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Nonconvexities, Retirement,  
and the Elasticity of Labor Supply†

By Richard Rogerson and Johanna Wallenius*

A large literature uses life cycle profiles of hours and wages to estimate the inter-
temporal elasticity of substitution for labor supply, which we henceforth refer to 
as the IES. Virtually all of this literature restricts attention to the prime-age portion 
of the life cycle, and most of it has concluded that the IES is quite small. In this 
article we argue that retirement, specifically the direct movement of a worker from 
full-time work to little or no work, also contains important information about the 
size of the IES. The connection between retirement and the IES is intuitive. The IES 
determines the extent to which individuals value a smooth profile for leisure over 
the life cycle. But since retirement represents a very dramatic change in leisure, the 
fact that individuals willingly incur such a dramatic change in leisure should provide 
information about their willingness to intertemporally substitute.

We explore the connection between retirement and the IES in two settings. In the 
first setting, individuals face a continuous choice of hours, but the budget set is non-
convex because wages increase with hours and there are fixed consumption and time 
costs associated with work. We derive simple closed form expressions that link the 
extent of nonconvexities, the level of hours worked just prior to retirement, and the 
value of the IES that are consistent with retirement representing optimal behavior on 
the part of the individual. Knowing two of these quantities allows us to make infer-
ences about the value of the third quantity. For example, given empirically reason-
able values for the extent of nonconvexities, this expression suggests a value of the 
IES that is 0.75 or greater if an individual is retiring from full-time work (i.e., 2,000 
annual hours). Alternatively, if the IES is as low as 0.25, then the size of nonconvexi-
ties must be larger than existing estimates by almost an order of magnitude in order 
to generate retirement from this same level of hours worked.

Whereas the first setting assumes that workers face a full menu of hours choices, 
the second setting captures the notion that there are limited part-time options avail-
able to workers by assuming that workers face a limited set of choices for hours of 
work. If, for example, as in Rust and Phelan (1997), the only choices are full-time 
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work and no work, we show in a precise sense that observing workers retire provides 
effectively no information about the IES. However, if there is at least one intermedi-
ate option, the fact that this option is not chosen does allow one to make inferences 
about the IES. Assuming one alternative that includes working half time or more, 
we argue that the results from the previous analysis are robust to consideration of 
this limited choice set.

Early estimates of the IES based on micro data were typically less than 0.30 and 
often close to zero.1 Our results are consistent with recent work that has argued for 
various reasons that the IES is significantly larger than suggested by earlier esti-
mates. For example, Domeij and Floden (2006) argue that abstracting from credit 
constraints leads to a bias that is on the order of a factor two, while Low (2005) 
argues that precautionary savings motives also create a negative bias. Imai and 
Keane (2004) argue that the failure to account for endogenous human capital accu-
mulation can result in a bias that is almost a factor of ten.2 A noteworthy feature of 
our estimates is that they are robust to the presence of credit constraints for young 
workers and endogenous human capital accumulation. Chetty (2012) argues that 
optimization frictions such as adjustment costs could also account for a bias as large 
as a factor of two and suggests that a reasonable estimate for the IES is around 0.5.

A novel contribution of our analysis is to point out that adjustment along the 
extensive margin has important information about individual preference parameters. 
In particular, as noted above, in the extreme case in which individual workers can 
choose only between full-time work (say, at 40 hours) and no work, the individual 
preference parameter that determines the individual IES cannot be identified. Put 
somewhat differently, models in which all adjustment is along the extensive mar-
gin do not allow one to uncover the curvature over leisure in the individual utility 
function. This has led many researchers to think that one needs to observe adjust-
ment along the intensive margin in order to estimate parameters of the individual 
utility function for leisure. We show that adjustment along the extensive margin 
also provides important information about the individual preference parameter that 
determines the IES.

An outline of the article follows. In Section II we present evidence on the nature 
of retirement. The key result of this section is to show that for a large set of workers, 
retirement is characterized as a direct movement from full-time work to effectively 
no work. Section III describes the standard life cycle model without any nonconvex-
ities and discusses why it is difficult to account for retirement in the context of this 
model, and in particular how the difficulty is inversely related to the IES. Section IV 
extends the standard model to include various nonconvexities and characterizes the 
level of the IES that is consistent with retirement given the degree of nonconvexities. 
Section V considers the case where only a small set of work hours is available to the 
worker. Section VI concludes.

1 See, for example, the early papers by MaCurdy (1981) and Altonji (1986), both of which produce small 
estimates.

2 Wallenius (2011) argues that a more plausible estimate of the bias is a factor of two.
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I. Retirement in the Data

At age 60, roughly 60 percent of men work in excess of 1,750 hours over the 
course of the year, while about 25 percent do not work at all. By age 70, only about 
10 percent work in excess of 1,750 hours, while almost 75 percent report working 
zero hours.3 In this section we examine the nature of this transition from full-time 
work to not working. Our main finding is that the dominant transition from full-time 
work to not working is an abrupt one, with individuals moving from full-time work 
to little or no work with at most one intermediate value in between. To the extent 
that individuals may initiate the transition from full-time work to little or no work at 
various points over the year, having one intermediate value is consistent with indi-
viduals moving directly from full-time work to little or no work.

To address the nature of this transition we consider evidence from the Panel Study 
of Income Dynamics (PSID). We use the sample created by Heathcote, Perri, and 
Violante (2010) and focus on male heads of households. We include only those 
individuals who have data for hours worked for all years from age 60 to age 70. 
This limits the sample size to 307. Table 1 presents some data on the cross-sectional 
distribution of hours worked by age. Consistent with the statistics reported earlier 
based on CPS data, the single most important dynamic as individuals age in the 
cross-section is the movement from hours of 1,750 or more to zero hours.4

Next we examine transitions at the individual level. To do this we focus on those 
individuals in our sample who have hours of at least 1,750 at age 60 and no more than 
250 hours at each of ages 69 and 70. This yields a sample of 151. We then ask how 
many in this group make a direct transition from full-time work (i.e., h ≥ 1,750) 
to the state of little or no work (i.e., h < 250) at ages 69 and 70. To allow for the 
possibility that this transition may occur during the middle of a calendar year, we 
allow individuals to have one year of intermediate hours as part of the transition. We 
find that 72.2 percent of the subsample of 151 individuals fit this criterion.5

3 These statistics are based on the 2002–2004 March Current Population Survey.
4 Tables A1 and A2 in the online Appendix show that this same cross-sectional pattern is found in the CPS data 

based on pooled cross-sections for the years 2002–2004, for both males and females.
5 We have also considered alternative sample selection rules and criteria. For example, in order to identify persis-

tent full-time workers at age 60 we considered individuals who worked at least 1,750 hours for at least four of the 
five years between ages 56 and 60. And then to single out individuals who had transitioned to a persistent state of 

Table 1—Distribution of Male Annual Hours by Age, PSID

Age Annual hours

0  (0, 250) [250, 750) [750, 1,250) [1,250, 1,750 ) ≥ 1,750   hours
 _ 

worker
  

60 0.09 0.01 0.03 0.04 0.11 0.72 2,036
61 0.11 0.03 0.03 0.03 0.13 0.67 1,974
62 0.18 0.03 0.02 0.08 0.09 0.61 1,949
63 0.25 0.04 0.05 0.09 0.06 0.52 1,860
64 0.32 0.04 0.09 0.06 0.07 0.42 1,731
65 0.41 0.06 0.05 0.08 0.08 0.33 1,672
66 0.50 0.09 0.10 0.09 0.06 0.17 1,249
67 0.59 0.07 0.09 0.07 0.06 0.13 1,241
68 0.65 0.07 0.07 0.07 0.05 0.10 1,172
69 0.69 0.06 0.06 0.07 0.03 0.10 1,129
70 0.71 0.06 0.06 0.05 0.04 0.09 1,161
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For this group of 151 individuals, mean and median hours at age 60 are 2,152 
and 2,048, respectively. Median and mean hours in the last year of full-time work 
before transiting to hours less than 250 are 2,085 and 2,010, respectively. These 
values will be relevant for the calculations that we carry out later. It is relevant to 
compare these values with those in the last column of Table 1, which reports mean 
hours per worker for all workers with positive hours. Especially for ages beyond 65, 
mean hours for all workers are much less than hours for full-time workers. Although 
the amount of part-time work does not change that much over this age range, part-
time work is a greater fraction of total work for later ages precisely because many 
full-time workers have transited to no work. Given that our goal is to understand 
the abrupt transition from full-time work to no work that dominates the transitions 
 during this age range, it is important to note that average hours for all workers is not 
the key statistic of interest.

We conclude that to a first approximation one can think of the typical retirement 
transition for those individuals still working full time at age 60 as consisting of an 
individual moving from working around 2,000 hours per year to effectively zero 
hours.

Blau and Shvydko (2011) find similar behavior using data from the Health and 
Retirement Survey (HRS). The HRS data also allow them to present some addi-
tional correlations of interest. First, while it is true that some of the transitions from 
full-time work to no work are associated with deteriorating health, the majority of 
these transitions occur for individuals who report being in good health both before 
and after the transition. Second, they show that abrupt transitions from full-time 
work to no work are the dominant pattern even among workers who do not have 
defined benefit pension plans and have retiree health benefits. So while it is the case 
that health status and pension benefits may play a role in the labor supply decisions 
for some older workers, abrupt transitions from full-time work to no work seem to 
be a more pervasive phenomenon.

II. Retirement in the Standard Life Cycle Model

In this section we consider retirement in a standard life cycle model of labor 
supply. Motivated by the previous section, we focus on a worker who moves from 
full-time work to no work. Although movements in relative prices can induce indi-
viduals to choose profiles in which leisure (and consumption) change over time, the 
dramatic change in hours worked associated with retirement makes it potentially 
puzzling. Here we provide a quantitative perspective on this puzzle.

Consider the perfect foresight utility maximization problem of a finitely lived 
individual with preferences of the form

(1)  ∑ 
t=0

  
T

   [ u( c t  ) +  α t v(1 −  h t )],

little or no work we considered individuals who had less than 250 hours at each of ages 68 through 70. In this case 
the overall sample size was 108 workers, and of these 75 percent exhibited the direct transition from 1,750 or more 
hours to no more than 250 with at most one intermediate value.
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where T is the length of life, assumed to be known with certainty, and both u and v 
are assumed to be twice continuously differentiable, strictly increasing, strictly con-
cave and have infinite derivative at 0. The parameter  α t  allows for the possibility that 
the marginal rate of substitution between consumption and leisure changes with age. 
To simplify exposition we have assumed that the individual does not discount the 
future but will also assume that the interest rate is zero.6 The present value budget 
equation faced by this individual is given by

(2)  ∑ 
t=0

  
T

    c t   =  ∑ 
t=0

  
T

    w t    h t  + Y,

where Y is the present value of nonlabor income for the individual.
Letting μ be the Lagrange multiplier on the budget equation and assuming an 

interior solution, the first-order condition for  h t  is

(3)  α t  v′ (1 −  h t  ) = μ   w t .

Given our focus on retirement, we are interested in the case where the solution for  
h t  is a number corresponding to full-time work, and  h t+1  equals zero. If the solution 
for  h t  is interior, the solution for  h t+1  is zero only if

(4)  v′ (1 ) ≥  v′ (1 −  h t  )  
 α t  _  α t+1 

     
 w t+1 

 _  w t   .

A simple calculation offers a useful quantitative perspective on this issue. Consider 
a standard choice for the function v:

(5) v(1 − h ) =   1 _ 
1 −   1 _ γ  

   (1 − h  ) 1−  1 _ γ   .

The parameter γ denotes the intertemporal elasticity of substitution for leisure. In 
connecting with the empirical literature it is preferable to consider the intertemporal 
substitution elasticity for labor rather than for leisure. The implied intertemporal 
elasticity of substitution for labor is different by a factor of (1 − h)/h. In what 
follows we will use the abbreviation IES to always refer to the elasticity for labor, 
which as just noted is in general not equal to γ.

To highlight the connection between the value of the IES and the difficulty in gen-
erating retirement we proceed as follows. Denote the ratio   

 α t 
 _  α t+1      

 w t+1 
 _  w t    in equation (4) 

by  R t+1 , which can be interpreted as the return to work per unit of disutility in period 

6 Alternatively, we could assume that the individual discounts at a positive rate but that the interest rate is positive 
and perfectly offsets this discounting. All of our analysis would carry over to this case, but the algebra is somewhat 
simpler in the zero discounting case. More generally, we could assume that the interest rate and discount factor are 
not perfectly offsetting. This induces slopes to the life cycle profiles for hours of work and consumption. While 
there is some empirical support for the presence of these effects they are not central to the issues we focus on here, 
and so in the interest of simplicity we abstract from them.
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t + 1 relative to period t. Equation (4) tells us the highest value of  R t+1  consistent 
with  h t+1  = 0 given a value of γ and a value of  h t . Assuming a weekly endowment 
of discretionary time equal to 100 hours and annual hours of work equal to 2,000, 
we have  h t  = 0.385. Table 2 gives the maximum value of  R t+1  that is consistent 
with inducing retirement at age t + 1. Note that this expression does not depend on 
anything that happened prior to period t (e.g., the level of assets as of period t, or 
previous wages and hours worked) and does not depend explicitly on where we are 
in the life cycle.

Looking at Table 2, even with a very large value of the IES, say, equal to 2, one 
would still require a drop of more than 30 percent in the effective return to work 
between consecutive years to generate retirement. If one focuses on values of the 
IES that are often used in the literature, such as those that are 0.25 and below, one 
needs almost a 100 percent drop in the return to work.

The previous analysis can also be used to gauge the required change in effective 
tax rates associated with Social Security in order to induce retirement. In particu-
lar, assuming no change in the return to work, i.e., constant wages and disutility of 
working, Table 2 tells us the required magnitude of the increase in the effective tax 
rate on earnings to induce retirement. The message is that these rates must be very 
large. One issue to note regarding implicit tax rates associated with private pension 
plans is that these rates are specific to the job and so are typically not relevant if 
the individual considers working for a different employer. In this case the relevant 
calculation would be the value of  R t+1  based on the other job opportunities for this 
individual.

The above calculations were based on the assumption that the individual moves 
from full-time work to no work at all. These values are not much affected by consid-
ering someone who exhibits staged retirement, moving first from full-time to part-
time and then later to retirement. For example, using h = 0.20 to reflect part-time 
work, for an IES of 0.25, the maximum values of  R t+1  consistent with movement 
from full-time to part-time work and then part-time to no work are 0.19 and 0.24, 
respectively.

In summary, it is difficult to reconcile retirement with the standard model of life 
cycle labor supply. While this statement seems to apply to all empirically reasonable 
values of the IES, the difficulty is inversely related to the value of the IES.

III. Nonconvex Budget Sets as a Source of Retirement

In this section we consider factors that generate nonconvex budget sets. Because 
such nonconvexities can lead to discontinuities in the decision rule for hours even 
in the presence of a continuous hours choice, this alternative seems promising as a 
way to generate the abrupt change in hours associated with retirement. Models with 
nonconvex budget sets are also able to address another closely related issue with 
the standard model, which is its difficulty in reconciling the concentration and gaps 

Table 2—Maximum Value of  R t+1  to Induce Retirement

IES = 2 IES = 1 IES = 0.75 IES = 0.5 IES = 0.25 IES = 0.1 IES = 0.05

0.68 0.46 0.36 0.22 0.04 0.0004 0.0000
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found in the distribution of hours worked. (See Cogan 1981 for a classic analysis of 
this issue.) Our main finding is that although nonconvexities ease the tension that we 
found in the standard life cycle model, it is still very much present. Specifically, the 
smaller the IES, the more difficult it is to generate retirement, in the sense that the 
required degree of underlying nonconvexity is larger.

A. Nonlinear Wages

We begin with a variation of the model in Prescott, Rogerson, and Wallenius 
(2009) that features nonlinear wages as in French (2005). Because we want to use 
standard methods to characterize the optimal retirement decision it is convenient to 
formulate the model in continuous time. While one loses the notion of a period in 
the continuous time formulation, when it comes time to interpret some of the model 
features our preferred interpretation is to think in terms of a period being a year, 
so that we want to interpret labor supply during a period as annual hours of work. 
Normalizing the length of life to 1, preferences are now given by

(6)  ∫  
0
  
1

 [u(c(t)) + α(t )v(1 − h(t))]dt.

As in French (2005), we consider a nonconvexity that takes the form of a wage 
schedule that is increasing in hours worked:

(7) w(t ) =  w 0 (t )h(t  ) θ ,

where θ ≥ 0. If θ = 0 this reduces to the standard case in which the wage per unit 
of time worked is independent of the number of hours worked, and the budget set 
is convex. One advantage of this specification is that there has been some empiri-
cal work to guide us in thinking about reasonable values of the parameter θ. (See, 
for example, Moffitt 1984; Keane and Wolpin 2001; and Aaronson and French 
2004.) While there are some important issues involved in estimating this parameter 
and there is by no means a definitive estimate, the value suggested by this work is 
θ = 0.4.7 This is also the value that French (2005) assumed. If θ = 0.4, the penalty 
for working half time would be just less than 25 percent. If θ = 0.5, the penalty 
would be 29 percent.

The present value budget equation is

(8)  ∫  
0
  
1

 c(t )dt =  ∫  
0
  
1

  w 0 (t )h(t  ) 1+θ  dt + Y.

Whereas in the previous section one required changes in at least one of α(t ) or w(t ) 
to generate retirement, with nonlinear wages one can generate retirement without 
any variation in these factors. In order to focus on the forces associated with the 
nonconvexity it is convenient to assume that α(t ) = α and  w 0 (t ) =  w 0  for all t. In 

7 The value of θ is likely to vary across occupations. This would influence the length of the full-time work week 
across occupations as well as the incidence of part-time work.
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the online Appendix we show that our results continue to hold as long as these func-
tions vary continuously. With  w 0  and α constant over time, and the interest rate and 
discount factor perfectly offsetting each other, the optimal timing of work for the 
individual is indeterminate. That is, the individual could choose to do all of the work 
at the beginning of life, all at the end of life, or all in the middle, etc … As such, the 
model may not appear to be a good model of retirement per se.8 However, this is an 
artifact of the extreme but useful assumption that there is no change in the return 
to work over time. If, in contrast, there is even an arbitrarily small positive slope to 
α(t), or negative slope to w(t ) (even if only at later ages), or an arbitrarily small gap 
between the interest rate and the discount rate, then the indeterminacy would vanish. 
Although we work with a specification in which the timing of work is indeterminate, 
our interpretation corresponds to the solution in which work occurs at the beginning 
of life, followed by retirement.

The optimal consumption decision for this individual is to smooth consumption 
perfectly.9 The optimal solution for the hours profile may have positive hours in all 
periods or only in a fraction of periods, depending on whether the nonconvexity is 
sufficiently large to overcome the forces that favor smooth leisure. In either case, 
symmetry implies that hours will be the same in all periods with positive hours.

Assuming an individual works for measure e periods and gives up h units of 
 leisure at each date when working, the utility maximization is

(9)  max  
e, h

    
   u(e  w 0   h 1+θ  + Y  ) + eαv(1 − h ) + (1 − e )αv(1 ).

Our main interest is to determine the conditions necessary for an interior solution for 
e, since this corresponds to there being retirement. Assuming interior solutions for 
both e and h we obtain the following two first-order conditions:

(10)  u′ (e  w 0   h 1+θ  + Y  ) w 0   h 1+θ  = α[v(1 ) − v(1 − h)]

(11)  u′ (e  w 0   h 1+θ  + Y )(1 + θ ) w 0  hθ = α v′ (1 − h ).

Dividing these two equations by each other we obtain

(12)   h _ 
(1 + θ )

   =   
v(1 ) − v(1 − h )

  __  
 v′ (1 − h )

   .

This equation is similar in spirit to equation (4) that we derived in the previous sec-
tion to characterize the conditions necessary to generate retirement in the standard 
model.

8 See also Ljungqvist and Sargent (2012) for further discussion of this issue in the context of a model that fea-
tures learning-by-doing human capital accumulation and depreciation of skills when not working.

9 Later in the article we discuss how the model can address the documented drop in consumption at retirement. 
The model could also be extended in different ways to generate a hump shape in consumption during working life, 
but this does not appear to be central to the issue of generating retirement.
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Assuming v(1 − h ) =   1
 _ 

1 −   1 _ γ  
   (1 − h  ) 1−  1 _ γ   , equation (12) becomes

(13)   h _ 
1 + θ

   =   1 _ 
1 −   1 _ γ  

   [ 1 − (1 − h  ) 1−  1 _ γ    ] (1 − h  )   
1
 _ γ    ,

which now gives us a required value of θ given values for γ and h.10 This expres-
sion does not depend on the utility function u(c ), the level of nonlabor wealth Y, or 
the parameter α. Nor does it depend on the optimal value of e. That is, the restric-
tions required to generate retirement do not depend on the age at which retirement 
happens.11

Before moving to the quantitative results we note a key feature of the above cal-
culation. Although we considered the lifetime utility maximization problem of the 
individual to derive this expression, we would have derived the same expression if 
we had instead focused on the situation, say, of a 50-year-old worker with accumu-
lated assets Y who is solving for optimal behavior over the remaining part of the life 
cycle. This is especially relevant given the possibility that credit constraints, human 
capital accumulation and uncertainty play an important role in shaping choices early 
in the life cycle. As noted in the introduction, the literature has suggested that these 
factors are very important for estimates of the IES. Because we require only that 
these factors are not relevant beyond some age, our calculations are less affected by 
these considerations.12

Table 3 shows the implications for θ and the IES for three different values of 
annual work hours at the time of retirement: 2,000, 1,600, and 1,100, which, given 
an annual endowment of discretionary time equal to 5,200 hours, correspond to 
values of h equal to 0.385, 0.308, and 0.212. Our analysis will focus on the case in 
which annual hours equal 2,000 at retirement, since our empirical analysis showed 
that this represents a substantial part of overall retirement. The other two values are 
of interest in comparing our results with those in French (2005), since his estimation 
procedure targeted average hours of all employed workers.13

Table 3 shows that the smaller the IES and the higher the level of hours at retire-
ment, the larger the nonconvexity needs to be in order to generate retirement as 

10 It is important to note that if the wage depends on hours of work, standard labor supply regressions will pro-
duce a negatively biased estimate of the IES. Rogerson and Wallenius (2009a) find that this bias is substantial in a 
simple model with fixed time costs.

11 Conditional on retirement being optimal, the timing of retirement does depend on the values of parameters 
such as Y and α, so heterogeneity in these values will generate heterogeneity in retirement ages.

12 A standard assumption in the literature on human capital is that the incentive for human capital accumulation 
among older workers is very small, so that wage changes for these workers are effectively exogenous. See, for 
example, Heckman, Lochner, and Taber (1998) and Huggett, Ventura, and Yaron (2011).

13 With our utility function, the value of the IES depends on the level of hours. In presenting our results we will 
continue to report the value of the IES at annual work hours of 2,000, even if retirement occurs from a lower level.

Table 3— θ Needed for Retirement 

IES: 2.0 1.0 0.75 0.5 0.25 0.1 0.05

h = 0.385 0.23 0.48 0.67 1.09 2.64 8.38 18.37
h = 0.308 0.16 0.35 0.48 0.76 1.78 5.69 12.77
h = 0.212 0.10 0.21 0.29 0.45 1.00 3.13 7.31
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part of an optimal choice for the individual. If we consider θ = 0.4 as a reasonable 
magnitude, values of the IES below 1.00 are not consistent with retirement if annual 
hours are 2,000. Note, however, that retirement from a level of annual hours equal 
to 1,100 requires a value of θ that is less than half as large, so that θ = 0.40 is con-
sistent with an IES a bit above 0.50.

B. Fixed Time and Consumption Costs

The above calculation considered one source of nonconvexity. The literature has 
suggested that there are other potential nonconvexities, such as fixed time and con-
sumption costs associated with work. (Cogan 1981 is an early example.) From the 
perspective of annual labor supply, it is not clear what these fixed costs might be, 
since many examples of fixed costs (e.g., commuting time, work clothes) would seem 
to be variable costs if an individual chooses days of work per year. Nonetheless, we 
report below how the above calculations are affected by the addition of fixed time 
and consumption costs.

Denote fixed consumption and time costs by   
_ c   and   

_
 h   respectively, and assume 

they are incurred at any time in which hours of market work are positive. The fixed 
consumption cost yields no utility to the individual, and the fixed time cost does not 
contribute to the increasing wage schedule.

The individual now solves

(14)  max  
e, h

    
   u(e  w 0 (h −   

_
 h    ) 1+θ  − e  

_ c   + Y ) + eαv(1 − h ) + (1 − e )αv(1 ).

True consumption will be equalized at all dates, but measured consumption when 
working,  c w , will be greater than measured consumption when not working,  c r   , by 
the amount of the fixed cost   

_ c  . Proceeding as before, a necessary condition for an 
interior solution for e is

(15)   
(1 + θ ) w 0 (h −   

_
 h    ) θ 
  __  

 w 0 (h −   
_
 h    ) 1+θ  −   _ c  

   =   
 v′ (1 − h )

  __  
v(1 ) − v(1 − h )

  .

To facilitate calculations, it is useful to parameterize the level of the fixed cost as 
a fraction    c   of labor income, i.e.,   

_ c   =    c   w 0 (h −   
_
 h    ) 1+θ , which gives

(16)   
(1 + θ )

  __  
(1 −    c  )(h −   

_
 h   )
   =   

 v′ (1 − h )
  __  

v(1 ) − v(1 − h )
  .

The literature offers some evidence for the potential size of these fixed costs. 
Banks, Blundell, and Tanner (1995, 1998) and Aguiar and Hurst (2008) offer esti-
mates of the importance of categories that they label “work-related expenses” for 
the United Kingdom and United States respectively. It is important to note that these 
estimates should be viewed as upper bounds, since these categories do include items 
that are not necessarily work related (e.g., clothing). Relative to total consump-
tion expenditure, these studies find a consumption share of work-related expenses 
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in the range of 15–20 percent. A distinct but closely related perspective relates to 
the consumption drop at retirement. Because our individual smooths the part of 
consumption that does not represent fixed costs, it follows that consumption drops 
by   

_ c   at retirement. Assuming that an individual spends roughly 2/3 of his/her life 
in employment and begins with zero wealth, the ratio of consumption in retirement 
to consumption when working  (    c r  _  c w    )  is given by 1/(1 + 1.5   c  /(1 −    c  )). There is a 
range of estimates for the consumption drop at retirement. Early estimates by Banks, 
Blundell, and Tanner (1998) and Bernheim, Skinner, and Weinberg (2001) find a 
drop of roughly 20 percent for the United Kingdom and United States respectively, 
whereas more recent analyses like Aguiar and Hurst (2008) and Aguila, Attanasio, 
and Meghir (2011) have argued that there is no evidence of a consumption drop. 
Because the literature has also pointed out other reasons for the drop in consumption 
at retirement, we view this method as supplying a very loose upper bound. In any 
case, we report results for values ranging from 10 percent to 20 percent.

Estimates of commuting time vary. Stutzer and Frey (2008) report daily commut-
ing time of 48.8 minutes per day based on the US Census Bureau’s 2002 American 
Community Survey, whereas an OECD (2011) report based on time use data indi-
cates a value of 28 minutes per day. Assuming 250 commuting days, the value of 
48.8 minutes per day amounts to 203 annual hours, or roughly 10 percent of full-
time work. Juster and Stafford (1991) report commuting times that are a bit less than 
10 percent of total time spent working. Consistent with our earlier concern about 
whether commuting time is a fixed cost at the annual level, these authors report that 
commuting time as a fraction of working time is relatively constant for men and 
women despite the fact that men work almost 50 percent more than women. We 
report results for the case in which commuting time is ten percent of working time.

Table 4 presents the results for the case in which annual hours are 2,000 at the time 
of retirement. The main message from this table is that while adding these fixed costs 
of working does make it somewhat easier to generate retirement from annual hours 
of work equal to 2,000, the effect is not that large. In particular, whereas Table 3 
required an IES in excess of 1.0, even in the most extreme case in Table 4, with  
 c r / c w  = 0.80, the lower threshold is reduced only to 0.75.

It is interesting to compare these results with those in French (2005). In his esti-
mated model the IES for prime aged individuals is around 0.35, θ = 0.40, fixed 
time costs are 335 hours per year, there are no fixed consumption costs, and he 
is able to generate an age profile for retirement that is similar to that found in the 
data. As noted earlier, French’s estimation procedure targets mean hours by age but 
does not specifically target the hours worked of those individuals who retire in the 
next period. In his estimated model, most retirement will come from the bottom of 
the hours worked distribution, and the minimum level of hours worked is 1,072. 
We have already noted in Table 2 that generating retirement from annual hours of 

Table 4— θ Needed for Retirement with Fixed Costs  (h = 0.385,  
_
 h  = 0.1h) 

IES: 2.0 1.0 0.75 0.5 0.25 0.1 0.05

  
 c r 
 _  c w    = 0.90 0.07 0.32 0.52 0.95 2.53 8.31 18.24

  
 c r 
 _  c w    = 0.85 0.03 0.27 0.46 0.87 2.39 7.95 17.49

  
 c r 
 _  c w    = 0.80 −0.02 0.22 0.40 0.79 2.25 7.57 16.71
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1,100 is significantly easier than generating retirement from annual hours of 2,000. 
To pursue this further we consider the implications of our framework for the case 
of  retirement from annual hours of 1,100 and assuming a fixed time cost of 335 
hours. In this case we find that a value of θ = 0.40 is consistent with an IES equal 
to 0.41. While our framework is considerably simpler than his, we conclude that 
our findings are consistent.14 Specifically, while it is possible to generate retirement 
from relatively low hours worked with a relatively low IES and existing measures of 
nonconvexities, this is not true for generating retirement from levels of annual hours 
as high as 2,000. Moreover, the difficulty increases quite rapidly as we increase the 
level of hours worked at retirement. For example, if annual hours are 1,600, the 
required level of the IES assuming θ = 0.4 and fixed time costs of 335 hours is 0.71.

C. Discussion

As already noted, we show in the online Appendix that adding age-varying wages 
or utility does not matter at all for the results derived above if we assume that these 
profiles are continuous. A different possibility is that age affects the slope of the 
marginal utility of leisure. In particular, one might argue that relative to younger 
workers, older workers get tired at a faster rate as hours of work increase. One way to 
capture this is to assume that the curvature in the utility of leisure function increases 
with age. Consistent with previous discussion, this has no effect on the expression 
that we derived, as it characterizes the relationship between preference parameters 
and hours of work at the time of retirement. Hence, our calculations would then be 
relevant for the value of the IES at retirement. To the extent that the utility function 
for leisure might exhibit more curvature at older ages than at younger ages, our esti-
mates represent a lower bound for the value of the IES at younger ages.

Separability between consumption and leisure does not seem central to our 
results. Following Trabandt and Uhlig (2009) and Shimer (2010), consider the fol-
lowing specification of preferences that is both consistent with balanced growth and 
exhibits a constant Frisch labor supply elasticity:

(17)   1 _ 
1 − η

   c(t  ) 1−η   [ 1 − κ(1 − η )h(t  ) 1+  1 _ 
ϕ
     ]  η  ,

where η, κ, and ϕ are all positive. The IES is equal to ϕ. In the online Appendix 
we show that one can again generate an expression linking the magnitude of the 
IES with the magnitude of the nonconvexities and hours worked at retirement. The 
required nonconvexities are somewhat larger for this specification, but, most impor-
tantly, they do not depend on the value of η.15

14 Alternatively, since French has a fixed time cost of 335 hours per year relative to minimum hours worked of 
just under 1,100, one might conjecture that scaling up both the fixed time cost and hours at retirement might also 
reconcile the results. This turns out not to be the case. If we assume that annual hours at retirement are 2,000 and 
the fixed time cost is one quarter of total work plus fixed time costs, then the implied value of the IES given θ = 0.4 
is approximately 0.94.

15 This specification has zero disutility of work when hours are zero, thereby making it harder to generate a solu-
tion with zero hours of work. In Rogerson and Wallenius (2009b) we show via simulation that the nonseparable case 
requires similar nonconvexities as the separable case when utility is Cobb-Douglas over consumption and leisure.
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The nonseparable specification is also related to the large literature that seeks to 
both measure and account for the drop in consumption that is associated with retire-
ment (see Laitner and Silverman 2005). If the value of the parameter η is greater 
than one then one can show that the above specification does entail a drop in con-
sumption at retirement. However, our derivation shows that the value of η has no 
impact on the extent of the nonconvexity required to generate retirement. In the 
context of this specification, generating retirement is a completely separate issue 
from generating a drop in consumption at the time of retirement.

Lastly, our analysis has abstracted from Social Security and private pensions. 
Here, we argue that our results are robust to the inclusion of these features in the 
US context. For individuals in the United States who retire at full retirement age 
(or beyond), Social Security is effectively a lump-sum transfer of income, since for 
most individuals there is effectively no restriction on the amount of work that they 
can do. The expressions that we have derived above allowed for the possibility of an 
income transfer in addition to labor income, and so are consistent with this case. For 
individuals who retire prior to full retirement age, the situation is somewhat more 
complicated. In this case individuals are subject to an earnings test, and their Social 
Security benefits are reduced if earnings exceed a threshold. However, if benefits are 
reduced because of the earnings test, future benefits are increased in a fashion that is 
roughly neutral in terms of present value. Hence, even at earlier ages, Social Security 
is still approximately a lump-sum transfer independent of the individual’s labor sup-
ply decision. However, this argument does not apply if the individual is credit con-
strained, either because of low current income or high level of impatience, since he or 
she cannot borrow against future Social Security payments and will therefore place a 
higher value on the option that delivers the payments sooner. While our analysis does 
not cover these individuals, our main message seems to still be relevant: to the extent 
that credit constraints are the driving force behind their retirement, the individuals 
have an even greater incentive to work part time up to the point where benefits are 
not reduced, making it difficult to understand why they would move from full time 
to no work.

We conclude that given the structure of the Social Security system in the United 
States, the presence of Social Security is not of first-order importance for our cal-
culations.16 We note however, that this would not be the case in a country in which 
Social Security benefits are contingent on not working, since in this case the discon-
tinuity in the benefits system can induce large changes in the effective return to work 
and, hence, serve as the driving force in generating retirement.

In contrast to the provisions of Social Security in the United States, there are 
some companies offering private pensions such that at a certain point an individual 
may have accumulated sufficient experience to be eligible for a pension that is the 
same as his or her current salary. As documented in Blau and Shvydko (2011), this 
is not the dominant source of abrupt retirements in the data. Additionally, what is 
important for our calculations is the change in the return to market work at the time 

16 We have not discussed the role of Medicare. Rust and Phelan (1997) argue that some workers postpone retire-
ment until age 65 due to the fact that Medicare is available at age 65. While there is a spike in retirement at 65, 
most retirement occurs at other ages. In our model one can think of Medicare as a program that provides a transfer 
payment (equal to the present value of health insurance) at age 65. In the absence of credit constraints, our results 
carry over to this case.
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of  retirement, not simply the return to work at the previous employer.17 Even if an 
individual faces little or no return to working at his or her current firm, the relevant 
quantity for our calculation is to incorporate the extent of the drop in wages that 
the individual must accept when moving to alternative employment. However, as 
emphasized earlier in the paper, even wage drops as large as 25 percent have virtu-
ally no power to induce retirement for low values of the IES.

IV. Restricted Hours Choices and Retirement

The previous section maintained the assumption that an individual could choose 
any level of work hours, subject to the constraint that the return per unit of time might 
vary with the level of hours worked. This approach seeks to identify the nonconvexi-
ties that individuals face in order to rationalize the observed discontinuities in their 
choice of hours from the perspective of optimal individual labor supply. An alterna-
tive view is that workers simply face a restricted finite set of work options, so that at 
any point in time their choice of hours need not satisfy a first-order condition derived 
from the household optimization problem.18 In the extreme case in which individuals 
face two options—work full time (h =  h f   ) at an implied wage per unit of time equal 
to  w f   , or not at all (h = 0)—then observing that individuals retire will by itself offer 
no information whatsoever about the value of the IES. In particular, it is easy to show 
that in this extreme case one can rationalize retirement from any level of hours  h f  for 
any value of the IES. To see why, consider as before an individual with lifetime utility

  ∫  
0
  
1

 [u(c(t)) + αv(1 − h(t))] dt,

who can only choose h(t ) in the set {0,   h f  }, faces a wage rate per unit time of 
 w f  when working  h f , and has access to complete credit markets. Letting e denote the 
fraction of life spent in employment, the individual’s problem is to solve

(18)  max  
e
    
   u(e  w f   h f  + Y ) + eαv(1 −  h f  ) + (1 − e )αv(1 ),

where Y is nonlabor wealth as before. This problem is similar to those considered 
earlier, with the key difference that  h f  is not a choice variable. Assuming an interior 
solution for e (i.e., that retirement occurs), the first-order condition is

(19)  u′ (e  w f   h f  + Y ) w f    h f  = α[v(1 ) − v(1 −  h f )].

Assuming u(c ) = log(c ) and v(1 − h ) =   1
 _ 

1 −   1 _ γ  
   (1 −  h f   ) 1−  1 _ γ   , equation (19) becomes

(20)   1 _ 
e + A

   =   α _ 
1 −   1 _ γ  

   [ 1 − (1 −  h f   ) 1−  1 _ γ     ]  ,

17 As with Social Security, the wealth effect associated with the pension is implicitly incorporated in nonlabor 
income.

18 Hurd (1996), for example, argues that this can rationalize retirement.
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where A = Y/ w f   h f . Even given arbitrary values for the fraction of life spent in 
employment (e), hours of work while employed ( h f  ), and nonlabor wealth relative 
to labor earnings, this expression can be made consistent with any value of γ by 
choosing an appropriate value of the preference shift parameter α. It follows that 
if one adopts this extreme case, our approach has nothing to say about empirically 
reasonable values of the IES.

However, even if a given individual does not transition from full-time work to 
part-time work as part of the retirement process, it seems reasonable to think that 
some part-time options actually exist; the fact that they were not chosen simply 
implies that they were not sufficiently attractive. Knowing that a particular part-
time option exists but was not sufficiently attractive to be chosen does provide some 
information about preferences.

In particular, consider the case in which there is one part-time option available, 
characterized by hours  h p  = 0.5  h f , and that the wage per unit of time for this option 

is given by  w p  =   (    h p 
 _  h f 
    )  θ   w f . Similar to the calculations in the previous section, the 

presence of this single part-time option and the fact that it was not chosen imposes 
a joint restriction on the values of θ and γ. Specifically, assuming u(c ) = log(c ), we 
show that for given values of γ,  h   f  , and  h p , there is a lower bound on the value of θ 
that is consistent with the individual’s not choosing the part-time option  h p  as part of 
the optimal life cycle labor supply profile. For each γ we can ask whether the half-
time option would be chosen if it were available. Intuitively, given that the utility 
function is concave in leisure and that the individual is initially choosing to work 
full time some of the time and not at all in the remaining time, the option of working 
an intermediate value for at least some of the time is appealing as long as the wage 
penalty for this option is not too large.

Here we sketch results for one special case; details can be found in the online 
Appendix. Assume that the values of  h f   , γ, and α are such that the optimal value for e, 
denoted by  e * , consistent with (18) is interior. Denote the maximized utility by  U  * . Now 
we expand the set of options to include working  h p  hours, with a wage per unit time of  

  (    h p 
 _  h f 
    )  θ   w f  . There are two possible forms that the new solution may take in the event that 

the individual finds it attractive to use this new option: either the individual uses only 
 h f  and  h p  (i.e., does not choose 0), or uses only  h p  and 0. In the first case there is no 
retirement, while in the second case there is retirement but it occurs from part-time 
work rather than from full-time work.

By way of illustration, here we consider the case in which the parameter values 
are such that it is optimal to only use the options  h p  and 0 (i.e., that gradual retire-
ment is preferable). Denote the resulting maximal utility by  U  p  * . Intuitively, this 
value is decreasing in θ, and so if we solve for the value of θ that equates  U  *  and  
U  p  *   , this gives the smallest value of θ consistent with the part-time option not being 
chosen. This value of θ is given by

(21) θ =  [ log  (   
 [  1 −  ( 1 −  h p  )  

1−  1 _ γ    ] 
  __  

 [ 1 −   ( 1 −  h f  )  1−  1 _ γ    ] 
   ) /log (  h p / h f  )  ]  − 1.
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Similar to the results obtained in the previous section, this expression does not 
depend on the values of α or Y, and as a result does not depend on the length of time 
spent in retirement. In particular, as before, this expression holds if we focus only on 
the solution to the individual’s problem from some age forward, taking their nonla-
bor wealth at that age as given, so that concerns about credit constraints and human 
capital accumulation for young workers are not relevant.

Table 5 gives the lower bounds for θ consistent with movement from full-time work 
to no work for various values of γ and different values of  h p  for the additional option.

Note that there is a strong relationship between the results in Table 3 from the 
previous section and those found in Table 5. In the previous section we assumed a 
full set of options  h p , with the constraint that wages per unit of time for these options 

were given by   (    h p 
 _  h f 
   )  θ . In particular, it was necessary that the choice  h f  was preferable 

to choices that were arbitrarily close. Not surprisingly, we see in Table 5 that as we 
let the single option  h p  get very close to  h f , the lower bound for θ converges to the 
values found in Table 3. Looking at the other rows in Table 5, we see that if we take 
θ = 0.40 as the relevant point for comparison, then even if the only option that an 
individual had were to work three-quarter time, it is difficult to rationalize values 
of the IES below 1. Even with only a half-time option it is difficult to rationalize a 
value of the IES below 0.75.

While it is perhaps difficult to argue that workers face a full menu of options for 
hours of work, it perhaps seems more difficult to argue that they do not have a menu 
of options that includes a few isolated alternatives that are close to half or three-
quarter time. The results from this section suggest that the implications of this set-
ting are fairly similar to those from the continuous options case in terms of the joint 
restrictions that it imposes on θ and the IES.

V. Conclusion

The typical pattern of retirement consists of a worker making an abrupt transition 
from full-time work to no work. We have studied two types of models that gener-
ate this type of transition. The key element that gives rise to this abrupt change in 
hours worked are nonconvexities in the problem that an individual worker faces. We 
show that generating retirement in these models implies sharp restrictions on pos-
sible combinations of values for hours of work prior to retirement, the intertemporal 
elasticity of labor supply, and the extent of nonconvexities. A novel aspect of our 
analysis is the observation that in a model that features both intensive and extensive 
margins, adjustment along the extensive margin is also an important source of infor-
mation about curvature over leisure in the individual utility function.

Table 5—  θ Needed for No Part-Time Work,  h f  = 0.385

IES: 2.0 1.0 0.75 0.5 0.25 0.1 0.05

 h p  = 0.25 h f 0.10 0.22 0.30 0.47 1.07 3.34 7.62
 h p  = 0.5 h f 0.15 0.31 0.42 0.67 1.56 4.94 11.16
 h p  = 0.75 h f 0.19 0.39 0.54 0.87 2.06 6.59 14.64
 h p  = 0.9 h f 0.21 0.45 0.62 1.00 2.40 7.64 16.84
 h p  = 0.98 h f 0.22 0.48 0.66 1.08 2.59 8.23 18.06
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We argue that based on existing estimates of the size of nonconvexities and mea-
sures of full-time work prior to retirement, it is hard to rationalize values of the IES 
that are less than 0.75. Our estimates are robust to allowing for human capital accu-
mulation and credit constraints, factors which the previous literature have argued are 
important sources of negative bias in earlier estimates of the IES.

We have explored the connection between retirement and the IES in a simple 
model in order to facilitate transparency. It is of interest to explore this connection 
in richer settings that include idiosyncratic shocks, incomplete markets, and policy. 
Another extension of interest is to include a decision regarding time devoted to 
home production, since this provides an alternative use of time for people who retire 
from market work.
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