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1 Three Models of Retirement 
Computational Complexity versus 
Predictive Validity 
Robin L. Lumsdaine, James H. Stock, and David A. Wise 

Empirical analysis often raises questions of approximation to underlying in- 
dividual behavior. Closer approximation may require more complex statistical 
specifications. On the other hand, more complex specifications may presume 
computational facility that is beyond the grasp of most real people and there- 
fore less consistent with the actual rules that govern their behavior, even 
though economic theory may lead analysts to increasingly complex specifica- 
tions. Thus, the issue is not only whether more complex models are worth the 
effort but also whether they are better. The answer must necessarily depend 
on the behavior that the analysis is intended to predict. In this paper, we con- 
sider the relation between computational complexity and the predictive valid- 
ity of three models of retirement behavior. 

Retirement has been the subject of a large number of studies over the past 
decade. Most have emphasized the effect of Social Security provisions on re- 
tirement age, but a wide range of methods has been employed. The earlier 
studies in this time period were based on regression or multinomial logit anal- 
ysis (see, e.g., Hurd and Boskin 1981). Subsequent analysis relied on nonlin- 
ear budget constraint formulations of the retirement decision (see, e.g., Burt- 
less 1986; and Gustman and Steinmeier 1986) and on proportional hazard 
model formulations (see, e.g., Hausman and Wise 1985). More recently, sev- 
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era1 authors have developed models that focus on forward-looking comparison 
of the advantages of retirement at alternative ages in the future and on the 
updating of information as persons age. Although the spirit of these latter 
models is basically the same, they vary widely in computational complexity. 
The potential advantages in predictive validity of the computationally more 
complex versions of these models are the primary motivation for this study, 
although to broaden the scope of the comparison we consider a much simpler 
model as well. 

We compare the predictive validity of three models of retirement. The first 
is a simple probit model. The second is the “option value” model developed 
in Stock and Wise (1990a, 1990b). The third is a stochastic dynamic program- 
ming model. We experiment with two versions of this model: one is an adap- 
tation of the extreme value distribution formulation proposed by Berkovec and 
Stem (1991), and the other is the normal distribution formulation proposed by 
Daula and Moffitt (1991). A related but still more complex model has been 
developed by Rust (1989), but we have not attempted to implement his for- 
mulation in the analysis in this paper. 

The analysis is guided by several key ideas. First, all the models are theo- 
retical abstractions; none of them can be reasonably thought of as “true.” The 
important consideration is which decision rule is the best approximation to the 
calculations that govern actual individual behavior. In this paper, judgments 
on which rule is best are based on empirical evidence on the relation between 
model specification and predictive validity. 

Second, the models vary substantially in the computational complexity of 
the decision rules that they attribute to individual decision makers. The option 
value and the dynamic programming rules are both intended to capture the 
same underlying idea, but implementation of dynamic programming rules 
typically implies considerably more computational complexity than imple- 
mentation of the option value rule. The option value model makes a simplify- 
ing assumption that substantially reduces complexity. The probit model is 
much simpler than either of these. 

Third, although the mathematically correct implementation of some deci- 
sion rules requires dynamic programming, there is no single dynamic pro- 
gramming rule. The implied computational complexity depends in important 
ways on specific assumptions, in particular the disturbance term correlation 
structure. It is easier to incorporate more flexible correlation assumptions in 
the option value than in the dynamic programming formulations. Thus, for 
example, the option value specification may be a suboptimal solution to a 
dynamic programming rule that implies computational complexity difficult to 
implement even with a computer. 

A question of practical importance is therefore whether different decision 
rules yield significantly different results. 

The comparisons in this paper are made by estimating the models on the 
same data. The data, which pertain to the retirement decisions in a large For- 
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tune 500 firm, have two important advantages for our purposes. First, the 
retirement decisions can be related to the provisions of the firm’s pension 
plan, and it is therefore possible to simulate the effect of changes in the pen- 
sion plan provisions. Second, the firm offered an unanticipated “window” 
plan in one of the years covered by the data. 

The principal measure of the predictive validity of the models is how well 
they predict the effects of the window plan. Like the typical defined benefit 
pension plan, this firm’s plan provides substantial incentives to retire early. In 
addition, the window plan provided further incentive to retire early. Window 
plans, which have been offered by many firms in recent years, provide special 
bonuses to workers in a specific group-often defined by age, occupational 
group, or even a division within the firm-if the worker retires within a spec- 
ified period of time, typically a year or less. The window plan allows a unique 
external test of the predictive validity of the models; it is possible to compare 
model predictions against actual retirement rates under the window plan. 

We begin by obtaining model parameter estimates based on retirement de- 
cisions in a year (1980) prior to the window plan. We then use these estimates 
to predict retirement in a later year (1982) under the window plan. The esti- 
mates and predictions are based on male nonmanagerial employees. 

A brief description of the firm plan, the special window plan, and the data 
is presented in section 1.1. A more detailed description, borrowed in large 
part from Lumsdaine, Stock, and Wise (1991), is provided in appendix A. 
The models that are compared are explained in section 1.2. The parameter 
estimates and window plan predictions are presented in section 1.3. Section 
1.4 presents simulations of the effects of eliminating the Social Security early 
retirement option. Conclusions are presented in section 1.5. 

1.1 The Data, the Firm Pension Plan, and the Temporary Window 

The analysis is based on a random sample of 993 male nonmanagerial office 
employees at a Fortune 500 firm. They were employed at the firm and were at 
least 50 years old on 1 January 1980, and they had been employed by the firm 
for at least three years prior to 1980. (The criterion that they be employed 
three years facilitates the forecasting of future wage earnings on an individual 
basis .)‘ 

The data, obtained from firm records, include the earnings history of each 
employee from his year of employment, or from 1969 if he was employed 
before then, to retirement, or to 1983 if he had not retired by then. The data 
allow determination of whether the employee continued to work at the firm in 
successive years from 1980 through 1984. The data do not include the em- 
ployment status of workers who left the firm; some employees probably took 
another job after departure from this firm. Thus, strictly speaking, the data 

1. Employees who died between 1980 and 1982 before retiring were not included in the sample. 
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pertain to departure from the firm rather than retirement, but because we have 
no information on postretirement employment, we treat departure as retire- 
ment. 

The firm’s employees are covered by a defined benefit pension plan. The 
plan provides a substantial incentive for the typical employee to remain in the 
firm until age 55 and then an additional incentive to leave the firm before age 
65. The plan is described in detail in appendix A. It has four key features: 

1. The “normal” retirement age is 65. 
2. Workers are vested after ten years of service. 
3. The early retirement age is 55: a worker who departs before age 55 re- 

ceives benefits that are reduced actuarially (approximately 7 percent per 
year) from the normal retirement age benefits, but the benefits of an em- 
ployee who retires at 55 or later are reduced only about 3 percent per year, 
thus creating an incentive to stay until 55 and then an incentive to leave 
the firm. 

4. The benefit formula incorporates a Social Security offset-a reduction of 
firm benefits based on Social Security benefits-but the offset is waived 
until age 65 for persons who retire at 55 or later, thus creating an addi- 
tional incentive for workers to retire between 55 and 65. 

In addition, an employee accrues a benefit entitlement from Social Security, 
with early retirement at age 62 and normal retirement at 65. 

Particularly important for this study is the firm’s 1982 window plan. Under 
the window plan, the firm offered nonmanagerial office employees a tempo- 
rary retirement incentive. The window plan applied to employees between 55 
and 65 who were vested in the firm’s pension plan and to all employees over 
65. Employees who retired in 1982 were offered a bonus equivalent to 3-12 
months’ salary. Although the exact bonus varied by years of service, it was 
typically largest for employees who were between 58 and 62 years old and 
smallest for those 55 and 65.2 Of the 993 employees in our sample, 800 re- 
mained in the firm until 1982. The actual 1982 departure rates of these 800 
employees are used to assess the out-of-sample predictive validity of the three 
retirement models. 

1.2 The Models 

Three retirement models are described, beginning with the “option value” 
model. The simple probit model is explained next and then the dynamic pro- 
gramming specification. 

2. For a detailed description of this window plan and a discussion of the design of efficient 
window plans, see Lurnsdaine, Stock, and Wise (1990). 
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1.2.1 The Option Value Model 
The conceptual model is discussed in some detail in Stock and Wise 

(1990b). It is described only briefly here. At any given age, it is assumed, on 
the basis of information available at that age, that an employee compares the 
expected present value of retiring at that age with the value of retiring at each 
age in the future through age 70, the mandatory retirement age in this firm. 
The maximum of the expected present values of retiring at each future age 
minus the expected present value of immediate retirement is called the option 
value of postponing retirement. A person who does not retire this year main- 
tains the option of retiring at a more advantageous age later on. If the option 
value is positive, the person continues to work; otherwise, he retires. With 
reference to appendix figure 1 A. 1, for example, at age 50 the employee would 
compare the value of the retirement benefits that he would receive were he to 
retire then-approximately $28,000-with the value of wage earnings and 
retirement benefits in each future year. The expected present value of retiring 
at 60 (discounted to age 50), for example, is about $184,000. This calculation 
is repeated as the worker ages, using updated predictions of future wage earn- 
ings and related pension and Social Security benefits. Future earnings fore- 
casts are based on the individual’s past earnings as well as on the earnings of 
other persons in the firm.3 The precise model specification follows. 

A person at age t who continues to work will earn Y, in subsequent years s. 
If the person retires at age r, subsequent retirement benefits will be Bs(r). 
These benefits will depend on the person’s age and years of service at retire- 
ment and on his earnings history; thus, they are a function of the retirement 
age. We suppose that, in deciding whether to retire, the person weighs the 
indirect utility that will be received from future income. Discounted to age t 
at the rate p, the value of this future stream of income if retirement is at age r 
is given by 

( 1 )  V,(r) = C:,:P.-~U,<YJ + C~=,P’-‘U,[B,(~)I, 
where UJY,) is the indirect utility of future wage income and U,[B,(r)] is the 
indirect utility of future retirement benefits. It is assumed that the employee 
will not live past age S. 

The gain, evaluated at age t ,  from postponing retirement until age r is given 
by 

(2) G,W = E,V,(r) - E,V,(t). 

Letting r* be the age that gives the maximum gain, the person will postpone 
retirement if the option value, G,(r*), is positive, 

(3) G,(r*) = E,V,(r*) - E,V,(t) > 0. 

3. For a description of the earnings forecasts, see Stock and Wise (1990b). 
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The utilities of future wage and retirement income are parameterized as 

where o, and 5, are individual-specific random effects, assumed to follow a 
Markovian (first-order autoregressive) process 

( 5 4  o, = PO,-, + ES- , (&J  = 0, 

(5b) 5, = PS,-, + Egs’ E,-, (EgJ = 0. 

The parameter k is to recognize that, in considering whether to retire, the 
utility associated with a dollar of income while retired may be different from 
the utility associated with a dollar of income accompanied by work. Abstract- 
ing from the random terms, at any given age s, the ratio of the utility of retire- 
ment to the utility of employment is [k(B,/Y,)]7. 

Given this specification, the function G,(r) can be decomposed into two 
components: 

(6) G,(r) = g,(r) + +ir), 

where g,(r) and +,(r) distinguish the terms in G i r )  containing the random 
effects, w and 5, from the other terms. If whether the person is alive in future 
years is statistically independent of his earnings stream and the individual 
effects os and t,, g,(r) and +, ( I )  are given by 

(7a) gr(r) = C:::P~-WSI~)E,(Y~ + ~~=.P’-‘~TT(sI~){E,[~B,(~)IY} 
- C~=,P”-‘~(slt>{E,[kls,(t)l~}, 

(7b) 
where n(slt) 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, +,(r) 
can be written as 

(8) 

+,@) = C,:I:P”WSlt)E,(os - 5,), 

+,@I = C:I:P”-‘n(sIt)p”-‘(w, - 5,) 
= K, ( rb , ,  

where K,(r) = C:=;(Pp)s-?r(slt) and v, = o, - 5,. The simplification results 
from the fact that at time t the expected value of v, = o, - 5, is ps-,vr, for 
all future years s. (The term K,[r]  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 K,[r ] .  That is, the more 
distant the potential retirement age, the greater the uncertainty about it, yield- 
ing a heteroskedastic disturbance term.) G,(r) may thus be written simply as 
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If the employee is to retire in year t, G,(r) must be less than zero for every 
potential retirement age r in the future. If r: is the r that yields the maximum 
value of gr(r)/Kr(r), the probability of retirement becomes 

(10) Pr[retire in year t]  = Pr[g,(r:)/K,(r:) < -v,l 

If retirement in only one year is considered, this expression is all that is 
needed. 

More generally, retirement decisions may be considered over two or more 
consecutive years. In this case, the retirement probabilities are simply an ex- 
tension of equation (10). The probability that a person who is employed at age 
twill retire at age 7 > t is given by 

Pr[retire in year 71 = Pr[g,(r;)/K,(r;) > -v,, . . . , 
(1 1) g,- I @ -  IYK,- l(r:- I )  > - v,- I f 

g,(r:YK(r:) < - v,I. 

The probability that the person does not retire during the period covered by 
the data is given by 

Pr[do not retire by year TI = Pr[g,(r;)/K,(r;) > -ur ,  . . . , 
(12) gr- l(r;- IYKr- I(.$- 1 )  > - YT- 1 ,  

gT(r:YKT(ri) > - ~ r l r  

where T is the final period in the data set. This is a multinomial discrete choice 
probability with dependent error terms v,. 

(13) v, = pv,-, + E,, E, i .i .d. N ( 0 ,  e) ,  
where the initial value, u,, is i .i .d. N ( 0 ,  u2) and is independent of E,. The 
covariance between v, and vT+ I is pvar(v,), and the variance of u, for 7 > t is 

The estimates in this paper are based on retirement decisions in only one 
year, and the random terms in equation (5) are assumed to follow a random 
walk, with p = 1. In this case, the covariance between v, and v , + ~  is var(v,), 
and the variance of u, for T 2 t is u2 + (7 - t)u2,. Prior estimates show that 
one- and multiple-year estimates are very ~imilar .~ 

1.2.2 The Probit Model 
The option value model proposes that a person will continue to work if the 

option value of postponing retirement-given by G,(r*) = E,V,(r*) - E,V,(t) 
in equation (3)-is greater than zero. In that model, the option value is deter- 
mined by estimation. That is, the observed retirement decisions are described 
in terms of Pr[G,(r*) > 01, which in turn is described by a particular parame- 

Finally, we assume that v1 follows a Gaussian Markov process, with 

[ P 2 ( ~ - 0  ] ~2 + (E;z;-'p*j)u:. 

4. Estimates based on several consecutive years and with p estimated are shown in Stock and 
Wise (1990b). These generalizations have little effect on the estimates. 
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terization of V,(r). The maximum likelihood estimation procedure determines 
these parameters-y, k, p, and u (and uE if two or more consecutive years are 
used in estimation). Thus, one can think of this procedure as estimating the 
option value on the basis of how employees value future income and leisure. 

An alternative approach is to specify retirement in terms of the gain from 
continuing to work but to calculate the gain on the basis of an assumed valua- 
tion of income (determined by y and k) and an assumed discount rate (p) 
instead of estimating them. Assuming that retirement depends on this calcu- 
luted option value as well as other unobserved determinants of retirement, a 
standard specification of retirement is 

(14) Prlretire in year t] = Pr[6, + 6,G,(r*) + E > 01, 
where Gr(r*) is the option value calculated under the presumed parameter val- 
ues, and assuming the random components of G,(r) (+,[r] in [6] and [7b]) are 
all zero. This is a probit formulation, assuming that E has a normal distribu- 
tion. 

In this case, the effect of the assumed gain from retirement is estimated by 
the parameter 6,.  This formulation is the closest probit counterpart to the op- 
tion value model. In addition to this specification, several others are also esti- 
mated. The alternative specifications predict retirement on the basis of Social 
Security (SS) benefits, pension benefits, the present value of SS benefits (SS 
wealth), the present value of pension benefits (pension wealth), the change in 
the present value of SS benefits from working another year (SS accrual), the 
change in the present value of pension benefits from working another year 
(pension accrual), predicted earnings in the next year, and age. 

1.2.3 The Stochastic Dynamic Programming Model 
The key simplifying assumption in the Stock-Wise option value model is 

that the retirement decision is based on the maximum of the expected present 
values of future utilities if retirement occurs now versus each of the potential 
future ages. The stochastic dynamic programming rule considers instead the 
expected value of the maximum of current versus future options. The ex- 
pected value of the maximum of a series of random variables will be greater 
than the maximum of the expected values. Thus, to the extent that this differ- 
ence is large, the Stock-Wise option value rule underestimates the value of 
postponing retirement. And to the extent that the dynamic programming rule 
is more consistent with individual decisions than the option value rule, the 
Stock-Wise rule may undervalue individual assessment of future retirement 
options. Thus, we consider a model that rests on the dynamic programming 
rule. 

As emphasized above, it is important to understand that there is no single 
dynamic programming model. Because the dynamic programming decision 
rule evaluates the maximum of future disturbance terms, its implementation 
depends in important ways on the error structure that is assumed. Like other 



29 Three Models of Retirement 

users of this model, we assume an error structure-and thus a behavioral 
rule-that simplifies the dynamic programming calculation. In particular, al- 
though the option value model allows correlated disturbances, the random 
disturbances in the dynamic programming model are assumed to be uncorre- 
lated, except for a random individual effect that is used in some specifications. 
Thus, the two models are not exactly comparable. Whether one rule is a better 
approximation to reality than the other may depend not only on the basic idea 
but also on its precise implementation. 

In fact, we implement two versions of the dynamic programming model. In 
the first model, disturbance terms are assumed to follow an extreme value 
distribution. This model is adopted from Berkovec and Stem (1991), with two 
modifications. First, Berkovec and Stem consider three outcomes (full-time 
work, part-time work, and retirement), whereas we consider only two (full- 
time work and retirement, the only states for which we have data). Second, 
the way that we account for individual-specific effects differs from Berkovec 
and Stem’s formulation. 

In the second dynamic programming model, the disturbances are assumed 
to be normally distributed. This formulation is adopted from Daula and Mof- 
fitt’s (1991) dynamic programming model of retention in the military. Our 
model generalizes their specification by allowing for additive individual- 
specific disturbances and by specifying retirement in terms of a parameter- 
ized utility function. With the additional assumption that the unobserved 
individual-specific effects are normally distributed across employees, the er- 
ror structure in this dynamic programming specification is similar to the struc- 
ture in the option value model. In both cases, future errors are normally dis- 
tributed with nonzero covariances. In the option value model, the covariance 
structure derives from the random walk assumption; in the dynamic program- 
ming model, the covariances derive from a components-of-variance structure, 
with an individual-specific effect. 

A more general dynamic programming model of retirement has been devel- 
oped by Rust (1989). Unfortunately, comparison with his model is beyond the 
scope of this study. He assumes that an employee optimizes jointly over both 
age of retirement and future consumption. By admitting continuous and dis- 
crete choice variables, his model poses substantially greater numerical com- 
plexity than the ones we implement. 

In most respects, our dynamic programming model is analogous to the op- 
tion value model. As in that model, at age t an individual is assumed to derive 
utility U,(Y,) + E , ~  from earned income or U,[B,(s)] + E ~ ,  from retirement 
benefits, where s is the retirement age. The disturbances E,, and E~~ are random 
perturbations to these age-specific utilities. Unlike the additive disturbances 
in the option value model, these additive disturbances in the dynamic pro- 
gramming model are assumed to be independent. Future income and retire- 
ment benefits are assumed to be nonrandom; there are no errors in forecasting 
future wage earnings or retirement benefits. 



30 R. L. Lumsdaine, J. H. Stock, and D. A. Wise 

Individuals will presumably have different preferences for employment ver- 
sus retirement. Variation in preferences is allowed for in the extreme value 
distribution version of our model by including individual-specific effects in 
V,(-) and V,(.). They are assumed to be fixed for each person, but they vary 
randomly from person to person. Berkovec and Stem modeled these 
individual-specific effects as additional additive errors. In the extreme value 
distribution version of our model, they enter multiplicatively. In the normal 
distribution version of our model, the random effects enter additively, as ex- 
plained below. 

The Model 

The dynamic programming model is based on the recursive representation 
of the value function. At the beginning of year t ,  the individual has two 
choices: retire now and derive utility from future retirement benefits, or work 
for the year and derive utility from income while working during the year and 
retaining the option to choose the best of retirement or work in the next year. 
Thus, the value function W, at time t is defined as 

w, = maxE,W,(Y,) + El, + PW,+lI, (15) I 
with 

W,+I = max[E*+l[~wv,+l )  + % + I  + PW,+Zl, 

E ~ + ~ ( ~ : = , + , P T - ~ - l { V ~ [ ~ ~ ( t  + 1)1 + Ez,l)], 

where P is the discount factor and, as in the option value model, S is the year 
beyond which the person will not live. 

Because the errors E ~ ,  are assumed to be i.i.d., I?,&,,+, = 0 for T > 0. In 
addition, in computing expected values, each future utility must be discounted 
by the probability of realizing it, that is, by the probability of surviving to 
year T given that the worker is alive in year t ,  ~ ( ~ l t ) .  With these considera- 
tions, the expression (15) can be written as 

W, = max(W,, + E ~ , ,  Wz, + EL,), where 
(16) K, = U,(Y,) + P'TFO + l l~ )E ,w ,+ l ,  

ul,, = C:=,P'-''TFr(~lt)~,[B,(t)I. 
The worker chooses to retire in year t if Wl, + E ~ ,  < Wz, + E~,; otherwise, 

he continues working. The probability that the individual retires is 
Pr(W,, + < Wz, + E~,).  If a person works until the mandatory retirement 
age (70), he retires and receives expected utility W2,,o. 
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Recursions and Computation 

With a suitable assumption on the distribution of the errors err, the expres- 
sion (16) provides the basis for a computable recursion for the nonstochastic 
terms Wt, in the value function. The extreme value and normal distribution 
versions of the model are considered in turn. 

Extreme Value Errors. Following Berkovec and Stern (1991), the E,, are as- 
sumed to be i.i.d. draws from an extreme value distribution with scale param- 
eter cr. Then, for the years preceding mandatory retirement, these assump- 
tions together with equation (16) imply that 

E , Y  + ,/a = Ff + 1 

(17) 
= Y, + 1n[exP(W1,+,/4 + exP(W2,+,ml 

Ye + ~ n ~ e x P [ ~ ~ ( Y , + , ) ~ ~ I e x P [ P . r r ( t  + 21t + 1)F,+21 
+ exP(Wz,+ 

= 

where y, is Euler’s constant. Thus, (17) can be solved by backward recursion, 
with the terminal value coming from the terminal condition that k ,,~ = W2,,. 

The extreme value distributional assumption provides a closed form expres- 
sion for the probability of retirement in year t: 

(18) Pr[retire in year t ]  = Pr[W,, + < WZf + tzZf] 

= exp(W,,/cr)/[exp(W,,/a) + exp(W2,/a)l. 

Gaussian Errors. Following Daula and Moffitt (1991), the E,, are assumed to 
be independent draws from an N ( 0 ,  d) distribution. The Gaussian assumption 
provides a simple expression for the probability of retiring: 

(19) Priretire in year t ]  = Pr[(e,, - E,,)/~~cJ 

< w2, - W I J m J l  = @(a,), 

where a, = (W,, - W,,)/flcr. Then the recursion (16) becomes: 

where +( -) denotes the standard normal density and @( .) denotes the cumula- 
tive normal distribution function. As in (19), @(a,) is the probability that the 
person retires in year t and receives utility W2, plus utility from E ( E ~ ,  I 
e l ,  - cZt < Wzr - WJ. The latter term, plus a comparable term when the 
person continues to work, yields the last term in equation (20). 
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Individual-Specific Effects 

Individual-specific terms are modeled as random effects but are assumed to 
be fixed over time for a given individual. They enter the two versions of the 
dynamic programming models in different ways. Each is discussed in turn. 

Extreme Value Errors. Single year utilities are 

where q k  is constant over time for the same person but random across individ- 
uals. Specifically, it is assumed that q is a lognormal random variable with 
mean one and scale parameter A: q = exp(Az + %A2), where z is i.i.d. 
N(0, 1). A larger A implies greater variability among employee tastes for re- 
tirement versus work; when A = 0, there is no variation, and all employees 
have the same taste. 

Normal Errors. In this case, the unobserved individual components are as- 
sumed to enter additively, with 

where y and k are nonrandom parameters, as above, but 5 is a random additive 
taste for work, assumed to be distributed N ( 0 ,  A*). When A = 0, there is no 
taste variation. 

To summarize, the dynamic programming models are given by the general 
recursion equation (15). It is implemented as shown in equation (17) under 
the assumption that the E;, are i.i.d. extreme value and as shown in equation 
(20) under the assumption that E, are i.i.d. normal. The retirement probabili- 
ties are computed according to equations (18) and (19), respectively. The fixed 
effects specifications are given by equations (21) and (22). The unknown pa- 
rameters to be estimated are (y, k ,  p, u, A). Because of the different distribu- 
tional assumptions, the scale parameter u is not comparable across option 
value or dynamic programming models, and A is not comparable across the 
two dynamic programming models. 

1.3 Results 

The option value and the dynamic programming specifications yield quite 
similar results, and both provide rather good predictions of retirement behav- 
ior under the window plan. The probit specifications yield very poor predic- 
tions of retirement under the window plan, although some specifications fit 
the sample data well. The parameter estimates are discussed first, together 
with standard measures of fit. We then graphically describe the correspon- 
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dence between predicted versus actual retirement behavior, with emphasis on 
out-of-sample predictions of retirement under the 1982 window plan. 

1.3.1 Parameter Estimates 

The Probit Model 

The parameter estimates for several probit specifications are shown in table 
1 . 1 .  The variables are defined as follows: 
Option value: G,(r*) calculated as described in section 1.2.1 with y = 1 ,  

Age: Age in years. 
Income: The predicted wage earnings in the following year if the person con- 

tinues to work. 
SS pv (present value): The predicted present value of entitlement to future SS 

benefits, were the person to retire at the beginning of the year, SS wealth. 
Pension pv (present value): The predicted present value of entitlement to fu- 

ture firm pension benefits, were the person to retire at the beginning of the 
year, pension wealth. 

SS accrual: The predicted change in the present value of entitlement to future 
SS benefits, were the person to continue to work for another year. 

Pension acc (accrual): The predicted change in the present value of entitle- 
ment to future firm pension benefits, were the person to continue to work 
for another year. 
The parameter estimates are with respect to the probability that a person 

will retire. Thus, the negative option value coefficient in specification 1 indi- 
cates that, the greater the option value of continuing to work, the less likely 
the person is to retire. To interpret this specification, recall that the principal 
difference between this probit specification and the option value model is the 
use of assumed parameter values to calculate the option value variable used in 
the probit model. If this probit specification were estimated using the opti- 
mized option value model parameters discussed below (see table 1.2), and if 
the intercept were forced to be zero, then the probit model would essentially 
reproduce the option value model, except for the heteroskedastic disturbance 
term incorporated in the option value model. 

The addition of age (specification 2) substantially improves the model fit, 
but, as is shown in the graphic comparison below, this specification has little 
behavioral relevance. 

Specifications 3-9 are intended to parallel the specification used by Haus- 
man and Wise (1985) in their proportional hazard model of retirement. The 
probit model is a one-period counterpart to the Hausman and Wise analysis 
that followed older workers for ten years, covering five two-year periods. 
Their analysis relied solely on SS wealth and SS accrual (plus other personal 
attributes), however; they had no firm pension data. Specification 8 shows that 

k = 1, and p = .95. 



Table 1.1 Probit Parameter Estimates 

Constant - .38 -7.18 - 1.00 - .82 - 1.10 - .61 - .76 - .93 - .71 - 1.83 
(.11) ( 1 .@I (.lo) (.W (. 10) (.11) (. 10) (.48) ( .24) 

(.W ~09) 
Option value - .68 - .30 

Age . l l  

Income - .70 -5.11 -5.07 - 1.71 - 1.81 - 2.66 -3.21 - .94 
(.28) ( .70) ~ 7 0 )  ( .34) (.33) (.79) (.76) (.31) 

ss pv .69 .90 2.79 
(.08) (1.09) ~ 7 1 )  

(.IS) (.26) ~ 2 4 )  
Pension pv 1.39 .32 .53 

SS + Pen pv 1.36 

SS accrual - 26.47 - 21.43 - 27.54 
(2.44) (8.64) (5.68) 

Pension acc - 10.65 -8.86 -7.59 
(1.18) (1.73) (1.58) 

SS + Pen acc 

~ 1 7 )  

- 10.69 
(1.11) 

Summary statistics: 
-1nY 299.22 277.75 339.69 298.52 298.38 282.62 284.22 281.38 284.85 329.98 
x 2  sample 59.1 35.5 179.5 68.6 65.3 29.1 31.1 28.2 38.2 145.9 
x 2  window 180.3 108.2 512.2’ 191.2 164.9 76.4 75.8 67.5 57.3 229.7’ 

Note: Estimation is by maximum likelihood. All monetary values are in $100,OOO (1980 dollars). The x2  sample statistic is the chi-square statistic relative to the 
predicted vs. the actual number of retirements by age in the estimation sample; the x2  window statistic is the corresponding statistic for predicted vs. actual 
retirement under the window plan. Standard errors are in parentheses. 
aThe window plan bonus is treated as a one-time addition to income. 



Table 1.2 Parameter Estimates for the Option Value and the Dynamic Programming Models 

Dynamic Programming Models 

Option Value Models Extreme Value Normal 

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

Y 

k 

B 

0 

A 

Summary statistics: 
-In 3 
x2  sample 
x 2  window 

1 .w 
1.902 
(.192) 
.855 

(.046) 
,168 

(.016) 

294.59 
36.5 
43.9 

,612 
(.072) 
1.477 
(.445) 
,895 

(.083) 
,109 

(.046) 

280.32 
53.5 
37.5 

1.08 

1.864 
( . 1 W  
,618 

(.048) 
,306 

(.037) 
.w 

279.60 
38.9 
32.4 

1.018 
(.045) 
1.881 
(.185) 
,620 

(.063) 
,302 

(.036) 
.c@ 

279.57 
38.2 
33.5 

1.187 
(.215) 
1.411 
( .307) 
.583 

(. 105) 
.392 

(.090) 
,407 

(.138) 

277.25 
36.2 
33.4 

1 .w 

2.592 

,899 
(.017) 
,224 

(.021) 
.oo" 

(.loo) 

277.24 
45.0 
29.9 

1.187 
(.110) 
2.975 
(.039) 
,916 

(.013) 
.202 

( ,022) 
.c@ 

276.49 
40.7 
25.0 

1.109 
(.275) 
2.974 
( ,374) 
,920 

(.023) 
,168 

(.023) 
,183 

( ,243) 

276.17 
41.5 
24.3 

Nore: Estimation is by maximum likelihood. The option value model is described in sec. 1.2.1, and the stochastic dynamic programming model is described in 
sec. I .2.3. All monetary values are in $lOO,OOO (I980 dollars). See the note to table 1.1.  
'Parameter value imposed. 



36 R. L. Lumsdaine, J. H. Stock, and D. A. Wise 

both SS and pension accrual are associated with continued employment, but 
the estimated coefficients would suggest substantial difference in the magni- 
tude of the effects; the SS accrual coefficient is two and a half times as large 
as the pension coefficient ( - 21.43 vs. - 8.64). (When the SS and the pension 
wealth and accrual variables are combined [specifications 5 and 71, however, 
the estimated effects are much closer to the pension than the SS effects.) Nei- 
ther the S S  nor the pension wealth coefficient is significantly different from 
zero, although both are positive. 

The exclusion of the SS variables has little effect on the estimated effects of 
pension wealth and accrual (specification 9 vs. 8), but the exclusion of the 
pension variables has a substantial effect on the estimated SS effects (specifi- 
cation 10 vs. 8). This suggests that other estimates of the effects of SS on 
retirement, such as those in Hausman and Wise, may be biased because they 
do not control for firm pension benefits. Hausman and Wise, for example, 
find a strong estimated effect of both SS present value and SS accrual, but they 
do not have data on the corresponding pension values. In addition, the x 2  
sample statistics show that the specifications with the pension variables fit the 
sample data much better than the specification with only SS variables (speci- 
fications 8 and 9 vs. 10). And with only S S  variables the effect of the window 
plan cannot be predicted, except by assuming that the effect of pension accrual 
or wealth is the same as the corresponding SS effect. Specification 8 shows 
that this is far from accurate in this case. 

Higher expected wage eamings prolong labor force participation, according 
to these results. 

Likelihood values and two xz statistics are shown at the bottom of table 1.2. 
Aside from the specification that explicitly includes age, the highest likeli- 
hood value is obtained using expected wage eamings for the coming year and 
SS and pension wealth and accruals (specification 8). The sample x 2  statistic 
compares predicted versus actual departure rates by age on the basis of the 
1980 data used in the estimation. The window x2 statistic compares predicted 
versus actual departure rates by age under the 1982 window plan. 

The Option Value Model 

Parameter estimates from the option value model are shown in the first two 
columns of table 1.2. The income parameter y (the risk aversion parameter in 
U,[Y,] = Y; + ws) is 0.612, suggesting essentially risk neutral preferences. 
The estimated value of k in U,(Bs) = [B3(r) ]7  + 5, is 1.477, implying that a 
dollar without working is worth more than a dollar with work, although the 
estimate is not significantly different from one. The estimated value of p, 
0.895, suggests that future expected or promised income is rather highly dis- 
counted relative to income now. 

Dynamic Programming Model 

The estimated parameters based on the dynamic programming decision rule 
are shown in the remaining columns of table 1.2. In general, the estimates are 
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similar to those based on the option value rule. The estimated value of y in the 
extreme value version (specification 2) is close to, and not significantly differ- 
ent from, one, implying that individuals are risk neutral (that utility is linear 
in income). The normal version (specification 5 )  also yields an estimated y 
that is not significantly different from one but is substantially larger than the 
option value estimate (1.19 vs. 0.61). Like the option value results, the dy- 
namic programming results suggest that the value of income together with 
retirement is substantially greater than the value of income together with 
work, although the dynamic programming models yield larger estimated val- 
ues of k .  And, like the option value estimates, the dynamic programming es- 
timates indicate that future income is substantially discounted relative to cur- 
rent income in the determination of retirement. The normal specifications 
yield discount factors close to the option value estimates; the extreme value 
specification implies larger discount rates. 

Estimates of the models including random individual components are re- 
ported as specifications 3 and 6. In neither case does inclusion of random 
individual effects significantly affect other parameter estimates. In the normal 
version, the variance of the individual effect is not significantly different from 
zero, implying no variation in taste for retirement versus work among these 
employees. The extreme value version suggests variation that is significantly 
different from zero, and the specification fits the data somewhat better than 
the specifications without the individual component. In neither case does the 
individual component noticeably improve the prediction of the window plan 
effects. 

Based on the likelihood values, the more forward-looking models fit the 
data better than the probit specifications, with the exception of the probit with 
age. Overall, there is little difference in the likelihood values of the option 
value and the dynamic programming specifications. 

The most informative x2 statistics pertain to the prediction of departure 
rates under the 1982 window plan. In this case, the forward-looking models 
predict actual departure rates substantially better than the probit specifica- 
tions. 

1.3.2 Graphic Comparisons 

The Option Value versus Dynamic Programming Results 

The easiest way to compare the models is by graphing their implied depar- 
ture rates. The option value results (model 2 in table 1.2) are used as a base 
for comparison, and the relevant results are shown in figures 1. l a  and 1.1 b. 
Figure 1. l a  shows the within-sample fit. Departure (hazard) rates by age are 
shown in the top panel. The cumulative departures implied by the departures 
by age are shown in the bottom panel. For example, according to the observed 
departure rates, 72.0 percent of persons employed at age 50 would have left 
the firm by age 62; based on the predicted departure rates, the cumulative 
percentage is 77.7. In general, the predicted departure rates correspond 
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Fig. l . l a  Predicted vs. actual 1980 departure rates and implicit cumulative 
departures, by age: option value model 2 

closely to the actual rates. For example, like the actual rates, the predicted 
rates show substantial jumps at 55, 60, and 62, all of which correspond to 
specific pension plan and SS provisions as described in appendix A. A notice- 
able exception occurs at age 65; among the small proportion of employees 
still in the firm at that age, a much larger proportion leaves the firm than the 
model predicts. This finding is common to all employee groups and to all 
versions of the option value model that we have estimated to date. It is appar- 
ently due to an “age-65-retirement effect” that is unrelated to earnings or re- 
tirement benefits. 

As a test of the predictive validity of the model, the estimates based on 1980 
departure rates have been used to predict departure rates under the 1982 win- 
dow plan. The departure rates of persons offered the window plan bonus were 
typically about twice as high as they were without this special incentive. Pre- 
dicted versus actual rates under the window plan are shown in figure 1. lb, 
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Fig. l . l b  Predicted vs. actual departure rates and implicit cumulative 
departures under the 1982 window plan, based on 1980 parameter estimates, 
and 1981 actual rates: option value model 2 

together with 1981 actual rates. Like the actual rates, the predicted rates under 
the window plan are much higher than the 1981 rates. Thus, in general, the 
model predicts an effect that is comparable in order of magnitude to the actual 
effect. The option value model, however, tends to overpredict departure rates 
for persons between 55 and 58 and to underpredict rates for those between 63 
and 65. Because departures between 55 and 58 are overpredicted, the pre- 
dicted cumulative departures are higher than the actual cumulative rates 
through age 62, as shown in the bottom panel of the figure. (The actual and 
predicted departure rates used in figs. 1. la and l . l b  are shown in appendix 
tables 1B.laand 1B.lb.) 

For comparison, the same graphs are reproduced in figures 1.2a and 1.2b, 
but with the extreme value dynamic programming (specification 2) predictions 
added. The two models yield very similar results. Although the likelihood 
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Fig. 1.2a Predicted vs. actual 1980 departure rates and implicit cumulative 
departures, by age: option value model 2 and stochastic dynamic programming 
model 2 

values from the two models are about the same, the dynamic programming 
within-sample x2 measure of fit is better than the option value measure (as 
shown in table 1.2), and this is reflected in figure 1.2a. In particular, the dy- 
namic programming model fits departure rates between 55 and 59 somewhat 
better than the option value model does. Thus, the implied cumulative rates 
from the dynamic programming model track the actual rates better than the 
option value model predictions do. 

On the other hand, departure rates under the window plan (fig. 1.2b) are 
predicted better by the option value than by the dynamic programming model, 
although the differences are not large. The dynamic programming overpredic- 
tion of departure rates between 55 and 59 is greater than the option value 
overprediction at these ages. In addition, the dynamic programming model 
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Fig. 1.2b Predicted vs. actual departure rates and implicit cumulative 
departures under the 1982 window plan, based on 1980 parameter estimates, 
and 1981 actual rates: option value model 2 and stochastic dynamic 
programming model 2 

overpredicts departure rates through age 63 as well, while the option value 
model underpredicts departure rates beginning at age 61. (The actual and pre- 
dicted departure rates used in figs. 1.2a and 1.2b are shown in appendix tables 
1B.2a and lB.2b.) 

The extreme value and the normal versions of the dynamic programming 
model are compared in figures 1.3a and 1.3b. As the figures show, there is 
little difference between the predictions from the two specifications, although 
the normal version fits actual departure rates under the window plan some- 
what better than the extreme value version. The normal model x2 sample sta- 
tistic is slightly larger than the extreme value statistic, but the normal x2 window 
statistic is lower than the corresponding extreme value statistic, as shown in 
table 1.2. 
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Fig. 1.3a Predicted vs. actual 1980 departure rates and implicit cumulative 
departures, dynamic programming model, by age: extreme value distribution 
(model 2) and normal distribution (model 5) 

The three models are compared in figure 1.4. The figure shows the differ- 
ence between the 1982 and the 1980 predicted departure rates based on the 
three models versus the difference between the actual 1982 and 1980 rates. As 
the previous figures suggest, the three models yield very similar results, al- 
though the option value model tends to underestimate the effects of the win- 
dow plan whereas the dynamic programming models tend to overestimate the 
effects. 

To summarize, in accordance with the actual effect of the window plan, 
both the option value and the dynamic programming models predict a large 
increase in departure rates under the window plan. This comparison does not 
suggest to us that one model is noticeably better or worse than the other. 
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Fig. 1.3b Predicted vs. actual departure rates and implicit cumulative 
departures under the 1982 window plan, based on 1980 parameter estimates, 
and 1981 actual rates: dynamic programming model 2 (extreme value 
distribution) and model 5 (normal distribution) 

Selected Probit Model Results 

The graphs confirm that the probit models are typically inferior to the more 
behavioral forward-looking models. But probit specifications that include 
forward-looking variables capture some of the important features of the option 
value and the dynamic programming rules. The results of the probit model 
using the calculated option value variable (computed with y = 1, k = 1, and 

= .95) are graphed in figures 1.5a and 1.5b. This specification shows very 
little variation in retirement rates with age, as shown in the top panel of figure 
1.5a, and the implied cumulative rates yield a poor approximation to the ac- 
tual rates. The model predicts very little response to the window plan. 

By using both the calculated option value variable and age, it is possible to 
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Fig. 1.4 Actual and predicted increases in retirement rates under the 1982 
window plan: option value model, stochastic dynamic programming-extreme 
value model 3, and stochastic dynamic programming-normal model 6 

fit the observed departure rates well, as shown in figure 1.6a. But this specifi- 
cation has essentially no behavioral implications: as revealed in figure 1.6b, 
there is almost no predicted response to the window plan. 

The probit specification with the best fit (excluding the specification with 
age) is based on the current present value of SS and pension benefit entitle- 
ments (accumulated SS and pension wealth), the accrual in SS and pension 
wealth if the person works another year, and expected wage income if the 
person works another year (specification 8 in table 1.1). This is shown in 
figure 1.8a. This model fits the sample data about as well as the forward- 
looking models; indeed, it yields a lower within-sample x2 statistic than these 
more behavioral models. Essentially the same results are obtained when the 
SS and pension wealth variables are excluded (specification 6 in table 1. l ) ,  as 
shown in figure 1.7a. 

But both these probit specifications greatly overpredict retirement rates 
under the window plan, as shown in figures 1.7b and 1.8b. The window x2 
statistics also show that the forward-looking models predict the window plan 
departure rates much better than the probit models do. Aside from the details 
of functional form, the basic difference between the models is that the probit 
specification assumes that retirement decisions are based on a rule that in- 
volves looking ahead only one period whereas the option value and the dy- 
namic programming rules consider all future potential retirement dates. In this 
instance at least, a rule that incorporates evaluation of events in the foresee- 
able future is more consistent with individual behavior than one that limits 
consideration to events in the next year only. 
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Fig. 1.5a Predicted vs. actual departure rates and 
implicit cumulative departures, by age: probit 
model 1 
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Fig. 1.5b Predicted vs. actual departure rates and 
implicit cumulative departures under the 1982 
window plan, based on 1980 parameter estimates, 
and 1981 actual rates: probit model 1 
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Fig. 1.6a Predicted vs. actual departure rates and 
implicit cumulative departures, by age: probit 
model 2 
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Fig. 1.6b Predicted vs. actual departure rates and 
implicit cumulative departures under the 1982 
window plan, based on 1980 parameter estimates, 
and 1981 actual rates: probit model 2 
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Fig. 1.7a Predicted vs. actual departure rates and 
implicit cumulative departures, by age: probit 
model 6 
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Fig. 1.7b Predicted vs. actual departure rates and 
implicit cumulative departures under the 1982 
window plan, based on 1980 parameter estimates, 
and 1981 actual rates: probit model 6 
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Fig. 1.8a Predicted vs. actual departure rates and implicit cumulative 
departures, by age: probit model 8 

1.4 A Simulation: The Elimination of the Social Security Early 
Retirement Option 

As a further comparison of the models, we have simulated the effect of 
removing the SS early retirement option so that SS benefits are only available 
beginning at age 65. A comparison of predicted retirement rates with and 
without the S S  early retirement is shown in table 1.3 by model for ages 

According to the simulation based on the option value model, eliminating 
SS early retirement reduces predicted retirement rates among persons 62-64 
by about 23 percent. The extreme value dynamic programming specification 
shows noticeably larger effects, but the effects based on the normal dynamic 
programming specification are smaller than the option value estimated effects. 

60-65. 
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Fig, 1.8b Predicted vs. actual departure rates and implicit cumulative 
departures under the 1982 window plan, based on 1980 parameter estimates, 
and 1981 actual rates: probit model 8 

Because a large proportion of employees in this firm have already left the 
firm before 62, the reduction applies to only the small proportion of em- 
ployees who are still working, and thus the effect on the overall retirement is 
small. To the extent that these reductions generalize to workers not covered 
by defined benefit plans with incentives for early retirement, these estimates 
suggest that an increase in the S S  early retirement age would have a very 
substantial effect on labor force participation. A large proportion of retired 
persons relies almost exclusively on SS benefits for retirement income. Ac- 
cording to these estimates, substantially fewer of these employees would 
leave the labor force if they could not collect SS benefits. 

Because of data limitations, it has been common to use parameter estimates 
from models that exclude firm pension plan data to simulate the effect of 
changes in S S  provisions. To demonstrate the potential effect of the exclusion 
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Table 1.3 Retirement Rates in 1980 with and without Social Security Early Retirement 

Dynamic Programming 

Option Value Extreme Value Normal Probit 

Age With Without With Without With Without With Without 

60 ,233 .229 . I88 .I72 .214 .I99 ,249 ,242 
61 ,204 ,197 ,176 ,142 .I90 ,170 .206 ,201 
62 ,262 ,218 ,269 ,177 ,241 ,205 ,175 .I36 
63 .313  ,258 ,314 ,214 ,277 ,240 ,227 155 
64 .360 ,294 ,305 ,230 ,284 ,258 ,281 ,175 
65 ,346 ,346 ,320 ,320 ,314 ,314 ,375 ,375 

Nore: The entries are the predicted retirement rates from maximum likelihood estimates of option value 
model 2,  dynamic programming model 2, dynamic programming model 5 ,  and probit specification 8. 
See the notes to tables I .  1 and 1.2. "With" refers to the base (current) specification. "Without" estimates 
are from a simulation that eliminates the possibility of SS receipt as early as age 62. Under the simula- 
tion. SS benefit receipt begins at age 65. Details are provided in the text. 

of firm plans, we have estimated the dynamic programming normal model 
(specification 5) using only SS benefits-instead of SS and the firm pension 
benefits-and these estimates have been used to simulate the effect of the 
elimination of SS early retirement. The results are shown in table 1.4, where 
they are compared to the dynamic programming normal estimates. The esti- 
mated effect of the elimination of SS early retirement is much greater when 
the firm pension is not accounted for. For example, the retirement rate at 62 
is reduced from .291 to .081; the base model yields a reduction from ,241 
to .205. 

1.5 Summary 

We have compared the in-sample and out-of-sample predictive performance 
of three models of retirement. The goal was to determine which of the retire- 
ment rules most closely matched observed retirement behavior in a large firm. 
The primary measure of predictive validity was the correspondence between 
the model predictions of retirement behavior and actual retirement under the 
firm window plan. Model parameter estimates were obtained on the basis of 
retirement in 1980. These estimates were then used to predict retirement in 
1982 when the window plan was in effect. Retirement rates of persons eligible 
for the window plan bonus typically doubled in 1982 compared to earlier (and 
later) years. 

The option value and the dynamic programming models fit the sample data 
equally well, with a slight advantage to the normal dynamic programming 
model. Both models correctly predicted a very large increase in retirement 
under the window plan, with some advantage in fit to the option value model. 
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Table 1.4 Retirement Rates in 1980 with and without Social Security Early 
Retirement, Comparison with Estimates Based on Social Security 
Only, Using Dynamic Programming Normal Specification 

Dynamic Programming: Normal 

Base (SS & pension data) SS Data Only 

Age With Without With Without 

60 ,214 .199 ,114 ,057 
61 ,190 ,170 ,167 ,067 
62 ,241 ,205 ,291 ,081 
63 .277 ,240 .310 ,118 
64 ,284 ,258 ,334 ,191 
65 ,314 ,314 .356 ,356 

In short, this evidence suggests that the option value and dynamic program- 
ming models are considerably more successful than the less complex probit 
model in approximating the rules individuals use to make retirement decisions 
but that the more complex dynamic programming rule approximates behavior 
no better than the simpler option value rule. More definitive conclusions will 
have to await accumulated evidence based on additional comparisons using 
different data sets and with respect to different pension plan provisions. 

Appendix A 
The Firm Retirement Plan 

To understand the effect of the pension plan provisions, figure 1A. 1 shows the 
expected future compensation of a person from our sample who is 50 years 
old and has been employed by the firm for twenty years. For convenience, 
figure 1A. 1 assumes a 5 percent real discount rate and zero inflation. In the 
estimated model reported in section 1.3, the discount rate is estimated, and 
the inflation rate is assumed to be 5 percent. Total compensation from the firm 
can be viewed as the sum of wage earnings, the accrual of pension benefits, 
and the accrual of Social Security benefits. (This omits medical and other 
unobserved benefits that should be included as compensation but on which we 
do not have data.) As compensation for working another year, the employee 
receives salary earnings. He also receives compensation in the form of future 
pension benefits. The annual compensation in this form is the change in the 
present value of the future pension benefits entitlement due to working an 
additional year. This accrual is comparable to wage earnings. The accrual of 
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Social Security benefits may also be calculated in a similar manner and is also 
comparable to wage earnings. Figure 1A. 1 shows the present value at age 50 
of expected future compensation in all three forms. The line labeled “wage 
earnings” represents cumulated earnings by age of retirement (more precisely, 
by age of departure from the firm, since some workers might well continue to 
work in another job). For example, if the person were to retire at age 62, his 
cumulated earnings between age 50 and age 62, discounted to age-50 dollars, 
would be about $144,000. The slope of the earnings line represents annual 
earnings discounted to age-50 dollars. 

The solid line shows the accrual of firm pension plus Social Security bene- 
fits, again discounted to age-50 dollars. The shape of this profile is determined 
primarily by the pension plan provisions. The plan’s normal retirement age is 
65, and the early retirement age is 55. Cliff vesting occurs at ten years of 
service. Normal retirement benefits at age 65 are determined by age times 
years of service, multiplied by some constant factor. The most important ad- 
ditional provisions-those that determine the shape of the profile in figure 
lA.l-are described here; full details of the plan provisions are presented in 
Kotlikoff and Wise (1987). The present value of retirement benefits increases 
between 50 and 54 because years of service, and possibly earnings, increase. 
An employee could leave the firm at age 53, for example. If he were to do 
that, and if he were vested in the firm’s pension plan, he would be entitled to 
normal retirement pension benefits at age 65, based on his years of service 
and current dollar earnings at age 53. He could start to receive benefits as 
early as age 55, the pension early retirement age, but the benefit amount 
would be reduced actuarially. Thus, in present value terms, the stream of ben- 
efits received beginning at 55 would be equal to the stream of benefits begin- 
ning at 65; the annual benefit amount would be reduced just enough to offset 
the receipt of benefits for ten more years. If he started to receive benefits at 
age 55, they would be only 36 percent of the dollar amount he would receive 
at age 65. If, however, he were to remain in the firm until the early retirement 
age, the situation would be quite different. He would be entitled to normal 
retirement benefits based on his years of service and salary at age 55. But if 
he were to start to receive them at age 55, the benefits would be reduced less 
than actuarially, about 3 percent for each year that retirement precedes age 65, 
instead of 6 or 7 percent. 

In addition, the plan has a Social Security offset provision. Pension benefits 
are offset by a specified amount, depending on the firm estimate of Social 
Security benefits. But if the person takes early retirement, between 55 and 65, 
the Social Security offset is not applied to benefits received before age 65. 
These two provisions create the large discontinuous jump in retirement bene- 
fits at age 55-from about $33,000 to $56,000. This increase is equivalent to 
more than 130 percent of his annual wage earnings at 55. Thus, there is an 
enormous bonus for remaining with the firm until that age. After age 55, how- 
ever, the person who does not retire forgoes the opportunity of taking pension 
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0 
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Total Com pens at ion - 

benefits on very advantageous terms-thus the minimal change in the dis- 
counted value of benefits between 55 and 60. 

If a person has thirty years of service at age 60, he is entitled to full normal 
retirement benefits. No early retirement reduction is applied to benefits if they 
are taken then. That is, by continuing to work, he will no longer gain from 
fewer years of early retirement reduction, as he did before age 60-thus the 
kink in the profile and the decline thereafter. 

The top line shows total compensation. For example, if the employee were 
to leave the firm at age 60, his wage earnings between 50 and 60 would be 
$126,000, shown by the wage earnings line. Thereafter, he would receive firm 
pension plan and Social Security retirement benefits with a present value-at 
age 50-of about $58,000. The sum of the two is about $184,000, shown by 
the top line. The large jump at 55 reflects the early retirement provisions of 
the pension plan. Total compensation declines modestly each year through age 
60 and very rapidly thereafter. After age 62 or 63, annual total compensation 
is close to zero. 

r 
s 0 

Appendix B 
Tabulations of Predicted and Actual Retirement Rates 

t i ' i ' ~ ' i ~ i ~ i ~ / v i ~ i '  

This appendix presents tabulations of the values presented graphically in fig- 
ures 1.1-1.2. These figures are the predicted and actual retirement rates, or 
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hazard rates, for the employees in the data set and the associated cumulative 
retirement rates. 

The actual retirement rates for each age group are the fraction of workers of 
that age who retire during the indicated year. The predicted retirement rates 
are the aggregate rates predicted by the indicated model; that is, the predicted 
retirement rate is the average predicted probability of retiring for all workers 
of the indicated age. 

The cumulative retirement rates are computed from the single-year retire- 
ment rates by following a cohort of one hundred 50-year-olds at the firm for 
the next twenty years, assuming that the annual retirement rates for this cohort 
are the same as the annual retirement rates for the indicated year, predicted or 
actual, as the case may be. For example, in 1980, the actual retirement rates 
(in our sample of 993 workers) of 50-, 51-, and 52-year-olds were, respec- 
tively, .OO, .022, and .054. Thus, the cumulative retirement rate for 52-year- 
oldsis 1 - (1 - .00)(1 - .022)(1 - .054) = .075. 

The numbering of the tables in this appendix corresponds to the numbering 
of the figures in the text: the values plotted in figure l . l a  appear in table 
1B. la, etc. 

Table 1B.la Data for Figure 1.la 

Cumulative Retirement 
Rates Annual Retirement Rates 

No. of 
Age Observations Actual Predicted Actual Predicted 

50 
51 
52 
53 
54 
55 
56 
57 
58 
59 

60 
61 
62 
63 
64 

65 
66 

83 
89 
74 
64 
77 
64 
64 
61 
81 
74 

85 
37 
42 
39 
35 

20 
4 

.Ooo 
,022 
,075 
,133 
.I33 

.I74 

.212 
,277 
,340 
,366 

,530 
,594 
,720 
,784 
,846 

,977 
,988 

,023 
,042 
,055 
,067 
,079 
,167 
,246 
,324 
.419 
SO6 

.62 1 

.698 
,777 
.847 
,902 

.936 
,954 

.Ooo 
,022 
,054 
,063 
.Ooo 

.047 

.047 
,082 
.086 
.041 

.259 
,135 
,310 
,231 
,286 

,850 
,500 

,023 
,019 
,014 
,012 
,013 

,095 
,095 
,104 
.I41 
,149 

,233 
,204 
,262 
.313 
,360 

.346 

.283 

Nore: The actual retirement rates were computed for the 1,OOO persons in the sample. The pre- 
dicted retirement rates are based on option value model 2. 
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Table 1B.lb Data for Figure 1. lb 

Cumulative Retirement Rates Annual Retirement Rates 

Actual Actual Predicted Actual Actual Predicted 
Age 1981 1982 1982 1981 1982 1982 

50 ,000 ,000 ,023 ,000 .Ooo ,023 
51 .036 .022 .042 .036 ,022 .019 
52 ,036 ,022 .053 .Ooo .Ooo .012 
53 ,036 ,044 ,059 ,000 ,023 ,006 
54 ,052 ,044 .062 ,017 .Ooo ,003 
55 ,139 ,126 .I92 .091 ,085 .139 
56 .I95 ,163 .323 .066 ,043 . I62 
57 ,249 ,251 ,480 ,066 ,105 .232 
58 ,276 ,382 ,635 ,036 ,175 ,299 
59 .286 .600 ,758 .014 ,352 ,335 

60 .366 .770 ,860 ,113 ,425 .424 
61 .467 ,887 .923 .159 .508 ,448 
62 .617 .95 1 .961 ,281 ,566 .498 
63 ,723 ,983 ,978 ,276 ,652 ,444 
64 ,824 ,995 .988 ,367 ,714 ,445 

65 ,930 ,999 .993 ,600 .895 .454 
66 ,953 1 .Ooo .996 .333 ,700 ,449 

Nore: Based on 1980 option value model 2 parameter estimates, reported in table 1.2. The sim- 
ulation is described in the text. 

Table 1B.2a Data for Figure 1.2a 

Age - 
50 
51 
52 
53 
54 

55 
56 
57 
58 
59 

60 
61 
62 
63 
64 

65 
66 

Cumulative Retirement Rates Annual Retirement Rates 

No. of Option Dynamic 
Observations Actual Value Programming 

83 
89 
74 
64 
77 

64 
64 
61 
81 
74 

85 
37 
42 
39 
35 

20 
4 

,000 
,022 
,075 
,133 
,133 

.I74 
,212 
,271 
,340 
,366 

,530 
,594 
,720 
,784 
,846 

.977 

.988 

,023 
,042 
.055 
,067 
,079 

,167 
,246 
.324 
,419 
.506 

.62 I 
,698 
,777 
.847 
.902 

,936 
,954 

.02 I 
,043 
,065 
.090 
.I17 

,179 
,240 
,303 
,381 
,461 

,562 
.639 
.I36 
,819 
,874 

,914 
,940 

Actual 

.ooo 
,022 
.054 
,063 
.ooo 
,047 
,047 
,082 
,086 
,041 

,259 
,135 
,310 
.23 1 
,286 

,850 
,500 

Option 
Value 

Dynamic 
Programming 

,023 
,019 
.014 
,012 
.013 

,095 
,095 
,104 
,141 
,149 

,233 
,204 
.262 
,313 
,360 

,346 
,283 

.02 I 
,022 
.023 
.027 
,029 
,070 
,074 
,082 
. I12 
,129 

,188 
.176 
.269 
,314 
,305 

,320 
,295 
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Table 1B.2b Data for Figure 1.2b 

Cumulative Retirement Rates Annual Retirement Rates 

Predicted Predicted Predicted Predicted 
Option Dynamic Option Dynamic 

Actual Actual Value Programming Actual Actual Value Programming 
Age 1981 1982 1982 1982 1981 1982 1982 1982 

50 .ooo 
51 ,036 
52 ,036 
53 .036 
54 ,052 

55 ,139 
56 ,195 
57 .249 
58 ,276 
59 ,286 

60 .366 
61 .467 
62 ,617 
63 .723 
64 .824 

65 ,930 
66 ,953 

.ooo 
,022 
,022 
.044 
.044 

,126 
,163 
,251 
,382 
.600 

,770 
.887 
,951 
.983 
.995 

,999 
1.000 

.023 

.042 
,053 
,059 
.062 

,192 
,323 
,480 
,635 
.758 

,860 
,923 
,961 
,978 
,988 

,993 
,996 

,021 
,043 
,062 
.082 
,103 

.I99 
,329 
,506 
,696 
.827 

,917 
.967 
,990 
.997 
,999 

,999 
1 .Ooo 

,000 
,036 
.Ooo 
,000 
,017 

,091 
.066 
.066 
.036 
.014 

,113 
,159 
,281 
,276 
.367 

,600 
,333 

.ow 

.022 
,000 
,023 
.om 
,085 
,043 
,105 
,175 
,352 

,425 
,508 
,566 
,652 
,714 

,895 
,700 

,023 
,019 
.012 
,006 
.003 

.I39 

. I62 
,232 
.299 
.335 

.424 

.448 

.498 
,444 
,445 
,454 
,449 

.02 I 
,022 
,020 
.022 
,023 

,107 
,162 
,264 
,384 
,430 

.524 
,604 
,703 
,693 
,622 

,543 
,457 
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Comment Sylvester J. Schieber 

In their paper, Robin L. Lumsdaine, James H. Stock, and David A. Wise 
evaluate the complexity of models versus their validity in predicting the retire- 
ment rates of older male workers in a large firm. The firm, coincidentally, 
offered an early retirement window that allowed them to test the alternative 
models being considered by comparing predicted retirement rates at various 
ages with actual rates. 

The paper is extremely interesting and is headed down an important track. 
Understanding the responses to retirement incentives that employers offer 
their employees is of interest to both the public policy and the employer com- 
munities. It is important to policymakers in the development of macro policy 
as shown by the authors’ analysis of the effect of the early retirement option 
under Social Security. It is important to employers in the development of 
micro policies that are aimed at controlling their work forces through the 
structuring of incentives encouraging the continued work or retirement of 
older workers. Employers are particularly interested in anticipating the re- 
sponses to special incentive programs that they introduce to encourage some 
of their workers to leave their current jobs. The introduction of an early retire- 
ment window by the firm on which the authors had data offered an ideal op- 
portunity to test these models’ relative predictive capabilities. While I found 
the paper interesting and to be moving in the right direction, I will voice a 
number of criticisms toward the end of my comments. 

The authors test three different models in the course of their analysis. Their 
basic model, or at least the first one evaluated in the paper, is an “option value” 
model, described in Stock and Wise’s earlier work.‘ In the option value 
model, an employee compares the value of retiring today with the maximum 

Sylvester J .  Schieber is a vice president of the Wyatt Company and director of its Consulting 

1. James H. Stock and David A. Wise, “Pensions, the Option Value of Work, and Retirement,” 
Support Services in Washington, D.C. 

Econometrica 58, no. 5 (September 1990): 1151-80. 
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of the value of retiring at discrete times in the future. If the difference is 
greater than zero, then the individual continues to work. 

I find the option value model appealing because it corresponds with what I 
believe employers implicitly assume in designing their retirement programs. 
Employers today are in a position that they cannot systematically terminate 
older workers because of the Age Discrimination in Employment Act 
(ADEA). Yet they have concluded that the relative productivity of workers 
begins to decline at some age between 55 and 65.2 Given the ADEA restric- 
tions, the only way employers can get rid of workers with declining productiv- 
ity is to bid them out of the firm. Using the option value model, a person will 
continue to work if the option value of postponing retirement is greater than 
zero. The employer typically structures the retirement plan in such a way that 
the option value of continuing to work is less than zero for most workers 
attaining some age. They do this by providing early retirement incentives in 
their pension plans. They can selectively override these early retirement in- 
centives (i.e., manipulate the option value of continuing to work or retiring) 
by increasing current pay for those older workers they want to keep. 

The parameters in the option value model are developed by estimation. The 
second model the authors consider, their probit model, is a variant of the op- 
tion value model, except that the gains from added work life are based on 
assumed values and discount rates. The third model, a stochastic dynamic 
programming model, considers the expected value of maximum current op- 
tions versus future options. Under this model, at the beginning of each year 
the worker decides to take up the utility of the retirement benefits or to work 
another year, deriving the utility of the related earnings and retaining the op- 
tion to make another choice next year. 

In terms of computational complexity, the models would be ranked from 
the easiest (the probit model) to the most complex (the stochastic dynamic 
programming model). The probit model does not generate nearly as good pre- 
dictions of retirement under the window plan as the other two models, which 
are roughly equivalent. 

One criticism of the paper is that the authors are looking at quit rates rather 
than retirement. There is likely to be a considerable amount of second career 
activity going on for individuals who are eligible to partake of many early 
retirement incentive programs, especially early retirement window plans. Cer- 
tainly, workers looking at other job opportunities would be facing signifi- 
cantly different option values for quitting a firm under the circumstances de- 
scribed here than the option values of retirement they would face. 

Another aspect of the value of continued work as it relates to quit or retire- 
ment decisions overlooked in the analysis is the availability of pre-65 retiree 

2. There is no explicit information available documenting employers’ conclusion that produc- 
tivity begins to decline at a specific age. But the incentive effects in pension plans encouraging 
retirement at specific ages are strong implicit evidence that employers have concluded that they 
want certain workers to leave the firm. 
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health benefits and the health care needs of workers and their dependents. In 
some cases, the value of early retirement health benefits may actually exceed 
the value of lifetime pension benefits. In a similar vein, the availability of a 
defined contribution plan that would supplement the basic defined benefit plan 
should be considered in modeling retirement behavior. 

The application of the three models to only one firm might render the con- 
sideration of early retirement benefits and defined contribution plan accumu- 
lations irrelevant if the firm did not have either type of plan. But that in itself 
is a problem. The models should be tested further over a range of firms with 
varying incentives in their basic pension benefits, but also with varying avail- 
ability and generosity of these other supplemental plans. 

In evaluating the relevance of being able to predict retirement under situa- 
tions where explicit incentives are being offered, it is important to be able to 
predict how many workers will retire. The option value and stochastic dy- 
namic programming models do a relatively good job in that regard. It is 
equally important, however, for employers to be able to predict which workers 
will quit under the plan. So the models should be evaluated on their ability to 
predict the quitters quitting and the stayers staying. 

When employers offer early retirement windows, they never expect all eli- 
gible workers to take advantage of the incentives. They are typically looking 
to get rid of the less productive workers among the whole group to whom they 
offer the incentive. The window is considered to be only partly successful if 
the wrong people retire. The models were not tested in this regard. One prob- 
lem with applying such a test would be in identifying which people the com- 
pany wanted to keep and which they did not. One possible way of discrimi- 
nating between the two groups is to look at wage increases over the prior two 
or three years. Presumably, a substantial wage increase above the norm for 
other workers in the company would be the company’s way of indicating the 
employee’s relative productivity. A worker who received a relatively low wage 
increase would presumably be perceived as relatively marginal. 

The conventional wisdom on window plans is that they often, if not almost 
always, encourage the wrong people to quit the firms offering them. This sug- 
gests, at the applied level, that the options value model is not working, or at 
least that it does not appear to be working within the context that Lumsdaine, 
Stock, and Wise are testing it. If the firm is acting rationally and giving the 
workers they desire to keep good raises, it would suggest that the workers’ 
option value for continuing to work should be positive. The converse is true 
for the workers the firm desires to have quit. Yet the keepers seem to leave, 
and the dregs seem to stay under window plans. If this is the case, it would be 
an interesting phenomenon to evaluate with the models being tested here. To 
do so would require added information on the quitters’ subsequent work be- 
havior. I suspect that there is a rational explanation for what generally seems 
to happen under these window plans that could be tested. 

Through the process of annual reviews, raises, bonuses, etc., most employ- 
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ers tell their good workers that they are good. When they communicate a 
window plan, they tell their workers that things are not going well at the firm. 
The workers who are good and know that they are good, because they have 
been told, find the option value of quitting the firm greater than zero but the 
option value of retiring less than zero. They conclude, “I’m good, but my 
situation is bad, and my employer is offering me a bonus to tide me over 
during a transition.” They take the money and run. 

The poor performers, on the other hand, have been getting the message that 
they are not very productive people. The window communicates to them that 
the economic situation in the marketplace is not good. They perceive that their 
option value of continuing to work is greater than zero and that the value of 
continuing in their current job exceeds that of the alternatives they face. They 
conclude, “I may not get any more pay raises if I stay here, but at least I will 
get paid. Also, I do not have a good record to take to a bad market.” There- 
fore, they stay put. 

Finally, in closing, I would like to propose an alternative model to the ones 
tested by the authors. It is a simplified options value model, which I would 
characterize as a goals attainment model. Most workers do not calculate the 
present value of alternative income streams from working or retiring to decide 
when the combined value of a retirement income stream plus their added lei- 
sure more than offsets the value of their income stream if they continue to 
work. 

Most workers want to maintain some preconceived standard of living in 
retirement. Employers gear much of the employee communications material 
to explaining the level of benefits their retirement plans provide and the target 
levels workers have to attain to reach their retirement income goals. Em- 
ployees use this material to help define their goals, but they calculate their 
options values by looking around. They know people they have worked with 
over the years who have retired under their employer’s plans or similar plans 
provided by other employers. They can tell which of those former workers are 
able to maintain a standard of living to which they themselves aspire and 
which are not. Through a process of elimination, they determine which of 
those former employees have the characteristics that they have to roughly 
match in order for their retirement goals to be met. Once they match the char- 
acteristics that they believe correlate with their retirement income goals, they 
retire. 


