising so fast that the

individual will retire at about the same time regardless of economic incentives, while a low value
signifies the opposite. Higher values of
values of

*0 will produce more partial retirement, while higher

*a will bring about a more rapid growth in partial retirement with age. Finally, "

essentially determines the retirement rates of high income vs. low income respondents. A value of

" close to one means that the marginal utility per dollar of income is nearly constant. The utility
value of earnings for high income individuals is great relative to the utility value of leisure, and
such individuals should retire relatively late. If

" is strongly negative, then the marginal utility of

consumption declines quickly, and high income individuals who can achieve a given level of
consumption with relatively little work should retire early.
The Estimation Procedure
In previous work we have used maximum likelihood as an estimation procedure.
However, it has become apparent that maximum likelihood estimates are quite sensitive to a
relatively small number of cases where the model would predict that the probability of an
observed result is very small or zero. To illustrate, consider an individual with 20 years of tenure
in a job whose pension increases dramatically with 20 years of tenure. If the observed retirement
is at 21 years, the log likelihood is reduced moderately compared to a retirement at 20 years.
However, the log likelihood would be dramatically reduced if the individual were found to retire
after 19 years on the job, since such behavior makes sense only if the individual gives economic
factors a very low weight in the retirement decision. Unfortunately, in many cases it is difficult to
distinguish these situations, especially since the 1992 HRS did not ask the month of hire.
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The usual result of very low likelihood observations is to drive up the coefficient of the
age variable in

$, which in turn means that retirements occur more as a result of preferences and

less as a result of any response to incentives. We have become uneasy with the disproportionate
effect of these individuals on the estimates, especially given the asymmetric effects of these
individuals on the likelihood function and uncertainties regarding the construction of the budget
sets and the health variables. Therefore, we have turned to an approach which gives less weight
to these observations.
The generalized method of moments (GMM) estimator provides one such approach.
GMM seeks parameter values which minimize
q = mN w -1 m,
where m is a vector of the difference between the observed and theoretical moments and w is a
weighting matrix.12 The theoretical moments are the moments, such as the percentage of
individuals retired, calculated from the model, and these are compared to the corresponding actual
moments, such as the observed percentage of individuals retired. Note that the theoretical
moments depend on the parameter values. The weighting matrix w is given for large samples by
w=

∑ m m′ ,
n

i=1

i

i

where i runs over the observations and mi is the column vector of moment differences for
observation i. The matrix w is L×L, where L is the number of moments.
If the model is correct, then q is a random variable distributed like a

12

P2 distribution with

The notation is taken from Greene (2000) but is similar to the notation in many other
econometrics texts.
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L - k degrees of freedom, where k is the number of parameters being estimated. If the number
of moments is equal to the number of parameters, then there are enough parameters so that each
theoretical moment can be adjusted to match the observed moment exactly, and q ought to be
zero. With more moments, it is no longer possible to guarantee that the theoretical moments can
match the observed moments exactly, but if the model is correct, the theoretical moments should
not differ from the actual moments by a large amount. The value q essentially measures how
large the amount has to be before the model is called into question. In GMM, the variances of the
parameters is calculated by
Var(2) = [GN w -1 G] -1
where

2 is the vector of parameters and G is the matrix of the derivatives of the moments with

respect to the parameters.
For the present estimation, we use 46 moments. 13 of the moments are the percentages
working full-time for each age between 54 and 66. The remaining moments are taken at ages 55,
58, 60, 62 and 65, since these have been common ages in retirement plans. For each of these
ages, moments are calculated for the percentage fully retired, the percent of those with a health
problem who are working full-time, the percent of those with a health problem who are fully
retired, the percent of those born before 1934 who are working full-time, the percent of those
born after 1938 who are working full-time, the percent of those with lifetime incomes below
$1,250,000 who are working full-time, and the percent of those with lifetime incomes above
$1,900,000 who are working full-time. The income figures and vintages are chosen to divide the
sample roughly into thirds. Two moments are lost because those born before 1934 could not
have been 55 in the survey time frame, and those born after 1938 could not have reached 65
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within this time frame.
To calculate the theoretical moments for a given set of parameters, we simulate the model
for each individual 10,000 times and take the percentage of the simulations which result in the
given labor force status at the stipulated age. The moments are thus simulated moments, but due
to the large number of simulations the simulated moments should not differ appreciably from the
theoretical moments.
Estimates
The estimated parameter values are presented in Table 2. All of the estimated parameters
have the expected signs, and with the exception of the cohort coefficient, which is numerically
very small, all of the coefficients are significantly different from zero at conventional levels. The q
value for the model is 46.92, which is considerably below the 95% limit of approximately 53.38
for a

P2 distribution with 38 degrees of freedom. This indicates that there is nothing in the

model which is strongly rejected by the evidence in the sample, at least using these 46 moments.
Perhaps the most important parameter in the model is the coefficient of age in the $
vector. As mentioned before, this is the coefficient that determines how sensitive retirement in the
model is to economic incentives. The parameter value here of 0.076 means that leisure is
becoming more valuable in utility terms by almost 8 percent per year. This is considerably less
than the values of the parameter we have obtained for similar models using maximum likelihood,
which have ranged from 0.24 up. With the parameter of that magnitude, simulations show no
more than a minor increase in retirement at age 62 at best. As we shall see in the next section, the
parameter obtained with GMM produces a spike of approximately the correct size.
The parameters for health, cohort, and the standard deviation of
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, are measured relative

to the age coefficient. This means, for example that the actual health coefficient in the model is
3.92 times the age coefficient of 0.076, or 0.298. Thus, poor health has about the same effect on
retirement as being four years older, while there appear to be almost no cohort effects at all. The
standard deviation of leisure preference has a value not quite six times the value of the age
coefficient, suggesting that roughly two-thirds of retirements should occur within a 12 year range
around the median retirement age. This appears to match approximately the statistics presented in
Figure 1.
Since the time preference rates are estimated as fixed effects, another interesting result to
come out of the estimates is the distribution of time preference rates. This distribution is shown in
Figure 3. The distribution is illuminating. About 40 percent of these respondents have time
preference rates of less than 5 percent per year, while another 21 percent have rates between 5
percent and 10 percent. While this means that over half of the sample has a time preference rate
that is not excessively high, considerably less than half the sample appears to have a time
preference rate that can be said to approximate the risk-free real interest rate, which by most
accounts is considerably less than 5 percent. At the other end of the spectrum, 27 percent of the
respondents appear to have essentially an earn-it-and-spend-it mentality and have not saved any
assets at all. These are the individuals who are probably most vulnerable to changes in Social
Security or any other changes that affect income security in retirement.

VII. Analysis of Changes in Early Retirement Age
We analyze the effects of an increase in the early age of eligibility for Social Security
benefits by comparing simulations of the model using the current early retirement age with
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simulations of a model in which the early retirement age has been increased. To do the
simulations, we use the same sample that we use in the estimation, including the implied values of
the time preference parameter for each respondent. 1000 random combinations of the leisure
preference parameter , and the partial retirement leisure Lp are drawn, and the model is solved
to yield the optimal age of retirement from full-time work and the optimal age of complete
retirement. These are tabulated to yield retirement distributions for the entire sample.
Base simulations
Figure 4 gives the results of the simulations using the current early retirement age. We
shall call these simulations the base simulations. Figure 4a gives the percent of respondents who
are simulated to be retired from full-time work and to be completely retired by age. These may be
compared to the comparable graph in Figure 1a. Figure 4b gives the percent retiring from fulltime work for each age, and compares it to the observed percent retiring from full-time work.
The most important feature of Figure 4 is that it does a credible job of reproducing the
retirement spikes both at age 62 and at age 65, which is crucial for any attempt to model the
effects of changing the early retirement age. It does not do this perfectly, since the simulated
percent retiring at age 62 is a couple of percentage points below the corresponding number in the
actual data. It is a little closer when we consider the difference between the percentage retiring at
age 62 and the percentage retiring at the adjacent ages. For the actual data, the spike is the
difference between the 15.2 percent and the average of 5.3 and 7.4 percent, yielding a spike of 8.9
percentage points above the adjacent years. For the simulated data, the corresponding spike is 8.1
percentage points. Thus, the simulated spike at age 62 and the spike in the actual data are within
a percentage point or so of each other. At age 65, the simulated spike almost exactly matches the
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spike in the actual data.
In these results, it is crucial to remember that the simulated spikes do not arise in any way
because the preferences contain some kind of feature which causes the individual to want to retire
preferentially at age 62 or at age 65. Indeed, being able to generate spikes without relying on
such discontinuous preferences is one of the primary objectives of the model. If the preferences
were to exhibit a tendency to retire at 62, then it would become very difficult to judge whether,
and to what extent, such preferences would shift to another age if the early retirement age were to
be moved. Instead, the spikes in this model come entirely from the interaction of continuous
preferences with the budget set facing the individuals in the sample. There is no need to make
arbitrary assumptions about how preferences would change if the early retirement age increases;
the preferences are assumed to remain constant.
Altering the Early Retirement Age
Figure 5 presents results of simulations in which the early age of entitlement to Social
Security benefits is increased from age 62 to age 64. This age is chosen because with the eventual
increase in the normal retirement age to 67, an early retirement age at 64 would restore the three
year differential between the early and normal retirement ages that was in effect before the 1983
Social Security Amendments, but obviously other ages could be simulated.
The most obvious result of this figure is that the percentage of individuals retiring from
full-time work at age 62 is reduced by almost 5 percentage points. The size of the spike relative
to retirement in adjacent years is 3.0 percent (8.0 percent minus the average of 4.8 and 5.2
percent). Thus, the magnitude of the spike decreases from 8.1 percent to 3.0 percent, a reduction
of over three-fifths. It is not difficult to see where the individuals who formerly retired at 62
26

went; in the simulations with the early entitlement age increased to 64, there is now a substantial
spike in retirement from full-time work at 64. Whereas 6.1 percent of individuals retire from fulltime work at 64 in the original simulation, the figure increases to 11 percent when the early
retirement age is raised to 64.
The clear implication of these results is that if the early entitlement age is increased, a
substantial fraction of those who currently retire at 62 will move their retirements to the new early
entitlement age. Some of these individuals are liquidity constrained and simply cannot afford to
retire before the Social Security benefits become available. But the retirement spike at age 62
also occurs among individuals with pensions, which could provide income between retirement and
age 62, and individuals with working spouses, whose earnings could also provide income before
age 62. This suggests that another explanation is paramount. Individuals who have high time
preference rates simply do not see the value of the future increases in benefits if they were to
work another year. For these individuals, working after becoming eligible for Social Security
benefits simply means that they are giving up a year’s worth of benefits. When they become
eligible for benefits, their net compensation drops from their earnings to their earnings less their
potential benefits, and this may be a substantial drop. Their response to such a drop in the model,
and probably in reality, is to retire when they become eligible for benefits, whenever that may be.
What of the remaining individuals who still retire at age 62 even when the early retirement
age moves to 64? The remaining part of the spike is probably due to the normal retirement
provisions in many pension plans which specify a normal retirement age of 62 in the plan. In
many plans, there are reductions for receiving benefits before the normal retirement date, but
there are rarely adjustments for retiring later. Thus, workers with normal retirement ages of 62 in
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their plans will see their benefits growing much more slowly after age 62 than before, and this
may contribute to retirement. Age 60 is another common normal retirement age in the plans,
which accounts for the spike in the simulations at that age. These simulations assume that the
plans will not change, but in reality two things could happen. If the companies picked age 62
initially because that is the Social Security early retirement age, they conceivably could move their
normal retirement age to 64, which would reinforce the effects of the Social Security change. On
the other hand, if the companies chose 62 because they wanted to provide strong incentives to
leave at that age, they could alter their plans with even stronger incentives to retire at age 62, and
thus offset to some degree the Social Security change. Knowledge about which of these would in
fact happen awaits a better understanding of the factors driving the way firms determine the
specifics of their pension plans.
Disability Insurance
At this point, a number of retirement experts will object to these results. “The
respondents who retire at age 62 in the base model will not delay retirement until age 64 if you
increase the normal retirement age,” they will say. “Instead they are likely to enter the disability
insurance program and retire at age 62 anyway, and you have not considered disability insurance.”
They would be correct. We have not considered disability insurance, at least up to this point. All
of the descriptive statistics, all of the estimation, and all of the simulations are for individuals who
have not entered the disability insurance program. Entry into the disability insurance program is
treated much like death in the analysis: it exogenously drops a respondent out of the sample. The
experts’ complaint is that it is not exogenous, and particularly a change like increasing the early
retirement age could lead to large enough changes in the take-up of disability insurance to affect
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the results.
All of this is true, but it is possible to bound the effect that the failure to consider disability
insurance could have on the results. To do this, we first consider the number of men who enter
the disability rolls at each age, as given by the Annual Statistical Supplements to the Social
Security Bulletin for 2000 and 2001, Table 6A4:
Age

1999

2000

55
56
57
58
59

16,500
13,400
14,800
13,100
15,700

13,300
14,100
15,800
12,300
13,800

60
61
62
63
64

14,300
15,500
13,500
7,300
7,200

14,600
15,400
13,900
9,000
6,900

It is important to note that these entries are individuals, not thousands or millions of
individuals. In both years, the number of new disability beneficiaries appears to be about 15,000
individuals at each age between 55 and 61. The trend of these numbers by age up to and
including 61 appears to be relatively flat; there certainly does not appear to be any evidence that
the number of awards is increasing precipitously as the Social Security early retirement age
approaches. After the attainment of the early retirement age, there appears to be a slight tail-off
of awards, on the order of perhaps 1,500, at age 62, and a further tail-off of 7,000 to 8,000 at
ages 63 and 64.
If there were no Social Security early retirement benefits, it would appear at worst that the
number of disability applications would continue to be about 15,000 per year. Thus, the upper
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bound of the increase in disability beneficiaries if there were no early retirement benefits appears
to be about 1,500 at age 62 and 7,500 at age 63. But what is the relevant population? In the
sample we are looking at career workers, who we have defined as those who work in half the
years between age 40 and retirement. Half is also the relevant fraction to being disability insured
(20 quarters of coverage in the last 10 years), so we can look at the number who are disability
insured in the years prior to retirement. If we look at the age range 50-54, we find that 83.75% of
the males were disability insured in the years before a career worker would have retired (2000
Annual Statistical Supplement, Tables 4C2 and 4C5).13 Applying this to the 60-64 populations, it
appears that there are about 4.63 million career males who either are disability insured or would
be disability insured if they were still working. This translates to about 925,000 disability insured
males per year of age.
Doing the divisions, this implies that the number of disabled workers might have increased
by a maximum of 0.16 percent of the population at age 62 and 0.81 percent at age 63 if the early
retirement age were raised to age 64. In the results, the retirement spike at age 62 is reduced
from about 8 percent of population to about 3 percent of the population at age 62 by the
increased early retirement age. A change of 0.16 percent is simply too small to have any
significant bearing on these results. Although the total number of workers who begin disability
insurance in any given year is sizeable (about 330,000 workers in 2000), most of the disability
awards are made to individuals far away from retirement, and the number who enter the rolls near
retirement are relatively small.

13

Interestingly, in Table 1 the percent of married males who are considered to be career
workers is 83.36 percent (3,947 out of 4,767).
30

Time Preference vs. Leisure Preference
In the formulation of the utility function above, the time preference rate applies to the total
utility in any period vis-a-vis utility in another period. The trade off between consumption and
leisure within a period is not directly affected by the time preference rate. Nevertheless, it seems
reasonable to expect that individuals with high time preference rates may also have a higher
preference for leisure. This hypothesis is further suggested by the fact that when the retirement
distributions in Figure 1 are computed for high vs. low time preference groups, individuals with
high measured time preference rates tend to retire earlier than do those with low time preferences.
A correlation between time preference and leisure preference can be accommodated in the
model by including the time preference parameter in the

$X term, which indicates the strength of

leisure preferences. When the time preference term in included, however, its estimate is
insignificant and very small numerically. To investigate this result further, we ran the simulations
separately for groups with low, medium, and high time preferences. Even without any correlation
between time preference and leisure preference, the group with high time preferences are
simulated to retire earlier than the others, and by just about the same magnitude as we find in the
observed retirements. Evidently the possibility of future rewards to current work makes current
work more attractive for those with low time preference rates, and this leads to later retirement.

VIII. Conclusions
In many of the currently estimated retirement models, it is difficult to generate the
observed retirement peaks at age 62 and age 65 without using binary variables for age. The
principal difficulty is that the Social Security early retirement penalty is approximately actuarially
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fair between ages 62 and the normal retirement age. And if a model does not predict a bunching
of retirement at the early retirement age of 62, it is unlikely to have much to say about what will
happen if that age is changed.
There are several clues in the data that point to heterogeneous time preference rates as a
way around this problem. One clue is the wide variation in asset holding among the population.
The variation occurs almost regardless of the level of lifetime income and is too wide to be
explained by things like different educational levels or different rates of return on assets. A
second clue is the widespread dissatisfaction expressed with the Social Security earnings test,
which reduces benefits with additional earnings above an exempt amount. Many individuals seem
to regard the foregone benefits as a tax and do not appear to value at all the fact that later benefits
will be increased. A third clue is the high take-up rate of Social Security benefits when individuals
first become eligible for them, even thought the actuarial value of benefits is frequently increased
by delaying benefits to a later age.
In this paper, we estimate a retirement model that allows for heterogeneous time
preferences. We show that such a model can indeed generate a bunching of retirement both at
ages 62 and at 65, each of which is nearly as large as the observed magnitude. Some of the
bunching at age 62 is undoubtedly due to the fact that individuals with high time preferences will
not have saved and hence will not have the assets to finance retirement before 62. Perhaps a more
important reason is that individuals with high time preferences will heavily discount the future
benefit increases that delaying retirement fosters, and hence will see the foregone benefits as a
reduction in net compensation.
Simulations indicate that if the early retirement age is increased, perhaps three-fifths of the
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bunching of retirements at age 62 will shift to the new early retirement age. Since the bunching
amounts to about 8 percent of the population of married men, an increased retirement age from
three-fifths of them will have a substantial effect on the Social Security system and its finances
that should not be overlooked.
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Table 1
Reasons for Deletions from Sample
Observations
Deleted

Reason
Males married in 1992

Observations
Left
4,928

Spouse not interviewed in 1992

161

4,767

Respondent does not have a career job

793

3,974

Ages for retirement are missing of inconsistent

256

3,718

Ambiguity about whether jobs are ss covered

20

3,698

No FT earnings in ss record or self reported earnings

35

3,663

No self reported earnings, and ss earnings over limit

30

3,633

Relatively large business assets

291

3,342

No Pension Provider record in last job

868

2,474

FT years unavailable for spouse

169

2,305
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Table 2
Estimated Results
Symbol

"

Description
Consumption parameter

Coefficient
Value

t-statistic

-0.26

8.57

-9.85

304.21

Parameters in $

$0

Constant

$a

Coefficient of Agea

0.076

5.21

$h

Coefficient of Healthd

3.92

4.57

$c

Coefficient of Cohortb,d (Year of Birth)

-0.01

0.07

-1.78

3.53

0.46

3.10

5.79

7.44

Parameters in *

*0

Constant

*a

Coefficient of Agec

F,

Standard Deviation of ,d

q value

46.92

Number of observations

2305

Several variables are differenced from their approximate means in the sample in order to
facilitate estimation. They are:
a
The actual variable is age - 62.
b
The actual variable is cohort - 1936.
c
The actual variable is age - 65.
d
These coefficients are all relative to the age coefficient, again to facilitate estimation. See
text for explanation.

38

Appendix Table 1
Hourly Wage Rates for Full-Time Workers
Using Median Regression

Constant
Tenure
Tenure squared (times 10-2)
Experience
Experience squared (times 10-2)
Education:
Less than High School
Some College
College Graduate
Advanced Degree
Race:
Black
Hispanic
Married
Fair or Poor Health
Self Employed
Industry:
Manufacturing
Government
Occupation:
Management/Professional
White Collar
Pension coverage
Number of Observations
Pseudo R2

Coefficient

Absolute
t-statistic

-5.936
0.018
-0.021
0.005
-0.006

291.90
14.23
-6.65
3.40
1.99

-0.130
0.139
0.331
0.431

12.80
13.94
24.11
32.26

-0.059
-0.067
0.086
-0.036
-0.071

5.51
4.61
9.87
3.56
5.56

0.029
0.056

3.15
3.46

0.227
0.033
0.244

22.91
3.61
27.30
25,416
0.18

Dependent variable is log of the hourly wage rate.
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Appendix Table 2
Hourly Wage Rates for Part-Time Workers
Relative to Full-Time Workers
Using Median Regression

Constant
Experience
Experience squared (times 10-2)
Education:
Less than High School
Some College
College Graduate
Advanced Degree
Race:
Black
Hispanic
Married
Fair or Poor Health
Number of Observations
Pseudo R2

Coefficient

Absolute
t-statistic

0.033
0 .010
-0.019

0.33
1.56
1.72

-0.175
0.081
0.095
0.437

3.78
1.85
1.64
7.49

-0.027
-0.049
0.028
0.010

0.52
0.68
0.68
0.22
1766
0.03

The dependent variable is the log of the ratio of the part-time hourly
wage to the full-time hourly wage with the effects of experience and
tenure removed. The regression excludes part-time observations in
the same job as the full-time observations.
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Figure 1a
Observed Retirement Patterns in the HRS
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Figure 1b
Pseudo-Retirements from Full-Time Work
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Figure 2
Observed Retirement Patterns for Respondents in Poor Health
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Figure 3
Distribution of Time Preference Rates
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Figure 4a
Retirement Patterns Simulated from the Model
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Figure 4b
Retirements from Full-Time Work
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Figure 5
Effects of Changing the Early Retirement Age
on Retirements from Full-Time Work
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