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a b s t r a c t
Previous literature on social security reform has used a variety of period utility functions and calibrated
values for the intertemporal elasticity of substitution (IES) in labor. In this paper, we show that the effects of
social security reforms on aggregate labor supply are invariant to plausible values of the IES, but the effect of
such reforms on the proﬁle of hours over the life-cycle is highly sensitive to the IES. We ﬁrst establish these
results analytically in a simple partial-equilibrium setting and then demonstrate their robustness in a general
equilibrium model calibrated to match key U.S. macroeconomic indicators. We ﬁnd that the aggregate effects
are similar regardless of the wide range of the values of IES used in calibrated economies. However, social
security reform leads to a large reallocation of hours worked over the life-cycle, from early years to later
working years, and the size of this reallocation signiﬁcantly increases with the IES.
© 2009 Elsevier B.V. All rights reserved.
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1. Introduction
There is a large literature on social security reform that uses different
utility functions with different estimates of the intertemporal elasticity
of substitution in labor supply (IES).1 In this paper, we investigate the
implications of making different choices about the period utility function
and values of the IES for the policy debate on social security. We show
that the effects of social security reforms on aggregate labor supply are
invariant to plausible values of the IES, but the effect of such reforms on
the proﬁle of hours over the life-cycle is highly sensitive to the IES. We
ﬁrst establish these results analytically in a simple partial-equilibrium
setting and then demonstrate their robustness in a general equilibrium
model calibrated to match key U.S. macroeconomic indicators.
We start with a simpliﬁed theoretical framework. We consider a twoperiod, deterministic, partial-equilibrium overlapping generations
model and a period utility function which is separable in consumption
and leisure. Building on Chetty (2006) we show analytically that the
overall impact on labor supply of a permanent increase in wage depends
on the relative strengths of the substitution and income effects. In the
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special case of logarithmic utility over consumption, these effects cancel
out and there is no effect on labor supply. Furthermore the curvature of
the disutility of work has no effect either. In the more general case, when
the coefﬁcient of relative risk aversion is less (more) than unity, the
substitution (income) effect dominates and the labor supply will rise
(fall) with an increase in wage. The magnitude of the response will be
greater if the IES is larger. In addition, a permanent decrease in the
interest rate will lower the growth rate of consumption which ﬂattens
the age-hours proﬁle and individuals supply more hours at older ages.
These analytical results provide the economic intuition behind the
effects of price changes (induced, for example, by social security reform)
on labor supply. However, extending these analytical results to nonseparable utility functions or to a general equilibrium framework proved
difﬁcult. In particular, in a general equilibrium setting, social security
reform raises the capital-labor ratio and causes both an increase in the
wage rate and a decrease in the interest rate. In this case, even with a
separable utility function, the overall effects of reform on both the
aggregate labor supply and its allocation over the life-cycle become
ambiguous.
Once we demonstrate the results and intuition with the analytical
framework, the next task of the paper is to conduct an extensive
quantitative analysis using a general equilibrium model populated by
long-lived individuals facing mortality and idiosyncratic income risks
and borrowing constraints. Individuals in this economy choose
consumption and hours worked until a mandatory retirement age.
The beneﬁt and taxation rules of social security are implemented
according to the formulas used by the Social Security Administration
(SSA). The ﬁscal authority taxes capital and labor income and
consumption to ﬁnance an exogenous quantity of government
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purchases and interest payments on its debt. We calibrate the model
by using both micro data and aggregate data on the U.S. economy. We
then conduct counterfactual (revenue-neutral) experiments by
reforming social security, either by downsizing the system by 50%,
or by totally eliminating it. Our goal is to understand the long-run
effect of social security reforms and we focus on how the strength of
IES affects the properties of the steady state under alternative policies.
Our analysis is based on the comparison of the two steady states, one
implied by the current pay-as-you-go social security system and the
other by a reform towards a fully-funded system.
Our main quantitative ﬁnding is that social security reform leads to
similar aggregate outcomes for a wide range of the IES. For example,
when we take the IES as 0.1, half privatization leads to an increase of
10.8% in the capital stock, an increase of 0.03% in the average work hours
and a decrease of 5.8% in the budget-clearing labor income tax rate,
whereas the changes are 9.8%, 0.11% and −5.9%, respectively, when the
IES is taken as 1.0, a ten-fold increase in the intertemporal responsiveness
of labor. Long-run welfare is also similar: individuals strongly prefer to
be born into the reformed steady state; they are willing to give up 5.0%
and 5.4% consumption, respectively, in the unfunded steady state in
order to be born in the reformed one. However, these similarities at the
aggregate level hide signiﬁcant differences in the allocation of work
hours over the life-cycle. With reform (half privatization) individuals
shift work from the early years in the life-cycle to later years, regardless
of the IES. However, with an IES equal to unity, this reallocation is
quantitatively much more signiﬁcant than that in the case of an IES of 0.1.
This reallocation is even larger in the case of full privatization. Therefore,
the IES used in a study of social security reform leaves the aggregate
implications unchanged to a large extent in the long run, but matters
signiﬁcantly when analyzing the life-cycle implications of the reform.2
We would like to emphasize that this paper explores the sensitivity
of gains from social security reform to changes in the IES, but should not
be interpreted as an exercise attempting to evaluate optimal social
security reform. The overall welfare consequences of social security
reform depend upon transitional costs and a variety of other parameters
and factors beyond the IES.
The remainder of the paper is organized as follows. We present a
simple two-period model and its analytical results in Section 2. The
large-scale, general equilibrium model is described in Section 3. The
calibration details are given in Section 4. Section 5 presents our
numerical ﬁndings. Section 6 conducts a sensitivity analysis and
concluding remarks are given in Section 7.
2. Simple partial-equilibrium models and intuition
2.1. A general multi-period model
Consider an economy with a complete market, populated by J
overlapping generations. Households derive utility from consumption,
incur disutility from labor and maximize their life-time utility by
optimally choosing the sequence of consumption, saving and labor
supply over the life-cycle.
We start with preferences that are separable in consumption and
labor supply and over time:
J
X

β

j−1

h  
 i
u c j − v ℓj ;

j=1

2
Rogerson and Wallenius (forthcoming) ﬁnd large macro elasticities, 2.25 to 3,
when they vary the IES from 0.05 to 1.25 in an experiment in which the labor income
tax rate is raised from 30% to 50% with the proceeds returned in a lump sum fashion.
They use a continuous time life cycle model of a complete market with no borrowing
constraint in which individuals choose not only the hours worked but also the fraction
of the life cycle spent in market activities. The decrease in aggregate hours worked is
essentially the same for any IES in the range they consider. However, the hours proﬁle
is affected more signiﬁcantly.

where cj and ℓj denote consumption and labor supply at age j,
respectively. u(c) represents the utility from consumption with u′ > 0
and u″ < 0, v(ℓ) disutility from work with v′ > 0 and v″ > 0. β is the
subjective discount factor. The maximization is subject to the life-time
budget constraint:
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R
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where w and R are the wage and gross interest rate that are exogenously given.
First-order conditions with respect to the labor supply and consumption are given as
 
 
u′ cj w = v′ ℓj ;
 

u′ cj = βRu′ cj

+ 1

ð2Þ

:

ð3Þ

From Eqs. (2) and (3) we can make the following general points
that extend the intuition in Chetty (2006):
• When there is a permanent increase in the wage w, the effect on
labor supply depends on the magnitude of the decline in u′(cj)
(substitution effect) relative to the increase in the wage rate
(income effect) in Eq. (2).
A one-percent increase in the wage will raise the consumption at
any given level of labor supply by 1%, which lowers the marginal
utility of consumption by εc = −(∂uc/∂c)(c/uc), that is, the coefﬁcient of relative risk aversion (CRRA).
- In the case of log utility, εc = 1 and the substitution and income
effects exactly offset each other, resulting in no change in labor
supply. Obviously, the curvature of v(ℓ) (IES) has no effect on
aggregate labor supply in this case.
- If εc < 1 (>1), the substitution effect (the income effect) dominates
and the labor supply will rise (fall) upon an increase in the wage.
The magnitude of the response will be larger if the labor supply
elasticity is higher.
• A permanent change in the interest rate will affect the labor supply
proﬁle through the change in the marginal rate of substitution (or
the optimal growth rate of consumption). Using Eqs. (2) and (3), we
obtain
 
 
v′ ℓj
u′ cj

 = 
 = βR:
v′ ℓj + 1
u′ cj + 1

- A decrease in the interest rate, for example, will lower (increase)
the growth rate of consumption (labor supply) and households
extend more work effort at older ages.
In the next section, we assume a particular functional form for the
utility from consumption and work disutility to highlight the roles of
the CRRA and IES.
2.2. A two-period model with analytical solutions
Households live for two periods. They choose sequences of
consumption {cj}2j = 1 and labor supply {ℓj}2j = 1 in order to maximize
life-time utility. Agents can save or borrow at the gross interest rate
R. Both the interest rate and the wage per efﬁciency unit w
are exogenously given. Labor income is given as wεjℓj, where εj is

