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This paper considers the design of an optimal unemployment insurance system. The problem is modeled as a repeated principalagent problem involving a risk-averse agent-the unemployed
worker-and a risk-neutral principal, which cannot monitor the
agent's search effort. The optimal long-term contract subject to
the associated incentive constraints is characterized. This contract
involves a replacement ratio that decreases throughout the unemployment spell and a wage tax after reemployment that, under
some mild regularity conditions, increases with the length of the
unemployment spell. Some numerical results are presented that
suggest that the gains from switching to this optimal unemployment insurance scheme could be quite large. The performance
of this optimal contract is also compared to alternative liquidity
provision mechanisms.

I. Introduction
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pean Community countries, public expenditures on unemployment
insurance averaged around 2 percent of gross national product for
the second half of the 1980s, ranging from a low 0.23 percent for
Luxembourg to a high 3.4 percent for the Netherlands (Melguizo
and Lopez 1991). For Canada, Japan, and the United States, these
numbers were 1.6 percent, 0.4 percent, and 0.4 percent, respectively,
for the year 1990 (Green and Ridell 1993).
In spite of their widespread use, unemployment insurance programs have been widely criticized because of the perverse effects
they have on the incentives for reemployment. In fact, many of the
current programs have been designed with the aim of reducing
these distortions. For instance, the benefit received may be a small
fraction of the previous wage, and a certain number of previous periods of employment may be required to qualify for benefits. In addition, benefits usually expire after a relatively short number of periods. The purpose of this paper is to examine more formally the
problem of optimal design of an unemployment insurance program
and to provide some estimates of the potential gains that could result
from its adoption.
We model the incentive problem created by unemployment insurance as a standard repeated moral hazard problem in a multiperiod
setup. The key feature of the environment is that the probability of
finding a new job depends on the search effort made by the agent,
which is not observed by the principal. The unemployment insurance contract specifies a time sequence of transfers between the
principal (e.g., government) and the agent (unemployed worker),
conditional on the length of the unemployment spell. This contract
minimizes the expected discounted value of these net transfersthe budget-subject to providing the agent with a prespecified welfare level.
In their seminal work on unemployment insurance, Shavell and
Weiss (1979) established that in order to provide the appropriate
incentives to search, benefits must decrease monotonically throughout the unemployment spell. A novel feature of the contract we study
here is that it considers as a policy instrument, together with the
sequence of benefits paid to the unemployed worker, a wage tax
after reemployment. We establish that the result obtained by Shavell
and Weiss remains valid: the optimal unemployment insurance contract involves a decreasing sequence of insurance payments to the
worker while unemployed, followed by a constant tax rate after reemployment. We also show that, under mild regularity conditions, this
tax increases with the length of the unemployment spell. The transfers to the unemployed worker increase with the initial level of expected utility offered by the insurance contract, which can thus be
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parameterized by the initial replacement ratio. The results above
hold for all initial replacement ratios and, in particular, for the one
that balances the principal's budget.
The logic behind our results is quite transparent: To provide intertemporal incentives, the contract must punish workers for continued
unemployment by reducing their claims to future consumption.
Aside from further incentive considerations, if agents are risk-averse,
consumption should be reduced at all possible future states of nature, namely, those states in which the agent remains unemployed
and those in which the agent becomes employed. The former explains why transfers decrease with the length of unemployment and
the latter why taxes on wages should increase, provided that negative
incentive effects are not too strong.
To evaluate the advantages of the optimal mechanism, we provide
estimates of the cost reduction obtained by shifting from the current
unemployment insurance scheme to the optimal one, holding the
ex ante utility of the unemployed agent constant. The gains are particularly large (about 30 percent) for an agent with no wealth or
other source of income and with no access to borrowing. In contrast,
the gains from shifting to the optimal scheme with no taxation (as
the one considered by Shavell and Weiss) are very moderate, falling
short of 5 percent. Our results suggest that to a large extent the
relative advantage of the optimal unemployment scheme derives
from smoothing the unemployed worker's consumption relative to
the current scheme.' To evaluate this hypothesis, we provide similar
calculations for agents with an initial wealth endowment that allows
them to substitute for the smoothing provided by the optimal contract. As this wealth endowment increases, the gains from the optimal insurance contract decrease, approaching the values obtained
for the Shavell and Weiss contract.
We model the optimal contract problem as a dynamic programming problem, following the work of Spear and Srivastava (1987)
and Phelan and Townsend (1991).As in the latter paper, we emphasize the moral hazard problem that arises from the difficulties in
monitoring the agent's effort, in our case search effort. Another interesting source of informational asymmetry arises when the principal cannot observe the job offers received by the agent. This is ruled
out in our paper by assuming that all potential job offers are identical and permanent. In Shavell and Weiss's paper, the agent's search
'With some variations across states, the current system provides workers with a
replacement ratio of approximately 60 percent for a maximum of 6 months. Gruber
(1996) shows that for the U.S. economy, consumption decreases when unemployed
workers cease to be eligible for unemployment insurance benefits.
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effort determines the conditional distribution from which a permanent wage offer is privately sampled. The principal has the double
disadvantage of neither being able to monitor the search effort nor
imposing a reservation wage rule for job acceptance.
Following Hansen and Imrohoroglu (1992), Atkeson and Lucas
(1995) consider the optimal contract in a pure adverse-selection
setup with temporary (one-period) job offers. Their paper focuses
on the role of asymmetric information as a source of incomplete
insurance and its implications for the evolution of income distribution. Usami (1983) considers a model with moral hazard and two
effort levels, where the probability of employment conditional on
search may depend on the employment history. He establishes that
benefits should be nonincreasing while the worker remains unemployed and that the worker's compensation should be nondecreasing throughout the period of employment. In a recent paper, Wang
and Williamson (1996) present a calibrated version of a model of
this type and perform welfare comparisons similar to the ones discussed above.
The paper proceeds as follows. In Section I1 we describe the model
and state the main theoretical results. Section I11 provides the estimates of welfare gains from the optimal unemployment insurance
contract. Section IV contains some concluding remarks.
11. The Model
A.

The Environment

In this section we characterize the optimal unemployment insurance
contract between a risk-averse agent and a risk-neutral principal. The
preferences of the agent are

where c, and a, are consumption and search effort at time t, p < 1
is a discount factor, and E is the expectation operator. Consumption
takes values on R, and effort can take any value on a closed interval
A containing zero. The function u is increasing and c o n c a ~ e . ~
The probability of finding a job pt is a function of the search effort
Notice that when we change units of measurement, a, can be replaced by a convex function v(a,). Our assumptions are thus fairly standard ones, namely concavity,
additive time separability, and additive separability between consumption and leisure.
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where p is increasing, strictly concave, and twice differentiable and
satisfies standard Inada conditions so that search effort is interior.
Assume that the worker has no other source of income and that
the principal can directly control his or her consumption. Provided
that the latter condition holds, the first assumption arises without
loss of generality if the alternative sources of income are independent of the search effort and employment status of the agent or can
be monitored at no cost by the principal. The assumption of direct
control of the agent's consumption stream precludes the occurrence
of trades such as borrowing and lending without knowledge of the
principal. This assumption is quite typical in the repeated agency
literature and provides an upper bound on what can be achieved
through an optimal contract.
Assume that all jobs are identical, offering a permanent (and constant) wage w over time. These two assumptions are to some extent
a matter of convenience. The theoretical results presented below
generalize to the case of repeated unemployment spells in which
jobs terminate exogenously. However, the extensions to the case of
heterogeneous wage offers are not immediate. Shave11 and Weiss
consider the case in which wage offers cannot be monitored by the
principal, obtaining, for a more restricted set of contracts, properties
that correspond to some of our results. If wage offers could be monitored by the principal, this additional information would most certainly be used to condition payments in the optimal contract. We
abstract from these considerations.
For notational convenience we have not considered explicitly the
disutility of effort when the agent is employed. Though this can affect the quantitative results, it is a constant term in the utility of an
employed worker and has no consequence on the qualitative properties of the optimal contract derived below. In the numerical section
we present some results with costly work effort.

B.

The Contract

At time 0 a risk-neutral principal offers a contract to the risk-averse
unemployed agent. As usual, the contract specifies net transfers to
the agent and a recommended action a, as a function of the realized
history. Let 0 denote the state of unemployment and 1 the state of
employment. History up to period t is denoted by h,, a vector of
t - 1 states {sjJj, ,containing all zeros if the agent is still unemployed
at the beginning of period t o r t' - 1 zeros followed by t - t' ones
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if the agent received a job offer at the end of period i < t. The
contract is a function z: h, + {a,,zd, where a, is the recommended
search effort (relevant only if the worker is unemployed) and zt a
net transfer from the principal to the agent. Associated with each
contract is an expected discounted utility to the agent V o ( ~ a) nd a
cost, measured by the expected discounted value of net transfers to
the agent, Co(z).These values assume that the agent responds to the
contract rationally maximizing (1) by choosing the search effort 6,.
As usual, we assume that the principal discounts future flows at the
same rate as the agent. Given a level of initial value Vfor the agent,
the optimal contract minimizes Co(z)subject to Vo(z) = V.
Notice that we assume that the principal has the ability to commit
to a transfer policy. Time-consistency considerations are not likely to
arise in this context unless a worker remains unemployed for many
periods or starts with a very low coverage. In any case, if we interpret
the contract as the set of rules imposed by the insurance agency,
reputational considerations would keep the principal from renegotiating the terms of the unemployment insurance with a single agent
even though a point were reached at which such renegotiation could
be mutually beneficial.
C.

The Full-Infmation Case

If the unemployed worker's search effort were observable, the problem would be purely one of efficient risk sharing in which the principal would bear all the risk. The optimal program would then give
the agent a constant consumption c per period and prescribe a constant effort level a* that maximizes the expected discounted value
of wages (valued at the marginal utility of consumption for the
worker) net of the cost of search effort, that is,

1
m

a* = argmax p(a)
a

S1[l - p ( a ) l l

t=O

It is easy to verify that a* is a decreasing function of c and thus higher
levels of consumption represent a higher utility for the worker and
a higher cost to the principal. The transfer 2, from the principal to
the worker would be equal to his consumption c while unemployed
and c - w after employment.

D.

Unobservable Search Effort

The optimal contract specified above depends crucially on the observability of the effort level. It is clear that, as effort enters negatively
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in his utility function, the agent has no incentive to search, since
consumption does not depend on the state of nature. In fact, a widespread critique of existing unemployment insurance schemes is that
they strongly reduce the incentives to look for a job. It seems quite
natural then to study the optimal contract problem assuming that
the effort level is not observable by the principal.
Following recent developments in the literature of repeated moral
hazard (see Spear and Srivastava 1987; Phelan and Townsend 1991),
we write the optimal contract problem in recursive form. Suppose
that the contract offers at time 0 an expected discounted utility to
the worker equal to V. The contract specifies current consumption
c and effort a and promised levels of future expected discounted
utility, all contingent on the state of nature. Let Vebe the expected
discounted utility at the beginning of period 1 that the contract assigns to an unemployed worker who finds a job at the end of period
0, and Vu the corresponding expected discounted utility if he does
not find a job. Since Vis the expected discounted utility offered by
the contract to the worker at the beginning of period 0, it follows
that
Given that the search effort is not observed by the principal, we
must include the restriction that the agent optimally chooses the
effort level a prescribed by the contract. The following incentivecompatibility constraint is thus needed:

The solution to this problem depends on the sign of V"
Vu. It is
easy to see that the optimal effort level a will be strictly greater than
zero if and only if V" > V". Since p is strictly concave, a necessary
and sufficient condition for a to be the optimal search effort chosen
by the worker is
We now specify the recursive problem that defines the optimal
contract. First consider the structure of the optimal contract starting
at the time the worker becomes employed. Let V-represent the expected discounted utility the worker has at this specific node. Given
that at this point there is no further incentive problem between the
principal and the agent, it is optimal to give the agent a constant
level of consumption c-efined implicitly by Ve = u(ce))/I - P) .'
'Note that if employment required a constant effort level e, then P =
P)] - [ e / (1 - P)], which amounts to just subtracting a constant term
from the current specification.
[ u ( c ) / (1 -
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The net transfer from the principal to the agent will then be ce w per period. Let
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denote the present value of this net transfer that represents the continuation cost of the contract for the principal. Note that if c"
w,
the principal will levy a tax per period equal to w - c" so that this
continuation cost W(V7 < 0. It is straightforward to verify that W
is strictly decreasing and strictly convex and that

Consider now the situation faced by the principal when the agent
is unemployed. Let C(V) be the expected discounted cost for the
principal associated with the optimal contract when the agent is unemployed with a continuation value Vo = V; Then C ( V ) must satisfy
the following Bellman equation:

subject to

and

Note that restrictions (8) and (9) are not linear. In fact, they generally define a set that is not convex. It thus becomes hard to provide
conditions under which the solution to the dynamic programming
problem results in a convex cost function C ( V ) . If the cost function
is not convex, the solution to the program above can be improved
by using lotteries over the control variables. This is a linear programming problem, which can be solved numerically, as shown in Phelan
and Townsend.
However, the optimal plan may not involve the use of lotteries,
because convexity of the choice set is a sufficient but not necessary
condition for convexity of the cost function. There may be a class of
problems for which lotteries are never part of the optimal contract.
Indeed, in all our numerical computations in Section 111, the function C turns out to be convex, making lotteries redundant. Since the
objective of this section is to derive some general properties of the
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optimal contracts, we shall focus on the optimal program defined
above, disregarding the use of lotteries.
The first-order conditions for the principal's problem are

and

where q is the multiplier on the incentive-compatibility constraint.
The envelope condition is

where the second equality follows from (11) and (12) above.

E. Analysis
We now proceed to derive some general properties of the optimal
unemployment insurance contract, focusing on how the duration of
unemployment affects the net transfers to the worker. Shave11 and
Weiss established that along an interior solution their optimal contract exhibits decreasing benefits. The following proposition shows
that in our setup, with a richer set of policies that allows for taxation
of wages, their result still holds.
PROPOSITION
1. The unemployment benefit is decreasing over
time while the worker remains unemployed. Additionally, if Cis convex, then Vu < V.
ProoJ From (11) and (12) we obtain
r

7

W'(Ve) - C'(Vu) = qp' (a)
By the lemma proved in the Appendix, q is positive, and thus
W'(Ve) > C'(Vu). From equation (13) it follows that

which, again with the envelope condition (13) and the concavity of
the utility function, implies that the consumption of the unemployed agent must decrease over time. If Cis a convex function, then
inequality (14) directly implies that Vu < !I Q.E.D.
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We turn now to the characterization of the tax rate. Recall that
under the Shave11 and Weiss unemployment contract there is no taxation of wages, so Vf = u ( w )/ ( 1 - P ) for every period. Proposition
2 shows that under the optimal contract Vf cannot remain constant
forever. This means that the tax plays a role that is not being exploited in current unemployment insurance programs.
PROPOSITION
2. The wage tax is not independent of the unemployment history.
ProoJ See the Appendix.
A stronger result may be conjectured; namely, as benefits decrease
with the length of the unemployment spell, taxes should increase.
The intuition behind the conjecture is the following one. To provide
intertemporal incentives, the contract must punish workers for continued unemployment by reducing their claims to future consumption. Aside from further incentive considerations, if agents are riskaverse, consumption should be reduced at all possible future states
of nature, namely, those states in which the agent remains unemployed and those in which the agent becomes employed. The former
explains why transfers decrease with the length of unemployment
and the latter why taxes on wages should increase, provided that
negative incentive effects are not too strong. The following proposition provides conditions under which the permanent income effects
dominate over this negative incentive effect.
PROPOSITION
3. Under either of the following two conditions,
if C is convex, then the tax levied on the worker will increase
with the length of the previous unemployment spell: ( a ) { - p " ( a ) [ l
- p ( a ) ] p ( a ) ) / p r ( a )is increasing in a; ( b ) -pt'(a) / p r ( a ) *is increasing in a.
ProoJ See the Appendix.
Condition b has an intuitive interpretation. Differentiating equation (9), we get

the response of the effort level to increased incentives. Condition b
states that this response is decreasing as the effort level increases,
making it increasingly costly to provide incentives for search effort.
The marginal cost for the principal of increasing the effort is given
by the right-hand side of ( 1 0 ) .Thus, if p" were to decrease significantly with effort in absolute value, the marginal cost of increasing
effort would be reduced, and it may then be optimal for the principal to increase the effort. If this effect is sufficiently strong, it may
be necessary to reduce the tax in order to give the right incentives.
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Note that the conditions given in proposition 3 are sufficient but
not necessary for V-o decrease. It is possible that as Vfalls, even if
the effort increases, Ve may fall too, although by a smaller amount
than the reduction in K Indeed it can be shown that

So for V' to increase as Vfalls, the increase in a must exceed the
reduction in the continuation value Vas the agent continues unemployed.
The unemployment insurance contract is parameterized by V , the
level of welfare provided to the unemployed agent. A natural question is how this level V affects the characteristics of the contract.
Without strong wealth effects on incentives, one might expect that
all net transfers should increase with K The following proposition
and corollary establish that under the conditions discussed above,
the optimal insurance contract will indeed have this property.
PROPOSITION
4. Suppose that -p" ( a )/ p r ( a ) is increasing in a and
Cis convex. Then V" will be an increasing function of the initial
value K
ProoJ See the Appendix.
If -pN ( a )/ p r (a)' is increasing in a and C is convex,
COROLLARY.
all net transfers will increase with the initial value K
Proot Follows immediately by repeatedly applying propositions 3
and 4.
The results from proposition 2 show that the tax will be used in
the optimal contract. Thus it must improve on the environment in
which no tax is allowed. Proposition 3 provides sufficient conditions
so that the tax increases with the length of the unemployment spell.
In the following section we calibrate and solve the model to estimate
the potential gains of introducing the optimal unemployment insurance mechanism.

In. Quantitative Analysis
In this section we solve numerically a parameterized version of the
model and provide some rough estimates of the potential advantage
of the optimal unemployment insurance contract described above.
In subsection A we discuss a procedure to assign parameter values
based on recent estimates of hazard rates for several states in the
United States. We then solve the optimal unemployment insurance
contract with and without taxation and compare the cost of providing a fixed level of welfare equal to current U.S. unemployment in-
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surance across the different regimes. Though we make use of fairly
strong functional form assumptions and the calibration is fairly
rough, the results are suggestive about the orders of magnitude of
these potential gains.
A.

Calibration

This subsection describes a method to assign parameter values to
the model. These parameters involve those corresponding to the
utility function u, the hazard function p, and the discount factor P.
Given that we use estimates of weekly hazard rates from Meyer
(1990),our time period is 1week. Correspondingly,we set b = 0.999,
representing a yearly discount factor of 0.95.
We assume that the utility function has the form u(c) =
cl-O/(l - o ) . We set the value of o to '12, giving an intermediate
degree of risk aversion. This number may seem small relative to
those used in the macro literature, which are generally above one.
However, it should be taken into account that we are using weekly
data for our calibration exercise, and the elasticity of substitution
on weekly consumption is most probably larger than that corresponding to quarterly consumption. A higher value of o implies a
stronger degree of risk aversion, making more relevant the insurance mechanism discussed in the paper. For comparison, subsection
B1 provides results for higher o.
For the hazard function, we use an exponential distribution
p(a) = 1 - e-m with parameter r, multiplicative in the search effort.
It is easy to check that this function satisfies the assumptions in proposition 3, so the optimal tax will increase with the length of unemployment.
To assign a value to this parameter r, we proceed as follows. Consider the situation of an unemployed worker after benefits have expired. For the benchmark case we assume that the worker has no
other source of income or borrowing and lending, so his consump
tion is zero while unemployed and equal to w once e m p l ~ y e dWe
.~
normalize this wage to 100. The optimal search problem for this
worker is a stationary one. The value obtained once employed is Ve
= u(100)/ (1 - P). Let Vu represent the value while unemployed.
The dynamic programming equation for the optimal search p r o b
lem is then given by

VU = max[u(O)

-

a

+ P V u + Pp(a)(Ve- Vu)].

a

This assumption is relaxed later to analyze the sensitivity of our results to the
initial wealth position of the agent.
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The stationary value a* for the search effort is determined by the
first-order condition
The solution to this problem implies a stationary hazard rate
p(a*). For the (large) range of values considered, this hazard rate
is an increasing function of the parameter r. Consequently,we chose
this parameter to match the corresponding empirical hazard rates.
Meyer (1990) presents estimates of hazard rates for reemployment
of unemployed workers as a function of the number of weeks of
residual unemployment insurance. The data set used contained
4,628 observations of which 3,365 were used and involves males from
12 states during the period 1978-83. The initial length of benefits
in his sample has a mean of 34 weeks, and the mean replacement
rate (unemployment benefits/previous wage) is 66 p e r ~ e n tFor
. ~ this
sample, the Kaplan-Meier estimate for the hazard rate at the time
of expiration of benefits is 10 percent. Accounting for heterogeneity
in his estimates, Meyer shows that this number may underestimate
considerably the hazard rate corresponding to an average agent in
the sample. For our benchmark computations we choose r to match
the 10 percent hazard rate. Subsection B1 provides some results for
higher hazard rates. The results obtained are qualitatively similar to
the ones obtained for the benchmark case.
1. Cost and Value of the Current
Insurance System
Given the parameters assigned above, we can solve for the expected
cost of the current unemployment insurance system and the initial
value it provides to the unemployed agent. This value will later be
used to compute the cost of providing equal expected utility with
the optimal contract.
The current insurance system is represented by a contract that
pays a fixed amount to the unemployed worker for a maximum number of periods T and no tax or transfer when employed. The p r o b
lem faced by the unemployed worker has a nonstationary solution.
However, it is stationary and identical to the case in which there is
no insurance from time T onward. We can thus solve the model
backward from time T to time 0. For period T the solution was derived above. Let V; denote the corresponding value function for an
In our model, with only one unemployment spell, there is no preunemployment
wage. As we do not have information regarding reemployment wages, we assume
that they are identical to our constant wage w.
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unemployed worker. At T - 1, the problem for the unemployed
worker is

Denoting by a-I the solution to this equation, we obtain

More generally, for 0 5 t 5 T, we can define the value V"_recursively by

Following this recursion, we can solve for the value functions and
effort levels up to the first period of unemployment. It is easy to see
that as the agent gets closer to the termination date, the effort will
be larger, which is consistent with the increasing trend of the hazard
before the termination date in the data. The expected cost of this
insurance contract is the expected discounted value of the flow of
transfers b. The expectation is easily computed by using the hazard
rates associated with the optimal effort levels {a-,).
The level of benefits b was chosen to match the data from table
1in Meyer (1990).According to his calculations, the average benefit
received was 66 percent of the average value of the preunemployment wage. As we normalized the real wage to be 100,we set b equal
to 66. Finally, we set the number of periods with benefit T = 26,
which, under normal conditions, is the time limit for benefits in
most states in the United States.

B. Numerical Results
Using the parameter values obtained above, we computed results for
two alternative regimes: the optimal contract with and without wage
taxes. The latter contract corresponds to the one considered by
Shave11 and Weiss. Table 1 reports the evolution of the optimal unemployment insurance contract, where the initial expected utility
value offered to the worker is the same as the one offered under
the current regime at the beginning of the unemployment spell.
Column 1 gives the replacement ratio (benefits/wage) under the
optimal contract. Note that the replacement ratio decreases over
time but at a fairly slow rate; even after 1 year of unemployment it
exceeds 90 percent. Column 2 reports the constant consumption
flow received by the worker once he finds a job, as a function of the
weeks of unemployment. Column 3 reports the implicit tax on
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TABLE 1
OPTIMAL
UNEMPLOYMENT
INSURANCE

Replacement
OF
Ratio
WEEKS
UNEMPLOYMENT (1)

C Emp
(2)

Tax (%)
(3)

OPTIMAL
W ITH NO TAX:
REPLACEMENT
RATIO
(4)

wages. As predicted by the theory, the tax is used in the optimal
contract, and it increases with the length of unemployment. Note
also that for the first 5 weeks the tax is negative, which means that
unemployed workers receive a permanent subsidy if they find a job
quickly.
Column 4 of table 1 reports the replacement ratio or benefits for
the optimal contract if the principal is constrained not to use the
tax as a policy instrument, as in Shave11 and Weiss. Note that in this
case the replacement ratio also decreases over time, but in a much
more dramatic way. In particular, after 6 weeks of unemployment,
the benefit is smaller than the one offered by the current contract.
The intuition for the result is straightforward. The contract must
punish unemployed workers who do not find a job in order to give
them the right incentives to put effort in the search process. Since
taxes are bound to be zero, the punishment must be incurred
through lower benefits only, which explains the sharp decline. In
contrast, by taxing future wages, the unrestricted optimal contract
provides a much smoother consumption profile.
In order to illustrate the potential gains of using the tax in the
optimal contract, figures 1and 2 plot the expected cost to the principal of providing a range of expected utility values to the agent, with
and without the tax.Figure 1reports the total expected cost in each
case, measured in units of consumption. In figure 2, we report the
percentage savings created by the introduction of the tax. The level
of utility is measured in weekly flow equivalent consumption ranging
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from 72 percent to 100 percent of the weekly wage. The former corresponds to a level of welfare equivalent to receiving a constant wage
of 72 per period, and the latter corresponds to the welfare of a permanently employed ~ o r k e r . ~
There is a substantial difference between the cost of the optimal
contract with and without taxation, with a minimum percentage savings of 15 percent for the first. Notice also that the gains from this
contract are not monotonic. The percentage gain is very large at
levels of utility for the worker close to autarky. This reflects the fact
that without taxation, autarky puts a lower bound to the utility that
the agent can get from the contract. At levels close to autarky, there
are no good punishments left to provide incentives to the worker,
and thus effort is low. In contrast, the ability to tax wage income
allows the principal to lower the discounted utility of the agent below autarky, under the assumption that such a contract can be enforced.
To compute the cost savings that can be derived from either of
these contracts, we calculated the expected cost for each of them,
assuming that the initial welfare of the agent is held constant at the
value corresponding to the current system, calculated according to
the method described above. These costs were then compared to
the expected cost of the current regime. The savings, reported in
column 1of table 3 below, are quite remarkable (almost 30 percent)
for the optimal contract described in this paper, whereas the savings
for the optimal contract with no tax are more moderate (slightly less
than 8 percent).
Where do these large savings come from? One may be tempted
to conjecture that the optimal contract involves fine-tuning the incentives provided to the agent and that this could partly explain
these savings. Such a conjecture is not warranted. Figure 3 plots the
probability of remaining unemployed as a function of the weeks of
unemployment under the current unemployment insurance regime
and the two optimal ones. There is very little difference between the
curves, reflecting similar values for the agent's effort under these
alternative regimes. The large cost savings must then come from an
alternative source, which we now di~cuss.~
Note that throughout the whole range the cost of the program increases with
the welfare of the unemployed worker, tracing in that way a Pareto frontier between
the utility of the principal and the agent. This implies that there are no gains from
renegotiating the contract.
The computations in Wang and Williamson (1996) also show large benefits from
an optimal unemployment insurance program. As in our model, the optimal contract has a very small effect on the duration of unemployment. It does, however,
reduce the incidence of unemployment.
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In our computations we have assumed that the worker under consideration has no other source of income and thus consumes the
income provided by the contract. Both the current system and the
optimal one with no taxation provide insufficient consumption
smoothing to the agent. In contrast, in the optimal contract the principal smooths the consumption of the agent by implicitly acting as
a bank a c ~ o u n t . ~
To evaluate the sensitivity of our results to the wealth position of
the agent, we computed cost savings for agents endowed with different levels of initial assets, assuming that these assets earn the market
interest rate. These assets allow the agent to partially substitute for
the smoothing provided by the optimal contract. The calculations
corresponding to the current system were modified accordingly to
allow the agent to optimally choose to consume part of this endowment while unemployed to complement the unemployment benefits. For the optimal program we assumed that the assets provided
a constant base consumption stream to the worker and the transfers
from the principal added to (or subtracted from) this base consumption. Though this computation provides a lower bound to what can
be achieved by a principal who can control the agent's savings, the

This interpretation was suggested to us by Jean-Jacques Laffont.
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TABLE 2

Initial Wealth
10,000
5,070
1,292

Equivalent to

Cost Savings (%)

10% of present value of wages
1 year of wages
1 quarter of wages

5.5
5.8
11.6

approximation should be quite good, particularly when the initial
endowment of assets is high.
Table 2 gives the cost savings from switching to the optimal program for various levels of initial wealth. It can be readily seen that
the savings are quite sensitive to this initial wealth. For an agent with
wealth equivalent to one quarter of wages, the cost savings are only
11.6 percent compared to the 30 percent obtained for an agent with
no wealth endowment. It can also be seen that at a wealth level of
approximately one year of wages, the savings from the optimal contract are almost equivalent to those obtained when restricted to no
taxation. Our results still suggest that when one is dealing with unemployed workers who have very limited access to outside borrowing
and for whom the wage constitutes a large fraction of total income,
the combination of higher initial replacement ratios with future taxation of earnings can offer substantial gains. On the other hand, if
the agents have access to a credit market or the wage is not a very
important part of their income, the additional gains from using the
tax are more modest.
These considerations suggest an alternative insurance mechanism, which consists in providing the agent with a lump-sum transfer
at the beginning of the unemployment spell, allowing the agent to
smooth consumption and self-insure through savings of this endowment. The cost of this scheme is measured by the transfer that is
needed to provide the agent with the same expected utility as under
the current regime. The cost exceeds that of the current regime by
more than 3 percent. This suggests that the insurance provided by
the current regime has substantial value to the worker.

1. Sensitivity Analysis
In this subsection we consider how the results on cost savings given
above change when some of the calibrated values are modified. Table 3 reports a summary of the results. The first three rows report
the cost of the current contract (normalized to 100 for each case),
the costs of the optimal without tax and the cost of the optimal with
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TABLE 3

Cost of current system
Minimum cost without tax
Minimum cost with tax
Equivalent lump sum

100.0
92.8
71.9
103.2

100.0 100.0
94.5 92.2
79.2 79.6
100.7 96.8

100.0
89.9
56.6
89.7

100.0
74.8
6.9
105.1

tax, as explained above. The last row reports the cost of the lumpsum scheme.
Column 1reports the relative cost in each case for the benchmark
parameter values, which have already been discussed. Columns 2
and 3 show the effects of increasing the calibrated value of the hazard rate, as suggested by the estimates in Meyer (1990). The percentage cost savings obtained for the Shavell-Weiss scheme remain basically unchanged, whereas the savings for the case with the tax are
reduced from 30 percent to around 20 percent. The extra insurance
provided by this optimal contract becomes less important as the unemployment risk is reduced. In contrast, the performance of the
lump-sum scheme relative to the current regime improves as the
hazard rate increases. This also reflects the reduced importance of
the insurance provided by the current regime.
Column 4 reports results obtained assuming that there is a positive
effort e exerted by employed workers that is costly in terms of utility.
This cost was set at one-third of the utility of consumption u ( w ) . The
effort cost makes the return to working smaller from both the social
and the private points of view and thus lowers the search effort. In
order to keep the calibrated value of the hazard rate at the benchmark value of 10 percent, it was then necessary to increase parameter
r, thus lowering the unemployment risk. Notice that the gains from
the optimal contract are now even greater than in the benchmark
case. The relative performance of the lump-sum scheme is also improved.
Finally, column 5 reports the costs when the risk aversion coefficient is raised to 3/4. This makes both consumption smoothing and
insurance more important for the agent. Note the dramatic reductions in the cost obtained by switching to the optimal contract. By
providing more insurance and a smoother consumption profile, the
principal can substantially reduce the expected discounted payment
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to the agent. In contrast, the performance of the lump-sum payment
scheme is reduced. This reflects again the increased importance of
insurance.
The extra insurance provided by the optimal contracts can have
the effect of reducing the incentives for job search. This effect is
reported in figure 4, which presents the unemployment probabilities
when o = 3/4, for the current contract, the optimal without the tax,
and the optimal with the tax. It is quite clear that for a worker with
this degree of risk aversion, the optimal contract provides much
lower incentives for reemployment than the current regime. Introducing the optimal unemployment contract could then imply an
increase in the unemployment rate. The large gains derived from
this contract are thus explained by its provision of better insurance
and consumption smoothing.

IV. Final Remarks
In this paper we considered the problem of optimal design of unemployment insurance when the search effort of the unemployed
worker cannot be monitored by the enforcing agency. We established that in the optimal contract benefits decrease throughout the
unemployment spell and that, once employed, the agent is levied a
tax that increases with the length of the unemployment spell. By
allowing this tax to be a function of the unemployment spell, we
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broaden the set of instruments that the contract considers, relative
to the existing literature.
Our analytical results suggest that this extra degree of freedom is
not redundant, allowing the contract to provide a smoother consumption profile to the agent. Our numerical results suggest that
such an extension can be quantitatively important, significantly reducing the cost of the contract (or increasing the utility provided)
for an agent who has limited wealth or access to alternative means
to smooth consumption.
Gruber (1996) studies the role that the current unemployment
insurance regime has in providing for smoother consumption. He
finds that agents covered by unemployment insurance exhibit a substantially lower decrease in consumption when entering unemployment, but this difference disappears after reemployment or when
benefits are exhausted. This evidence suggests the relevance of the
consumption smoothing provided by an optimal contract.
The model considered is fairly specialized, and there are several
dimensions in which it could be extended. In our model there is a
single unemployment spell. A possible extension is to allow for multiple unemployment spells by introducing exogenous job terminations, thus creating a flow from employment to unemployment. In
Hopenhayn and Nicolini (1996),we study that case, establishing that
the analytical results derived here are still valid. The benefits provided decrease with the length of current and past unemployment
spells, and similarly the tax on wages increases with the length of all
past unemployment spells.
Wang and Williamson (1996) analyze a model of repeated unemployment spells with endogenous job termination, where a worker's
effort affects not only the probability of finding a job but also the
probability of keeping it. In contrast to the case of exogenous termination discussed above, in their model net transfers to the agent also
depend on the duration of the period of employment. This is an
interesting extension since in most unemployment insurance systems eligibility or coverage is affected by previous employment durat i ~ n Wang
.~
and Williamson's numerical results also confirm the
large welfare gains that may be obtained by shifting to a better unemployment insurance system.
Another possible extension is to consider a model in which informational asymmetry arises from the imperfect monitoring ofjob offers received by the unemployed agent. It has been often argued
In Hopenhayn and Nicolini (1996), we also obtain this form of employment
dependence when job characteristics cannot be perfectly monitored by the principal.
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that unemployed workers are reluctant to accept job offers or delay
the starting period of a newjob while enjoying unemployment benefits. The type of contract suggested in this paper would punish the
workers for such a delay, providing incentives for job acceptance. It
can thus be conjectured that the results obtained here are likely to
extend to a situation with adverse selection.
As in other models of repeated moral hazard, we have assumed
that the principal controls directly the consumption of the agent. A
feature that is common to all these models is that along the optimal
contract the agent is savings-constrained: if the agent could save part
of the transfer received without knowledge of the principal, he
would choose to do so. This feature of the optimal contract is explained by the use of the dynamic profile for incentive purposes. If
the principal cannot monitor the agent's savings, the Euler equation
for the agent's optimal-savings problem becomes a constraint of the
optimal design. As shown by Fudenberg, Holmstrom, and Milgrom
(1990), this breaks the optimal design problem into a sequence of
static problems: at each stage the principal provides the agent with
an actuarially fair insurance contract for that specific period, and
the probabilities associated with the different outcomes (unemployment/employment) are endogenous and obviously influenced
by the contract.
A further complication arises in this case if the principal does not
have all the relevant information to predict the optimal behavior of
the agent. Such is the case if the principal could not monitor the
agent's wealth, unless preferences are of the negative exponential
type so that search decisions are independent of the agent's wealth.
As pointed out by Fudenberg et al., the asymmetric information
problem that arises in that case becomes very difficult to analyze. It
may be conjectured that though agents are savings-constrained in
the optimal contract, the cost of deviating from the optimal savings
path can be quite high for the principal, and thus the associated
Euler equation will not be severely violated. A benchmark computation could be obtained by analyzing the negative exponential
case.
Our numerical results are already suggestive but can be substantially improved. The function relating effort to job offers plays an
important role in our model and in our quantitative analysis. We
impose very strong functional form restrictions by specifying this
function to belong to a single parameter family of exponential distributions. The estimates of hazard rates obtained by Meyer (1990)
provide substantial information that could be used to estimate a
semiparametric specification of this search function. This would
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allow us to obtain more reliable estimates of the advantages of the
optimal design.

Appendix
LEMMA1 . The multiplier is positive.
Pro06 Assume not. Then from ( 1 1 ) and (12) we obtain C' (V")
Then from (13) we obtain

2

W'(V7.

which together with the incentive-compatibility constraint imply

Letting c denote the constant consumption stream obtained if the agent
becomes employed and cu current consumption and using (6) and ( 1 2 ) ,
we obtain

which implies cu 2 c. Since V" = U ( c ) / ( 1 -

P), using

(8) we obtain

which can be written as

From the previous result, the first term in brackets on the left-hand side is
positive. Note that the second term is the part of the utility function of
the agent that depends on the action, which, by the incentive-compatibility
constraint, is maximized with respect to the action. By setting a = 0, the
agent can make this term equal to zero. Thus, if zero is feasible, the maximum cannot be lower than zero, which means that the left-hand side is
nonnegative. However, from ( A l ) the right-hand side is negative. This contradiction completes the proof.

Proof of Proposition 2

be the promised utility the contract offers to the agent at t - 1 for
Let
next period, contingent on unemployment. Similarly, let Vf be the promised utility the contract offers to the agent at t - 1 for next period, contingent on employment. Also, let a, be the action the contract specifies at t.
Then from (13) we can write
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C1(V;-,) = 11 - p(a,-1)l C 1 ( V ; ) + p ( a , - l ) W P ( V ; )

for all t > 1. By replacing this equation in ( 1 3 ) T times, we obtain

v

= V efor all t. Then
Now, assume, toward a contradiction of a, that
from proposition 1 it follows that V;" is a decreasing sequence. The incentive-compatibility constraint (9) then implies that a, is an increasing sequence, so p ( a , ) > p(a,+,) for all t, all k positive. Thus

So the first part of the second term on the right-hand side of (A2) goes to
zero as Tgoes to infinity.As C' (V;") is positive and decreasing, it is bounded,
which means that the second term on the right-hand side goes to zero as
T goes to infinity. Then we can write

But as we assumed that
dicts ( 1 4 ) .

v = V e ,we obtain C ' ( V ) = W ' ( V 7 ,which contra-

Proof of Proposition 3

Using ( 1 0 ) - ( 1 2 ) , the incentive constraint ( 1 3 ) , and some algebra, we get

Suppose toward a contradiction that V eincreases between two time periods.
From proposition 1 we know that if Cis convex, V"will decrease, implying
that a increases. As a consequence, the left-hand side of ( A 4 ) will decrease
and W' (V" - C ' ( V u )will increase, thereby increasing the right-hand side.
Since W ' ( P ) > C ' ( V u ), condition a implies that the term in brackets will
increase, contradicting the equality given by equation ( A 4 ) .Now consider
condition b. From first-order condition ( 1 2 ) , an increase in V%ould require an increase in the multiplier q. Equation ( 1 0 ) and the incentive constraint imply that
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As the left-hand side decreases and q increases and since q > 0, condition
b implies that the right-hand side of the equation above increases, generating a contradiction.

Proof of Prqposition 4
Let Z(V) denote the expected discounted cost of the optimal contract after
the current consumption transfer has been given to the agent. The problem
solved by this contract is

C(V) =

min {p(a)W(Ve) + [ l - p ( a ) ] C(VU)}
a,

v: vu

(-45)

subject to
U(c) - a

+ p{p(a)Ve + [ l

- p(a)]V"} =

v

(A6)

and
&'(a) (Ve- V") = 1.

(A71

The optimal consumption transfer is determined by
C(V) = min c

+ C[V - u(c)].

(A8)

C

It can be established that convexity of function C implies convexity of
Using constraints (A6) and (A7) to define implicit functions a(V, V") and
Ve(V, Vu),we can restate the problem defined above as

After lengthy calculations it can be shown that the function defined in the
right-hand side is submodular in ( V , Vu),and thus V"is a decreasing function of K Finally, using the convexity of C, one proves that V - u(c) increases with V, thus completing the proof of the proposition.
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