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ABSTRACT
This paper constructs a structural retirement model with hyperbolic preferences and uses it to estimate
the effect of several potential policy changes. Estimated effects of policies are compared under hyperbolic
and standard exponential preferences. Sophisticated hyperbolic discounters may accumulate substantial
amounts of wealth for retirement. We find it is frequently difficult to distinguish empirically between
models with the two types of preferences on the basis of asset accumulation paths or consumption
paths around the period of retirement. The simulations also suggest that, despite the much higher initial
time preference rate, individuals with hyperbolic preferences may actually value a real annuity more
than individuals with exponential preferences who have accumulated roughly equal amounts of assets.
This appears to be especially true for individuals with relatively high time preference rates or who
have low assets for whatever reason. This affects the tradeoff between current benefits and future benefits
on which many of the retirement incentives of the Social Security system rest.
Simulations involving increasing the early entitlement age and increasing the delayed retirement credit
do not show a great deal of difference whether exponential or hyperbolic preferences are used, but
simulations for eliminating the earnings test show a non-trivially greater effect when exponential preferences
are used.
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I. Introduction
The impending advance of the baby boom generation into their retirement years, and
perhaps even more importantly, the decline in the birth rate, have created strains on the Social
Security system (Goss, 2010). As a result, increasing attention is being paid to measures that
might encourage workers to stay on the job longer, contribute more to the system, and hence
relieve some of the strain1. Some of the proposals which have been mentioned have been
increases in the early entitlement age, increases in the normal retirement age (which amounts to a
reduction in benefits), and elimination of the earnings test, among others. An important goal of
current research in this field, including the present paper, is to gauge the likely success of such
measures in increasing the retirement age.
This paper brings together two important strands of the recent literature on retirement and
savings. One of these strands is the development of increasingly realistic structural models of
retirement and saving. Empirical structural models of retirement began as relatively simple
decisions as to the optimal time to retire.2 Over time, advances in computational capacity have
allowed these early models to evolve into far richer models involving more nuanced decision sets
and more elements of uncertainty. 3 The decision to retire now includes the possibility of partial
retirement as well as the possibility of returning to work after a period of retirement.4 The
stochastic environment includes not only mortality but also uncertainty as to the returns to assets
and the degree to which an individual will find retirement enjoyable after the fact.5 Other
authors introduce uncertainty in wages and unpredictable health and health care expenditures.
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The U.S. Senate's Special Committee on Aging (2010) discusses a number of options for Social
Security reform.
2
See, for instance, Gustman and Steinmeier (1986) as an early example.
3
See, for instance, Rust and Phelan (1997), French and Jones (2004), French (2005), Scholz,
Seshandri, and Khitatrakun (2004) and Van der Klaauw and Wolpin (2006).
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As an example, see Gustman and Steinmeier (2008b).
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The result has been that the structural models of retirement and saving have increasingly been
able to encompass the major elements affecting the retirement decision.
A second strand of literature is the analysis of so-called “hyperbolic” preferences. These
preferences have been introduced in recent years to reflect the fact that many individuals place a
heavy weight on current consumption, but do not distinguish incremental years in the future
quite so much. Proponents of hyperbolic preferences (Laibson, 1997) point to a wide range of
phenomena which hyperbolic preferences help to explain, such as simultaneously having highinterest credit card debt and low-interest individual retirement accounts. The hyperbolic
preferences used in this paper are actually what are called “quasi-hyperbolic” preferences, with a
high discount rate between the current period and the next period and lower discount rates
between successive future periods.
The literature on hyperbolic preferences focuses mainly on consumption and saving
behavior. While saving for retirement may be an important element of this behavior, the actual
retirement date is largely taken as fixed. On the other hand, the structural retirement models
almost uniformly assume exponential preferences, where a uniform time preference rate, perhaps
differing among individuals, is applied to all future periods.
The purpose of this paper is to construct a structural retirement model that can encompass
hyperbolic preferences. Using this model, we can examine the differences in retirement and
consumption outcomes between those with exponential and hyperbolic preferences, and estimate
and compare the effects of several potential policy changes between those with hyperbolic and
standard exponential preferences. Such comparisons can indicate the sensitivity of the structural
models to assumptions regarding the type of preferences.
The next section looks at several properties of hyperbolic models and examines the
degree to which it is possible to differentiate hyperbolic preferences from exponential
2

preferences in the data. Section III specifies in more detail a structural model which can
encompass either exponential or hyperbolic preferences, and Section IV discusses the stochastic
specification and estimation of the model. Section V analyzes several simulations with the
estimated model to examine what difference the choice of preferences makes to the estimated
effects of potential policy changes. Concluding observations are contained in the last section.

II. Properties of Hyperbolic Models.
In this section we will consider some of the properties of models with hyperbolic
preferences and compare them to models with exponential preferences. With exponential
preferences, expected utility at any period t can be expressed as
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where u(Ci) is the usual increasing but with diminishing marginal returns within-period utility
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In the hyperbolic model, the time preference rate between t and t+1 is ρ1, and between any
two adjacent time periods after t+1 the time preference rate is ρ2. In the presumed case where
ρ1 > ρ2, the individual weighs the current period more heavily than future periods, but does not

distinguish quite as much among future periods. Exponential preferences may be viewed as a
subset of hyperbolic preferences with ρ1 = ρ2.
Theorists distinguish among two variants of the hyperbolic model. In the first variant, the
individual assumes that whatever consumption stream he chooses at time t will be followed in
3

successive periods. This means that he thinks that at time t+1, the time preference rate between
t+1 and t+2 will still be ρ2, despite the fact that at time t, the time preference rate between t
and t+1 is ρ1. Since this is unlikely to be the case, such an individual is commonly called
“naïve.” The alternative case is that the individual knows that although at time t the time
preference rate between t+1 and t+2 is ρ2, when the individual reaches time t+1 the time
preference rate between these same two periods will be ρ1. That is, he knows that his
preferences are inconsistent across time and takes this into account. The literature refers to such
individuals as “sophisticated.”6
In this paper we will deal with individuals with sophisticated hyperbolic preferences.
Naïve hyperbolic individuals would not be able to accumulate any significant amount of wealth,
contrary to what is frequently observed. Though they would recognize the need to save for
retirement, they would always find it advantageous to wait until next year to start saving.
Sophisticated hyperbolic individuals recognize this problem, and they are able to save significant
amounts despite having a high time preference for the current period over future periods.
Exponential vs. Hyperbolic Models for a Representative Individual.

Consider next the difficulties when attempting to distinguish exponential vs. hyperbolic
preferences among individuals in household surveys such as the Health and Retirement Study.
Here we consider a multiperiod model which begins at age 25. The model incorporates survival
tables in calculating future expected utilities, up to a maximum age of 100. This representative
6

Hyperbolic discounting has been used to explain the failure to save and anomalies in saving
behavior. An extension by Diamond and Koszegi (2003) jointly analyzes retirement and saving
behavior. This work focuses on sophisticated hyperbolic discounters and the actions taken by
early selves to influence the behavior of later selves. Diamond and Koszegi discuss cases where,
to augment own welfare in later years, one might either undersave to discourage later selves from
too early a retirement, or may subsidize an undesired early retirement through additional early
savings, even though early selves favor later retirement.
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individual is assumed to have a steady income from earnings of $25,000 (in 1992 dollars) from
age 25 until he retires at age 62. The wife, who is two years younger, is assumed to have a steady
income of $15,000 from age 25 until age 62, at which point she also retires. The husband’s PIA
is assumed to be around $10,000 and the wife’s PIA is assumed to be around $7,000. To keep
things simple, neither spouse is assumed to have a pension. These numbers are fairly close to the
median amounts for the original HRS cohort.
In Figure 1 we look at the asset trajectory of an individual over the age range 50 to 65,
which is typical of the age range for which we observe individuals in the HRS. The solid line in
Figure 1 details the levels of assets for the individual if he had hyperbolic preferences with a
discount factor of 0.67 (ρ1 = 0.50) for the first period and an additional discount factor of 0.98
(ρ2 = 0.02) for each period beyond the first period. As has been previously noticed in the
literature (Harris and Laibson, 2002), individuals with hyperbolic preferences may accumulate a
substantial amount of wealth as long as those preferences are “sophisticated,” meaning that in
each time interval the individual realizes that his future preferences, and in particular the high
discount rate for the immediately subsequent period, will not be the same as his current
preferences. The dashed line in the figure details the levels of assets for the individual if he had
exponential preferences with a discount factor of 0.958 (ρ = 0.041), which would yield
approximately the same amount of assets at age 62 as would the hyperbolic preferences.
The graph suggests that in practice it will be difficult to distinguish between exponential
and hyperbolic preferences, or to distinguish the two parameters of hyperbolic preferences. For
convenience, let us define ψ1 to be the discount factor between the current period and the next
period for an individual with hyperbolic preferences, and ψ2 to be the discount factor for any
two subsequent periods. In this framework, exponential preferences can be considered to be a
case where ψ1 = ψ2. Figure 1 thus plots the asset trajectories for two cases, one where ψ1 is
5

equal to ψ2 and one where it is quite substantially lower. The two curves are fairly close
together; at the two extremes at age 50 and age 65, the difference is less than 9 percent. Looked
at from another angle, between ages 50 and 65 the assets of an individual with exponential
preferences grow by 63 percent, or at an average rate of 3.2 percent per year, while the assets of
an individual with hyperbolic preferences grow by 39 percent, or at an average rate of 2.2
percent per year. Given the substantial reporting errors for the asset levels of individual
respondents in the HRS, especially those who reported asset levels in brackets, and the
uncertainty over the returns that a particular individual would experience because of variations in
asset mixes and in idiosyncratic returns to particular assets, it does not seem prudent to infer the
values of the two discount factors for the hyperbolic model, or whether these two discount
factors are equal, from the growth rate of assets over the period typically observed for HRS
respondents. It does seem reasonable to infer from the overall levels of those assets whether the
discount rates are high or low, that is, those with low levels of assets probably have low discount
factors, while those with high levels of assets probably have higher discount factors. What does
seem questionable is to use the slope of the asset accumulation profile to distinguish between
individuals with exponential preferences vs. those with hyperbolic preferences, or to distinguish
the difference in the two discount rates for those with hyperbolic preferences.
One might ask whether it is possible to distinguish between the two types of preferences
on the basis of consumption. The short answer is that the consumption data probably provides
even less of a means to determine exponential vs. hyperbolic preferences than does the asset
data. Figure 2 plots the consumption amounts for the same individual as before using exponential
vs. hyperbolic preferences. Throughout most of the decade when the individual is in his 50’s,
the consumption differences between exponential and hyperbolic preferences is no more than a
couple of thousand dollars, an amount that is undoubtedly within the measurement error of any
6

kind of household survey. In the early 60’s, the consumption difference widens somewhat, to the
four to five thousand dollar range. Even this represents only a 10 percent difference between the
two consumption profiles, a difference that would still be quite difficult to measure reliably for
individual households in the HRS.
The long and short of the story, then, is that it is probably difficult to tell exponential
preferences from hyperbolic preferences for individual households, or to tell the degree of
hyperbolic preferences for those who have hyperbolic preferences, on the basis of either the asset
data or the consumption data in the HRS. The situation might be different if asset and/or
consumption data were available over a longer time period. Figure 3 gives the asset trajectories
for exponential and hyperbolic preferences over the lifespan, considered in this example to run
from age 25 until age 100. By the time the individual reaches the mid 80’s, the individual with
hyperbolic preferences has exhausted his assets, but the individual with exponential preferences
still has $50,000 to $100,000 in assets. The individual with exponential preferences continues to
have positive levels of assets until the end of his lifespan.
The situation with respect to assets is mirrored with respect to consumption of individuals
with the two sets of preferences. Figure 4 shows the consumption trajectories for these two sets
of preferences. The individual with hyperbolic preferences will spend down his assets to zero by
his mid 80’s, and the consumption level will drop to the level supported by Social Security
benefits. The drop in consumption is rather steep in the last few years before the assets are
exhausted, with consumption falling by almost 50 percent between ages 80 and 85. In these last
few years before assets are exhausted, then, the consumption pattern of sophisticated hyperbolic
individuals starts to look more like the consumption pattern of naïve hyperbolic individuals. The
consumption pattern of individuals with exponential preferences, on the other hand, declines
more smoothly as the individual grows older, and does not reach the level of the Social Security
7

benefit amount until the very end.
The lifetime asset and consumption trajectories of Figures 1 through 4 use a utility
function based approximately on log consumption. In the full model considered in the next
section, utility that is approximately log consumption is required in order to insure that
distribution of individuals who retire at various ages is similar for both individuals with low
lifetime earnings and those with high lifetime earnings. In models with only consumption,
however, a more general model of consumption can be considered. One commonly used is u(Ci)
=

1
1 α

C1i α . If  = 1, this model reduces to log consumption, but this value of  is frequently

considered too low. In order to look at the asset and consumption trajectories with higher values
of , we examine the case with  = 2. Figures 5 and 6 report on the results of the simulations
with this value of .
In Figure 5, we plot the asset trajectories. In comparison to Figure 3, the asset trajectory
in Figure 5 of an individual with exponential preferences reaches a peak which is a few thousand
dollars higher, and the rate of decline of assets is a little less steep in the early retirement years
than is the case in Figure 3. This is not an unexpected result. An individual with  = 2 places a
greater weight on having relatively stable consumption over time than does an individual with 
= 1, and so would want to have a more even drawdown of assets. The major difference between
Figures 3 and 5, however, is for individuals with hyperbolic preferences. With  = 1, the
hyperbolic individual will exhaust assets by around age 85, but with  = 2, the exhaustion of
assets occurs almost 10 years later. As a result, the differences between the asset trajectories of
individuals with exponential vs. hyperbolic preferences is even less in Figure 5 than in Figure 3.
The same thing is true of consumption trajectories, which are illustrated in Figure 6 for
those with  = 2 and in Figure 4 for those with  = 1. In Figure 6, the falloff in consumption
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for hyperbolic individuals in the later years is much less pronounced than is the case in Figure 4,
and such individuals do not depend solely on the Social Security benefits until almost the end.
Again, the difference between hyperbolic individuals and exponential individuals is less distinct
with the higher value of . The implication is that if it is difficult to tell individuals with
exponential preferences apart from individuals with hyperbolic preferences with a value of 
equal to 1, it would be even more difficult to tell them apart with higher values of alpha. Thus,
the inability to tell individuals apart does not depend on the fact that the estimated values of 
in subsequent sections is perhaps lower than would be expected on the basis of consumptiononly models.
Compensating Differentials.

When analyzing potential changes in Social Security, one important issue is the tradeoff
between current benefits and future benefits. Social Security before the normal retirement age is
frequently characterized as being roughly actuarially fair in the sense that if a person waits to
collect benefits, the present value of future increases in those benefits, evaluated at a commonly
used interest rate, is approximately equal to the value of the benefits currently given up. From the
perspective of retirement models, however, what counts is not so much whether the increases in
future benefits are actuarially fair in an accounting sense, but whether the perceived utility value
of the future benefits, discounted at the time preference rate and not by an interest rate, is equal
to the utility value of the benefits currently foregone.
Table 1 presents information related to the magnitude of these tradeoffs. Specifically, it
reports the amount of money that would have to be given to an individual at age 62 to make him
just as well off, in utility terms, as he would be if he were given a $100 real annuity which would
last the longer of his lifetime or his spouse’s lifetime. This amount is frequently called a
compensating differential. The top part of the table applies to the same individual that we have
9

considered earlier in this section, whose behavior is depicted in Figures 1 through 4. The middle
column gives the compensating differentials for the individual with exponential preferences (ρ =
0.041), while the right hand column gives the differentials for the individual with hyperbolic
preferences (ρ1 = 0.5, ρ2 = 0.02). As noted previously, these two individuals would have roughly
the same level of assets at age 62.
Since the value of the compensating differential depends on the level of assets, one can
ask what would be the differential if these two individuals had alternative levels of assets at age
62. For initial levels of assets above around $25,000, the compensating differentials for the
hyperbolic individuals are higher, but not by much. At asset levels below $10,000 (which are not
likely, given the relatively low time preference rates for these individuals), the compensating
differential of the hyperbolic individual is considerably higher.
The lower part of the table gives compensating differentials for individuals with higher
time preferences. In this part of the table, the middle column refers to an exponential consumer
with a time preference rate of 0.18, while the right column refers to a hyperbolic consumer with
a first period time preference rate of 0.5 and subsequent rates of 0.1. Both individuals will have
accumulated the same amount of assets (a little over $20,000) at age 62. For the higher time
preference individuals, the compensating differentials are around $300 higher if the individual
has hyperbolic preferences than if he has exponential preferences, and this difference holds up at
almost any level of initial assets at age 62.
The general conclusions of this exercise is that, for individuals who have achieved a
given level of wealth, they are more likely to be willing to trade off current assets for a stream of
future assets if they have hyperbolic preferences than if they have exponential preferences. This
appears to be especially true for individuals whose overall time preference is relatively high or
whose asset levels are relatively low for whatever reason.
10

III. A Hyperbolic Model of Consumption and Retirement.
As in a standard life cycle model, in each period individuals maximize expected utility
subject to an asset evolution constraint. Consumption and leisure in that period are the choice
variables for that period. Stochastic variables include the returns to assets, mortality outcomes,
and retirement preferences. Potential wages and health are treated as exogenous and nonstochastic. Preferences for retirement may change unexpectedly once a person has retired,
creating a mechanism for reversals from states of greater to lesser work.
In the model, for each year i, the individual chooses consumption Ci and leisure Li to
maximize expected utility:
EU i 

1
1 α

 T 
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In this utility function, the individual has a time preference rate of ρ1 between year i and year
i+1 and a time preference rate of ρ2 between all subsequent periods. The expectations of future
values of C and L are formed on the assumption that the individual knows that in future
periods he will behave in the same way. That is, in period i+1 the choices of Ci+1 and Li+1 will
be made on the basis of a time preference rate of ρ1 between year i+1 and i+2 and a time
preference rate of ρ2 for all subsequent periods. This is the sophisticated hyperbolic assumption,
which assumes that the individual realizes he will have the same self-control problem in future
years, as opposed to the naïve hyperbolic assumption, which would assume that the individual
thinks that he can adhere to this year’s preferences in future years. We focus on the sophisticated
assumption because a naïve hyperbolic individual would never be able to save any substantial
sum for retirement, always figuring that he could start saving next year.
L takes on a value if 1 if the individual is retired, 0 if the individual is working, and
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½ if the individual is partially retired. ht indicates the strength of the individual’s preference for
retirement, which may vary from one year to the next according to the specification below. The
model is estimated for married men, and the income of the spouse is assumed to be exogenous
and non-stochastic. The index m takes on three values indicating whether both members of the
couple survive until year t, only the husband survives, or only the spouse survives. sm,t is the
conditional probability that the household will have the composition described by m in year t.
T corresponds to the maximum age beyond which the household’s survival probabilities are too
small to matter, taken to be 100 in the current work.
The asset constraint is give by:
At = (1 + rt) At-1 + Wt (1 – Lm,t) + Em,t + Bm,t – Cm,t
At is the level of assets in year t, and rt is the stochastic return on those assets in year t. Assets
are assumed to start out at 0 at the beginning of the working life and are not permitted to be
negative. Wt is the wage rate at time t, which will depend on whether the individual has stayed
on his career job, has moved on to a partial retirement job, or has previously retired and gone
back to full-time work. The career job is considered to be the job the individual holds until he
fully or partially retires for the first time. The term Em,t is the income accruing to the spouse,
including earnings and pensions. The spouse is assumed to have a retirement date unaffected by
the husband’s choices, and the term is taken to be zero in states where the spouse is no longer
alive.
Bm,t is the amount of the husband’s pension and the household’s Social Security benefits,
both of which will be affected by the husband’s retirement decisions. For defined benefit
pensions, the benefit amount is determined by the retirement date and continues until death. For
defined contribution plans, the contributions are put into an account and allowed to accrue
subject to the same stochastic return as is applied to assets. The account is assumed to be made
12

available to the husband when he retires from his career job. Household Social Security benefits
are calculated according to the Social Security rules, depending on previous retirement decisions
and the composition of the surviving household. Since most individuals claim benefits as soon as
eligible (Coile et al., 2002; Gustman and Steinmeier, 2002), we do not try to model the
acceptance decision here and instead assume that individuals will claim the benefits as soon as
they can, consistent with the earnings test.7
Retirement preferences are reflected in the coefficient to the leisure term in the utility
function and are characterized by:

h t  e β Xt  εt
The linear form βXt has three terms: a constant, age, and health status. The coefficient of age is
taken to be positive, so that retirement gradually becomes more desirable as the individual ages
and finds work to be more difficult. The εt term in ht reflects the relative preference for leisure.
An individual starts out with a value of ε and keeps this value until he retires from the career
job. Upon retirement, the individual may find that retirement is more or less fulfilling than
anticipated, or perhaps the individual may find that he values consumption relatively more than
he had thought. In any case, experience allows the value of ε to change after retirement, and the
model reflects this by allowing the value of εt to vary after retirement, with values in successive
years correlated with a correlation parameter ρε. If the individual finds that retirement is
substantially less fulfilling than anticipated, a return to work, albeit at a reduced wage as
compared to the career job, may be the optimal decision.
Lγ is proportional to the utility value of leisure. It has a value of zero if the individual is
working full time (L = 0) and a value of one if the individual is fully retired (L = 1). For an
7

For a model that includes benefit claiming as an endogenous decision, see Gustman and
Steinmeier (2008a).
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individual who is partially retired (L = ½), Lγ should take on a value between ½ and 1 if
diminishing marginal utility of leisure is to be satisfied. Call this value Vp. If Vp is close to
unity, full-time work is particularly onerous compared to partial retirement work, and most
people should go through a period of partial retirement. If, on the other hand, Vp is close to ½,
the marginal disutility of work is rising very slowly with additional work, and the likelihood of
partial retirement diminishes.
The individual carries several state variables from one period to the next; these are
variables which are consequences of past decisions and random events that have a bearing on the
current decision. Six state variables are applicable in all periods. These are the level of assets At,
the two time preference rates ρ1 and ρ2, the level of overall leisure preferences εt, the relative
utility of part-time leisure Vp, and whether or not the individual is still in the career job. If the
individual is still in the career job and that job has a defined contribution pension, there is
another state variable relating to the size of the defined contribution pension balance. After the
individual has left the career job, additional state variables related to the value of defined benefit
pension amounts and Social Security benefits are introduced. Before retirement from the career
job, the defined benefit and Social Security amounts are completely determined from the fact
that the individual is still in the career job, and thus these amounts do not have to be included as
separate state variables.

IV. Stochastic Specification and Estimation.
The model is completed by specifying the stochastic and heterogeneous elements. There
are three elements of heterogeneity in the model. The first is the value of the two time preference
parameters ρ1 and ρ2. Time preference is considered to be a fixed effect, meaning that its value
is separately estimated for each observation in the sample. The estimated values of time
14

preference are taken as those values for which the assets simulated by the model match the actual
value of assets at some moment in time. In this estimation, the assets are matched as of 1992,
which is the beginning of the sample period. The second element of heterogeneity of the model
is the initial value of εt, which is the preference for leisure (and therefore retirement). We take
this initial value to be a random effect whose value is drawn from a normal distribution with a
mean of zero and a standard deviation of σε.
The third element of heterogeneity is utility value of partial retirement Vp. This value is
also taken to be a random effect whose initial value is drawn from a truncated exponential
distribution f(Vp )  k e

δ Vp

, defined on the interval ½ to 1. For a given δ, k is the value

needed to make the distribution function integrate to unity over the interval. If δ is positive,
values of Vp toward unity will be more common, and partial retirement will a be higher, while
if δ is negative, values of Vp toward ½ will be more common. Since partial retirement
becomes a greater percentage of total employment at later ages, we allow δ to be a function of
age: δ = δo + δ1 Age. This allows the distribution to shift as the individual ages. However, the
individual maintains his relative position within the distribution; it is this position within the
distribution which is the random effect.
Mortality of the two spouses is considered to be stochastic and is based on life tables
provided by the Social Security Administration. The real interest rate on assets is also considered
to be stochastic and is based on a portfolio which is around half stocks and half money market
funds. We take the real interest rate to be uncorrelated over time since the actual historical
interest rates on these assets is approximately uncorrelated over time periods of a year, which is
the time period used in the model estimation and simulation. This means that the model does not
have to introduce an additional state variable reflecting the value of interest rates, which would
increase the computational complexity.
15

There are eight estimated parameters of the model: The exponent of consumption ;
three elements of β corresponding to a constant, the coefficient of age, and the coefficient of
health; two elements δo and δ1 describing the distribution of partial retirement utilities; the
standard deviation of the leisure preference term σε; and the correlation of leisure preference
after retirement ρε. The method of estimation is the generalized method of simulated moments
(GMM). In a nutshell, this method chooses the parameter values which allow the model to best
match a specified set of moments. There are 43 moments used in the estimation, as follows: 13
moments measuring the fraction of individuals in full-time work between ages 54 and 66; 5
moments to measure the fraction of individuals not in full-time retirement at ages 55, 58, 60, 62,
and 65; 5 moments to measure the fraction of individuals in the low third of lifetime earnings in
full-time work at those ages; 5 moments for a similar measure of individuals in the upper third of
lifetime earnings; 5 moments to measure the fraction of individuals in poor health in full-time
work at those ages and an additional 5 moments for similar individuals not in full retirement; and
a final 5 moments to measure the fraction of individuals who went from a state of greater
retirement to more work between the pairs of survey dates.
The model is estimated for members of the original HRS cohort. It uses matched Social
Security records and the matched pension records when available. Individuals working at least
30 hours per week and 1560 hours per year are counted as full-time. Individuals working at least
100 hours per year but no more than 25 hours per week or 1250 hours per year are counted as
partially retired, and individuals not doing any work at all are counted as fully retired.
Individuals who fall between full-time work and partial retirement or between partial retirement
and full-retirement are classified on the basis of self reports. Wealth is measured in the 1992
survey, and an individual is counted as being is poor health after the first time he self-reports his
health as being “fair” or “poor” for two successive surveys. Earnings are taken from the matched
16

social records if possible and otherwise imputed on the basis of whatever earnings information is
available.
The final sample consists of 2,231 respondents for whom we can construct, at least
approximately, the details of their earnings and income opportunities, and for whom the model
seems appropriate. This is slightly less than half of the number of married men available in the
HRS sample.
We estimate two versions of the model. The first version constrains ρ1 to be equal to ρ2
for each individual, effectively making the model an exponential model. In this model, the
common value of ρ is taken to be that value for which the assets implied by the model equal
observed assets of the individual in 1992. The second version allows the two values of ρ to be
different. As indicated in an earlier section, the ability to distinguish these two values for a
particular individual depends on small differences in the growth rate of assets or in the level of
consumption, differences that are likely to be overwhelmed by measurement error in household
surveys such as the HRS. Thus, rather small differences in wealth in surveys at either or both
ends of the observation period are likely to result in large differences in the implied values of ρ1
and ρ2. Rather than have the estimate values of ρ1 and ρ2 be so imprecisely estimated, we try
an alternative approach, namely be assigning a particular value to one of the two values. Since
much of the theoretical discussions use a first period discount rate of around

2

3

, we assume a

value of ρ1 (ρ1 = 0.5) which generates this discount rate and allow ρ2 to vary so as to make the
assets calculated by the model equal to observed assets in 1992. In some cases a value of ρ2
equal to 0 is insufficient to produce calculated assets equal to observed assets in 1992; in those
cases we set ρ2 equal to 0 and allow ρ1 to adjust until the two asset levels are equal. In other
cases the implied value of ρ2 exceeds ρ1; here we assume that the two values of ρ are equal at
a value which equates the two asset levels.
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Table 2 gives the results of the two estimations. The first column corresponds to
exponential preferences, and the second column to hyperbolic preferences. All the coefficients,
with the exception of the δage coefficient, are significant in the both models, and the two sets of
coefficients are quite similar to one another. One of the central coefficients in the model, βage, is
0.058 in one model and 0.056 in the other. This means that the value of leisure is increasing by
around 5.5% to 6 % per year. This coefficient thus determines the sensitivity of the retirement
age to changes in economic incentives. The faster the value of leisure is increasing with age, the
less room there is for economic incentives to make much of an impact on the retirement age.
With the value of leisure increasing by a relatively small amount per year, changes in economic
incentives to retire can play a meaningful role in determining retirement. The coefficient of the
health variable indicates that poor health has an effect equivalent to being around 7 years older,
and the standard deviation of ε suggests that a one standard deviation in leisure preferences has
an effect equivalent to being around 5 years older. This indicates that differences in leisure
preferences play a substantial role in the dispersion of retirement ages.
With GMM, the overall fit of the model is governed by the q-statistic, which is derived
from the differences between the calculated moments of the model and the observed moments in
the data. The null hypothesis is the model is correct. Under this null hypothesis, it can be shown
that the q-statistic is distributed in a χ2 distribution with degrees of freedom equal to the
differences between the number of moments used in the estimation and the number of parameters
estimated. Large values indicate a poor fit that is unlikely if the model is indeed specified
correctly. Since there are 43 moments used in the estimation and there are 8 parameters, the
appropriate χ2 distribution has 35 degrees of freedom and has a 5 percent significance value of
49.80 and a 4% significance value of 50.93. Thus the q-statistic for the model with exponential
preferences is approximately included in the interval for 5% significance, and the statistic for the
18

model with hyperbolic preferences, though slightly higher, is approximately included in the
interval for 4% significance.

V. Simulations
The Base Simulation.

We begin with a simulation of the model under the actual set of circumstances that
applied to the original HRS cohort. This includes a normal retirement age of 65, a delayed
retirement credit that increasing with successive cohorts toward 8%, and a phase-out of the
earnings test for individuals over the normal retirement age in 2001.
Figure 7 gives the percentage of the cohort that retired from full-time work between the
ages of 55 and 67. Since individuals can go back to full-time work in the model, the percentages
in Figure 7 are the difference in the percentage retired from full-time work at a particular age and
the corresponding percentage at the previous age. These percentages are better thought of as
pseudo-percentages of individuals who retired from full-time work within the year, and they are
composed of a net flow of individuals who leave full-time work that year, minus the flow of
individuals who had been fully or partially retired and within the year have returned to full-time
work.
The percentages corresponding to the dashed lines come from the model with exponential
preferences, and those corresponding to the solid lines come from the model with hyperbolic
preferences. The two lines are relatively close, indicating that both models are able to reproduce
the peak in retirement at age 62 fairly well. The peak at age 62 is not quite two percentage points
higher when the exponential model is used, while the peak at age 65 is not quite two percentage
points higher when the hyperbolic model is used.
Figure 8 gives the percentage of each cohort that is retired from full-time work. This
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contrasts to Figure 7, which gives the pseudo-percentage that retired in the past year. As might
be expected from the estimated values of σε, roughly two thirds of the HRS cohorts retire
between the ages of 55 and 67. The percentages of individuals retired from full-time work
include only those individuals simulated to be retired from full-time work at that age and do not
include individuals who had previously partially or fully retired and then returned to full-time
work. At the earlier ages in the Figure, the group of full-time workers is mostly comprised of
individuals who have never previously retired, but by the late 60’s the percentage of full-time
workers who have been retired at some time in the past rises to almost a third for the model with
exponential preferences and a fourth for the model with hyperbolic preferences. Overall, though,
the dominant message of Figure 8 is that both models fairly closely track the rise in the
percentage of individuals who have left full-time work.
Figure 9 shows the percentage of individuals who are partially retired, by age. This
percentage starts off at around 5 percent at age 55 and rises gradually to around 9 percent at age
61. At age 62, it jumps to around 16 percent and stay at that level for three of four years before a
gradual decline. The jump at age 62 is almost certainly due to the imposition of the earnings test
on Social Security benefits, which for individuals with high time preference rates appears to be
similar to a tax that reduces effective compensation. Since the earnings test has a disregard
amount before it applies, it hits full-time earnings relatively more than part-time earnings and
thus provides an incentive to move from full-time work to part-time work. In the mid 50’s age
range, over three-quarters of the individuals entering partial retirement come from the ranks of
the full-time workers. By the late 60’s, the situation reverses, with between 50 and 60 percent of
individuals entering partial retirement coming from those who had previously been fully retired.
For the comparison of models with exponential preferences with those with hyperbolic
preferences, however, the main point of this figure is that the behavior of the models with the
20

two types of preferences is in fact very similar.
Over the course of their working careers, some 30% of individuals are simulated to return
to full-time work at some time after a period of full or partial retirement. 15% are simulated to
engage in part-time work after a period of full retirement. Since there is some overlap between
the two groups, the percentage of individuals who undergo some type of movement from a state
of more retirement to a state of more work, what we call “reversals,” is around 40%. Thus, a
substantial minority of workers at some point reverse the usual flow from work to retirement and
instead increase their work effort for at least a while.
A major question, of course, is whether using a model with exponential preferences gives
a different answer to the effect of policy changes than does a model with hyperbolic preferences.
Three simulations with different policy changes are generated to answer this question. The
results are in the following paragraphs.
Raising the Early Entitlement Age to 64.

The first set of simulations pertains to raising the early entitlement age to 64, leaving the
other parameters of the Social Security system the same. In particular, the reduction rate for
benefits for early retirement remains the same, so that an individual with a normal retirement age
of 65 would receive a reduction of 6 2 3 % if he were to retire one year earlier, at age 64. That is,
a person retiring at 64 would receive exactly the same benefits; it is just that he would not have
the opportunity to retire even earlier with less benefits.
Figure 10 shows the effects of this policy change on the percentage individuals retiring
from full-time work by age. Note that this simulation does not show the effects of a sudden
change in the early entitlement age; rather, it assumes that the individuals have been aware of
this change from the beginning of their working lives. Hence, this figure should show the longrun effects of this change. The figure clearly indicates that most of the peak in retirement from
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full-time work that formerly occurred at age 62 will shift to age 64 if the early entitlement age is
shifted to this age. The peak of retirement is about 2 percentage points higher for the model with
exponential preferences than for the model with hyperbolic preferences, but this primarily
reflects the fact that the same thing is true in the base simulation illustrated in Figure 7. The
simulations for both the exponential model and the hyperbolic model suggest that the peak at age
62 has not moved in its entirety; there is still a minor peak there, probably reflecting the fact that
some defined benefit pension plans at that time still used 62 as an age for either early or normal
retirement. But the bulk of the peak does move with the shift in the early entitlement age, and
whether the model is framed with exponential preferences or hyperbolic preferences does not
seem to affect this result materially.
Figure 11 shows another aspect of the shift in the early entitlement age, namely the
percentage of the cohort that is in partial retirement at any particular age. In the base results in
Figure 9, the percentage in partial retirement grows slowly up until age 62, jumps considerably at
that age, and stays at the higher level for three or four years before gradually tapering off. Figure
11 suggests that if the early entitlement age increases, the jump in partial retirement will also
shift to the new early entitlement age. Before age 62, and at age 64 and beyond, the amount of
partial retirement is about the same as the original base simulations. It is partial retirement ages
62 and 63 that are substantially affected if the early entitlement age is raised to 64. Again, this
result does not appear to depend very much on whether the model being simulated is based on
exponential preferences or hyperbolic preferences.
Raising the Delayed Retirement Credit to 8%.

The next set of simulations analyzes the situation wherein the delayed retirement credit is
raised uniformly to 8% for the entire sample. Over the course of a couple of decades the delayed
retirement credit, which is the percent that benefits are raised for each additional year the
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individual goes before claiming them, has been raised from 3 percent to 8 percent in a series of ½
percent increases. For the households in the HRS, which contain at least one member born
between 1931 and 1941, this generally means that the delayed retirement credit varied between 5
percent and 7.5 percent. Thus, relative to the base simulation, this set of simulations represents
an increase in the delayed retirement credit of between 0.5 percentage points and 3 percentage
points.
Figure 12 indicates the effect of raising the delayed retirement credit to 8 percent. The
vertical axis measures the difference between the percentage of individuals employed full-time in
the simulation with the 8 percent delayed retirement credit and the corresponding percentage in
the base simulation. Since the delayed retirement credit only applies for delays in retirement after
the normal retirement age, which was age 65 for most individuals in the HRS sample, the effect
on full-time work was minimal for ages 64 and earlier. At age 65, the simulation indicates that
full-time work would increase by a little over 2 percentage points, with the effect declining at
later ages. By age 65, however, only about 28 percent of individuals in the sample are working
full-time in the base simulation, so an increase of 2 percentage points in the number of full-time
workers would translate to an increase of around 7 percent in the number of full-time workers in
this age group. Moreover, this increase would be caused by an average increase in the delayed
retirement credit for this sample of a little under 2 percentage points, from a little over 6 percent
to 8 percent. The effect of the full increase in the delayed retirement credit from the level of 3
percent per year to 8 percent per year would probably be around three times as great.
For present purposes, the salient point of Figure 12 is that the increases in full-time work
effort are very close whether we use the model with exponential preferences or the model with
hyperbolic preferences. The similarities in results between the two models extend to other
measures not included in the figure. For instance, at age 65 the percentage of individuals who are
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partially retired declines by 0.4 percentage points in both models. At the same age, the percent of
individuals who are fully retired declines by 1.8 percentage points if the model with exponential
preferences is used and 1.9 percentage points if the model with hyperbolic preferences is used. In
this particular set of simulations, there do not appear to be any significant differences in the
results of the model using exponential preferences and the model using hyperbolic preferences.
Eliminating the Earnings Test.

The final set of simulations explores the effects of eliminating the earnings test, which
reduces Social Security benefits if recipients earn more than a few thousand dollars annually.
Although future benefits are increased to make up for current benefits lost to the earnings test,
for individuals with high time preference the future benefit increases are not sufficient to
compensate for the current loss. On an actuarial basis, the increases are roughly actuarially fair
for those under age 65, and for the HRS cohorts they are slightly less than fair for those over age
65. In the base simulation, the earnings test is eliminated for those over the normal retirement
age in 2001, reflecting changes in the actual Social Security law.
Figure 13 compares the results from two simulations. The first is a simulation where the
earnings test is uniformly applied to all individuals in all years, including years after 2001. The
second eliminates the earnings test for all individuals in all years and effectively allows everyone
to begin collecting benefits at the early entitlement age regardless of current earnings. The
vertical axis on this figure measures the difference in the percentage of individuals working fulltime in the two simulations. One set of simulations pertains to the model with exponential
preferences, and the other to the model with hyperbolic preferences.
Unlike the previous two sets of simulations, the choice of model does seem to make a
difference when analyzing the effects of eliminating the earnings test. Using the model with
exponential preferences, eliminating the earnings test would increase full-time employment by
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over 4 percentage points in the 62 to 64 age range and by an additional point or two in the 65 to
69 age range. The extra effect for those over 65 is probably due to the fact that in that age range,
the increases in future benefits to make up for lost current benefits is a bit less than actuarially
fair. On the other hand, using the model with hyperbolic preferences there is only a percentage
point or so gain in full-time employment for those in the 62 to 64 age range and a somewhat
greater increase in the 65 to 69 age range.
These results are more or less what one might expect. For an individual with relatively
high time preference rates and therefore likely relatively low asset levels, it requires only around
$800 to $900 to compensate an individual with exponential preferences for the loss of a $100
real annuity from age 62 forward. Put another way, it would take an increase of 11 to 12 percent
in future benefits to compensate for the loss of current benefits. At age 62, the actual increase in
future benefits is from 80% of the primary insurance amount to 86.7% of the primary insurance
amount, which is an increase of 8 percent. Thus, working at age 62 imposes a perceived loss of
roughly 30 percent of the benefit, and in essence reduces the effective earnings by this amount. If
the earnings test is eliminated, then the individual’s effective earnings increase by this amount,
and the individual may be induced to work more.
For individuals with hyperbolic preferences, relatively high time preference rates, and
presumably few assets, the perceived present value of a $100 real annuity starting at age 62 is
around $1,100 to $1,200. This is roughly in line with the actuarial adjustment rate of Social
Security at age 62. Working at age 62 causes a reduction in current benefits, but the individual
receives increases in future benefits with a roughly equal perceived value. If the earnings test is
eliminated, he can receive the current benefit, but he does not perceive himself to be any better
or worse off relative to the situation where the earnings test is in effect. Thus, work effort is not
greatly affected by whether the earnings test is in effect or not.
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After the normal retirement age, which is 65 for most of this sample, the situation
changes somewhat. After that age it is the delayed retirement credit which accounts for increases
in future benefits, and for these cohorts the delayed retirement credit provides less of a boost to
future benefits than occurs before age 65. Thus, for individuals subject to both sets of time
preferences, the increase in future benefits is insufficient to make up for the loss of current
benefits if the earnings test is in effect. If the earnings test is eliminated, then work incentives
increase for both groups, and the impact on full-time work is positive.

VI. Conclusions.
Individuals with hyperbolic time preferences have inconsistent time preferences, in the
sense that their relative valuation of consumption in two periods depends on when they are doing
the valuation. In particular, they may value current consumption highly relative to future
consumption, but have much less strong preferences between consumption at two future dates.
Contrary to what one might expect, such individuals may nevertheless be able to accumulate
substantial amounts of wealth for retirement, at least as long as they realize that in the future,
they will behave the same way as today, and that today’s preferences will not match future
preferences.
Simulations with exponential and hyperbolic preferences suggest that it is frequently
difficult to distinguish empirically between hyperbolic and exponential discounters, at least on
the basis of asset accumulation paths or consumption paths around the period of retirement. The
simulations also suggest that, despite the much higher initial time preference rate, individuals
with hyperbolic preferences may actually value a real annuity more than individuals with
exponential preferences who have accumulated roughly equal amounts of assets. This appears to
be especially true for individuals with relatively high time preference rates or who have low
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assets for whatever reason. This affects the tradeoff between current benefits and future benefits
on which many of the retirement incentives of the Social Security system rest.
The policy simulations have presented a mixed bag. The simulations involving increasing
the early entitlement age and increasing the delayed retirement credit do not show a great deal of
difference whether exponential or hyperbolic preferences are used, but the simulations for
eliminating the earnings test show a non-trivially greater effect when exponential preferences are
used. This latter result probably reflects the differential tradeoffs between current and future
benefits for the two kinds of preferences.
Whether to use exponential preferences or hyperbolic preferences is an unsettled point in
the literature. Proponents of hyperbolic preferences point to modes of behavior, such as
simultaneously holding credit card debt and IRA’s, which are difficult to explain otherwise. On
the other hand, while there continues to be disagreement, some empirical studies conclude that in
the absence of some kind of shock, older individuals do not spend down their wealth, which can
be even more of a problem for hyperbolic behavior than it is for exponential behavior (Poterba,
Venti and Wise, 2010). We have certainly not resolved the issue of whether to use exponential
preferences or hyperbolic preferences in this paper. Since the predictions are the same for most
outcomes and policies, the current literature, which is based on the exponential model, would
seen to be adequate for most purposes. However, the paper does suggest that in the absence of a
consensus, it would probably be wise to investigate the effects of potential policy changes in
both scenarios and be aware of instances in which the effects are sensitive to which set of
preferences is assumed.
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Table 1
Value of a $100 Real Annuity at age 62
Compensating Differential at Age 62 for a $100 Real Immediate Annuity
Asset Level

Exponential

Hyperbolic

Low Time Preference

0
10,000
25,000
50,000
100,000
250,000
500,000

ρ = 0.041

ρ1 = 0.50
ρ2 = 0.02

1,217
1,240
1,263
1,320
1,392
1,530
1,645

1,833
1,829
1,361
1,344
1,430
1,529
1,671

Higher Time Preference

0
10,000
25,000
50,000
100,000
250,000
500,000

ρ = 0.18

ρ1 = 0.50
ρ2 = 0.10

791
846
909
981
1,078
1,225
1,352

1,005
1,137
1,199
1,240
1,318
1,448
1,657
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Table 2
Estimates of the Exponential and Hyperbolic Models
(absolute standard errors in parentheses)
Variable

Exponential Model

Hyperbolic Model



1.04
(0.02)

1.06
(0.02)

βo

- 9.910
(0.020)

- 9.728
(0.018)

βage

0.058
(0.008)

0.056
(0.007)

βhealth

7.17
(0.95)

7.14
(0.75)

δo

- 4.46
(0.55)

- 4.24
(0.52)

δage

- 0.01
(0.10)

0.08
(0.11)

σε

5.38
(0.72)

5.50
(0.38)

ρε

0.72
(0.12)

0.71
(0.10)

50.02

51.16

q-statistic
Number of
observations

2231

Note: The coefficients βhealth and σε are expressed as a multiple of βage in order to facilitate
their interpretation.
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Figure 1
Asset Trajectory of Representative Individual
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Figure 2
Consumption Trajectory of Representative Individual
45
Hyperbolic
40
Exponential

35
30

Consumption
(1000's)

25
20
15
10
5
0
50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65

Age

32

Figure 3
Asset Trajectory of Representative Individual
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Figure 4
Consumption Trajectory of Representative Individual
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Figure 5
Asset Trajectory of Representative Individual,  = 2
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Figure 6
Consumption Trajectory of Representative Individual,  = 2
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Figure 7
Percent Retiring from Full‐Time Work by Age
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Figure 8
Percent Retired from Full‐Time Work by Age
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Figure 9
Percent Partially Retired by Age
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Figure 10
Percent Retiring from Full‐Time Work by Age
Early Entitlement Age Raised to 64
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Figure 11
Percent Partially Retired by Age
Early Entitlement Age Raised to 64
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Figure 12
Effect of Raising the Delayed
Retirement Credit to 8%
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Figure 13
Effect of Eliminating the Earnings Test
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