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a b s t r a c t
We derive the optimal labor income tax schedule for a life cycle model with deterministic
productivity variation and complete asset markets. An individual chooses whether and how
much to work at each date. The government must ﬁnance a given expenditure and does
not have access to lump sum taxation. We develop a solution method that uses the primal
approach to solve for the optimal non-linear tax function. The average tax rate determines
when an individual will work while the marginal tax rate determines how much she will
work. Even in the absence of redistributive concerns, the optimal tax schedule has an
increasing average tax rate at low levels of income to encourage labor market participation.
The marginal tax rate at the top is strictly positive. Finally, the model is used to assess
the effects of changing the current tax schedule to the optimal one. Under the preferred
parameters, this delivers a welfare gain equivalent to 0.67 percent of lifetime consumption.
© 2012 Elsevier Inc. All rights reserved.

1. Introduction
Individuals exhibit substantial variation in earnings over their lifetimes. Estimates of life cycle wage patterns show that
wages approximately double during workers’ lives and individuals regularly shift between tax brackets.2 Individual consumption, savings, and work decisions reﬂect both current and future income. Labor supply decisions at a given point in
time are inﬂuenced by tax rates in several brackets. As a consequence, life cycle variation in earnings links segments of the
tax schedule through both incentive constraints and the individual’s lifetime budget constraint. Given these considerations
it is important to understand how life cycle consumption and labor supply dynamics inﬂuence optimal tax policy.
This paper extends the existing tax literature by solving for the optimal non-linear labor income tax schedule in a simple
life cycle labor supply model. As in Rogerson and Wallenius (2009) and French (2005), we model an individual who faces
an exogenous productivity proﬁle and a ﬁxed cost of going to work. Fixed costs generate realistic patterns of labor supply in
which an individual works only a fraction of her life. With hump shaped productivity, this model captures the basic pattern
of lifetime labor supply: a period of non-participation followed by working and ﬁnally retirement.
Following Ramsey (1927) and Lucas and Stokey (1983), we model a government that must raise revenue to ﬁnance a
given level of expenditure but does not have access to lump sum taxes. In contrast to the Ramsey literature, the government
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can impose a non-linear labor income tax schedule.3 In this model, labor taxes distort both the extensive and intensive
margins of work. The average tax rate determines whether an individual works on a given date, while the marginal tax rate
determines how much labor is supplied.
To solve the problem, we generalize the standard primal approach to allow for a non-linear tax function. The incentive
constraints are combined into a single implementability constraint. When the government chooses a feasible allocation
subject to this implementability constraint, the allocation can in fact be implemented provided that income is strictly
increasing in wages. With proportional taxes, this last step is trivial; here it is more diﬃcult because with a non-linear tax
schedule, the individual’s constraint set is not generally convex.
Solving the optimal tax problem in the life cycle model generates two analytical results. First, the average tax rate is
increasing in income at the extensive margin. It is optimal to have a low and rising average tax rate at the extensive margin
in order to induce workers to enter the labor force earlier and retire later. This is accomplished with a low average tax rate
but a high marginal tax rate at the extensive margin.
Second, the marginal tax rate at the highest realized income is strictly positive. This result stands in contrast to much
of the optimal tax literature that follows Mirrlees (1971). In a Mirrleesian environment the optimal marginal tax rate for
the highest skilled individual is zero when the skill distribution is bounded (see Diamond, 1998). To understand the logic
of zero marginal tax at the top, suppose that the marginal tax at the highest income was not zero. Then if the tax schedule
is extended beyond the top at a marginal rate of zero, the highest earner would choose to work and consume more. She
would be better off while no tax revenue would be lost for the government. Therefore, the original tax schedule could not
have been optimal. We show that this logic breaks down in a life cycle framework. Extending the tax function at a zero
marginal rate still induces the worker to work and earn more when she is most productive, but the increase in wealth
induces the worker to work less at other points in her life, diminishing tax revenue. Because of this income effect, the
optimal tax function in our model features a positive marginal tax rate at the top of the income distribution.4
These results are robust. For the average tax rate to be increasing at the bottom, it is crucial that there is an active
extensive margin. This is true as long as there are ﬁxed costs of supplying labor. The positive marginal tax rate at the top is
driven by wealth effects. This result is robust to adding other sources of wage heterogeneity as long as the most productive
worker has income variation over her lifetime.
The model is parameterized to match the current tax and transfer system in the United States. The income tax system is
approximated with the Gouveia and Strauss (1994) tax function and social security is modeled as a 12.4 percent proportional
tax on labor income that is transferred back to individuals as lump sum payments after the age of 65. Holding the level of
government revenues and transfer payments ﬁxed, we consider reforms to the current tax system. First, moving from the
current tax system to the optimal tax system increases welfare by between 0.42 and 1.6 percent in lifetime consumption
equivalents depending on the parameter chosen for the Frisch elasticity of labor supply. For our preferred choice of the
Frisch elasticity of 0.5 the welfare gain is 0.67 percent. Like the optimal tax schedule, the current tax code has low and
rising average tax rates at the extensive margin. However, in contrast to the current tax code, the optimal schedule features
high marginal tax rates at the extensive margin that are declining in income. The current tax policy is also compared to
two simple tax reforms: constrained lump sum taxes, where the individual faces lump sum taxes only when working, and a
proportional income tax. Constrained lump sum taxation places all of the distortion on the extensive margin. Such a policy
generates large welfare losses of between 5.2 and 20.5 percent of lifetime consumption equivalents. The gains in moving to
a proportional tax system are between 0.12 and 1.1 percent and generate about half of the gains of moving to the optimal
tax system in the preferred parameterization.
When the elasticity of intertemporal substitution is smaller so that wealth effects have a more prominent role, the
optimal tax schedule has a ﬂatter proﬁle of marginal tax rates and the consumption equivalent of moving to the optimal
tax schedule is smaller. In contrast, with linear utility of consumption the optimal tax schedule features a steep proﬁle of
marginal tax rates that includes a zero marginal tax rate at the top.
This paper contributes to a growing literature that considers optimal taxation in life cycle environments. Our environment
is most similar to Erosa and Gervais (2002), who study a life cycle economy with age dependent proportional taxes, Gervais
(2009), who solves for the optimal tax among a particular family of functions, and Conesa and Krueger (2006), who consider
the optimal progressivity of the tax code in a life cycle model where heterogenous agents face uninsurable productivity risk
over their lifetime. We extend this literature by including an endogenous extensive margin of labor supply, solving for the
optimal non-linear tax schedule, and clarifying the differing roles played by the average and marginal tax rates.
Following Saez (2002), we study both the intensive and extensive margins of labor supply adjustment.5 Saez (2002)
develops a simple expression relating the optimal tax rate to empirical local labor supply elasticities. We explicitly motivate
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