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Abstract

While the participation decision is discrete in a static context, i.e. to work

or not to work, such is not the case in a dynamic context where workers choose

the fraction of their lifetime that they spend working. In this paper, I therefore

characterize the optimal redistributive policy in a dynamic environment with both

an intensive and an extensive margin to labor supply. The government should

optimally design a history-dependent social security system which induces higher

productivity individuals to retire later. Redistribution should be done through the

social security system rather than with a non-linear income tax.

Keywords: Extensive margin, Optimal social security, Redistribution, Retire-

ment age
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1 Introduction

Labor supply indivisibilities, such as those caused by �xed costs of working, are pervasive.

This creates an extensive margin to labor supply which forces individuals to make a

participation decision. This choice is inherently discrete in a static context, i.e. to work

or not to work, but not in a dynamic framework where agents choose the fraction of their

lifetime that they spend working or, equivalently, their retirement age.

The implications of the extensive margin for optimal taxation have been analyzed

rather extensively in a static environment (see, for instance, Diamond 1980, Saez 2002,

Immervoll Kleven Kreiner Saez 2007, Chone Laroque 2005, 2008, Laroque 2005, Beaudry
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Blackorby Szalay 2007, Blundell Shephard 2008). Importantly, this literature has pro-

vided some support for the implementation of tax credits, such as the Earned Income

Tax Credit in the US. However, abstracting from the dynamic aspect of workers�labor

supply problem seems to be more than a simplifying assumption. Indeed, it fundamen-

tally changes the nature of the participation decision by, arti�cially, making it discrete.

More generally, the importance of dynamic issues for the optimal design of taxes has long

been recognized in economics, at least since Vickrey (1939).

Furthermore, the positive analysis of taxation has recently emphasized the relevance of

the dynamic framework with an extensive margin (see Mulligan 2001, Ljungqvist Sargent

2006, 2008, Prescott Rogerson Wallenius 2009, Rogerson Wallenius 2008). In particular,

it provides a natural explanation for the discrepancy between the well-documented small

elasticity of labor supply along the intensive margin and the large e¤ects of taxation

needed to rationalize a number observed macroeconomic phenomena, such as the di¤er-

ence in the total amount of hours worked between Europe and the US1. As explained by

Prescott (2006), micro elasticities along the intensive margin are small precisely because

the adjustment occurs along the extensive margin.

The goal of this paper is therefore to determine the optimal redistributive policy in

a dynamic environment where workers are heterogeneous in productivity. I allow for

two dimensions to the labor supply decision: the number of hours of work conditional

on participation, i.e. the intensive margin, and the retirement age, i.e. the extensive

margin. I �rst rely on the revelation principle to determine the optimal incentive-feasible

allocation of resources, in the spirit of Mirrlees (1971). I then turn to the implementation

of the optimum in a decentralized economy. Finally, I perform a numerical calibration of

the model to illustrate the main features of the optimal policy.

The main policy recommendations di¤er substantially from those of a static analysis.

The career length of workers should be increasing in their productivity. Hence, the

retirement age should be a key input of the �scal system which, naturally, takes the form

of a history-dependent social security system. Consequently, the shape of the period-

by-period income tax schedule is indeterminate as anything can be undone by adjusting

the history-dependent transfers received after retirement. This analysis therefore fails to

provide some support for the implementation of tax credits. However, it justi�es doing a

large amount of redistribution within the pension system. While this is already the case

in practice, there has, so far, been little theoretical justi�cation for seeing social security

as more than a savings device.

The issue of the optimal design of a social security system with heterogeneous agents

1Prescott (2002, 2004) implicitly invokes the existence of employment lotteries to justify a high elas-
ticity of labor supply. But, as noted by Ljungqvist and Sargent (2006), it is more natural, and equally
e¤ective, to assume an extensive margin in a dynamic setup.
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and endogenous retirement has, so far, been largely overlooked. Two important excep-

tions include the pioneering work of Diamond (2003, chapter 6) as well as Sheshinski

(2008). In both cases, the source of heterogeneity is the disutility of labor, which could

be interpreted as a �xed cost of working, rather than productivity. Their main �nding

is that agents with a low disutility of labor retire later than others and that some of the

income generated by their extra activity is redistributed to those having a high disutil-

ity of labor. However, they restrict themselves to three period models and, hence, their

conclusions should be seen as qualitative.

Cremer, Lozachmeur and Pestieau (2004) also look at optimal social security with

endogenous retirement. Workers can only be of two or three types which di¤er in produc-

tivity and in disutility of labor. They show that the retirement age is distorted downward

for everybody except for workers with the highest productivity and lowest disutility of

labor. Again, their results should be seen as qualitative.

Of related interest, Gorry and Ober�eld (2008) solve a dynamic optimal taxation

problem in a life cycle framework with both an intensive and an extensive margin to

labor supply. Their framework consists of a representative agent who must be taxed to

�nance an exogenous amount of government expenditure. Importantly, the only �scal

instrument allowed is a standard non-linear income tax. Hence, the policy which they

drive is only constrained optimal. This explains why the "no distortion at the top"

principle does not hold in their context.

There has recently been a growing literature on dynamic optimal taxation with het-

erogeneous agents. The main focus has been on the provision of insurance against skill

risks. However, this literature has been unable to provide a general characterization of the

optimal allocation of time between work and leisure, which seems paradoxical given the

central importance of labor income taxes in the static optimal taxation literature. Hence,

numerical simulations of optimal policies have only been possible in simpli�ed setups. For

instance, Golosov Tsyvinsky Werning (2006), Kocherlakota (2005) and Weinzierl (2008)

restricted the number of time periods to two or three, Albanesi Sleet (2006) focused

on independently and identically distributed shocks, Diamond Mirrlees (1978), Golosov

Tsyvinski (2006) and Denk Michau (2008) had a permanent disability shock and Kapicka

(2006) does not allow for savings. Also, Battaglini and Coate (2008) could character-

ize the optimal labor income tax in a dynamic redistribution problem with stochastically

evolving skills; but they had to assume risk neutrality in order to kill any desire to provide

insurance. This paper complements this literature by determining the optimal distortions

to labor supply in a dynamic context without uncertainty.2

2Note that, with an intensive margin only and constant productivity throughout the lifetime of
individuals, the dynamic optimal taxation problem is not particularly interesting as it is just a replication
of the static optimal taxation problem.
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I begin by describing, in section 2, the structure of the economy. The optimal

incentive-feasible allocation is derived in section 3. I then show in section 4 that a

history-dependent social security system can implement the optimum in a decentralized

economy. Section 5 contains a numerical simulation of the optimal policy. This paper

ends with a conclusion.

2 Model

Individuals face a deterministic life-span equal to H. Utility is additively separable

between consumption and leisure. Agents derive an instantaneous utility u(ct) from

consuming ct at age t, where u0 > 0, u00 < 0 and lim
c!0
u(c) = �1. They work until some

retirement age R and get disutility v(lt) from supplying lt units of labor at t, where

v(0) = 0, v0(0) = 0, v0 � 0 and v00 > 0. They also have to incur a �xed cost of working
b > 0 which, for simplicity, is assumed to be constant over time. Lifetime utility V is

time separable. Continuous time is assumed, which is convenient to derive the endogenous

retirement age R. The future is discounted at rate �. Thus, individuals have the following

preferences:

V =

Z H

0

e��tu(ct)dt�
Z R

0

e��t [v(lt) + b] dt: (1)

Note that the value of leisure is normalized to zero when individuals are not working, i.e.

from age R to T .

Resources can be transferred across time at an exogenous interest rate3 which, for

simplicity, is taken to be equal to the discount rate �. Each agent is characterized by a

productivity index � and faces a deterministic productivity pro�le ft(�)gt2[0;H]. Thus
an �-worker produces output t(�) if he supplies one unit of labor at age t. As will

become clear, I need to assume that productivity at each age is weakly increasing in the

productivity parameter of the agent4. More formally, � > �0 implies t(�) � t(�0) for all
t with a strict inequality for at least one t. Thus, the deterministic productivity pro�les

of two agents are not allowed to cross at any point in time. Although reasonable, this

assumption rules out, for instance, football players who, contrary to the vast majority of

the population, get their highest salary when young.

The speci�cation of utility in (1) entails both an intensive and an extensive margin to

labor supply. Clearly, conditional on working, agents need to choose a number of hours

3We therefore abstract from the way resources are shifted over time. In an overlapping generation
framework, the model would therefore be compatible with a fully funded social security system, where the
interest rate corresponds to the returns to capital, and with a pay-as-you-go system, where the interest
rate is determined by the rates of growth of population and output.

4A natural candidate speci�cation, which is used in the calibration of the model, is to have a base-
line productivity pro�le t, common to all workers, multiplied by the individual-speci�c productivity
parameter �; thus t(�) = �t.
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of work; this is the intensive margin. As the disutility cost of working v is increasing and

convex, without �xed costs of working, agents would choose to work until their death,

i.e. R = H. However, the �xed cost of working creates a labor supply indivisibility which

induces agents to make a participation decision at each age; this is the extensive margin.

In a static context, this indivisibility generates a non-convexity in the workers�pro-

duction possibility set which, as argued by Hansen (1985) and Rogerson (1988), could be

overcome by resorting to employment lotteries together with a complete set of markets

for consumption claims. A criticism to this theoretical argument is that lotteries are

just not available to most household. However, in a dynamic context, agents can instead

convexify their production possibility set by alternating spells of work and leisure while

trading a risk-free asset to smooth their consumption over time. This directly applies

to the framework of this paper and we therefore have a "time averaging" model of the

labor supply à la Diamond Mirrlees (1978) or Mulligan (2001). Ljungqvist and Sargent

(2006, 2009) have shown that, in continuous time, lotteries and time averaging models

of indivisible labor are equivalent when productivity is constant and quantitatively very

similar otherwise.

Thus, the key decision that agents have to make at the extensive margin is the fraction

of their lifetime spent working. Our speci�cation of utility in (1) implicitly assumes that

agents prefer to work at the beginning of their life-span, from age 0 to R, and retire at

the end, from R to H. This is the only possibility with a declining productivity pro�le

as agents choose to work when their productivity is highest. This is one possibility

among others with constant productivity as agents are indi¤erent about the timing of

their work decision provided that the present value of their income5 remains unchanged.

However, the retained speci�cation is more problematic with a quadratic productivity

pro�le which should induce agents to also enjoy some leisure at the beginning of their life

while their productivity is still low, as in Rogerson Wallenius (2008). It could nevertheless

be objected that rising productivity at early ages re�ects some on-the-job learning e¤ects

and, hence, postponing entry does not increase the starting productivity of a worker. In

other words, age 0 is a normalization of the age at which work begins.6

The extensive margin is therefore associated to the determination of the retirement

age R, which is a continuous choice variable that could be pinned down by a �rst-order

condition. This stands in sharp contrast with the extensive margin of the static optimal

taxation literature which, by forbidding employment lotteries, leads to a truly discrete

participation decision.

While the above framework has recently been central in the macroeconomic literature

5Strictly speaking, it is only with no discounting, � = 0, that this present value is entirely determined
by the fraction of time spent working.

6In general, the timing of the work decision is also in�uenced by the di¤erence between the interest
rate and the discount rate and by the time pro�le of the �xed cost of working.
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dedicated to the positive analysis of the e¤ects of taxation, the aim of this paper is to

conduct the corresponding normative analysis. But, before specifying the optimal policy

problem, I need to determine the informational structure of the economy.

The planner observes output yt produced at each instant but does not observe the

corresponding labor supply lt; the two being related by yt = t(�)lt for an �-worker.

Instantaneous consumption ct is also observable which is equivalent to assuming that

savings could be monitored and, hence, taxed. Finally, the planner knows the retirement

age R of each agent.7 Full commitment is assumed.

3 Optimal allocation

This section relies on the revelation principle to determine the optimal allocation of

resources, while the next section turns to the implementation of the optimal policy in a

decentralized economy. Thus, for now, the planner�s problem is to design a direct truthful

mechanism where each agent is asked to report his type, �, and where telling the truth

is the optimal strategy.

A worker claiming to be of type � receives a consumption stream fct(�)gt2[0;T ], is
required to work until age R(�) and needs to produce a �ow of output fyt(�)gt2[0;R(�))
while working. Hence, the welfare of an �-worker claiming to be of type �0 is given by:

V (�0;�) =

Z H

0

e��tu(ct(�
0))dt�

Z R(�0)

0

e��t
�
v

�
yt(�

0)

t(�)

�
+ b

�
dt; (2)

where I have used the fact that an �-worker needs to supply yt(�0)=t(�) units of labor

to produce output yt(�0). For the mechanism to be truthful, we need:

V (�;�) � V (�0;�), for all � and �0: (3)

An equivalent way of expressing this incentive compatibility condition is that, for any

given �, V (�0;�) must be maximized when �0 = �. I therefore impose the necessary

�rst-order condition:
@V (�;�)

@�0
= 0, for all �: (4)

Di¤erentiating (2) with respect to �0 and using the fact that8 V1(�0;�0) = 0, as implied

7With constant productivity, the actual timing of work is not determined, only the total amount of
work done is. In this case, I assume that the government knows at any single point in time whether an
agent is working or not. But, this might seem to be at odds with the assumption that lt is not observable.
To overcome this di¢ culty, we can consider that lt stands for e¤ort while working. Alternatively, I need
to assume, following Mulligan (2001), that there is a maximum frequency at which agents can switch
between work and leisure and that "the �indivisibility�is at least as long as the tax accounting period".

8Vi(�
0;�) denotes the derivative of V with respect to its ith argument.
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by (4), I obtain:

@V (�0;�)

@�0
=

Z R(�0)

0

e��t
�

1

t(�
0)
v0
�
yt(�

0)

t(�
0)

�
� 1

t(�)
v0
�
yt(�

0)

t(�)

��
dyt(�

0)

d�0
dt

+e��R(�
0)

"
v

 
yR(�0)(�

0)

R(�0)(�
0)

!
� v

 
yR(�0)(�

0)

R(�0)(�)

!#
dR(�0)

d�0
: (5)

The �rst-order condition (4) characterizes a maximum if and only if V1(�0;�) > 0 for

�0 < � and V1(�0;�) < 0 for �0 > �. The disutility of labor being increasing and

convex in the amount of labor supplied, v(x) and xv0(x) are both increasing in x.9 Also,

remember that �0 > � implies t(�
0) � t(�): Hence, the two bracketed terms in (5) have

the same sign as (�0 � �) whenever t(�0) 6= t(�) and are otherwise equal to zero. This
leads to the following lemma.10

Lemma 1 A su¢ cient condition for the �rst-order condition (4) to characterize a max-
imum is

dyt(�)

d�
> 0 and

dR(�)

d�
� 0. (6)

Thus, if (6) holds, the very complicated incentive compatibility condition (3) reduces

to the much simpler �rst-order condition (4). Note that this simpli�cation would not

be possible if the productivity pro�les of di¤erent workers were crossing over time. In-

deed, the second-order condition (6) implicitly relies on the fact that, in (3), it is always

the downward incentive compatibility constraint which is binding. The corresponding

economic intuition is that redistribution is typically done from high to low productivity

agents; but with crossing pro�les it is nor clear who should bene�t and who should lose

from redistribution.

The lifetime utility of an �-worker who is telling the truth is:

V (�) =

Z H

0

e��tu(ct(�))dt�
Z R(�)

0

e��t [v (lt(�)) + b] dt; (7)

where lt(�) = yt(�)=t(�). Di¤erentiating this function and using the �rst-order condi-

tion (4), the incentive compatibility constraint (3) could be expressed as:

V 0(�) =

Z R(�)

0

e��tlt(�)v
0(lt(�))

1

t(�)

dt(�)

d�
dt: (8)

9This implies that the Spence-Mirrlees condition is satis�ed.
10This su¢ cient second-order condition could have alternatively been derived by imposing the pos-

itivity of the cross derivative of V (�0;�) at �, i.e. V12(�;�) > 0. Indeed, totally di¤erentiating the
�rst-order condition (4) gives V11(�;�) + V12(�;�) = 0 and, hence, the standard second-order condition
for a maximum V11(�;�) < 0 is equivalent to V12(�;�) > 0.
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The economy-wide resource constraint is:

Z ��

0

"Z R(�)

0

e��tt(�)lt(�)dt�
Z H

0

e��tct(�)dt

#
f(�)d� � E; (9)

where f is the density function of the distribution of the productivity index � across

the population with support [0; ��] and E denotes an exogenous amount of government

expenditures that must be �nanced. The bracketed term on the left-hand-side of (9)

corresponds to the budgetary surplus generated by an �-worker. Finally, the planner�s

objective is to maximize social welfare, expressed as a Bergson-Samuelson functional:Z ��

0

	(V (�)) f(�)d�; (10)

where 	 is an increasing and concave function weighting the lifetime utility of individuals

according to the redistributive objective. 	 is typically speci�ed as:

	(V ) =
V �

�
; (11)

with � 2 (�1; 1] determining the social aversion to inequality. The two most common
benchmark are the utilitarian preferences, � = 1, where the planner only cares about the

sum of individual utilities without any special concerns about their distribution across

the population and the Rawlsian case, � = �1, where the welfare of society is equal to
the utility of the worst-o¤ individual.

Note that, without an intensive margin, the incentive compatibility constraint (8)

would boil down to imposing an equal lifetime utility for everyone. Indeed, as could be

seen from (2) with v equal to 0, an individual�s utility would not be a¤ected by his type

and, hence, it would not be necessary to give high productivity workers an informational

rent to induce them to reveal their productivity parameter �. It follows that, with an

extensive margin only, any second-best allocation is also the �rst-best allocation with

Rawlsian social preferences.

The planner�s problem is to maximize social welfare (10) subject to the resource

constraint (9) and to the incentive compatibility constraint (8) holding for each �. This

gives an optimal control problem with ct(�) and lt(�) as control variables and V (�) as

the state variable and where R(�) is implicitly determined from (7). It could be solved

using Pontryagin�s maximum principle.

The �rst-order conditions to the problem imply that consumption should remain con-

stant throughout the life of individuals, i.e. ct(�) = c(�) for all t. This is not surprising

as, without uncertainty, the inverse Euler equation characterizing the optimal allocation

of resources in a dynamic optimal taxation problem is identical to the standard Euler
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equation (Golosov Kocherlakota Tsyvinski 2003).11 Thus, the interest rate being equal

to the discount rate, there is nothing to be gained by distorting consumption over time.

This implies that the optimal policy would not be a¤ected if consumption or, equivalently,

savings were not observable.

Let � > 0 denote the multiplier associated to the resource constraint and �(�) the

multiplier associated to the incentive compatibility constraint of the �-worker. The �rst-

order condition to the problem corresponding to the state variable is:

��0(�) =
�
	0(V (�))� �

u0(c(�))

�
f(�): (12)

We also have the two transversality conditions:

�(0) = �(��) = 0: (13)

Note that it could easily be proved that � is always non-positive (Werning 2000). The

�rst-order condition associated to the intensive margin is:

�

�
t(�)�

v0(lt(�))

u0(c(�))

�
f(�) + �(�)

1

t(�)

dt(�)

d�
[v0(lt(�)) + lt(�)v

00(lt(�))] = 0: (14)

Similarly, the corresponding condition associated to the extensive margin is:

�

�
R(�)(�)lR(�)(�)�

v(lR(�)(�)) + b

u0(c(�))

�
f(�)+�(�)

1

R(�)(�)

dR(�)(�)

d�
lR(�)(�)v

0(lR(�)(�)) = 0:

(15)

We now have a complete characterization of the solution to the planner�s problem.

Proposition 1 The optimal allocation of resources
n
R(�); fyt(�)gt2[0;R(�)) ; c(�)

o
�2[0;��]

is characterized by the �rst-order conditions (12), (13), (14) and (15) together with the

constraints of the planner�s problem (8) and (9) and the lifetime utility function (7).

Of course, if the su¢ cient second-order condition (6) of Lemma 1 is not satis�ed, then

the above �rst-order conditions might well be meaningless.

Let us de�ne � i(�; t) as the wedge along the intensive margin for an �-worker of age

t as:

t(�)
�
1� � i(�; t)

�
=
v0(lt(�))

u0(c(�))
: (16)

11At a deeper level, this is a consequence of the uniform commodity taxation theorem of Atkinson and
Stiglitz (1976). Indeed, preferences are separable between consumption and leisure and consumption at
di¤erent dates could be seen as di¤erent commodities which should, therefore, not be taxed di¤erently.
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Similarly, I de�ne the extensive wedge � e(�) for an �-worker as:

R(�)(�)lR(�)(�) (1� � e(�)) =
v(lR(�)(�)) + b

u0(c(�))
: (17)

These two equations state that, absent any distortions, i.e. � i(��; t) = 0 and � e(��) =

0, the marginal product of labor should be equal to the marginal rate of substitution

between leisure and consumption where, for the extensive margin, the disutility from

retiring marginally later is v(lR(�)(�)) + b and the corresponding marginal product is

R(�)(�)lR(�)(�). Simple algebra using the �rst-order conditions for the intensive and

extensive margins, (14) and (15), respectively, reveals that:

� i(�; t) = � �(�)

�f(�)

1

[t(�)]
2

dt(�)

d�
[v0(lt(�)) + lt(�)v

00(lt(�))] ; (18)

and:

� e(�) = � �(�)

�f(�)

1

lR(�)(�)
�
R(�)(�)

�2 dR(�)(�)d�
lR(�)(�)v

0(lR(�)(�)): (19)

As �(��) = 0, the no distortion at the top principle holds along both margins. Similarly,

as �(0) = 0, the labor supply of the lowest productivity agent is not distorted provided

that there is no bunching at the bottom of the income distribution12. Finally, wedges

are strictly positive along both margins for any other value of � for which the �rst-order

conditions hold.

Without an intensive margin, the utility of individuals would be independent of their

productivity and no-one would get an informational rent. The optimal retirement age

would therefore equalize the marginal rate of substitution to the marginal product of

labor, i.e. equation (17) would hold with � e(�) = 0 for all �. Thus, in the present context,

even the wedge along the extensive margin is due to the existence of the intensive margin.

Distortions are necessary to induce people to reveal their type and it is preferable to have

two small distortions rather than a single large one.

4 Implementation in a decentralized economy

Now that I have characterized the optimal allocation, I turn to the description of how it

could be implemented in a decentralized economy using realistic �scal instruments.

Optimal consumption should be constant over life, which naturally occurs when agents

can trade a risk-free asset. Capital taxes are therefore not needed, which considerably

simpli�es the problem. As shown by Weinzierl (2008), a history-independent income

12Bunching is likely to occur at low income levels as the optimal allocation for low productivity agents
might be characterized by a corner solution imposing that they do not supply any labor.
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tax cannot, in general, implement the optimal allocation, even if it is allowed to be

age-dependent. The intuition for this is that a direct truthful mechanism implicitly has

memory which reduces the amount of distortions needed to raise a given amount of

resources; whereas a memory-less income tax is constrained to create distortions in every

time period. To implement the optimum, we therefore need a �scal instrument which

is history-dependent until, at least, the retirement age. A natural candidate is a social

security system which, in many countries, already takes the history of labor supply into

account to determine the level of pensions.

Let us now solve the implementation problem.13 I denote the optimal allocation byn
R�(�); fy�t (�)gt2[0;R�(�)) ; c�(�)

o
�2[0;��]

. To lighten notations, let yR stand for a given

history of labor supply, i.e. yR =
n
R; fytgt2[0;R)

o
, and yR�(�) stand for the optimal

history of the �-worker, i.e. yR�(�) =
n
R�(�); fy�t (�)gt2[0;R�(�))

o
. Let us de�ne DOM

as the set of labor supply histories compatible with a socially optimal allocation. More

formally:

DOM =
�
yR : yR = yR�(�) for some � 2 [0; ��]

	
(20)

We now de�ne the function ĉ : DOM ! R such that:

ĉ(yR�(�)) = c�(�). (21)

The second-order condition (6) of Lemma 1 implies that this function always exists. To

make the implementation problem as simple as possible, I assume for now that agents

get all their lifetime income when they retire. This social security payment received by

workers at retirement is set equal to:

Q�(yR) =

(
e�Rĉ(yR)1�e

��H

�
if yR 2 DOM

0 otherwise
(22)

This solves the implementation problem.

Proposition 2 The social security systemQ� implements the optimal allocation
�
yR�(�); c�(�)

	
�2[0;��].

Proof. First, adopting a labor supply strategy yR outside DOM cannot be individually

rational as 0 consumption at any point in life generates a lifetime utility of �1. Let
yR�(�0), with �0 2 [0; ��], be the labor supply strategy of an �-worker. By construction,
13The presentation is closely related to that of Grochulski and Kocherlakota (2008).
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yR�(�0) 2 DOM . The �-worker will choose his consumption level by solving:

max
ct

Z H

0

e��tu(ct)dt�
Z R(�0)

0

e��t
�
v

�
yt(�

0)

t(�)

�
+ b

�
dt (23)

subject to e��R(�
0)Q�(yR�(�0)) �

Z H

0

e��tctdt:

The solution to the problem implies a constant consumption level, which, from the budget

constraint, must be equal to:

�e��R

1� e��HQ
�(yR�(�0)): (24)

But, by de�nition of the social security system, (20), (21) and (22), this is just ĉ(yR�(�0)) =

c�(�0). It follows that choosing among
�
yR; c

	
given that yR 2 DOM is equivalent to

choosing among reporting strategies in a direct truthful mechanism. An �-worker there-

fore chooses yR�(�) for his labor supply and consumes c�(�).

Although it is commonly argued that redistribution should be one of the main objec-

tives of a well designed pension system (Barr Diamond 2008), there is little theoretical

justi�cation for this. In particular, it is a priori not clear that an optimal income tax

is not su¢ cient to achieve the desired level of redistribution. Proposition 2 contributes

to this debate by implying that, indeed, equity concerns should be dealt with within an

optimally designed social security system with endogenous retirement.

I shall now illustrate the fact thatQ� could be seen as a reduced form of a more realistic

social security system. Current policies are typically designed such that individuals pay

income taxes throughout their career and receive an annuitized pension after retirement.

Proposition 3 For any income tax function T , the optimal policy can be implemented
by giving retirees an annuitized pension P �, where:

P �(yR) =

(
�

e��R�e��H

h
ĉ(yR)1�e

��H

�
�
R R
0
e��t [yt � T (yt; t)] dt

i
if yR 2 DOM

0 otherwise
(25)

Proof. Choosing yR =2 DOM is still not desirable. For yR 2 DOM , the combination of
the income taxes T and of the annuitized pensions P � satis�es:Z R

0

e��t [yt � T (yt; t)] dt+
Z H

R

e��tP �(yR)dt = e��RQ�(yR): (26)

So, the worker�s budget constraint is not a¤ected by the change from Q� to (T; P �) and,

hence, (T; P �) also implements the optimal allocation.

12



Clearly, the proposed policy is not fully identi�ed. In particular, any income tax change

could be o¤set within the social security system such as to leave the resulting allocation

unchanged.

It has been extensively argued in the static optimal taxation literature, that the

existence of an extensive margin to labor supply justi�es the implementation of tax

credits such as the Earned Income Tax Credit of the US or the Working Tax Credit

of the UK. This conclusion no longer holds in a dynamic context.14 Indeed, in the

above framework, a tax credit is, at best, inconsequential, if its e¤ects are undone after

retirement, and, otherwise, unambiguously suboptimal. To understand this result, note

that, as the participation decision ceases to be discrete, it is no longer possible, with an

extensive margin only, to induce some to work more, thanks to a generous tax credit,

without causing adverse e¤ects on the labor supply decision of other harder working

individuals.

I have so far assumed that agents can trade a risk-free asset at the exogenous interest

rate �. If necessary, they can even use their future social security payment as a collateral

to be able to borrow su¢ ciently to achieve perfect consumption smoothing. If, on the

contrary, agents do not have a perfect access to the credit market, then the optimal policy

can be fully identi�ed.

Proposition 4 If capital markets are dysfunctional and only the government can borrow
and lend at the interest rate �, then the unique optimal policy is (T �; P �) with the optimal

age-dependent income tax determined by:

T �(y�t (�); t) = y
�
t (�)� c�(�): (27)

Proof. The optimal income tax function T � is well de�ned whenever the condition
dy�t (�)
d�

> 0 of Lemma 1 holds. By construction, (T �; P �) is the only optimal policy which

ensures perfect consumption smoothing without individuals trading any asset.

When thinking about the policy relevance of the proposed social security system, an

important limitation is that we do not know what should be done if agents fail to be

supply an optimal amount of labor supply, i.e. if their yR fails to be in DOM . Clearly,

to address this issue, the present framework would need to be enriched with features that

could explain such outcomes. It could nevertheless be conjectured that, whether workers

fail to choose yR 2 DOM because of uncertainties such as skill risks or because of limited

14Strictly speaking, a tax credit is only justi�ed in a static context if agents di¤er in their �xed cost of
working (Chone Laroque 2008). Although solving such a multidimensional screening problem is beyond
the scope of this paper, the resulting optimal allocation, which would be indexed by the productivity �
and the �xed cost of working b of individuals, would still be implementable by a social security system
similar to Q� provided that the function ĉ would still exist.
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cognitive capacities, the unlikely labor supply histories would be penalized. Indeed, this

would improve incentives to work at little cost in terms of welfare. Determining the

robustness of optimal policies to modeling uncertainties remains an important issue for

further research.

5 Simulation

I now simulate the optimal policy for a reasonable calibration of the model. Individuals

can work from age 25 until they die on their 80th birthday. The annual discount rate is

2%; so � = 0:02. The disutility from supplying labor along the intensive margin is given

by a standard power function:

v(lt) =
l
1+ 1

�
t

1 + 1
�

; (28)

where � is the constant intertemporal elasticity of substitution. Following Kleven Kreiner

Saez (2008) and Brewer Saez Shephard (2008), I take � = 0:25.15 This re�ects the low

intensive elasticity of labor supply well documented in the empirical literature. The

instantaneous utility derived from consumption is logarithmic:

u(ct) = log(ct): (29)

Note that, preferences being separable between consumption and leisure, this logarithmic

speci�cation is required to have the number of hours worked and the retirement age

una¤ected by the productivity level � when the government does not intervene.16

The productivity pro�le of an �-worker is proportional to a baseline productivity

pro�le t, the proportion being given by his productivity index �; thus t(�) = �t. The

baseline pro�le is such that productivity is constant and normalized to 1 until age 60 and

then declines smoothly and quadratically until it reaches 0 at 80. This is consistent with

the fact that, under the current �scal system, the number of hours worked by participating

workers is almost constant until age 60 (see Prescott Rogerson Wallenius 2009, Figure 2).

Furthermore, it also explains why some people, those who do not wish to retire after age

60, currently choose to alternate spells of employment and leisure rather than to enjoy

all of their leisure after some early retirement age.17 The distribution of the productivity

15This value also falls in the middle of the range of elasticities considered by Rogerson and Wallenius
(2008).
16Similarly, in a Ramsey model with technological progress, logarithmic utility of consumption is

needed to obtain a balanced growth path with constant labor supply.
17From the normative perspective of this paper, although I impose that individuals work continuously

until retirement, it would be equally desirable to allow the low productivity workers who retire before 60
to alternate spells of employment and leisure provided that the present value of their production remains
unchanged. To implement these alternative optimum allocations, the social security system (22) would
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Figure 1: Baseline productivity pro�le

index, f(�), is lognormal. The mean is normalized to 1 and the standard deviation is

set at 0.7, an empirically plausible value according to Kanbur and Tuomala (1994). The

baseline productivity pro�le and the lognormal distribution of � are plotted in Figure 1

and 2, respectively.

The planner maximizes a utilitarian social welfare function; thus � = 1 in (11).

Finally, the �xed cost of working b is calibrated such that the average retirement age of

participating workers is 62 and the level of government expenditures E is calibrated such

that it amounts to a quarter of total output. To simulate the optimal policy, I just solve

a discretized version of the �rst-order conditions characterizing the optimal allocation.

Let us now turn to the corresponding results. Figure 3 displays the lifetime production

and consumption of workers as a function of their productivity index. The least produc-

tive individuals, those with � < 0:26, never participate to the labor market. They only

represent 3.3% of the population. Lifetime consumption exceeds production for about a

third of workers, 35.9%; those whose productivity index � falls below 0.65. The most

productive agents consume slightly more than 50% of their output. Figure 3 suggests

that there is hardly any progressivity in the optimal �scal system.

Figure 4 shows the budget surplus raised from each type of workers, i.e. the di¤er-

ence between the lifetime production and consumption of an �-worker multiplied by the

have to be changed slightly by setting, for instance, age 60 as the legal retirement age before which no
history-dependent transfer could be made.
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Figure 2: Lognormal distribution of the productivity index �
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Figure 3: Lifetime production and consumption as a function of the productivity index �
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Figure 4: Budget surplus raised from each type of workers

number f(�) of such workers. This illustrates the well-known fact that the bulk of re-

distribution occurs from the upper-middle class to the lower-middle class. This is simply

because the very rich and very poor are not very numerous. As could be seen from Figure

4, the total surplus across the whole population is positive. This is necessary to �nance

the government expenditures E which amount to a quarter of total output.

Unsurprisingly given the low intensive elasticity, the labor supply of participating

workers is not very sensitive to productivity. It is equal to 0.79 for the least productive

agent who participates, for whom � = 0:26, a varies between 0.91 and 1.02 for an � = 5

worker whose productivity while working �uctuates between 0.63 and 1. Hence, although

pretty constant, labor supply is slightly increasing in the productivity index � as well as

in the age-speci�c productivity of an �-worker.

A large part of the variation of the labor supply across agents is associated with the

extensive margin. Figure 5 displays the retirement age of the di¤erent types of workers.

As expected, it is desirable to have the career length of individuals increasing in their

productivity. Indeed, the high productivity agents with � > 3:4 retire after age 72, more

than 10 years later than the average retirement age of participating workers which was

set at18 62. Figure 6 shows the distribution of the retirement age across the population.

Only 29.9% of individuals, of which 3.3% never work, retire before age 60, i.e. before

18The average retirement age for the whole population, including the 3.3% of agents who never work,
is 60.8.
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Figure 5: Retirement age as a function of the productivity index �
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Figure 6: Distribution of the retirement age (a mass of 3.3% at age 25, corresponding to non-
participating workers, is omitted from the graph)
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Figure 7: Intensive and extensive wedges as a function of the productivity index �

their productivity starts declining.

How do the wedges along the intensive and extensive margins compare? It turns

out that, with a constant intertemporal elasticity substitution, as implied by (28), the

relationship between the intensive, � i(�; t), and the extensive, � e(�), wedge satis�es:

� i(�; t)

� e(�)
= 1 +

1

�
: (30)

This is immediately obtained by dividing (18) by (19), after having plugged in (28).

Hence, the lower is the elasticity of labor supply along the intensive margin, the higher

should the intensive wedge be relative to the extensive wedge. The intuition is reminiscent

of Ramsey�s (1927) inverse elasticity rule: a low elasticity implies that a large wedge will

only lead to a small behavioral response. In the extreme case where � = 0, all the burden

falls on the intensive margin which, de facto, does not exist as participating workers

always supply exactly one unit of labor.19 Note that (30) implies that the intensive

wedge faced by an �-worker is independent of his age. Figure 7 reports the wedges of

participating workers. With � = 0:25, the intensive wedge is �ve times larger than the

extensive wedge.

19In the opposite extreme where � = +1, both wedges are equal. With v(lt) + b = lt + b the labor
supply is equally responsive along both margins. Indeed, the worker can practically avoid paying the
�xed cost of working by supplying all his labor at age 25.
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6 Conclusion

In this paper, I have characterized the optimal redistributive policy in a dynamic frame-

work with an intensive and an extensive margin to labor supply. My results advocate for

the implementation of a history-dependent social security system which induces a positive

correlation between the productivity of workers and their retirement age. Thus, rather

than providing some support for tax credits, my analysis suggests that an important

amount of redistribution should be done within the social security system. While I have

not quanti�ed the welfare gains to be expected from the implementation of the optimal

policy, they must be at least as large as those generated by an optimal age-dependent

income tax which were evaluated, by Weinzierl (2008), to be close to 2% of aggregate

consumption in the US.

Due to the looming pension crisis, policy makers are starting to realize that, sooner

or later, the retirement age will need to be raised. This creates a unique opportunity

to reform social security systems and this work suggests that, rather than imposing an

homogeneous increase in career length across the population, a well designed reform

should encourage higher productivity people to retire later.

A number of issues remain for further research. It would be interesting to solve for

the optimal policy when workers are heterogeneous in both productivity and �xed costs

of working. This remains, however, a non-trivial multidimensional screening problem.20

Also, I have abstracted from skill risks, which are at the heart of the recent dynamic

optimal taxation literature. In particular, allowing for the random occurrence of a per-

manent disability shock, as in Diamond Mirrlees (1978) or Denk Michau (2008), seems

particularly relevant for the optimal design of social security.
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