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ABSTRACT

The paper develops a model of retirement based on the option value of
continuing to work. Continuing to work maintains the option of retiring omn
more advantageous terms later. The model is used to estimate the effects on
retirement of firm pension plan provisions. Typical defined benefit pension
plans in the United States provide very substantial incentives to remain with
the firm until some age, often the early retirement age, and then a strong
incentive to leave the firm thereafter. (This may be a major reason for the
rapidly declining labor force participation rates of older workers in the
United States.) The model fits firm retirement data very well; it captures
very closely the sharp discontinuous jumps in retirement rates at specific
ages. The model is used to simulate the effect on retirement of potential
changes in pension plan provisions. Increasing the age of early retirement
from 55 to 60, for example, would reduce firm departure rates between ages 50

and 59 by almost forty percent.
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The typical firm pension plan presents very large incentives to retire
from the firm at an early age, often as young as 55. Although the labor
supply effects of Social Security provisions have been the subject of a great
deal of analysis, much less attention has been directed to the implications of
firm pension plans. Yet the retirement inducements in the provisions of firm
plans are much greater than the incentives inherent in Social Security benefit
formulae, as demonstrated by Kotlikoff and Wise [1985, 1987]. Indeed, the
provisions of most firm plans are at odds with the planned increase in the
Social Security retirement age. This paper presents a new model of
retirement and uses it to estimate the effects of pension plan provisions on
the departure rates of older salesmen from a large Fortune 500 firm. An
important goal is to develop a model that can be used to predict the effects
on retirement of potential changes in pension plan provisions. The analysis
is based on longitudinal personnel records from the firm.

The option value of continued work is the central feature of the model.
Pension plan provisions typically provide a large bonus if the employee works
until a certain age, often the early retirement age, and then a substantial
inducement to leave thereafter. Employees who retire later may do so under
less advantageous conditions. If the employee retires before the early
retirement age, the option of a later bonus is lost. Continuing to work
preserves the option of retiring later, hence the terminology: the "option
value" of work.

The provisions of firm pension plans that have motivated our work are
described in the next section. The option value model is described in section
II. Results are presented and the model fit is discussed in section III.
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Simulations of illustrative potential changes in pension plan provisions are

presented in section IV. A summary and conclusions are in section V.

I. Background

A. Firm Pension Plan Provisions.

Approximately 75 percent of American workers are covered by defined
benefit pension plans. These plans promise the employee a benefit at
retirement that is typically based on age, years of service, and his final
salary (or an average of earnings in the last few years of employment) .
Within this general framework, the benefit formulas of most plans provide a
large incentive to remain with the firm until some age and then a substantial
incentive to leave the firm at some later age. The specific provisions of
firm plans, however, vary enormously. Thus the incentives for retirement or
departure from the firm vary widely among firms. The incentives of plan
provisions and their variation among plans are described in detail by
Kotlikoff and Wise [1985].l Because the incentives vary so greatly among
plans, to analyze the effects of plan provisions on retirement, it is
necessary to account for the precise provisions of an employee’s plan. It is
also critical to have information on past and current earnings in the firm.
For these reasons, we rely on firm personnel records for this analysis.

The easiest way to understand the incentive effects of pension plans is

to consider the relationship between age and total compensation -- including

1See also Bulow [1981], Lazear [1983], Clark and McDermed [1984], Fields
and Mitchell [1985], Frant and Leonard [1987].



wage earnings, the accrual of future pension benefits, and the accrual of
future Social Security benefits. Table 1 presents forecasts of wage earnings
and projected pension and Social Security benefits for a representative
employee drawn from our data set. Based on the forecasts, this individual,
who is 50 years old, will have slightly declining real wage earnings over the
next 15 years, with more rapidly declining earnings in his late 60’s. The
annual pension and Social Security benefits he would receive, were he to
retire at the indicated age, are given in the final three columns.

Figure 1 shows the present value of the future wage earnings and
retirement benefits presented in table 1, graphed against age of retirement.
The curve labelled earnings is the present value, at 50, of cumulated
earnings; thus the slope is the discounted annual wage rate. (Forecasted
future earnings are based on the experience of other employees in the firm,
and on the past earnings of this individual. The estimation procedure is
described below.) The retirement benefits curve shows the present value of
expected pension plus Social Security benefits, by age of retirement. The
slope of this curve indicates the annual accrual of retirement benefits. The
accrual of firm pension benefits is negative for this individual after age 60.
The top curve shows total compensation, the sum of wage earnings and the
accrual of retirement benmefits. After age 62 or 63, total compensation from
working an additional year is essentially zero. The sharp kinks in the total
compensation curve are due to the discontinuous accrual of pension benefits.

The pension accrual is the result of several important provisions of the
firm’s pension plan. Possibly the most important provision pertains to early
retirement benefits. If a person leaves this firm before age 55, early
retirement benefits can be taken beginning at age 55, but the benefit will be
the normal retirement benefit -- that would be received at age 65 --

-3 -



Table 1

Earnings, Pension Benefits, and $S Benefits for a Representative Individual

Earnings Annual Pension Benefits
Age Forecast Adjusted Normal Social Security
50 22317 -- 2764 4533
51 22389 -- 2900 4723
52 22327 -- 3010 4914
53 22330 -- 3221 5102
54 22275 -- 3271 5288
55 22172 9522 6251 5465
56 22024 10884 7047 5640
57 21832 12465 8006 5771
58 21593 14173 9035 5798
59 21310 16272 10394 5822
60 20981 18546 11861 5842
61 20610 19739 12647 5863
62 20196 20989 13473 5885
63 19742 22309 14346 6305
64 19250 23652 15219 6538
65 18721 -- 15756 6757
66 18158 -- 16809 6546
67 17564 -- 17847 6349
68 16943 -- 18862 6167

Notes: All values are in 1980 dollars, calculated assuming a 5 percent
inflation rate. Income forecasts were computed using the estimated
income forecasting equation shown in appendix B. The individual was 50
vears old on January 1, 1981, the date to which these calculations
correspond; he will accumulate 30 years of experience during the year in
which he reaches age 60. The adjusted pension benefits are paid until
he is 65, and are only available if he retires between ages 55 and 65.
The social security benefits are unavailable until he is 62; the
reported benefits correspond to the benefits he would receive if he
collected them starting at age 62, or during the first year of his
retirement, whichever is later. Source: Authors’ calculations.
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actuarially reduced to age 55. If, however, the person stays in the firm
until age 55, early retirement benefits can be taken immediately and the early
retirement reduction factor is much less than actuarial. In addition, the
benefit formula includes a Social Security offset after age 65; pension
benefits are reduced depending on the person’s Social Security benefits. But
the offset is not applied to benefits received between 55 and 65, the normal
retirement age. This is a second important feature of the plan. These
provisions mean that there is a large incentive to stay in the firm until 55,
After 55, the incentive is reduced. For the person represented in the graph,
there is a sharp reduction in the accrual of pension benefits at age 60, due
to the third important feature of the plan. If the person has 30 years of
service at ags 60, he is entitled to full normal retirement benefits. That
is, by continuing to work he will no longer gain from fewer years of early
retirement reduction, as he did before age 60. Other plan provisions are not

discussed here, but are described in detail in Kotlikoff and Wise [1987].

B. Prior Emphasis on Social Security Provisions.

The incentive effects inherent in the firm pension plan provisions are
much more important than those resulting from Social Security provisions.
Indeed, this is typically the case. Yet most prior research on retirement
behavior has been directed to the effects of Social Security provisions.
Recent examples are Blinder, Gordon and Wise [1980}, Burkhauser [1980], Hurd
and Boskin [1981], Gustman and Steinmeier [1986], Burtless and Moffitt [1984],
Burtless [1986], Hausman and Wise [1985]. With few exceptions, (Hurd and
Boskin [1981] and, to some extent, Hausman and Wise [1985]), these studies
suggest only a modest effect of Social Security provisions on retirement
behavior. 1In contrast, there has been very little work relating retirement

4 -



behavior of covered workers to the retirement incentives provided by their
pension plans.2 The apparent reason for this lack of attention has been the
absence of appropriate data.

Figure 1 suggests three key requirements for analysis of the retirement
effects of pension provisions. First, the data must include the precise
provisions of the individual's pension plan, together with information on
prior earnings records. Second, the estimation method must account for sharp
jumps or drops in pension accrual in future years. For example, in
considering whether a person will leave the firm at age 50, it is critical to
account for the large "bonus” that he will get if he remains until age 55;
consideration only of total compensation at age 50 is not sufficient. Third,
the estimation method needs to account for the fact that individual
circumstances, such as the level of wage earnings, change over time. Such
changes in turn affect future pension and Social Security accrual. The
combination of firm data and the estimation method proposed here i; intended

to meet these requirements.

C. Prior Estimation Methods.

To date, in addition to least squares regression, two basic approaches
have been used to analyze retirement behavior. The first is the method of
estimation developed to analyze the choices of individuals who face
discontinuous or kinked budget constraints. The second approach is the
continuous time failure rate or hazard model. Since retirement is typically a

discrete outcome, but also has a time dimension (age) which not only

2Exceptions are Fields and Mitchell [1982], Kotlikoff and Wise [1988],

Burkhauser [1979], Hogarth [1988]



characterizes retirement but may also affect the desire for it, it is natural
to describe retirement within the context of a continuous time qualitative
choice model. These two approaches are described briefly in turn.

The adaptation of non-linear budget constraint analysis to retirement may
be called the "lifetime budget constraint" approach. The central feature of
this method is a lifetime budget constraint analogous to the standard labor-
leisure budget constraint, but with annual hours of work replaced by years of
labor force participation, and annual earnings replaced by cumulative life-
time compensation. The optimal age of retirement is determined by a utility
function defined over years of work (post-retirement years of leisure) and
cumulative compensation. A careful application of this approach to retirement
is by Burtless [1986], who analyzed the effects of changes in Social Security
benefits on the retirement.3

While appealing in many respects, this procedure has an important
drawback. It implicitly assumes that individuals know with certainty the
opportunities -- like wage rates -- that will be available to them in the
distant future. Although it is plausible to assume that an individual knows
his wage rate for the purposes of estimating annual labor supply, the simple
extension of this idea to construct a lifetime budget constraint is not as
plausible. How much does a 50-year-old person know about his wage at 67?2
Concomitant with this assumption, the method makes no allowance for updating

of information about future opportunities as the individual ages.

3An analogous model was used by Venti and Wise [1984] to describe the
rent paid by low income families faced with discontinuous budget constraints.
Earlier papers that develop these techniques are Hausman and Wise [1980] and

Burtless and Hausman [1978].



The hazard model approach as implemented to date is essentially a
reduced-form technique designed to capture the effects on retirement of
movements in variables such as Social Security wealth. Implementations of the
hazard model have not been as "forward looking” as the non-linear budget
constraint specifications. It is natural under this specification, however,
to update information as individuals age. For example, if an individual has
not retired at age t it is convenient to describe the probability of
retirement by age t+l in terms of variables such as annual wage earnings and
private pension accruals up to age t and in terms of these values in the
period t to t+l; but it is not natural to consider values of these variables
in future years. Thus in Hausman and Wise [1985], for example, changes from
the current period to the next, in earnings, pension wealth, and the increment
to pension wealth, are allowed to affect the decision to retire in the next
period, but these values several years hence are not. On the other hand, it
is easy within this framework to allow a flexible specification. In
particular, different forms of monetary compensation can be entered separately
with no increase in computational complexity. And possibly more important for
retirement, unexpected shocks, like sudden changes in earnings enter the
analysis very naturally.

The hazard model is commonly thought to have no apparent utility
maximization interpretation.h It is shown in Appendix A, however, that, in
fact, it does have such an interpretation, and that it is a special case of

the model developed in this paper.

4The Brownian motion model described in Hausman and Wise [1985] can be
assigned such an interpretation, but it is difficult to estimate with

variables that change over time.



II. The Option Value Model

The model proposed here incorporates the advantages of both of the
approaches described above. It allows updating of information, as does the
traditional hazard model, but also considers potential compensation many years
in the future, as does the nonlinear budget constraint approach. Antecedents
of our work begin with Lazear and Moore [1988], who argue that the option
value of postponing retirement is the appropriate variable to enter in a
regression equation explaining retirement.5 Our model is close in spirit to

6

the stochastic dynamic programming model of Rust [1988a]. A dynamic

5Indeed it was their work and analysis of military retirement rates by

Phillips and Wise [1987] that motivated us to pursue this approach.

6Rust's [1988a] model poses substantially greater numerical complexity
than ours and has not yet been estimated for retirement. 1In principle, he
observes not only the individual’'s retirement age, but subsequent consumption
decisions as well. Thus his model allows the individual to optimize over age
of retirement and future consumption jointly. The choices are assumed to be
equivalent to the solution to a dynamic programming problem. As in our case,
the individual’s expectations are conditioned on current known variables like
income. The idea is to recover the parameters of a utility function specified
in terms of these choice variables. In practice, though, he uses income to
describe consumption (Rust [1988b]), with a value function similar to ours,
specified in terms of income. To simplify the solution to the dynamic
programming problem in his model, he assumes that random unobserved individual
components are independent over time, whereas we allow such terms in our model
(representing differences among individuals in health status, desire for
leisure, and the like) to be correlated. 1In short, Rust has described a
solution to a more complicated choice than ours, but with uncorrelated errors,
whereas ours is a solution to a less complex problem, but with correlated

errors,



programming model of employment behavior has also been proposed by Berkovec

and Stern [1988].7

Neither Rust nor Berkovec and Stern, however, have
information on private pension plan provisions, the focus of our analysis.
Our strategy is to simplify the general stochastic programming problem to
facilitate its otherwise burdensome econometric implementation. These
simplifications reduce the computational requirements substantially while
retaining the key forward-looking features of the dynamic programming
approach.

The key ideas of the model can be summarized briefly. It is intended to
capture an important empirical regularity, the irreversibility of the
retirement decision. Although it is not uncommon to work -- at least part-
time -- after "retirement," it is rare to return to the job from which one has
retired. The model focuses on the opportunity cost of retiring or,
equivalently, on the value of retaining the option to retire at a later date.
It has two key aspects. The first is that a person will continue to work at

any age if the option value of continuing work is greater than the value of

7

Berkovec and Stern's analysis is also in progress. They consider
transitions among three employment states over time. To simplify the soluticn
to their optimization problem, they, like Rust, assume that disturbance terms
are uncorrelated over time. Their analysis is in terms of individual
attributes like education, race, health status, and age. Government benefits
like Social Security are not explicitly modeled, whereas these benefits, as
well as firm pension benefits play the central role in our analysis. We
estimate a discount, or weighting factor, whereas they obtain estimates of
other parameters conditional on an assumed discount rate. Age itself is used
explicitly to estimate retirement. As will be emphasized below, age is not a
direct determinant of retirement in our model. This has important
implications if the model is to be used to predict the effect of changes in

firm pension plan or Social Security provisions on retirement.



immediate retirement. In effect, the person compares the best of expected
future possibilities -- the option value of continuing to work -- with the
value of retiring now. The second is that the individual reevaluates this
retirement decision as more information about future earnings -- and thus
future retirement benefits -- becomes available with age. For example,. a
decline in the wage between ages 56 and 57 will cause the individual to
reassess future wage earnings, and thus future pension benefits and Social
Security accrual as well. Thus retirement may seem more advantageous upon
reaching 57 than it was expected to be at age 56. Retirement occurs when the
value of continuing work falls below the value of retiring.

Because the model is somewhat complex in its details, it is useful to
know whether a simpler model could capture the important features of this one;
in particular, whether a model that is easier to implement could predict
retirement outcomes as well as the more complex model. It is shown in
appendix A that a simplified version of the model developed here has an almost
direct hazard model counterpart. Indeed, as is shown in the appendix, the
proportional hazard model can be interpreted in terms of utility maximization,
contrary to a common misperception. Hazard models are very simple to
estimate. Unfortunately, the hazard model is obtained only after imposing
strong restrictions on several important features of the option value model.

In addition to the general rationale for the option value model, the
precise specification as set forth in this paper is guided by two
considerations: first, by the features of the firm data that are used in
estimation, and second, by the pfimary goal of the model, to predict the
result of changes in firm pension plan provisions. 1In particular, some
individual attributes that might be expected to affect retirement behavior --
such as assets other than pension and Social Security wealth -- are unknown to

- 10 -



us.8 Our retirement decision function is therefore based on wage earnings and

retirement benefit income. In the absence of additional information, we
propose an error structure that is intended to capture the effects of

persistent unobserved individual attributes.

A. The model.

Consider an individual at the beginning of year t, who has not yet
retired. Looking ahead, he will receive wage income Y  in year s as long as
he continues to work; if he is retired in year s, he will receive real
retirement benefits Bs. (We adopt the convention that if s is the first
calendar year during which the person has no wage earnings, he is assumed to
have left the firm during the previous year, at the age that he was on January
1 of year s.) Let r denote the first full year of the individual’s retirement
(that is, the first year in which the individual has no wage earnings). As
described above, these benefits will depend on the person’s age and years of

service at retirement, and on his earnings history; thus we typically write

8While assets other than retirement annuity wealth (the present value of

firm pension and Social Security benefits) should in principle affect
retirement, prior analysis shows that their effect is small relative to Social
Security wealth, as demonstrated in Hausman and Wise [1985], for example. In
addition, prior work has shown that a large majority of the elderly have very
little wealth other than housing and firm pension and Social Security
annuities (e.g. Diamond and Hausman [1984], Hurd and Shoven [1983], Hurd and
Wise [1988]) and that housing wealth is typically not consumed as the elderly
age (Merrill [1984], Venti and Wise [1988], Feinstein and McFadden [1988]).
Indeed, non-housing bequeathable wealth is reduced very little as the elderly
age (e.g. Venti and Wise [1988], Bernheim [1987]). Thus there is substantial
evidence that the typical retired person is living largely from Social

Security and pension benefits.



Bs(r).

To develop a decision function relative to retirement, suppose that the
individual indirectly derives utility Uw(Ys> from the real income earned while
working, and utility Ur(Bs(r)) from the pension benefits received while
retired. Suppose that in deciding whether to retire the individual weights
future income (or utility) by the discount factor S, and that with probability
one he will die by year S. 1If he retires at age r, the weighted, or
discounted, value received over the remainder of his life is:

(2.1) Vo) = DIt vy + T3 st (s (x))
Thus the value function Vt(r) depends on future earnings and retirement
benefits, which in turn depend on the age r at which he retires.

The individual must choose either to work during year t, so that r > t,
or to retire, so that r = t. Assume that he makes the decision by comparing
the expected value he would receive were he to retire now, at r = t, with the
greatest of the expected values from possible retirement dates r > t in the
future. Let Et('> denote the individual'’s expectation about future
circumstances, based on information available to him at the beginning of year
t. (With this convention, real income Y¢ earned during year t is not known at
the beginning of year t.)

The expected gain, at time t, from postponing retirement to age r is then

given by

(2.2) G (r) = E V. (r) - E. V. (t).



In the firm that provided our data, retirement is mandatory at age 70.
Thus we assume that the individual considers potential retirement ages between
t+l and the year of his seventieth birthday, t;,. Let r* be the retirement

age with the highest expected value, that is
(2.3) r* solves maxre(t+1,t+2,...,tm)Etvt(r)
The individual retires if there is no expected gain from continued work, that
is, if Gt(r*) = EtVt(r*) - Etvt(t) < 0. Otherwise he postpones retirement.
In short, he
2.4 Reti if: G.(r") = EV.(r) - EV >0
(2.4) etires at r > t 1f: () = EV (r ) - EV (D)
We assume that the utility derived indirectly from annual income has a

constant relative risk aversion form, with additive individual disturbance

terms distributed independently of income and age. Specifically,

v
(2.5a) U (Y = YT+ wg

(2.5b)  TL(B,) = (KB(r))T + &

where wg and ES are individual-specific random effects. They are intended to

capture several unobserved determinants of retirement. For example, w_ and £

]
could reflect individual preferences for work versus leisure. Or, they could
reflect health status. They could reflect differences among individuals in
unobserved wealth and other variables that may affect retirement decisions.
Given the nature of our data, they are also likely to reflect the fact that

for some persons the alternative to continued work in the firm is not

- 13 -



retirement, but another job, an issue that we return to below. We presume
that, for a given individual, there should be considerable persistence in
these random effects over time. For example, a disability that affects the
burden of working, and thus corresponds to a negative wg, is likely to yield a
negative we,1 as well. Such persistence is captured by assuming that the
random individual effects follow a Markovian or first order autoregressive

process:

]
(o]

(2.6a) vy = pug 1t e Es-l(ews)

(2.6b) gs = pss—l * EEs ! Es-l(eés) =0,

for s=t+1,...,8. We give particular attention in the empirical work to the
case with p = 1, with the individual effects evolving according to a random
walk. We adopt the convention that at time s the individual knows w, and £
but not their values at s + 1 and subsequent ages; future forecasts of w and £
are based on (2.6).

With the parameterization (2.5), Gt(r) in (2.3) becomes,

(2.7)  Gu(x) = E e 8% T (¥D 4]

s=@
+ TS BSTE (B () T4 ]

E Yo A5 CL(B, (£)) 7+ ]

EJE % SO + B IS5 (kB ()7
tzs_tﬂ (kBs(t) )Y

-t
+E Zs—tﬂ ws * Etzs-r

§s
S -t
Eth-tﬂs Es

- g (¥) + .(x)



where gt(r) and ¢t(r) distinguish the terms in Gt(r) containing the random
effects, w and ¢, from the other terms.

If whether the person is alive in future years is statisticaliy
independent of his earnings stream and the individual effects wg and 65’ then

gt(r) and ¢t(r) become

(2.8)  go(x) = TEILES ER(sI0E (YD)
+ 5B Er(s|6) [E (kB (x)]

- 38 B (s E) [E (kB ()]
and
(2.9)  $.(0) = TEILE Er(s 0B (ug-E ),

where n(s|t) denotes the probability that the person will be alive in year s,
given that he is alive in year t. Given the random Markov assumption (2.6),

¢t(r) can be written as

(2.10) ¢ (r) = zg;ﬁﬁtn(s|t>p5't<wt-et>
- Kt(r)vt )

where K (r) = zg;i(ﬂp)s‘tn(s|t) and v, = wg - §¢. The simplification

results from the fact that at time t the expected value of v = w_ - ES is
ps-tvt, for all future years s. Thus the individual random component ¢t(r)
depends only on the random effect at time t (together with g and p). The term
K (1) cumulates the deflators that yield the present value in year t of the

future expected values of the random components of utility. The further r is

in the future, the larger is Kt(r). That is, the more distant the potential

- 15 -



retirement age, the greater the uncertainty about it, yielding a
heteroskedastic disturbance term. This heteroskedastic property is apparently
an important determinant the model’s ability to predict departure rates
accurately for both younger and older employees, as shown below.

Combining (2.7)-(2.10), Gt(r) may be written simply as

(2.11) Ge(r) = gt(r) + Kt(r)ut

B. The probability of retiring.

I. Retirement probabilities for a single year. The year in which an
individual retires is a random variable; we call it R. The probability: that
an individual in the sample in year t-1 retires in year t, that is Pr[R = t],
is the relevant probability when using cross-sectional data for a single year
t. The probability that the individual chooses not to retire is Pr[R > t].

From (2.4), an individual will retire in year t if Gt(r) < 0 for all

re{t+l,...,T). Thus:

(2.12) Pr(R-t] = Pr[G.(r) < O V¥ re(t+l,...,T}]
= Prlg (0)+K (r)v, < 0 ¥ re(t+l,...,T)]
= Prig (r)/K (r) < -y, ¥ re(t+l,...,T)].

Alternatively, the final expression in (2.12) can be written:

(2.13)  Pr[ret] = Prig (rl)/K (c]) < vl

where rz is the value of r that solves



(2.14)

maX c(e+l, ... ,T)gt(r)/xt(r)'

Because the individual either retires at t or he does not,

Pr{R>t] = 1 - Pr[R=t].

2.

Retirement probabilities for multiple years. The data set analyzed

below contains data on individual retirement decisions for several consecutive

years.

To analyze these data requires computing the probability that the

individual retires in year r. In general, suppose that the retirement status

is observed for years t,...,T. An individual in the sample in year t-1

retires in year rett,...,T) if there is no earlier age when he considers it

optimal to retire, and if it is optimal to retire in year r based on equation

(2.4).

If it had not been optimal to retire in year ¢t, there would have been,

at time t, at least one future r with Gt(r) > 0. This would occur if and only

if it were true for the rT that maximized gt(r)/Kt(r), evaluated at year t.

That is, it requires that gt(rl)/Kt(rl) > v The same would have to be

true for every year t through year 7-1. 1In year r, however, retirement is

optimal, so that gf(rl)/Kf(rl) < v Thus

(2.15)

Pr(R=r] = Pr[gt(rl)/l(t(ri) > v
i + R
gf-l(rf-l)/Kf—l(rf-l) > Vel

gf(rl)/xf(rl) < -UT]

Equation (2.15) can be used to compute the probability that R = r for

T=t, .

.,T. The remaining possible event is that the individual does not

retire during the period of the data. The probability of this event is

- 17 -



(2.16)  Pr[R>T] = Prig (xD/Ko(xh) > v, ..,

gT-l(r%-l)/KT-l(r%-l) > vpqs

(el /Rp(r) > vy

The retirement model thus reduces to a multinomial discrete choice
problem, with dependent error terms v.. Thus far, the only assumption about
the individual effects is that they are Markov. Empirical implementation,
however, requires additional distributional assumptions. We assume that Ve

follows a Gaussian Markov process, with

(2.17) vy = prg + e, g i.i.d. N(0,02),

where the initial value, Ve, is 1.i.d. N(O,UZ) and is independent of €gs
s=t+l,...,5. The covariance between v, and Vo1 is pvar(ur), and the variance
of v for r = t is pz(f't) + (ZE;E'lpzj)az. In the randem walk

case, with p = 1, the covariance between v, and Vol is var(ur), and the
variance of v, for r =z t is 03 + (r-t)az. Thus there are two equivalent

ways to see that uncertainty about the future is reduced as the planning
horizon is shortened, presumably as the person approaches typical retirement
ages. First, their are fewer future random components of utility to cumulate
in the Kt(r) term (see equation 2.10). Second, the uncertainty about the
value of future random effects is reduced -- the Markov assumption yields
decreasing var(ur) as the planning horizon is shortened. 1In particular, in a
given calender year, the uncertainty about the retirement decisions of younger

persons is greater than the uncertainty about older employees. This property
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plays a key role in providing the flexibility that allows the model to fit the
departure behavior of younger as well as older employees.

In summary: conditional on (gs(rl)/Ks(rl)), s=t,...,r, the
probability that year r is the first year of retirement is given by (2.15),
while (2.16) gives the probability that the person does not retire during the
years t,...,T. These probabilities are evaluated by computing the appropriate
integrals over a multivariate normal density, where the error term follows the
Markov process (2.17). The unknown parameters of the model are vy, k, 8, and

: 2 2
the variance parameters o , 0.,

and p.
¢. Evaluation of g (rl)/K (rl).

To determine gt(rl)/Kt(rl) requires evaluation of the expectations
Et(YZ) and Et(kBS(rl))7 for s = t. In the empirical work, the
conditional expectation of the first of these terms is approximated by the
conditional expectation of its second order Taylor series expansion around the
mean of a stream of earnings forecasts computed for each individual.9 The
pension and Social Security benefits depend on the entire earnings stream of
the individual through his last year of work. The expectation Et(kBs(r))7 was
approximated by (kBS(r))’YY where Bs(r) is the pension benefit calculated
using the mean earnings forecasts for the individual through vear r-1, based

on observed earnings through year t-l.lo

JE (v )Y = (1 o+ (1/2)7(7-1)Et[(YS—EtYS)/EtYs]z)(EtYs)7. This term is

2

evaluated assuming that E[(Ys-EtYS)/EtYS] = (s-t)var(et), where

var(et) = SEE2 from the AlnYt regression, explained in appendix B.

lOIn principle, the expectation could be evaluated using Monte Carlo
methods to determine the variance of Bs(r). Then a Taylor series expansion,
like the procedure used to evaluate Et(Yz)Y could be used to evaluate
Et(kBs(rt))W. The Monte Carlo procedure would entail computation of the
benefits that an individual would receive for a given income stream, where the
future part of the income stream is drawn from an estimated distribution of
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The income forecasts for each individual were generated by a second order
autoregression. The autoregression was estimated using the individual
earnings histories of all salesmen employed at least three years, with
earnings converted to 1980 dollars using the Consumer Price Index. The

parameters of the forecasting model depend on age, A years of service, §

t £

and an interaction term, with

(2.18) AlnYt = SO(At,St) + 61(At,St)AlnYt_l + SZ(At,St)AlnYt_2 + ey

The estimated equation exhibits regression toward the mean; 6 +6, < 0 for
typical values of A_ and S, in the sample. The estimated parameters of

equation (2.18) are shown in appendix B.

IV. Results

The option value model has been estimated based on a sample of 1500
salesmen 50 years of age or older on January 1, 1981, selected at random from
the firm data. All persons in the sample are men performing similar jobs. To
facilitate earnings forecasts, the sample was restricted to persons who had at

least three years of service before 1980, the first year of our retirement

future income streams. However, the pension and Social Security calculations
are quite cumbersome. Beyond its substantial computational advantages, a
justification for the approximation that we use is that the benefits
calculations involve the entire earnings history of the individual. At least
for values of r in the near future, the unknown elements in these calculations

are small,.



analysis.

Initial estimates were obtained based only on retirement decisions in one
year, 1980 -- whether 1981 was the first full year of retirement, by our
accounting convention. Expected pension benefits are based on the provisions
of the firm plan. Social security benefits were computed according to the
provisions in the Social Security Bulletin (1982), based on individual wage

11

histories at the firm. Estimates based on the 1980 retirement decisions are

reported first, followed by estimates base on three consecutive years.

A. One year.

1. Parameter Estimates

Maximum likelihood parameter estimates are shown in table 2. Estimated
parameters of several variants of the option value model are shown in the
second panel of the table. Estimates in this table were obtained under the
assumption that the random individual effects follow a random walk; p is set
to 1. (Unrestricted estimates are reported in the next section.) The first
panel reports estimates based on the assumption that all employees have the
same constant probability of retiring (model 1), or that all persons of the
same age have the same retirement probability (model 2).

Estimates of the parameters of the option value model are shown in the
last row of the table. The estimate of vy is 1.00, suggesting that, in
deciding whether to retire, individual valuation of income is linear in future

earnings. Earnings without work, retirement benefits, are valued at 1.66

llTo obtain pension and Social Security forecasts for persons who joined
the firm before 1969--the first year of our data--backward predictions based

on the estimated earnings equation were used to estimate earnings before 1969.



Table 2

Parameter Estimates Based on Retirement Decisions in One Year, 19802

A. Models Without Earnings and Retirement Benefit Terms:

L
1. Constant Only -579.58
2. Age Dummy Variables -477.92
B. Option Value Models, with p = 1:
N K B o, (x10%) z
3 1P 1P 0.10P .140 -413.70
(.006)
4, 1P 1P .782 123 -413.191
(.212) (.020)
5. 1.00 1.66 0.847 .119 -397.72
(.07) (.02) (.032) (.00D)

%The sample size is 1500. A person was counted as having retired if he
had no earnings in 1981; that is, he was retired by January 1, 1981.
is the log likelihood value.

bParameter value imposed.
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times wage earnings while employed, based on the estimated value of k. That
is, a person would exchange a dollar with work for 60 cents not accompanied by
work. The weight given éo current versus future income in the retirement
decision is indicated by B, estimated to be .847. All of the parameters are
measured quite precisely, with the possible exception of B (with a standard
error of .032), and each of the estimates seems quite plausible to us.
Although a strongbinterpretation of the parameters of the model might treat 8
as a general measure of individuals’ pure rate of time preference, independent
from the decision to which it applies, it is probably more realistic to think
of it as a weight specific to the retirement decision. Under either
interpretation, arpriori judgments about its value surely vary widely. It
cannot be observed and can typically be estimated only indirectly. It is,
however, estimated directly in the option value model. The estimated value is
undoubtedly sensitive to the model specification; but under either
interpretation it is nonetheless surprising to us that it is measured as
precisely as it is.

Estimated parameters of simplified versions of the model are shown as
versions 3 and 4. The only estimated parameter in model 3 is the variance
03. Yet judging by the large difference in the likelihood values the option
value model fits the data much better than the specification based on a full
set of age dummy variables, as reported in model 2. Thus there is substantial
information in the option value measures. With age dummy variables, the
estimated average departure rate for each age matches the actual rate. The
option value specification does not assure such a match. But because
departure rates vary greatly among persons of the same age, the option value
model fits much better. The option value model captures the variation, given
age; the dummy variable model does not.
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2. The Model Fit

The model fit is demonstrated by comparing actual and predicted
retirement rates, shown in table 3. BRoth the predicted annual rates and
predicted cumulative retirement are very close to the actual values. In
particular, the model captures each of the important jumps in the departure
rates. The actual retirement rate at 55 is .078; the predicted rate is .075.
Of persons who are employed at age 50, the actual proportion that has left by
age 54 is .139, as shown in the forth column of the table. The model
prediction is .116. The actual proportion that has left jumps to .206 at 55,
the predicted proportion to .182. Again at age 60, the actual proportion
jumps from .488 to .599, the predicted proportion from .483 to .583. At age
62, the actual proportion jumps from .675 to .824 and the predicted proportion
from .680 to .823. Only at ages 65 and 66 do the predicted rates differ
noticeably from the actual ones, but there are very few observations at these
ages. In addition, only about 5 percent of persons employed at 50 would still
be employed at 65, based on the actual departure rates.

To provide an external check of the predictive validity of the model,
parameter estimates based on 1980 retirement decisions were used to predict
1981 departure rates, that on average were higher than in 1980. Actual versus
predicted cumulative departure rates, based on actual versus predicted
departure rates by age, provide a summary of the results. At ages 60 and 62,

they are as follows: -2

l2The 1981 comparison is based on 1305 observations.



Table 3

Predicted versus Actual Retirement Rates bZ Age, Based on the Single-
Year Model, 1980

Number of Annual Retirement Rates Cumulative Rates
Age Observations Actual Predicted Actual Predicted

50 36 0.000 0.025 0.000 0.025
51 131 0.053 0.037 0.053 0.061
52 132 0.015 0.026 0.068 0.086
53 123 0.041 0.024 0.106 0.108
54 106 0.038 0.009 0.139 0.116
55 129 0.078 0.075 0.206 0.182
56 137 0.117 0.073 0.299 0.241
57 123 0.089 0.108 0.362 0.323
58 107 0.084 0.102 0.415 0.392
59 120 0.125 0.149 0.488 0.483
60 116 0.216 0.194 0.599 0.583
61 84 0.190 0.233 0.675 0.680
62 70 0.457 0.447 0.824 0.823
63 51 0.412 0.503 0.896 0.912
64 22 0.455 0.491 0.943 0.955
65 14 0.857 0.468 0.992 0.976
66 1 0.000 0.355 0.992 0.985

8The retirement rates were computed for the 1500 persons used to obtain
the estimates reported in table 2. The predicted retirement rates are
based on model 5.
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Age 60 Age 62

Actual Predicted Actual Predicted
1980 599 583 824 .823
1981 674 667 868 .876

Thus the model not only matches closely the cumulative departure rates in each
year, but also captures the noticeable increase in departure rates between
1980 and 1981. The actual increases were apparently due to changes in
expected future earnings or to differences in the distribution of seniority by

age, both of which enter the option value caculations.13

B. Three Consecutive Years

1. Parameter Estimates

Estimates in this section are based on the same sample of employees used
to obtain the single-year estimates reported above, but those who don’t leave
the firm in the first year are followed for two more years. Four outcomes are
possible: a person retires in the first, the second, or the third year, or he
does mot retire during the three-year period. Estimated parameters of three
versions of the model are shown in table 4. The first estimates pertain to
the model specification as described in section II-B-2, Qith p =1, In this
case, the only difference between the multiple- and single-year versions of
the model is that there are two error variances in the multiple-year veérsiom:

2
o

U the variance in the first of the observation years -- 1980 in this case,

and o%, the variance of the "innovation" e in the relationship v_ = +

v
s 5-1

13Real earnings of firm employees were in fact declining over this

period.



Table 4

Parameter Estimates Based on Retirement Decisions in Three Consecutive Years,

1980-1982
Parameters
b’ k ko kl B8 o o, . z
1. 1.206 1.703 - - -- 0.796 18 0.117 0.092 1114 .86
(0.005) (0.043) (0.004) (0.003) (0.005)
2. 1.273 1.716 -- -- 0.775 0.795 0.174 0.138 1100.49
(0.039) (0.023) (0.014) (0.015) (0.008) (0.008)
3. 1.278 -- 1.678 0.233 0.788 0.798 0.176 0.140 1099.75
(0.006) (0.030) (0.006) (0.002) (0.020) (0.008) (0.007)

a -
Parameter value imposed.
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€g. The estimates are close to the single-year estimates (model 5 in table
2), although the estimated value of y is somewhat larger, and the value of 3
somewhat smaller. The base error variance is essentially the same as the
single-equation estimate. The variance of the innovation is only slightly
smaller (.1170 versus .0919) than the base variance. It means that the
uncertainty about an individual’s valuation of the option value of continued
work in future years -- which stems from uncertainty about future values of v
-- is much greater than the uncertainty about the option value of continued
work today. This contributes to greater uncertainty about current departure
decisions when comparison is made with more distant future retirement ages,
that is, when departure rates of younger employees are considered. (See the
discussion following equation (2.17).) ©On the other hand, given v 1 the
uncertainty about v_ is less than the uncertainty about v ;.

A measure of the persistence in the individual disturbance is indicated
by the correlation between the v's in the first and second periods of the
sample; with the random walk specification; it is given by
05/(03)%(03 + o%)%. This correlation is .748 based on the model 1
estimates in table 4. Less persistence is allowed by estimating p. Parameter
estimates based on this specification are shown in model 2 in table 4. The
estimated value of p is .786. Judging by the likelihood values in models 1

and 2, the XZ

statistic relative to the hypothesis that p is 1 is 28.74 with
one degree of freedom. Thus the strict random walk assumption is clearly
rejected. On the other hand, the estimated variances increase so that the
correlation between the first and second disturbance terms does not change
much. In this case, it is given by pog/(as)%(pzas + UZ)%. Its value,
based on the model 2 estimates in table 4, is .708, compared with a

correlation of .786 based on the strict random walk assumption. Consistent
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with this observation, predicted average departure rates based on the two
models are very similar.

Unlike other empirical retirement models, age is not a variable in the
option value model; it enters only indirectly through the survival
probabilities r(s|t), the wage earning forecasts, and the firm pension plan
and Social Security rules. A general test of the extent to which retirement
behavior is not determined by the monetary variables in the option value model
is the gain in the model fit when age itself is added. We implement such a
test by parameterizing k as a function of age, allowing the relative value of
income without work to income with work to depend on age, independent of the
income variables in the model. In addition, this parameterization is a way to
recognize that the alternative to work at the firm may be another job, instead
of retirement, and thus that the systematic portion of the model may
undervalue the "retirement" option for some employees, especially at younger
ages.]‘4 The model 3 estimates in table 4 are based on the specification

k
k = ko(Age/SS) 1. The estimates show virtually no effect of age. For
example, at age 65, k is 1.039 times its value at 55, 1.678. The others
parameters of the model are essentially unaffected. The likelihood value is
increased very little and thus a likelihood ratio test does not rejecf the

hypothesis of no age effect (x2(l) = 1.48).

laAs emphasized above, however, the Markov specification implies a
heteroskedastic disturbance with larger variance the greater the difference
between the current age and future contemplated retirement ages. Thus the
variance of the individual effects is larger for younger employees. One of
the unobserved determinants of departure that the random component captures is
valuations of the "retirement" alternative that differ from the average. It
is this aspect of the specification that allows the model to fit departure

rates at younger ages, as shown in table 3 for the single-year model.
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2. The Model Fit

Like the single-year model, the fit of the three-year version can be
evaluated by comparing predicted versus actual departure rates. The results
are shown in table 5. It is analogous to the comparison presented in table 3,
based on the single-year model. The annual retirement rate in table 5, for
persons of a given age, is the average of the rates over the three estimation
years. The cumulative figures are based on these average annual rates. Three
aspects of the results stand out: First, the model fits the data very well.
Second, there is little difference between the g = 1 and the p-estimated
versions of the model, although the p-estimated specification fits somewhat
better than the p = 1 model at older ages and somewhat less well at the
younger ages. Thus even though the likelihood values in table 4 indicate that
the second version fits the data better, for practical purposes, the strict
random walk assumption appears to be as consistent with the data as the more

15

general specification. Third, the model may underpredict the retirement

1 2

5The x2 statistic is a more formal way to compare the model fits. x
statistics have been calculated for each of the three years, based on three
methods of estimation: (1) The three-year model with p = 1, model 1 in table
4. (2) The three-year model with p estimated, model 2 in table 4. (3)
Independent estimates for each of the three years, with p = 1. For example,
using the sample of persons that is still in the firm after 1980, estimates
are obtained for 1981, and similarly for 1982. The statistic is Za(Aa-
Ea)z/Ea, where a indexes age, A is the actual number of persons that retired,
and E is the expected number, based on the model estimates. The results are

as follows:

Year fon) (2) (3)
1980 25.2 20.7 24 .4
1981 30.7 29.9 9.2
1982 27.3 19.0 16.1

The comparisons reveal two features of the results: The p-estimated fits
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Table 5

Predicted versus Actual Retirement Rates by Age, Based on the Three-Year
Model, 1980-1982%

Number of Annual Retirement Rates Cumulative Rates

Observations Predicted Predicted

Age in 1980 Actual p =1 p Estimated Actual p =1 p Estimated
50 36 0.000 0.007 0.004 0.000 0.007 0.004
51 131 0.036 0.025 0.017 0.036 0.032 0.021
52 132 0.028 0.032 0.022 0.064 0.063 0.043
53 123 0.040 0.031 0.027 0.101 0.092 0.069
54 106 0.043 0.016 0.022 0.140 0.106 0.090
55 129 0.094 0.091 0.075 0.220 0.187 0.158
137 0.106 0.084 0.082 0.303 0.256 0.227
57 123 0.077 0.091 0.092 0.357 0.323 0.298
58 107 0.105 0.102 0.108 0.424 0.392 0.374
59 120 0.136 0.124 0.137 0.503 0.468 0.460
60 116 0.201 0.176 0.185 0.603 0.561 0.560
61 84 0.184 0.183 0.198 0.676 0.641 0.647
62 70 0.419 0.416 0.424 0.812 0.791 0.797
63 51 0.435 0.354 0.378 0.893 0.865 0.873
64 22 0.401 0.333 0.359 0.936 0.910 0.919
65 14 0.739 0.320 0.337 0.983 0.939 0.946
66 1 0.000 0.178 0.185 0.983 0.950 0.956

8The retirement rates by age are the average of the rates over the three years
used in estimation. The cumulative rates are based on these averages.
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rates of the few persons that remain in the firm at older ages. 1In
particular, both models underpredict retirement rates at 65. Even with p
estimated, the model estimates imply substantial persistence in individual
valuations of the option value of continued work, consistent with the behavior
of the vast majority of the sample. For gxample, if a person chooses not to
retire at 62 when there was a reasonable ex ante probability that he would,
the model uses this information to adjust downward the probability that he
will retire in the next year. The results seem to suggest that this assumed
persistence of tastes may not carry through age 65. There may be an agz-65
"customary retirement age" effect. The sample size of older persons is so
small, however--only 2.5 percent of the sample is 64 or older--that
verification of this possibility will have to await estimation with larger
samples of older employees; the current evidence can only be taken as

16

suggestive.

better than the p = 1 model. And, although the indpendent estimate for 1981
fits better than the p-estimated version of the three-year model_for that
year, it is not clear that that would be generally true in repeated
replications. The independent estimate is worse for 1980 and only slightly
better for 1982. A tentative conclusion is that the p-estimated version of
the three-year model reproduces the data very accurately.

16Another variant of predicted versus actual departure rates shows the
probability that a person will retire during the three year period that he is.
The conslusions are similar to those discussed above. In general, both
specifications fit the data very well. For example, of persons who were age
55 on January 1, 1981, 24.8 percent left the firm between January 1, 1980 and
December 31, 1982. The predicted retirement rate based on the specification
with p = 1 is 23.5 percent; it is 22.8 percent based on the specification with

p estimated.



IV. Illustrative Simulations

To demonstrate the importance of firm pension plan provisions on
departure rates, the effects of two alternatives are simulated. The first is
a simple variant of the existing plan, increasing the early retirement age
from 55 to 60. The second represents a more fundamental change, replacing the
existing defined benefit plan with a defined contribution plan. 1In both
cases, the effects are quite dramatic. The simulations are based on the
single-year estimates (model 5 in table 2, with p =1). Additiomal
simulations, that compare the effects on retirement of changes in pension

versus Social Security provisions, are reported in Stock and Wise [1988].

A. Increasing the Early Retirement Age

Although retirement rates beginning at age 62 are very high, by that age
most of those employed at age 50 have already left the firm. It is evident
that this is d;e in large part to the plan’s early retirement provisions. To
quantify the importance of early retirement, we have simulated retirement
behavior under an alternative provision. Early retirement under the
alternative is at 60 instead of 55. Otherwise the alternative is like the
existing plan. Persons who are employed at 60 or older face the same options
under the alternative as under the existing plan.

The results are reported in table 6. The base retirement rates are the
single-year model predictions under the existing plan. Under the existing
plan, almost half of those in the firm at age 50 have left before age 60.
Only 30 percent would have left if early retirement had been at age 60 instead
of 55, according to the simulation results. With the existing plan, 36.7
percent of those employed at 50 leave the firm between 55 and 59. With early
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Simulation:

Table 6

Early retirement age is 60 instead of 552

Cumulative Retirement Rates

Retirement Rates

Age Base Simulation Difference Base Simulation Difference
50 0.025 0.032 0.007 0.025 0.032 0.007
51 0.061 0.078 0.017 0.037 0.047 0.010
52 0.086 0.116 0.030 0.026 0.041 0.015
33 0.108 0.153 0.045 0.024 0.041 0.017
54 0.116 0.185 0.069 0.009 0.038 0.029
55 0.182 0.219 0.037 0.075 0.041 -0 034
56 0.241 0.245 0.004 0.073 0.034 -0.039
57 0.323 0.272 -0.051 0.108 0.036 -0.072
58 0.392 0.289 -0.103 0.102 0.023 -0.079
59 0.483 0.300 -0.183 0.149 0.015 -0.134
60 0.583 0.436 -0.147 0.194 0.194 b
61 0.680 0.568 -0.112 0.233 0.233 b
62 0.823 0.761 -0.062 0.447 0.447 b
63 0.912 0.881 -0.031 0.503 0.503 b
64 0.955 0.939 -0.016 0.491 0.491 b
65 0.976 0.968 -0.008 0.468 0.468 b
66 0.985 0.979 -0.006 0.355 0.355 b

®Based on model 5 parameter estimates, reported in table 2.

described in the text.

The simulation is

bFor persons employed at age 60 and older, the simulated alternative is the

same as the base case.
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retirement at 60, only 11.5 percent would leave at these ages. Almost no one
leaves just before age 60. On the other hand, departure rates before 55, are
larger under the alternative, with a cumulative rate at 54 of .185, wversus

.116 under the existing plan. This reflects the longer wait before the early
retirement bonus can be claimed. Still, the net reduction in departure rates

before age 60 is very substantial.

B. A Defined Contribution versus The Defined Benefit Plan

The incentive effects inherent in the firm's age-compensation profile are
largely the result of the provisions of the pension plan. An alternative to a
defined benefit plan is a defined contribution plan. Under a typical defined
contribution plan an amount equivalent to a certain percentage of an
employee’s annual wage earnings is put in a pension fund. Once vested, the
amount that the employee has in the fund depends only on the contributions on
his behalf and on the return on these contributions. Retirement benefits- are
then based on the employee’s accumulated assets in the fund at the time that
he retires.

The effect of a change from the existing defined benefit to a defined
contribution plan is illustrated under two assumptions. The first assumption
is that the defined benefit contribution rate is such that for a person who
has 30 years of service at age 60, the fair annuity value of the amount in the
defined contribution fund is the same as the present value of the retirement
benefits that the person would receive from the defined benefit plan were he
to retire at 60. This requires that the contribution to the defined
contribution plan be equal to 7.5 percent of earnings. The second assumption
is that the contribution is equal to 5 instead of 7.5 percent of earnings.

The results are shown in table 7.



Table 7

Simulation: Defined Contribution versus The Defined Benefit Plan?

Annual Retirement Rate Cumulative Retirement

Number of Simulation Simulation

Age Observations Base 7.5 5.0 Base 7.5 5.0
50 36 0.025 0.081 0.065 0.025 0.081 0.065
51 . 131 0.037 0.112 0.091 0.061 0.184 0.150
52 132 0.026 0.105 0.084 0.086 0.269 0.221
53 123 0.024 0.105 0.085 0.108 0.346 0.287
54 106 0.009 0.111 0.088 0.116 0.419 0.350
55 129 0.075 0.121 0.097 0.182 0.489 0.413
56 137 0.073 0.116 0.092 0.241 0.548 0.467
57 123 0.108 0.146 0.117 0.323 0.614 0.529
58 107 0.102 0.140 0.112 0.392 0.668 0.582
59 120 0.149 0.180 0.145 0.483 0.728 0.642
60 116 0.194 0.177 0.142 0.583 0.776 0.693
61 84 0.233 0.189 0.151 0.680 0.819 0.739
62 70 0.447 0.382 0.324 0.823 0.888 0.824
63 51 0.503 0.402 0.341 0.912 0.933 0.884"
64 22 0.491 0.409 0.344 0.955 0.960 0.924
65 14 0.468 0.538 0.471 0.976 0.982 0.960
66 1 0.355 0.598 0.514 0.985 0.993 0.980

a . . : . -
Based on model 5 parameter estimates, reported in table 2. The simulation is
described in the text.
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Consider first the annual departure rates based on the 7.5 percent
contribution level. Again, the comparison is with the predicted departure
rates based on the model 5 single-year estimates shown in table 2. There are
two important features of the results: First, the discontinuities in the
departure rates at 55 and at 60 are eliminated. Departure rates increase
smoothly between ages 50 and 61. The jump at 62, due to Social Security
provisions, remains, however. The effect of the Social Security provisions at
65 is now noticeable; it was not before. Second, although retirement rates
after age 60 are lower under the defined contribution plan, departure rates at
earlier ages are much higher. There is now no need to stay in the firm to
receive the "retirement bonus" at 55, or to receive full benefits at 60 with
30 years of service. The net result is that more employees have left the firm
by age 60 under the defined contribution than under the defined benefit plan.
These results are consistent with the view that the defined benefit plan keeps
employees in the firm until certain ages ana then provides an incentive to
leave. The defined contribution plan does not encourage them to stay, but if
they do, neither does it encourage them to leave. Like departures under the
current firm plan, it should be assumed that a large proportion of persons who
leave the firm at the younger ages under the simulated plan do so for another
job, whereas at older ages most are leaving the labor force. The results with
the 5 percent contribution rate are similar to those with the 7.5 percent

level, except that the departure rates are lower.
III. Summary and Conclusions
We have presented a model of retirement based on the option value of

continued work. A person continues to work if the option of selecting a
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better age of retirement in the future is worth more than the value of
retiring now. The model is both forward looking at a point in time and allows
expectations about future events to be updated as individuals age. It thus
incorporated the advantages of non-linear budget constraint formulations of
the retirement decision and the advantages of continuous time hazard model
formulations. The Markovian specification of the individual random effects,
or the random walk special case of it, is an important component of the model.
Single- and multiple-year versions of the model yield very similar results.

Predicted departure rates based on the model match actual departure rates
very closely. In particular, discontinuous jumps in retirement rates at
specific ages are captured by the model predictions. Out of sample
predictions lend support to the predictive validity of the model.

Simulations of the effects of alternative pension plans show that plan
provisions have very dramatic effects on retirement rates. For example,
increasing the early retirement age from 55 to 60 would reduce by almost 40
percent the proportion of those employed at age 50 that has left the firm
before age 60. At the same time, it would increase departure rates between 50
and 55, reflecting the longer wait until the early retirement "bonus" can be
claimed.

Switching from the defined benefit to a defined contribution plan would
have even greater effects on firm departure rates. The defined contribution
formulation has no incentive effects. Annual departure rates of persons 60
and over would be reduced substantially. But, the departure rates between 50
and 54 would be increased from around 3 to about 10 percent, close to the
departure rate between 55 and 59, after the early retirement age, under the
existing plan. It is also close to the departure rate of employees who are
under 50 and have just become vested in the existing firm plan. The net
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effect is to increase significantly the proportion of those employed at age S0
who have left the firm before age 60. These results support the view that
defined benefit plans provide a strong and effective incentive for ;mployees
to stay in the firm until some age and then a strong and effective incentive
to retire at some later age. The defined contribution plan does neither.
Although these results are based on the retirement decisions of employees
in only one large firm, it is important to understand that the incentive
effects inherent in this firm's pension plan are very typical of defined
benefit plans. Nonetheless, we will in future work determine whether the

results are supported in similar analysis based on data from other firms.
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Appendix A: A Hazard Model Interpretation

The general option value model is computationally complex. It is
therefore of both methodological and substantive interest to demonstrate the
relationship between the option value model and the more familiar proportional
hazard model, which is straightforward to estimate and is widely used in the
empirical analysis of retirement and labor force participation. This appendix
demomstrates that the option value model reduces to the conventional
proportional hazard model when the stochastic term v, in (2.13) is degenerate
with a unit exponential distribution, that is, when v corresponds to a single
random effect with a unit exponential distribution, and when the "systematic"
component of Gt(r), gt(r)/Kt(r), is non-increasing. These are strong
restrictions on the general option value model. The non-increasing
requirement is clearly inconsistent with our data, and the degenerate
distributional assumption would severely limit the flexibility that the
Markovian specification provides in fitting observed retirement behavior. In
demonstrating the relationship between the two models, the appendix also draws
attention to the natural utility interpretation of the proportional hazard
model.

Using the notation in the text, consider the probability that a person
retires before age r, according to the proportional hazard specification, call

it H(r). It is typically described in continuous time and is given by

i

(A.1) H(r) Pr[R<r]

1 - exp[-fzﬂtﬁ(u)du}

Prie < [[_.f(wdu] ,
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where § is required to be non-negative and e is a random variable with a unit
exponential distribution. Contemplating the development below, suppose that
f£=t0(u)du is the utility gain from retirement at age r. The hazard rate is
H'(r)/[1 - H(r)] = [1 - H(r)]6(r)/[1l - H(r)] = 6(r), which is the derivative
of the utility of retirement at time r.

We adopt the convention that H(r) corresponds to the continuous time
probability in (A.1), and H_corresponds to its discrete time counterpart when

7 1s an integer. With this notation, for integer r (A.l) can be written as

*
(A.2) Heo= 1 - exp(-JL o 16

*
= Prle < ;=t+10 ] , where 95=fi=s_10(u)du

Notice that Pr{R>r] is the probability that at every age before r the person
did not retire. If zs=t+l g t € 1s the utility pgain from retirement,

versus continued work, at age r, then the hazard model has a standard utility
interpretation. This interpretation will always be true for some
specification of the utility of retirement versus continued work. Suppose

that Z is monotonically increasing with r. Then retirement will

o
s= t s
occur when the value of this expression exceeds e. The random term e in the
proportional hazard model is an individual-specific term that remains constant
over time; it can be thought of as an individual-specific threshold. The

s * 29 s -

person retires when Z;_tﬂs crosses the threshold. The utility gain from
retirement must be monotonically increasing; it will be if 8, is non-

negative for all s. We want to show that under strong restrictions the option

value model reduces to this form.



The option value specification of the gain from retirement at age t is
Ech<t) - EtVt(r*). As long as gt(rl)/Kt(rl) > v the person does not
retire. Recall from (2.16) that in the option value (0) model of retirement,

the probability of retiring by r (let this be Of) is

(A.3) 0, = Pr(Rsr] = 1 - Pr[R>7]
-1-pP bhrooely > - ehyk_ ey > -
rlg (re)/ () Ve oo 8. (00)/ S > v 1
Pr[R>r] is the probability that at every age from t -- the age that the person
is first observed -- until age r it is better to postpone retirement. That is

the value, or utility, of postponing retirement is in each year greater than
the value of retirement. Equation (A.3) is the probability of the complement
of that event. The proportional hazard specification is obtained as a special.
case of the option value model by placing restrictions on both the error v
and on gs(rl)/Ks(rl), In particular, assume that: (1) v, = e for all r

(so that the only stochastic element in the retirement decision enters through
a single time-invariant random effect), where e has a unit exponential
distribution, and (ii) gs(r;)/Ks(rl) (the scaled value of postponing
retirement) is non-increasing. Under assumption (i), the expression (A.3)

reduces to

—~
-
~

-~
(=]

I

1 - prig.(zD/k (D) > cey g bR (x]) > ce]

1 - rimin(g(rD /K (eD) g ek D) > el

That is, the event R < r occurs only if the minimum gain from continued work
was not always greater than zero, if the minimum value of gr(rl)/Kt(rL)

was not always greater than the threshold -e.
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If gs(rz)/Ks(rg) is non-increasing, then its smallest value will be

in period r. With both assumptions (i) and (ii), (A.4) becomes:

(A.5) 0, =1 - prlg (xhk (zh) > -e)

-1 - explg (rh)/K (£}

L - exp(-Ji_ o110 exple (xhykoeh |
where 95 = -A(gs(r;)/Ks(rz))

= g ehr ey - g ot el D

Note that the assumption that gs(rg)/ks(ri) is non-increasing implies that
fo is non-negative. Given this, the condition for the second expression in
(A.5) to be between 0 and 1 is that gt(rz)/Kt(rz) < 0. This initial term
is computed by the option value model. In the hazard model, however, this
would correspond to an intercept that can always be chosen so that this
condition is satisfied.

Numerical values for the terms in (A.5) would come from evaluating the
expressions like those for V in the text, but in the option value model the AV
terms would clearly not be non-negative. In the proportional hazard model b
would typically be expressed as f(t)-exp(Xﬂ)-h(Zta), where f(t) is a function
of age, X is a vector of variables that remain constant over time, and Zt are
variables that change over time. The latter variables could in principle
include a variable like our Gt(r*), but without estimating its parameters.

The parameters would be assumed and estimation of the hazard model would yield
an estimated coefficient on the computed Gt(r*) values.

Comparison of (A.2) and (A.5) shows that the option value model reduces

to the proportional hazard model if the error v, is assumed to be degenerate

- A-4 -



over time with a unit exponential distribution, if gs(r;)/ks(r;) is non-
increasing, and if gt(rz)/Kt(rz) is set to zero. In this case, the unit
average hazard rate, 9:, is the negative of the change in the nonstochastic
component of the utility, 9t' Equivalently, the haz;rd model can be thought
of as being derived from an underlying optimization problem where the unit
averaged hazard rate is equal to the change, during that interval, in the
value of being retired.

The assumption that gs(r;)/Ks(r;) be mon-increasing is used to obtain
the closed form (A.5). This could be relaxed, however, by using (A.4) to
calculate the probabilities, although this would yield a non-standard hazard
model. Similarly, the assumption of the unit exponential distribution could
be replaced by (say) the assumption of normality, in which case (A.4) implies
that 0_ = <I>(-min[gt(r1é)/l(t(r£),...,gr(ri)/KT(ri)]), where @(+) denotes
the standard normal distribution.

The similarity between (A.2) and (A.5) has two implications. On the one
hand, it suggests that an appropriate formulatlon of the proportional hazard
model might be used to describe retirement behavior, avoiding the multiple
integrals inherent in (2.15) and (2.16). On the other hand, the derivation
makes clear how restrictive the assumptions underlying the proportional hazard
specification are. The derivation also provides a link between the utility
maximization problem discussed in section II and the conventional proportional
hazard model, which is typically presented in an ad-hoc manner with little
economic motivation. While this derivation suggests covariates for its
estimation (namely those entering gt(r)), it also makes its weaknesses more

apparent.
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Appendix B: Wage Forecasting Equation

The estimation procedure uses earnings forecasts to compute the expected
value of the utility of future income, both when employed and after
retirement. Pension benefits depend on the entire earnings history of the
individual at the firm up to the date of retirement. Thus pension benefits
for future dates of retirement are in general based on both earnings history,
known to the individual at the current date, and forecasts of future earnings.
For example, in 1981, estimates of the pension benefits that would be received
were retirement in 1986 involve known earnings through 1981 and forecasts for
the remaining years.

The income forecasting equation, shown in table B-1, was estimated using
98,465 observations, including multiple observations for the same person,
taken from a panel of individuals in the same job category in the same firm as-
the 1500 individuals that were used in the estimation results reported in the
text. The earnings data cover 1969-1984. Nominal earnings were converted to
1980 dollars using the consumer price index. S, and A_ respectively denote
years of service at the firm and age; D72, D73, etc. are dummy variables for
the indicated years. Income forecasts were computed using the average of the
coefficients on the dummy variables for 1978-1980, where the 1980 coefficient
is normalized to be zero.

The data set contains earnings from 1969 on. Thus earnings before 1969
(for those who joined the firm before 1969) were back-cast using a
specification similar to the forecasting equation in table B-1. The estimates
(not reported here) were obtained using the same specification, except that

time was reversed in the sense that all lags were replaced by leads.
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Table B-1
Estimated income forecasting equation

Dependent variable: AlnY,

Regressor Coefficient Standard Error t-statistic
A, -0.00107124 0.001002558 -1.069
S, 0.002456179 0.0009254529 2.654
Ai -0.0001088365 0.00001254898 0.867
S% 0.0001038392 0.00001554057 6.682
A S -0.000129604 0.00002289325 -5.661
AlnY, 4 -0.269047 0.0173911 -15.470
AAlnY, g 0.0001924038 0.0004487285 0.429
S AINY . 4 0.002951872 0.0005582732 5.288
AlnY, 5 -0.29905 0.01681537 -17.784
AAlnY, 5 0.003397685 0.0004338587 7.831
S AInY, o . 0.001986168 0.0005479163 3.625
intercept -0.0759745 0.01984605 -3.828
D72 0.16442198 0.003250329 50.586
D73 0.13501186 0.003229089 41.811
D74 0.12498651 0.003179938 39.305
D75 0.07275624 0.003142718 23.151
D76 0.13272861 0.003113418 42.631
D77 0.13154143 0.003111171 42.280
D78 0.16778513 0.003076656 54.535
D79 0.07741906 0.003073479 25.189
D8l 0.06855253 0.003210239 21.354
D82 0.03074399 0.003277569 9.380
D83 0.05627368 0.003304291 17.030
D84 0.07609989 0.003388655 22.457

SEE = 0.198






